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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, webring to bear submicron CMOS technology on
a par with themost 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
fulllineof some 84 products, nearly doublelasts 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 reviseand 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 thelatest 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, FIFOMemory Products, details thelatestaugmentation of our productline. 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/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 referenceinformationon the topics of Quality & Reliability, Latchup, 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 Articlereprintsresidein 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 LMA1010DMBS55 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.

Key:
L MA1I010 D M B 55 (1) Prefix, Logic Devices, Inc.
4} 2 (3) 4 & (6 (2) Device number

(3) Package code

(4) Temperature range
(5) Screening

(6) Performance/speed

Package Code Temperature Range Screening
Suffix Description Suffix Description Suffix Description
cr CerDIP o] Commercial No
D, H* Sidebraze, Hermetic DIP 0°C to +70°C Designator Commercial Flow
F Ceramic Flat Pack M Military R 48 Hour Burn-in at 125°C
G Ceramic Pin Grid Array -55°Cto +126°C )
J Plastic J-Lead Chip Carrier E Extended Screening
K, T Ceramic Leadless Chip Carrier B MIL-STD-883
L Ceramic Leaded Chip Carrier Class B Compliant
P, N* Plastic DIP
u, v* Plastic SOIC (Gull-Wing)
W Plastic SOJ (J-Lead) *Some devices are available in packages
X Dice of two widths. For devices available in a

single width, C, D, K, P, and V are used.

Ordering Information
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ORDERING INFORMATION PAGE EXPLANATION

Pinout number and package width.

24-pin

(0.3" wide) — Package pinout drawing.
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Package illustration.

Package type.

v

/ Mechanical drawing code

Plastic DIP Sidebraze (see §ectjon 9 for specific package
ed (P2) Hermetic DIP (D2) specifications)
Speeds available.
When parts are available in
Pl:rt:anm:tb:;;ag 'fol: com- two package widths, for
" pla Id be example, CerDIP 0.3" wide
Eg??gp%ggu use L6116CC25 or 0.6" wide
' use L61161C25.
/ / 4 N

Sidebraze
Hermetic DIP (D2)

Plastic DIP
(P1)

35 35

35
25| Le116DCT 25| L6116 L6116NC Le116HCT 25 Dsg16ICT 25

20 or or or or 20 or
15ns| L6116LPC |- 15 L6116LDC |- 15 L6116LCC - 25 | L6116LNC [-15 L6116LHC - 15 L6116LIC |- 25
12ns 12 12 12 12 12 12
10ns 10 10 10 10 10 10

L6116DM

L6116CM L6116HM L6116IM 25
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Static RAM Package Availability Guide

Package Availability Code(®

Part No. Sidebraze SOIC S0J | Plastic | Ceramic
No.(" Pins Plastic DIP Hermetic DIP CerDIP (Gull-Wing) (J-Lead) LCC LCC
L7C167 20 P& D7 Cc2 us w3 Ké
L7C168 20 P6 D7 c2 u3 W3
L7C170 | 22/24 P8 D8 C3 wi1
L7C171 | 24/28 P2 D2 C1 Wi K1
L7C172 | 24/28 P2 D2 c1 w1 K1
L6116 |24/28/32 P1, P2 D1, D2 C1,C4 (03] w1 K1, K7

L7C187 | 22/24 P8 D8 U Wi K4
L7C164 | 22/24 P8 [3}:] U1 w1 K4
L7C165 24 P2 D2 Ut ‘W1

L7C166 | 24/28 P2 D2 u1 Wi

L7C161 28 P10 D10 U2 W2

L7Ct162 28 P10 D10 U2 w2

L7C185 | 28/32 U2, v2 w2

-2

L7C197

L7C194

L7C195

L7C196

L7C191

L7C192

28/32

Cs5,C6

v2

W2

K5, K7

L7C199

S

L7C180 | 22/24 P8 D8 C3 w1

L7C181 { 22/24 P8 D8 C3 W1

L7C174 | 28/32 P9, P10 D9, D10 C5 w2 K7
L7C186 | 28/32 P9, P10 De, D10 C5 W2 K7
L7C183 | 48/52 P5 D5 Js K9
L7C184 | 48/52 P5 D5 J5 Ko

(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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Product Selection—Cross Reference Guide

Packages Available®

Maximum Speed (ns) Typical Power (mW)
PartNo."  Description Com. Mil. Oper.  Inactive Pins
L7C167 16K x 1 8 10 135 75 20 DiP, LCC
Separate /O SOIC (Gull-Wing)
SOJ (J-Lead)
L7C168 4K x 4 8 10 190 75 20 DIP, LCC
Common /O SOIC (Gull-Wing)
SOJ (J-Lead)
L7C170 4K x 4 8 10 190 75 22/24  DIP
Common SOJ (J-Lead)
1/0 + OE
L7C171 4K x 4 8 10 190 75 24/28 DIP,LCC
Separate /O SOJ (J-Lead)
Transparent Write
L7C172 4K x 4 8 10 190 75 24/28  DIP,LCC
Separate /0 SOJ (J-Lead)
High Impedance Write
L6116/ 2K x 8 10 12 250 75/60 24/28/32 DIP,LCC
L6116L Common I/O + OE SOIC (Gull-Wing)
SOJ (J-Lead)
L6116

LOGIC DEVICES PART NUMBER
L7c171
(4K x 4)

L7C170

L7c172
(4K x 4)

CY7C172

(2K x 8)
CY7C128/6116

L7C167
(16K x 1)

Competitor
CY7C167

L7C168
(4K x 4)
cY7c168

(4K x 4)
CY7C170
NA

CY7C1

P4C

71

IDT71681

81

IDT71682
P4C1682

IDT6116
P4C116

Cypress
DT

IDT6167

NA
MTSC1
MCM2

Toshiba
Micron
torola

IDT6168

601
167

TMM2068
MT5C1604
MCM6168/1423

C170

TMM2078
MT5C1605
NA

NA
MT5C1606

NA

NA
MT5C1607
NA

TMM2015/2018
MTSC1608
MCM2016/18

(2) See Section 8 - Packaging for package dimensions.

24

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number.

Memory Products
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Maximum Speed (ns) Typical Power (mW)

Packages Available®

Part No.»  Description Com. Mil. Oper. Inactive Pins
L7C187 64K x 1 8 10 135 75 22/24 DIP,LCC
Separate /O SOIC (Gull-Wing)
SOJ (J-Lead)
L7C164 16K x 4 8 10 210 75 22/24 DIP,LCC
Common |/O SOIC (Gull-Wing)
1 Chip Enable SOJ (J-Lead)
L7C165 16K x 4 8 10 210 75 24/28 DIP
Common I/O SOIC (Gull-Wing)
2 Chip Enables + OE SOJ (J-Lead)
L7C166 16K x 4 8 10 210 75 24/28 DIP, LCC
Common I/O SOIC (Gull-Wing)
1 Chip Enable + OE SOJ (J-Lead)
L7C161 16K x 4 8 10 210 75 28 DIP,LCC
Separate 1/O SOIC (Gull-Wing)
Transparent Write SOJ (J-Lead)
L7C162 16K x 4 8 10 210 75 28 DIP,LCC
Separate 1/0 SOIC (Gull-Wing)
High Impedance Write SOJ (J-Lead)
L7C185/ 8Kx8 10 12 320 75/60 28 DIP,LCC
L7CL185 Common I/0 + OE SOIC {Gull-Wing)
SOJ (J-Lead)

Toshiba
Micron

Motorola

TC5561/5562
MT5C6401
MCM6287

MT5C6404
MCM6288/89
620

up

417
MT5C6405
MCM6290

NA
" NA
MT5C6406

NA

LOGIC DEVICES PART NUMBER
L7C187 L7C164 L7C165 L7C166 L7C161 L7C162 L7C185
Competitor (64K x 1) (16K x 4) (16K x 4) (16K x 4) (16K x 4) (16K x 4) (8K x 8)
Cypress cY7c187 CY7C164 NA CY7C166 cY7C161 CY7C162 | CY7C185/186
DT IDT7187 IDT7188 IDT7198 IDT6198 IDT71981 IDT71982 iDT7164
Performance PaC187 PaC188 P4C198A PAC198 P4C1981 P4C1982 P4C164
et Bt St Rtd e o198 ot

NA
MT5C6407
NA

| mee

TCs588
MT5C6408
MCM61/6264

(2) See Section 9 —Packaging for package dimensions.

(1) See Section 1 — Ordering Information for assistance in constructing a valid part number.
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Product Selection—Cross Reference Guide

Maximum Speed (ns) Typical Power (mW)

PartNo.  Description Com. Mil. Oper. Inactive Pins  Packages Available®
L7C197 256K x 1 12 15 210 100 24 DIP

Separate /O SOIC (Gull-Wing)

SOJ (J-Lead)

L7C194 64K x 4 15 20 265 100 24 DIP

Common /O SOIC (Gull-Wing)

1 Chip Enable SOJ (J-Lead)
L7C195 64K x 4 15 20 265 100 28 DIP

Common /O SOIC (Gull-Wing)

1 Chip Enable + OE SOJ (J-Lead)
L7C196 64K x 4 15 20 265 100 28 DIP

Common /O SOIC (Gull-Wing)

2 Chip Enables + OE SOJ (J-Lead)
L7C191 64K x 4 15 20 265 100 28 DIP

Separate I/0 SOIC (Gull-Wing)

Transparent Write SOJ (J-Lead)
L7C192 64K x 4 16 20 265 100 28 DIP

Separate /0 SOIC (Gull-Wing)

High Impedance Write SOJ (J-Lead)
L7C199/ 32Kx 8 15 20 380 100/60 28/32 DIP, LCC
L7CL199 Common /O + OE SOIC (Gull-Wing)

SOJ (J-Lead)

LOGIC DEVICES PART NUMBER
L7C197 L7C194 L7C195 L7C196 L7C191 L7C192 L7C199
Competitor (256K x 1) (64K x 4) (64K x 4) (64K x 4) (64K x 4) (64K x 4) (32K x 8)
Cypress CY7C197 CY7C194 NA CY7C196 CY7C191 CY7C162 | CY7C199/198
10T IDT71257 IDT71258 IDT61298 IDT71281 IDT71282 IDT71256

Perf
g

anc

A . NA P4C1256

P4

Fujitsu
Toshiba NA TC55464 TC55465 NA NA NA TC55328

Micron MT5C2561 MT5C2564 MT5C2565 NA NA NA MT5C2568

Inmos IMS1800 IMS1820 NA NA NA NA IMS1830

Samsung M61257 | = KMB4257
(1) See Section 1 — Ordering Information for assistance in constructing a valid part number.
(2) See Section 9 - Packaging for package dimensions.

=T Memory Products
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Product Selection—Cross Reference Guide

RAMs

Maximum Speed (ns) Typical Power (mW)

Two-Way Set Associative or Direct Map

Part No.(") Description Com. Mil. Oper. Inactive Pins Packages Available(®
L7C180 4Kx4 10 12 225 75 22/24 DIP
Cache-Tag SOJ (J-Lead)
Totem Pole MATCH Output
L7C181 4K x 4 10 12 225 75 22/24 DIP
Cache-Tag SOJ {J-Lead)
Open Drain MATCH Output
L7C174 8Kx8 12 15 320 75 28/32 DiIP, LCC
Cache-Tag SOJ (J-Lead)
L7C186/ 8K«x8 12 15 320 75/60 28/32 DIP, LCC
L7CL186 Flash Clear Reset SOJ (J-Lead)
L7C183 2x4Kx 16 25 35 350 75 48/52 DIP, LCC
Cache-Data PLCC
Fast A12 Access
Two-Way Set Associative or Direct Map
L7C184 2x4Kx 16 25 35 350 75 48/52 DIP, LCC
Cache-Data PLCC

LOGIC DEVICES PART NUMBER
L7C180 L7C181 L7C174 L7C186 L7C183 L7C184
Competitor (4K x 4) (4K x 4) (8K x 8) (8K x 8) (2 x 4K x 16) (2x 4K x 16)
IDT IDT6178 IDT7178 IDT7174 IDT7165 NA NA
Saratoga SSL4180 SSL4181 NA NA NA NA
Motorola MCM4180 NA NA NA NA NA
0mso

Radiation-Hard

Dose Dose Rate Neutron Package®®
Part No.(' Description Total Dose Rate Upset Survivability  Hardness  Pins Availability
L7CX187 64K x 1 >10°Rads (Si02) 210°Rads (Si)/s >10'2Rads (Si)/s >10™Ncm?2 24  DIP
Radiation-Hard
L7CX197 256K x 1 >10° Rads (SiO2) >10°Rads (Si)/s >10'?Rads (Si))s >10™N/icm® 24 DIP

(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 8 represent typical DC and AC characteristic curves for the 16K and 64K static RAM

products listed below:
16K Static RAMs 64K Static RAMs Cache-Tag Static RAMs
L7C167 — 16K x 1 L7C187 —64K x1 L7C180 —4K x4
L7C168 —4K x4 L7C164 —16K x4 L7C181 —4K x4
L7C170 —4K x4 L7C165 — 16K x4 L7C174 —8Kx8
L7C171 —4K x4 L7C166 — 16K x4 L7C186 —8Kx8
L7C172 — 4K x4 L7C161 —16K x4 L7CL186 — 8K x 8
L6116 —2Kx8 L7C162 — 16K x4
L6116L —2K x 8 L7C185 —8Kx8

L7CL185 —8K x 8
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i, lcet w \
N 1.00 N 1.05
- 1 3
z § 1.00
§ 0.95 \ Z 095 R ——
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-55 25 125 0'8045 25 125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
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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 1 through 8 represent typical DC and AC characteristic curves for the 256K static RAM products

listed below:

256K Static RAMs
L7C197 —256K x 1
L7C194 — 64K x4
L7C195 —64K x4
L7C196 — 64K x4
L7C191 —64K x4
L7C192 — 64K x4
L7C199 —32Kx8

L7CL199 —32K x 8
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0.95
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0.95

\
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Typical DC & AC Characteristics 256K Static RAMs
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16K x 1 Static RAM

L7C167

3 16K x 1 Static RAM with Separate
1/0, Chip Select Powerdown

3 Auto-Powerdown™ Design
0 Advanced CMOS Technology
0 High Speed — to 8 ns maximum

O Low Power Operation
Active: 135 mW typical at 35 ns
Standby: 100 pW typical

Q Data Retention at 2 V for Battery
Backup Operation

Plug Compatible with IDT 6167,
Cypress CY7C167

0 Package Styles Available:
¢ 20-pin Plastic DIP
¢ 20-pin Sidebraze, Hermetic DIP
¢ 20-pin CerDIP
¢ 20-pin Plastic SOIC
® 20-pin Plastic SOJ
¢ 20-pin Ceramic LCC

The L7C167 is 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

to 35ns.

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-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,

Vcc GND
-
(&)
7 w 128 x 128
4 & :'> MEMORY
ROW g ARRAY
ADDRESS 2
CE—> COLUMN SELECT Do
_ CONTROL & COLUMN SENSE
WE —»
7
DI COLUMN ADDRESS

data may be retained in inactive
storage with a supply voltage as low
as 2V. The L7C167 consumes only
15 uW (typical) at 3V, 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 A0 through A13. 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 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.

Memory Products
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16K x 1 Static RAM L7C167

Storage temperature

............................................................................................................ —65°C to +150°C
Operating ambient 1eMPErature ... s st st e ene e -55°C to +125°C
Ve supply voltage with respect to ground ... e s -05Vio+7.0V
Input signal with respect to ground ..........ccccceeieeiicniiiinis s e -30Vto+7.0V
Signal applied to high impedance output ... -30Vto+7.0V
Output CUIrent INO IOW OULPULS .......ccecriviriiiiitie e st s et s st e bt sas e sas e nass e snes 25 mA
LatChUD CUITENL ....ccueieeirieceeenerrenecrersensssisnssress ress e e e s assas s b saesanerbesss s sabe s sn s e st aesba s mbe s ernsasnanes > 200 mA

Temperature Range (Ambient)

Active Operation, Commercial 0°C to +70°C 45V<Vcc <55V
Active Operation, Military -55°C to +125°C 45V<Vcc<55V
Data Retention, Commercial 0°C to +70°C 20V<Vececs55V
Data Retention, Military -55°C to +125°C 20V<Veccsh5V

Conditions (Not

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IOH=-4.0mA,Vcc =45V 2.4 \"
VoL Output Low Voltage loL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 Vce | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 0.8 \)
Ix Input Current GND < VIN< Ve -10 +10 | pA
loz Output Leakage Current GND < Vout < Vee, CE = Vee -10 +10 | pA
los Output Short Current Vout = GND, Vce = Max (Note 4) -350 | mA
Iccz Vce Current, TTL Inactive (Note 7) 15 | 30 | mA
lcca | Vec Current, CMOS Standby | (Note 8) 20 | 100 | pA
Icc4 Vce Current, Data Retention | VcC = 3.0 V (Note 9) 5 50 | pA
CIN Input Capacitance Ambient Temp = 25°C, VcC = 5.0 V 5 pF
Cour | Output Capacitance Test Frequency = 1 MHz (Note 10) pF
L7C167-
Symbol Parameter Test Condition 35 25 20 15 12 10 8 Unit
Icct Vce Current, Active (Note 8) 50 | 65 | 85 | 110 | 135 | 150 | 165 | mA
e Memory Products
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16K x 1 Static RAM

L7C167 H

CTERISTICS

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

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

tAxax Address Change to Output Change 3 3 3 3 3 3 3

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

tcLaz 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 (10, 19) 35 25 20 20 20 18 15

1CHVL Chip Enable High to Data Retention (10} 0 0 0 0 0 0 0

tavav

ADDRESS

X

tavav
DATA OUT PREVIOUS DATA VALID XXXX)O(*
|

DATA VALID

taxox —

trp

t
lcc " ;I‘

CE T N

tavav

tcLav

Etcuoz

Qz
DATA OUT HIGH IMPEDANCE

HIGH
IMPEDANCE
DATA VALID

DATA RETENTION MODE

Vee

L —

Ce 77777777 A n

\

45V

45V
22V

e tavav

f ViE NN NNANNANN

Memory Products
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16K x 1 Static RAM L7C167

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 Wirite Cycle Time 25 20 20 15 12 10 8
tctew | Chip Enable Low to End of Write Cycle 25 15 15 12 10 8 8
tavew | 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
tovew | 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
twHOoZ | Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0
twLaz | Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3

tAvav
ADDRESS DE )](

toLew
AN NTIITITTTT77T
_ TAVEW —= AL oy, tEWAX —>
WE FANN, ¥
il tOVEW +— tEWDX
DATAIN - DATAN VALID 55
twaz —twnoz—|
DATA OUT el ¢ HIGH IMPEDANCE
L) —

tavav
ADDRESS *
tavew toLew

CE b N A . _-l
tAVEW tewax
WE  ONOSONSNONNNNNNNNNN twnew J. VOISO IIIH
[ tDVEW +—1 EWDX
DATA IN )k DATA-N VALID *_-
DATA OUT HIGH IMPEDANCE

je——-1tpy trp
fcc 7£ SL—

—— .-
r Vv — Vv
- o — =
- ——
—— S——
| ———

I}
H
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16K x 1 Static RAM

L7C167

| 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 willbe 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 -3V
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 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.

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
are0to3.0V.

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 alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e,, CE = VCC. Input
levels are within 0.2 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), 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, 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).

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

16. The internal write cycle of the memo

is defined by the overlap of CElow 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 thatfalls lastor 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 ICC2 to ICC1 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 ICC2 to ICC1 after trp 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. Atany 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
inFig. 1b. This parameterissampled and 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 productisa 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 uF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

FiouRela.

R1 480Q

+5V
OUTPUT

INCLUDING
JIG AND
SCOPE

Fiougetb.

R1 480 Q

+5V

OUTPUT

Rz

SpF 2550

1

INCLUDING
JIG AND
SCOPE

FIGURE2.
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16K x 1 Static RAM L7C167

20-pin 20-pin 20-pin
(0.3" wide) {290 x 425)
\4
Ao []1 20[] vee A0 1 20 [ Vvee
At[]2  19[] A3 Al 2 19 A13
A2[]3 18] Atz A2 3 18 A2
A3 []a 170 A1 A3 a4 1783 A
As[ls  16[] At0 A s 163 A0
As[le 151 As As 6 15[ A9
As[]7 140 As As 7 14 As
Dout [J8  13[] A7 DoutT g 13 A7
WE[s 120 DN WE o 12 DIN
GND 10 11 CE GND 10 11jp CE

Plastic DIP Sidebraze CerDIP Plast'c SOIC Plastic SOJ Ceramic Leadless
Speed (P6) Hermetic DIP (D7) (C2) - (-300"—U3) . Chip Carrier (K6)

35ns| L7C167PC35 L7C167DC35 L7C167CC35 L7C187UC35 L7C167WC35 L7C167KC35
" 25 " " 25 " " 25 " " 25 " " 25 " " 25

L 20 L] L] 20 L] L] 20 L] L] L] L 20 L] L 20

L] 1 5 L] L] 15 " L] 1 5 L] L] L] L] 15 L] - 1 5

L] 1 2 L] L] 12 L L 1 2 L] L] L] L] 12 L L] 1 2

- 1 0 L] " 10 L] L] 1 0 L L] - L 10 - L] 10

8 8

L7C167DM35 | L7C167CM35 L7C167KM35
L] » 25 " " 25 L - 25
"ot 20 -t 20 "t 20
15 ot 15 .ou s
12 o2 12
L) L] 10 L] L] 10 L] L] 10

NDE
35ns L7C167DME35 L7C167CME35 L7C167KME35
25 ns - " 25 . " 25 " " 25
20 ns . " 20 L " 20 " -~ 20
15ns * " 15 ~ * 15 = " 15
12ns - " 12 . " 12 . " 12
10 ns " " 10 " " 10 " " 10
8ns

== MIL: 3
L7C167DMB35 L7C167CMB35 L7C167KMB35
L} L] 25 L] L] 25 L] L] 25
" " 20 L] L] 20 " " 20
" " 15 " " 15 " " 15
L] L] 12 L] L] 1 2 L] L] 12
" " 10 » 10 - " 10
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4K x 4 Static RAM

L7C168/170

|

0 4K x 4 Static RAM with Common
1/0, Output Enable (L7C170 only)

3 Auto-Powerdown™ Design

Q Advanced CMOS Technology
O High Speed — to 8 ns maximum

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

1 Data Retention at 2 V for Battery
Backup Operation

Q 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

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
170 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.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
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

Veec GND

L

OE

-
(&)
, & 128 x 32 x 4
—<— B :|> MEMORY
ROW 2 ARRAY
ADDRESS e
CE COLUMN SELECT
WE »| CONTROL & COLUMN SENSE Bg”

(L7C170 only)

o
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 uW (typical) at 3V,
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 I /O bus simplify the
connection of several chips for
increased capacity.

Memory locations are specified on
address pins Ao through A11. 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 I/O pins within one
access time. The I/O 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.
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4K x 4 Static RAM

L7C168/170

Storage teMPEratUre ...t e s s e sse s bessaessessassnsanesee —-65°G to +150°C

Operating ambient tEMPErature .........cceuirieneceerimeerenisn e s st sssesseses s sssses s ssssssresess -55°C to +125°C
Vcc supply voltage with respect to ground ... e -05Vto+7.0V
Input signal with respect to ground .........ccceeereiiciicisiinnin e s -30Vto+7.0V
Signal applied to high impedance oUPUL ...t e -30Vto+7.0V

Output current into low outputs

L2 (o T E T Y eTU ¢ (=1 o' PSPPI

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

45V<Vec<55V
45V<Veec<bbV
20V<Vccg55V
20V<Vecc <55V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH=-4.0mA,Vcc =45V 24 \"
VoL Output Low Voltage loL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 vec | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08 | V
lix Input Current GND <VIN< Vce -10 +10 | pA
loz Output Leakage Current GND < Vour < Vee, CE = Vee -10 +10 | A
los Output Short Current Vour = GND, Vcc = Max (Note 4) —350 | mA
Icc2 Vcce Current, TTL Inactive (Note 7) 15 | 30 | mA
Icca Vcce Current, CMOS Standby | (Note 8) 20 | 100 | pA
Icca Vce Current, Data Retention | Vcc = 3.0 V (Note 9) 5 50 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0V pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) pF
L7Ci68/170-
Symbol Parameter Test Condition 3 | 25 20 15 12 10 8 | Unit
Icct Vcce Current, Active (Note 6) 50 | 65 | 85 | 110 | 135 | 150 | 165 | mA

)

— a1
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4K x 4 Static RAM L7C168/170 |

L7C168/170-
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
tavav Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 8
taxax Address Change to Output Change 3 3 3 3 3 3 3
tcLav Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 8
tcLaz Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3
tcHaz Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4
toLav 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
toHaz | Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 4
tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 0
tPD Power Up to Power Down (10, 19) 35 25 20 20 20 18 15
tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0 0 0

I tavav |
ADDRESS } k
tavav
DATA OUT PREVIOUS DATA VALID M DATA VALID
1

taxax —

t |
o j—1tPU * PD *

CE =\ tavav ;t____
N—
tcLov teHoz

OF =———t——
(L7C170 Only) N ’I
toLav toHoz —=

toLoz

HIGH
HIGH MPEDANCE IMPEDANCE
DATA OUT < DATA VALID )‘——-

— tpu PD
lee 71‘50% 50%*

DATA RETENTION MODE
Vo 45V 45V >2V
_ fr—tcu — la— tAVAV —
CE LI 72077 vw ‘ — VIERDAAMN NN NNNNANN
ek Memory Products
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4K x 4 Static RAM L7C168/170

L7C168/170-
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
tavBwW | Address Valid to Beginning of Write Cycle 0 0 0 0 0 0 0
taAvEw | Address Valid to End of Write Cycle 25 15 15 12 10 8 8
teEwAx | 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
tovew | Data Valid to End of Write Cycle 15 10 10 7 6 5 4
tewpx | End of Write Cycle to Data Change 1 1 1 1 1 1 1
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0
twiez | Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3

tcLew
AN #T77THT777777.
tAVEW T EWAX
_ LAVBW —al twiew
WE \'t\\) K
i’ tDVEW }— tEWDX
DATAIN . 4 DATA-IN VALID >
twiaz ‘<—twnoz————| —
DATA OUT  ~eermemraretrrre HIGH IMPEDANCE
1

tavav
ADDRESS * *

tavew toLew
CE NC A~ -.j
tAVEW tewax
—_ t
NN N Wew LSS
[ OVEW t—g Ewny
DATAIN * DATA-IN VALID
HIGH IMPEDANCE
DATA OUT -

try tPD
Icc 7‘ Sk
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4K x 4 Static RAM

L7C168/170

1. Maximum Ratingsindicate 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
inordertoavoid exposure to excessive elec-
trical stress values.

3. This product provides hard clamping of
transient undershoot. Input levels below
ground willbe 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 -3V
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 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.

6. Tested with all address and data inputs
changing at the maximum cycle rate. The
device is continuously enabled for writing,
ie., CE < VIL, WE < VIL. Input pulse levels
are0to3.0V.

7. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE 2 VIH.

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

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2Vor VIN<0.2V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameteris 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, 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).

15. All address lines are valid prior-to or
coincident-with the CE 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 thatfalls last or rises first.

17. If WE goes low before or concurrent
with CE going low, the output remainsin 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 ICC2 to ICC1 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 ICC2 to ICC1 after tpp 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
inFig. 1b. This parameterissampled and not
100% tested.

22. Alladdress 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 productisa 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

Rt 480Q

+5V

OUTPUT

INCLUDING
JIG AND
SCOPE

R1 480 Q
5V O—————WWW—
OUTPUT
INCLUDING

JIG AND
SCOPE
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4K x 4 Static RAM

L7C168/170

20-pin
(0.3" wide)

- O O NOOOh W =

o

vce

) A1
[ At0
N Ao

A8
1103

] 1102
1 101
[ 100
(1 WE

A0
A1
A2
A3
A4
A5
Ae
A7

GND

gnoooannon
PR R

20
19
18
17
16
15
14
13
12
1

yuouououuuuua

vce
A1
At10
A9
A8
1103
1102
1101
1/00

20-pin
(290 x 425)

Plastic DIP
(P6)

Hermetic DIP (D7)

Plastic SOIC

Plastic SOJ
(.300"—W3)

Ceramic Leadless
Chip Carrier (K6)

35ns| L7C168PC35

25ns - "~ 25
20ns| " " 20
1Sns| * " 15
12ns| * " 12
10ns - " 10

L7C168DC35
25

20
16
12
10

L7C168CC35

~ 25
20
15
12
10

L7C168UC35

25
20
15
12
10

L7C168WI

12
10
8

C35
" 25
" 20
" 15

L7C168KC35
25
20
15
12
10

35
25
20
15
12
10

L7C168CM35

25
20
15
12
10

35ns 35 | L7C168CME35 L7C168KME35
25ns 25 - 25 « 25
20 ns o« 20 = .20 - 20
15ns « o« 15 ST T
12ns . " 12 . " 12 - . P-4
10 ns - " 10 " " 10 . " 10
8ns

a5ns DMB35 | L7C168CMB35 L7C168KMB35

25ns " 25 = = 25 « e« og

20 ns " - 20 " " 20 " " 20

15ns - " 15 L . 15 " « 15

12 ns " " 12 - " 12 " " 12

10ns L [ * 10 " 10
8ns
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4K x 4 Static RAM L7C168/170

22-pin 24-pin
(0.3" wide) Ao 1 24 5 vee
a1 “22h vee At 2 23 A
Aarfle 210 Ant A2 O3 22 [ Ao
A2[3 20 A0 A3 Tl4 213 Ae
Asl]a  19[] A9 A4 5 2015 As
Asl]s  18[] As As 6 19 NC
As[le  17[] NC NC 7 18 [0 NC
as 7 16 vo3 As 18 17 (2 103
A7 s 15§ /02 A7 9 163 V02
Celo 14 vo1 CE {10 153 l/O1
oe o 130 voo OE {11 143 oo
GND (11 12[] WE GND {12 13[3 WE

Plastic SOJ
(.300" — W1)

Plastic DIP Sidebraze
Speed (P8) Hermetic DIP (D8)

35ns L7C170PC35 L7C170DC35 L7C170CC35 L7C170WC35
25ns " " 25 " " 25 " " 25 b " 25
20 ns " " 20 " " 20 " " 20 " " 20
15ns " " 15 " " 15 " " 15 " " 15
12ns " "o12 " " 12 " 12 b "o12
10ns " " 10 " " 10 " " 10 " " 10

. " - " " " " - g

8 8

L7C170CM35

25

" " 20

15ns " " 15
12ns " * 12

10

L7C170CME35
25ns ot 25 * ot 25
20ns =20 " 20
15ns " 15 " 15
12ns . . 12 " " 42
10ns " 10 "t 10

L7C170DMB35 | L7C170CMB35

25 25
L] L 20 L] L] 20
" " 15 " " 15
L] L] 12 L] L] 12
" " 10 " 10
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4K x 4 Static RAM L7C171/172

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

3 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 uW typical

0 Data Retention at 2 V for Battery
Backup Operation

2 Plug Compatible with IDT 71681/
71682, Cypress CY7C171/172

0 Package Styles Available:

* 24-pin Plastic DIP
24-pin Sidebraze, Hermetic DIP

*

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.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
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™

¢ 24-pin CerDIP circuitry reduces power consumption
¢ 24-pin SOJ automatically during read or write
¢ 28-pin Ceramic LCC
Vec GND
[
(5
7 ] 128 x 32 x 4
4 & j> MEMORY
ROW g ARRAY
ADDRESS T
CE—»] CONTROLI—s| ~ COLUMN SELECT _*D;L,Do
WE & COLUMN SENSE
A
5
74 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 2V. The L7C171 and L7C172
consume only 15 uW (typical) at 3V,
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 A11. 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 Qut 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.

Memory Products
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4K x 4 Static RAM

L7C171/172

Storage temperature
Operating ambient temperature
Vce supply voltage with respect to ground
Input signal with respect to ground
Signal applied to high impedance output ...
Output current into low outputs..........oceeenne
Latchup current

............................................................................................

............................................................................

—65°C to +150°C
—55°C to +125°C

-05Vto+7.0V
..... -30Vto+7.0V
..-3.0Vto+7.0V

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
45V<Vecc<55V
45V<Vecc<55V
20V<Veccg55V
20V<Vec<55V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage loH =—-4.0 mA,Vcc =4.5V 24 \
VoL Output Low Voltage loL = 8.0 mA 04 ( V
ViH Input High Voltage 20 Vec | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08 | V
Iix Input Current GND<VIN< VCe -10 +10 | pA
loz Output Leakage Current GND < Vour < Vee, CE = Vee -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) —350 | mA
Iccz Vce Current, TTL Inactive (Note 7) 15 30 | mA
Icca Vcce Current, CMOS Standby | (Note 8) 20 | 100 | pA
Icca Vcce Current, Data Retention | Vcc = 3.0 V (Note 9) 5 50 | pA
CiN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) pF
L7C171/172-
Symbol Parameter Test Condition 35 25 20 15 12 10 8 Unit
lcct Vcc Current, Active (Note 6) 50 | 65 { 8 | 110 | 135 150 { 165 | mA

DEVICES INCORPORATED
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L7C171/172

L7C171/172-
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

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

tAxax Address Change to Output Change 3 3 3 3 3 3 3

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

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

tcHaz 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 (10, 19) 35 25 20 20 20 18 15

tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0 0 0

tavav

ADDRESS Jle

tavav
DATA OUT PREVIOUS DATA VALID M
|

DATA VALID

tAXOX —

trp -t

t
Ice " ;}ﬁ

=L

CE~ X

tavav

terov

tcloz

t:tcuoz

DATA OUT HIGH MPEDANGE | ap—ar—oyr

S

DATA VALID

HIGH
IMPEDANCE

~— tpu tpp
Icc *50%

e S

DATA RETENTION MODE

Vce

f=—tch —=

45V 45V 7

22V

e— tavav —

Vs

CE 222227727 A v

VH RN NN NN NN NN

DEVICES INCORPORATED

2-29

Memory Products

LDS.1712-C




4K x 4 Static RAM

L7C171/172

L7C171172-
35 25 20 15 12 10 8

Symbol Parameter Min | Max| Min | Max| Min | Max| Min | Max| Min | Max | Min | Max | Min| Max
tAvav Wirite Cycle Time 25 20 20 15 12 10 8
{CLEW 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
tovew | Data Valid to End of Write Cycle 15 10 10 7 6 5 4
tewox | End of Write Cycle to Data Change 1 1 1 1 1 1 1
twHQz | 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) 10 7 7 5 4 4 3
twiav | 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

lcc

tavay |
ADDRESS * %
toew
RN KA
. tavew —=| tavew tWew tEwax —*
We NANN )
= tp »— tEWDX
DATAIN K DATA-IN VALID 35)-
= _':l— twioz et
DATA OUT HIGH IMPEDANCE wHaz e
(L7C172 Only) — A .
wiov y —_—
DATA OUT
{L7G171 Oniy) - * = DA'TA VALID
PU
ey 1 ,—-—ﬂK

tavav
ADDRESS *
tavew toLew
CE *x A _‘l
tAavEW tEWAX
WE  ONSNONOSOSSISINSSNNNTY twiew YOOI OO OIS
[ tDVEW +—t EWDX
DATAIN *i DATA-IN VALID *
DATA OUT twioz \] HIGH IMPEDANCE
(L7C172 Only) DATA UNDEFINED — D ,
'(?_/7\;'7\1%!‘";; j( DATA VALID
tru trD 1
lec 7 |L
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4K x 4 Static RAM

L7C171/172

| 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 willbe clamped beginningat-0.6 V.
A currentin excess of 100 mA is required to
reach—2 V. Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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 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.

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
are0t03.0 V.

7. Tested with outputs openand alladdress
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 alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e., CE = VCC. Input
levels are within 0.2 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. TE must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2V or VIN<0.2V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameteris shown asa 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 thedevice. Access time, 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 cydle.

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 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 lastor 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 ICC2 to ICC1 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 ICC2 to ICC1 after tpp 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
inFig. 1b, This parameterissampled and 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 productisa 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R1 480Q
+5 V O AAA———

OUTPUT

INCLUDING
JIG AND

l > Re
I 30 pF izssn

SCOPE

| FiGuRE 1

R1 480 Q
+5V O AAA——

OUTPUT O—T——o
INCLUDING 5pF Re
JIG AND I

SCOPE
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4K x 4 Static RAM

L7C171/172

24-pin
(0.3" wide)

Ao []1 24[] vee
A2 23[] At
A2 []3  22[1 A1
Asfa  21[1As
A4 (15 2oEAa
As (6 19[] 13
As 7 18[1I2
A7 []s 17@03
e 1602
11010 150 01
ceE 11 14 0o
GND 12 130 WE

24-pin

Ao 1 24 |3 vee
AlC]2 233 A
A2C]3 220 A0
A3 4 213 A9
A4 15 20 [ A8
A5 6 1918
Ascd7 182
A7TC{8  17[2 08
locq9 16302
hd1o 15f3 01
CE{11 143 00
GND {12 13| WE

Plastic DIP
(P2)

Sidebraze
Hermetic DIP (D2)

Plastic SOJ
(.300" — W1)

Ceramic Leadless
Chip Carrier (K1)

25ns| L7C171PC - 25
20 n or 20
15ns| L7C172PC | 15

L7C1 71 DC
L7C1 7ZDC

L7C171CC + 25
r

ol - 20
L7C172CC |- 15

L7CI7IWC 1 25
20
L7C172WC 15

L7C171KC + 25
or
L7C172KC

r 35
L7C171DM +25
-20
L7C1720M 15

- 35
L7C171 DM + 25
- 20
L7C1 72DM [ 15

- 35

L7C171KM <+ 25
or L 20
L7C172KM | 15

L7C171DME - 25
or

20
L7C172DME - 15
12

Lo

L7C171DME+- 25

or - 20
L7C172DME | 15

L 12

- 10

L7C171KME - 25
or 20
L7C172KME [ 15

L1

L7C171DMB L7C171DMB- L7C171KMB
20 ns or 20 or L 20 35 or

15ns L7C172DMB |- 15 |L7C172DMB |- 15 25 L7C172KMB
12ns 12 F12 20
10ns 10 - 10 15
8 ns .o
T&
10
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0 2K x 8 Static RAM with Chip Select
Powerdown, Output Enable
Q0 Auto-Powerdown™ Design
O Advanced CMOS Technology
Q High Speed — to 10 ns maximum
Q0 Low Power Operation
Active:
250 mW (L6116) typical at 35 ns
Standby (typical):
100 uW (L6116)
50 uW (L6116L)

3 Data Retention at 2 V for Battery
Backup Operation

0 Plug Compatible with IDT6116,
Cypress CY7C128/CY6116

O Package Styles Available:
¢ 24-pin Plastic DIP

24-pin Sidebraze, Hermetic DIP

24-pin CerDIP

24-pin Plastic SOIC

24-pin Plastic SOJ

28-pin Ceramic LCC

32-pin Ceramic LCC

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 I/O pins. These devices are
available in six speeds with maximum
access times from 10 ns to 35 ns.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
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-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,
data may be retained in inactive

Vcc GND

-
5 3 128 x 16 x 8
—4— A  MEMORY
ROW z ARRAY
ADDRESS [id

ﬁ

CONTROL

COLUMN SELECT
& COLUMN SENSE

DATA
e}

COLUMN ADDRESS

44‘/‘

storage with a supply voltage as low
as2 V. The L6116 and L6116L con-
sume only 15 uW and 6 uW (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 I/O 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 A1o.

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.

Memory Products
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2K x 8 Static RAM (Low Power)

L6116/L6116L

Storage temperature
Operating ambient temperature

Signal applied to high impedance
Output current into low outputs
Latchup current

Vcce supply voltage with respect to ground
Input signal with respect to ground

—65°C to +150°C
-55°C to +125°C
-05Vto+7.0V
-30Vto+7.0V
-3.0Vto+7.0V
cererenseeenenes 25 MA
> 200 mA

.........................................................................................
.........................................................................................

output

.....................................................................................................

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

Temperature Range (Ambient) Supply Voltage
0°C to +70°C 45V<Vec <55V
—55°C to +125°C 45V<sVcc <55V
0°C to +70°C 20V<Vecec<55V
—55°C to +125°C 20V<Vecsb5V

L6116 L6116L
Symbol Parameter Test Condition Min | Typ| Max | Min | Typ| Max |Unit
VoH Output High Voltage IoH = -4.0mA,Vcc =45V 2.4 24 \
VoL Output Low Voltage loL = 8.0 mA 04 04 | V
VIH Input High Voltage 20 Vce (2.0 Vec| V
+0.3 +0.3
ViL Input Low Voltage (Note 3) -3.0 0.8 -3.0 08|V
X Input Leakage Current GND<VIN<VCe -10 +10 [-10 +10 | pA
loz Output Leakage Current GND < Vourt < Vee, CE = Vee -10 +10 ]-10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 —350{ mA
Icc2 Vce Current, TTL Inactive (Note 7) 15| 30 12| 20 |mA
Iccs Vce Current, CMOS Standby | (Note 8) 20| 100 10| 30 (pA
Icca Vcce Current, Data Retention | Vcc =3.0 V (Note 9) 5| 50 210 [pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V pF
Court | Output Capacitance Test Frequency = 1 MHz (Note 10) pF
L6116-
Symbol Parameter Test Condition 35 25 20 15 12 10 Unit
Icct J Vcce Current, Active {Note 6) 75 | 100 | 125 | 160 | 200 | 220 mA

Memory Products
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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| Min| Max
tAVAV Read Cycle Time 35 25 20 15 12 10
tavav 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
tcLav Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10
tcLaz Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3
tcHaz Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4
toLav Output Enable Low to Output Valid 15 12 10 8 6 5
toLaz Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0
toHaz | Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4
tru Input Transition to Power Up (10, 19) 0 0 0 0 0 0
tPD Power Up to Power Down (10, 19) 35 25 20 20 20 18
tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0 0

I tavav i
ADDRESS %F )k
tavov
DATA OUT PREVIOUS DATA VALID XX)()()(X* DATA VALID
J

taxax
N trp N

lcc e ;k 4(

CE = tavav )t__——_
teiav tehoz =

oE — teraz
toLav t- tonoz —=
M toraz —™ HIGH
DATA OUT HIGH MPEDANCE Z ———— N IMPEDANCE

— tpu tro
lec 7" 50% 50% —NC

DATA RETENTION MODE
Vece K45V 45V s2V
_ toHve ——= Fa— tavav —=f
CE Vi 4 Vi RS S SSSSSSISSN
———— \ Memory Products
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2K x 8 Static RAM (Low Power)

L6116/L6116L

L6116/L6116L-
3 [ 25 20 [ 15 | 12 10
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
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
tovew | Data Valid to End of Write Cycle 15 10 10 7 6 5
tEWDX End of Write Cycle to Data Change 1 1 1 1 1 1
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 0 0 0
twLaz | Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4

I tavav |
ADDRESS DE ;I(
I toLtew
e SIS Y TTTTITTTT77T
tAVBW —=d Avew twiew LEWAX —=
WE EANN. 1 s
i’ toveEw at— tEWDX
DATAIN N DATA-IN VALID >
DATA OUT e Sz HIGH IMPEDANCE [e—twHoz —»| —
tru tep 1 ——
lec tru l—ﬁL

| tavav f
ADDRESS *
tavew tolew
CE 3 7 __I
tAVEW tewax
WE  ONONONSONNNANNNNNNN twew X777 77 7777777
tDVEW ~-tewox
-ama 2= \ | P—
DATA N DATA-IN VALID X
HIGH MPEDANCE
DATA OUT -
tey trp
lcc 7
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2K x 8 Static RAM (Low Power)

L6116/L6116L

j

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 willbe clamped beginningat-0.6 V.
A current in excess of 100 mA is required to
reach-2 V. Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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 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.

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
are0to3.0V.

7. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE 2 VIH.

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

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2V or VIN £0.2V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameteris shown asa 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 thedevice. 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 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 thatfalls 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 ICC2 to ICC1 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 ICC2 to ICC1 after tep 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
inFig.1b. This parameterissampled and not
100% tested.

22. Alladdress 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 productis 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 agood 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

Ry 480Q
R — L

ouTPUT o—l—q,
Rz
INCLUDING 30 pF izsm

JIG AND
SCOPE

R1 480 Q
+5V O AAA—

OUTPUT O—I———u
>
INCLUDING 5pF Rz

JIG AND 550
SCOPE
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2K x 8 Static RAM (Low Power)

L6116/L6116L

24-pin
(0.3" wide)

T
A1 24[ vee
As[]2 230 As
As[]3 2200 Ae
aslls 210 WE
asljs 20[] OE
A2l 19 Ao
a7 18 CE
aolls 170 Vo7
vool]s 18] VOs
o110 15[ vOs
vo2 11 1a[] Vo4
aNno 012 13[d Vo3

24-pin
(0.6" wide)

O
A7[]1 24 ] vee
As [ 2 23 [] A8
As[] 3 221 A9
A4l] 4 21 [] WE
As]s 20 ] OE
A2[]e 19 [ Ao
A7 18 J CE
A0[]g 17 0 o7
1100 ] 9 16 [ 1108
1101 [ 10 15 [1 1/Os
1102 [ 11 14 [1 1104
GND [ 12 13 1 vos

Plastic DIP Sidebraze

Speed ( metic DIP (D: (C1) P1)

35ns 35 '35 35 35 35 35
25ns L6116PC + 25 L6116DC + 25 L6116CC + 25 L6116NC + 25 L6116HC | 25 Le116IC -+ 25
20 ns or 20 or 20 or 20 or 20 or 20 or 20
15ns| L6116LPC |- 15| L6116LDC |- 15 | L6116LCC 25 | L6116LNC [ 15 L6116LHC | 15 L6116LIC | 25
12ns 12 12 12 12 12 12
10ns 10 10 10 10 10 10
25ns L6116DM 1 35 L6116CM - 25 L6116HM 35 L61 161M 25
20 ns or 20 or 20 20 20
15ns L6116LDM | 15 | L6116LCM |- 15 L61 16LHM 15 L6116LIM 15
25ns L6116DME- 35 | L61 1sCME 25 L6116HME+ 35 | L6116IME + 25
20 ns or 20 20 or 20 or 20
15ns L6116LDME | 15 | L61 16LCME 15 L6116LHME | 15 | L6116LIME [ {5

W -
25ns L6116DMB 135 | L6t 16CMB 25 L6116HMB 1 35 | L6116IMB 1 25
20 ns or 20 20 or 20 or 20
15ns L6116LDMB | 15 | L61 16LCMB 15 L6116LHMB | 15 | L6116LIMB | 15
12ns 12 12 12 12
10ns
8ns
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2K x 8 Static RAM (Low Power)

L6116/L6116L

24-pin

A7
As
As
A4
A3
A2
A1
A0
1100
1101
1102
GND

gonoooanonaon

W NN W=

N
N = o

24
23
22
21
20
19
18
17

15
14
13

vce
A8
A9

A10

1107
/08
1105
1104

goriluoonuouunou

1103

28-pin
(450 x 450)

32-pin
(450 x 550)

Plastic SOIC
Speed {.300"—U1)

Plastic SOJ
(.300"—W1)

Ceramic Leadless
Chip Carrier (K1)

Ceramic Leadless
Chip Carrier (K7)

35ns

25ns L6116UC
20 ns or
15ns Let16LUC

a5

25
20
15
12
10

L6116WC + 25
or

L6116LWC [- 15

L61 16KC 25
Le1 16LKC 15

L6116TC - 25
or
L6116LTC - 15

L6116KM
or
L6116LKM

L6116TM
or
L6116LTM

20

L61 16LKME 15

L6116LTME

25
20
15
12

L61 16KMB
L61 16LKMB

L6116KME E 25

25
20
15
12

L6116TMB
or
L6116LTMB

L6116TME ~E 25
or 20

Memory Products
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64K x 1 Static RAM

L7C187

T

0 64K x 1 Static RAM with Separate
170, Chip Select Powerdown

QO Auto-Powerdown™ Design
Q Advanced CMOS Technology
O High Speed — to 8 ns maximum

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

Q Data Retention at 2 V for Battery
Backup Operation

QO Plug Compatible with IDT 7187,
Cypress CY7C187

Q 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

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-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,

Vcc  GND

SN

y
-
[&]
8, w 256 x 256
> & f‘> MEMORY
ROW 2 ARRAY
ADDRESS g
—_ 11
CE
— COLUMN SELECT
WE & COLUMN SENSE Do

8
/%COLUMN ADDRESS

data may be retained in inactive
storage with a supply voltage as low
as 2 V. The L7C187 consumes only
30 uW (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 A1s.

Reading from a designated location is
accomplished by presentingan
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.

Memory Products
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64K x 1 Static RAM

L7C187

Storage teMPEFatUIe ........coceivicininminii e st s s s
Operating ambient temMpPerature ..........ccvveniinie s
Vce supply voltage with respect to ground ........e.eecceeiniinccesccsnninenninnecneeee
Input signal with respect to ground ...........cccccmmeenenesse s snnessnesenseeseeesens
Signal applied to high impedance outpuL ...........coiveiiniiccscii s
Output current iNto IOW OULPULS ........ccceeeeriirr e et saseser st csersssre s e sen e sasssarssre b s s eeass st ssnsssanassans
LatChUP GUITENL .......oeceiierie it s e st ssr s crssnns e saae s saneasnens

—65°C to +150°C
-55°C to +125°C
-05Vto+7.0V
-30Vto+7.0V
-30Vto+7.0V

Mode Temperature Range (Ambient)

Active Operation, Commercial 0°C to +70°C
Active Operation, Military —55°C to +125°C
Data Retention, Commercial 0°C to +70°C
Data Retention, Military —55°C to +125°C

Supply Voltage
45V<Vec<h5V
45V<Vec<55V
20V<Vecec <55V
20V<Vec<bs5V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage loH=-4.0mA,Vcc =45V 24 \
VoL Output Low Voltage loL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 Vec | V
+0.3
ViL Input Low Voltage (Note 3) -30 08 | V
lix Input Current GND <VINS Vce -10 +10 | pA
loz Output Leakage Current GND < Vour < Vce, CE = Vce -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 | mA
Icc2 Vce Current, TTL Inactive {Note 7) 15 | 30 [ mA
Iccs Vce Current, CMOS Standby (Note 8) 100 | 500 | pA
Icc4 Vcc Current, Data Retention Vce =3.0V (Note 9) 10 | 250 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7C187-
Symbo! Parameter Test Condition 35 25 20 15 12 10 8 Unit
Icc1 Vcc Current, Active (Note 6) 75 | 100 | 125 | 160 | 190 | 205 | 225 | mA

DEVICES INCORPORATED
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64K x 1 Static RAM L7C187

L7C187-
35 25 20 15 12 10 8

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

tAavav 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

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

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

tcHaz 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 (10, 19) 35 25 20 20 20 18 15

tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0 0 0

t tavav
ADDRESS * *
tavov
DATA OUT PREVIOUS DATA VALID M DATA VALID
|

taxax —

oo l—tPU 7“ trp lk

— tavav
CE 5(
tclov tcHoz
tcloz HIGH
DATA OUT HIGH IMPEDANCE IMPEDANCE
€ DATA VALID
D

50%'*'

DATA RETENTION MODE
Vee K45V 45V A s2V
o [=—toni — re— tavay —=!
CE LLLLLZZ 7 Z A v ™ ’ VERAOAN NN NNNNNDN
DEVICES INCORPORATED Memory PrOdUCts
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64K x 1 Static RAM L7C187

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
tavew | 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 o] 0
tWLEW | Write Enable Low to End of Write Cycle 20 15 15 12 10 8 6.5
tovew | 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
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0
twLaz | Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3

teLew
AN FT77TXT777777.
t t
tAVEW —= kLS —re— EWAX —]

WE NF N\ N\ Mo ;l

JI/ tDVEW +— tEWDX
DATAIN \ DATA-IN VALID >
twioz ‘ twHoz
DATA OUT e L HIGH IMPEDANCE I~ —"] J—
tPu trD 4 -
Iec try

tavav |
ADDRESS h #

tavew toLlew
CE ol A _‘J
tAVEW tewax
WE  ONONONNNANNNNNNNT twew p
tDVEW 1 EWDX
DATAIN P 3 DATA-IN VALID
HIGH MPEDANCE
DATA OUT -

teu trp
Icc J k
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64K x 1 Static RAM

L7C187

|

1. Maximum Ratingsindicate 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 willbe clamped beginningat—0.6 V.
A current in excess of 100 mA is required to
reach-2 V.Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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 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.

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
are0to3.0 V.

7. Tested with outputs open and alladdress
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 alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e., CE = VCC. Input
levels are within 0.2 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2Vor VIN<0.2V 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
1.5V, output loading for specified IOL and

o ——
v v 7 —X

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameterisshown asa 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, 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).

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

16. The internal write cycle of the memo

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 ICC2 to ICC1 occurs as a
result of any of the following conditions:

a. Falling edge of CE.
b. Falling edge of WE (CE active).
c. Transition onanyaddressline (CEactive).

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

The device automatically powers down
from ICC2 to ICC1 after tpp 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. Atany 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
inFig. 1b. This parameterissampled and 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 productisa 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 causea 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

FlcURETa.

R1 480Q

+5V
OUTPUT

INCLUDING
JIG AND
SCOPE

| FiGuRE 1b;

R1 480 Q@
45V O AM—

OUTPUT o———l——o
>
INCLUDING 5pF Rz

JIG AND 2550
SCOPE

i—

'FIGURE 2.
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64K x 1 Static RAM

L7C187

22-pin
(0.3" wide)

Ao []1 22[] vce
A1 2 21%A15
A2[Q3 200 At
As[]a  19[] A3
aslls 180 A2
AsJe  17[1 A11
Asl]7 16 Ato
A7[s 150 A
pout o 143 As
WE 10 130 DN
GND 11 12[] CE

24-pin

Ao
A1
A2
A3
As4
As
NC
As
A7
DouTt
WE

® NG AW

= ©
o

0oaononoaonnnaann

GND

~

24
23
22
21

19
18
17

15
14
13

JgUuuouuoouuutru

vee
Ats
A4
A13
A12
NC
Al
A10
As
As
DIN
CE

22-pin
(290 x 490)

Plastic DIP Sidebraze Plastic SOIC Plastic SOJ Ceramic Leadless
Speed (P8) Hermetic DIP (D8) (.300"— U1) (-300"— W1) Chip Carrier (K4)
35ns| L7C187PC35 L7C187DC35 L7C187UC35 L7C187WC35 L7C187KC35

n L] 25 L] L 25 L] n L] L] 5 L] L 25 L L] 25

. " 20 " . 29 . a = . ~ o0 . ~ 20

" - 15 - ~ 15 " . . " ~ 45 . -~ 15

. 42 P . . . - e 42 . " 92

" " 10 - ~ 10 . . . on - " 90 . ~ 10

- . " - g " om . . . " " .

35
25
20
15
12
10

"L7C187CM

35
25
20
15
12
10

M35

25
" 20
" 15

" L7c187K

12
10

L7C187DME35 | L7C187CME35
" L] 25 " L] 25
"ot 20 -t 20
L] " 15 L] L] 15
" toi2 " L
ot 10 S [}

L7C187KME35
"t 25
L] L] 20
L
"or a2
L

| L7C187DMB35

L7C187CMB35

" " 25 " " 25
L] " 20 L] L] 20
" " 15 " " 15
" 12 " 12
L] L] 10 L] L] 10

L7C187KMB35
25
20
15
12
10
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16K x 4 Static RAM

L7C164/165/166

O 16K x 4 Static RAM with
Common /0

3 Auto-Powerdown™ Design

1 Advanced CMOS Technology

0 High Speed — to 8 ns maximum

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

J Data Retention at 2 V for Battery
Backup Operation

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

Q Package Styles Available:
e 22/24-pin Plastic DIP
e 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 TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption is
210 mW (typical) 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

-
O
. w 256 x 64 x 4
—As B :> MEMORY i
Row z ARRAY
ADDRESS o

{}

CE1 —»
WE —»
CONTROL

OE —»
(L7C165/166 onty)

COLUMN SELECT 4
& COLUMN SENSE

DATA
10

CE2—»] R /‘{/
(L7C165 only)
COLUMN ADDRESS

———
v——
L

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
2V. The L7C164, L7C165, and L7C166
consume only 30 uW (typical) at3 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 /O bus
simplify the connection of several
chips for increased capacity.

Memory locations are specified on
address pins A0 through A13. For the
L7C164 and L7C166, reading from a
designated location is accomplished
by presenting an address and driving
CE1low 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 islow.

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 mA on any pin without damage.

Memory Products
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16K x 4 Static RAM

L7C164/165/166

Storage temperature ..

Operating ambient temperature .......

Vce supply voltage with respect to ground.........ceniniiiieninene e, -05Vto+7.0V
Input signal with respect t0 ground ... e e -30Vto+7.0V
Signal applied to high impedance outpuL ...t -3.0Vto+7.0V
Qutput current it IoW OULPULS ......c.ccciiineisnienmentisisstisnn st ssns s st ess sns e s s e s e saesasssaense st saesanasnsanen 25 mA
LAtCRUD CUITENE ....vveereeeesceemststereseseresssrtesessestsresessssa st saesaasssnastsassseae st eneese st mssaussstesessnssen s snasenesasans > 200 mA

—65°C to +150°C
..... -55°C to +125°C

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
45V<Vcc<55V
45V<Vcecs55V
20V<Vecs55V
20V<Vcec<55V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage IoH =-4.0 mA, Vcc = 4.5V 24 Vv
VoL Qutput Low Voltage loL = 8.0 mA 0.4 \
ViH Input High Voltage 20 vee | V
+0.3
ViL Input Low Volitage (Note 3) -3.0 0.8 \"
hx Input Current GND <VIN< Vce -10 +10 | pA
loz Output Leakage Current GND < Vour < Vce, CE = Vee -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 | mA
Icc2 Vce Current, TTL Inactive (Note 7) 15 | 30 [ mA
lccs Vce Gurrent, CMOS Standby | (Note 8) 100 | 500 | pA
Icca Vce Current,Data Retention Vce =3.0V (Note 9) 10 | 250 HA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
1 7C164/165/166-
Symbol Parameter Test Condition 35 25 20 15 12 10 8 Unit
Icc1 Vcc Current, Active (Note 6) 75 | 100 | 125 | 160 | 190 | 205 | 225 | mA

-
Y — v
- —— -,
- -
—— e——

—— ————
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16K x 4 Static RAM

L7C164/165/166

L7C164/165/166-
35 25 20 15 12 10 8
Symbol Parameter Min | Max | Min | Max | Min | Max| Min | Max | Min | Max | Min | Max [Min | Max
tAvAV Read Cycle Time 35 25 20 15 12 10 8
tAvVQv 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
tcLav Chip Enable Low to Output Valid (13, 15) 35 25 20 16 12 10 8
tcLaz Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3
tcHaz Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4
toLav Qutput Enable Low to Output Valid 15 12 10 8 6 4 4
toLaz Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0 0
toHaz Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 4
tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 0
tPD Power Up to Power Down (10, 19) 35 25 20 20 20 18 15
tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0 (o] 0

|- tavav i
ADDRESS 9& *
tavav
DATA OUT PREVIOUS DATA VALID XX)()(X)(* DATA VALID
Yo tAxox — i tep )
lec 7" 4(

CE —™\ tavav
N
R tolov tenoz —
OE _—3c cLaz
(L7C165 and t
L7C166 Only) toLav t— OHQZ ——
toLoz HIGH
HIGH IMPEDANCE IMPEDANCE
DATA OUT L - DATA VALID o
—tpy i trp
lec 7!‘ 50% 50%

DATA RETENTION MODE
Voo 45V 45V 7 2y
. f=—tonv —— — tavav —={
8 277777777 A \ s VRS SSSSSIUSSSS
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16K x 4 Static RAM

L7C164/165/166

L7C164/165/166-
35 25 20 15 12 10 8
Symbol Parameter Min | Max| Min [ Max| Min | Max| Min| Max| Min | Max | Min | Max | Min | Max

tAvAvV 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
tovew | Data Valid to End of Write Cycle 15 10 10 7 6 5 4
tewox | End of Write Cycle to Data Change 0 0 0 0 0 0 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 ] 0 0 0 0
twLaz | Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3

tCLEW

& NN\x K777 7777777
L TAvEW —o] tAVEW - T EWAX —=]
WE \l‘> N\ N A

i, tOvEW -t— LEWDX

DATA IN 4 DATA-IN VALID >——>
twioz
le—— twhoz ——| —
DATA OUT < HIGH IMPEDANCE
tru i tPD 1 —
lec tru W’ﬂ

f tavav {
ADDRESS *
tavew telew
CE )( 1L _—l
tAaveEw tEwax
t
WE \<<<<<<<<<<<;<'\ WLEW VISP PP IOII OIS
tDVEW THotewox
DATA IN e DATA-IN VALID x
HIGH IMPEDANCE
DATA OUT ™ P .
[ 7 k
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16K x 4 Static RAM

L7C164/165/166

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 willbe clampedbeginningat-0.6 V.
A current in excess of 100 mA is required to
reach—2 V. Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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 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.

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
are0to3.0 V.

7. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE* 2 VIH.

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

9. Data retention operation requires that
VCC never drop below 2.0 V. TE* must be
2VCC~-0.2V. For all other inputs VIN
2VCC-0.2V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 t0 3.0 V (Fig. 2).

12. Each parameteris shown asa 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, 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 cydle.

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 memo:

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 thatfalls lastor rises first.

17. If WE goes low before or concurrent
with CE* going low, the output remainsina
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 ICC2 to ICC1 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 ICC2 to ICC1 after tpp 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
inFig. 1b. This parameterissampled and 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 mustbe high during address
transitions.

24. This productisa 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 agood 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

Ri1 480Q

+5V
OUTPUT

INCLUDING
JIG AND
SCOPE

Ry 480 Q
+8V O—————  AAA——

OUTPUT OT
>
INCLUDING 5pF Re

JIG AND 2559
SCOPE

* For the L7C165, CE refers to the logical
AND of CE1 and CE2.
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16K x 4 Static RAM

L7C164/165/166

22-pin
(0.3" wide)

Ao 1 V22:| vee
A2 2100 A3
A2[]3 2000 A2
A3lla  19[] A1t
Adlls 1800 At
ase 1700 ae
As[]7  18[] vos3
A70s 150 o2
aslle  14[J vo1
Ce 10 13[ voo
GND 11 121 WE

24-pin

Ao
A1
A2
A3
A4
As
A6
A7
As
CE
NC
GND

O NOOOR W=

©

oonononnaaoan

-

N

IRIRIRIIIRIRININIRIRY

vce
A13
A12
A11
A10
A9

/103
1102
/01
/00
WE

22-pin
(290 x 490)

Plastic DIP
(P8)

Sidebraze
Hermetic DIP (D8)

Plastic SOIC
(-300"— U1)

Plastic SOJ
(.300"— W1)

Ceramic Leadless
Chip Carrier (K4)

L7C164PC35
25
20
15
12
10

L7C164DC35 |

25
20
15
12
10

L7C164CC35

25
20
15
12
10

L7C164UC35

25
20
15
12
10

L7C164WC35

25
20
15
12
10

L7C164KC35
25
20
15
12
10

L7C164DM35 | L7C164CM35 L7C164KM35
" L] 25 L] L] 25 L] " 25
- - 20 " 20 « « 20
" " 15 v 15 I
o2 12 o2
* ot 10 10 ot 10

NDE
35ns L7C164DME35 L7C164CME35 L7C164KME35
25 ns " " 25 " " 25 " " 25
20 ns " " 20 " " 20 " " 20
16 ns " " 15 " " 15 " " 15
i2ns " . 4 " * iz - "oi2
10 ns " * 10 " " 10 " " 10
35ns L7C164DMB35 L7C164CMB35 L7C164KMB35
25 ns " " 25 " " 25 N " 25
20 ns " " 20 " " 20 " " 20
15 ns " " 15 " * 15 - " 15
12ns " " 12 " " 12 " 12
10ns " " 10 " " 10 " " 10
8ns
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16K x 4 Static RAM L7C164/165/166

24-pin 24-pin
(0.3" wide) roft 24f vee A 1 24 Voe
A1 (2 23[] A3 A1 ]2 23 A3
A2 []3 22[] A2 A2 3 22 A2
A3 4 21[1 A1t A3 4 21 [ At
A4 []5  20{] At0 As 5 201 At
As [l6 19[] A9 A5 (16 193 A9
As (17 18[] (CE2) (NC for 166) As 7 18 [ (CE2) (NC for 166)
A7 [Js  17[ vo3 A7 g 8 17 |3 103
As o 16| 102 As 9 16 1 1102
CE1 1o 15[3 VO1 CE1 10 15[ Vo1
OE [J11 14 100 OE 11 14 1/00
GND 12 13[] WE GND 12 1aE WE

Plastic DIP Sidebraze CerDIP Plastic SOIC Plastic SOJ
Speed (P2) Hermetic DIP (D2) (C1) (-.300"—U1) (.300"— W1)

25ns| L7C165PC 25 | L7C165DC - 25 | L7C165CC
20 ns or 20 or or

15ns| L7C166PC | 15 | L7C166DC [ 15 | L7C166CC
12ns 12 12
10ns 10 10

25 | L7C165UC 25 | L7C165WC 25
20 or or 2|

15 | L7C166UC | 15 | L7C166WC L 15
12 12 12
10 10 10

or - 20 20
15ns L7C166DM [ {5 | L7C166CM [ 15

12ns 12
10 ns - 10
8

12
10

25ns L7C165DME—+ 25 | L7C165CME—- 25
or or

2
15ns L7C166DME [ 15 | L7C166CME | 15

25ns L7C165DM - 25 | L7C165CM Ezs
or

25ns L7C165DMB + 25 |L7C165CMB—+ 25
20 ns or 20 or 20
15 ns L7C166DMB | 15 |L7C166CMB | 15
12ns 12 12
10ns 10 10
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16K x 4 Static RAM

L7C164/165/166

28-pin
(350 x 550)

00 80
<ZZ>2Z
3214
A1 : NC
A2 Az
A3 A2
A4 Ay
As A1
As Ag
A7 /03
As /02
CE1)12 18
%4314 1516 17 9 VO
S g S
2lls 2
L(NCfDHSG)

Ceramic Leadless

25ns| L7C165KCH
or
15 ns L7C166KC

- 35
- 25
- 20
- 15
12
- 10

25ns| L7C165KM
or

35
[25
- 20
- 15
- 12
- 10

25 ns | L7C165KME~
S or
15 ns | L7C166KME

- 35
|5

25 ns | L7C165KMB
or
15 ns | L7C166KMB
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16K x 4 Static RAM

L7C161/162

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

or High Impedance Write (L7C162)

3 Auto-Powerdown™ Design
3 Advanced CMOS Technology
0 High Speed — to 8 ns maximum

1 Low Power Operation
Active: 210 mW typical at 35 ns
Standby: 500 uW typical

) Data Retention at 2 V for Battery
Backup Operation

Q 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

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.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
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

Vcc GND
'—
[&]
. w 256 x 64 x 4
VRN I : 2  MEMORY

ROW g ARRAY

ADDRESS T
CE1—»

CE2—» COLUMN SELECT ,I > LA
WE »| CONTROL I—> 4 COLUMN SENSE bo
(ﬁ——N Y

4 6*
DI —~ COLUMN ADDRESS

memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C161 and L7C162 con-
sume only 30 pW (typical) at3 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 A0 through A13. Read-
ing from a designated location is
accomplished by presenting an ad-
dress and driving CE1and 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
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16K x 4 Static RAM

L7C161/162

Storage temperature
Operating ambient temperature
Vcce supply voltage with respect to ground
Input signal with respect to ground
Signal applied to high impedance output
Output current into low outputs
Latchup current

s

—65°C to +150°C
—55°C to +125°C
-05Vto+7.0V
-30Vto+7.0V
-30Vto+7.0V

........................................................................................

...............................................................................

..........................

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

Temperature Range (Ambient)

Supply Voltage
0°C to +70°C 45V<Veec<55V
—55°C to +125°C 45V<Vecec<55V
0°C to +70°C 20V<Vccg55V
-55°C to +125°C 20V<Veccs55V

——

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage loH =—-4.0 mA,Vcc =45V 24 \
VoL Output Low Voltage loL=8.0mA 04 | V
VIH Input High Voltage 2.0 Vee | V
+03
ViL Input Low Voltage (Note 3) -3.0 0.8 v
lix Input Current GND <VIN< Vce -10 +10 | pA
loz Output Leakage Current GND < Vour < Vee, CE = Vce -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 | mA
Iccz Vcc Current, TTL Inactive (Note 7) 15 | 30 | mA
Icca Vcce Current, CMOS Standby {Note 8) 100 | 500 | pA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 10 | 250 | pA
CIN Input Capacitance Ambient Temp = 25°C, VcCc =5.0 V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7C161/162-
Symbol Parameter Test Condition 35 25 20 15 12 10 8 Unit
Icc Vcc Current, Active (Note 6) 75 | 100 | 125 | 160 | 190 | 205 | 225 | mA

——
————
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16K x 4 Static RAM

L7C161/162

L7C161/162-
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 i2 10 8
tAxQx Address Change to Output Change 3 3 3 3 3 3 3
tcLav Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 8
tcLaz Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3
tcHozZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4
toLav Output Enable Low to Output Valid 15 12 10 8 6 5 4
toLaz Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0 0
toHaz Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 4
tPu Input Transition to Power Up (10, 19) 0 0 0 0 0 0 0
tPD Power Up to Power Down (10, 19) 35 25 20 20 20 18 15
tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0 0 0

| tavav |
ADDRESS *
tavav
DATA OUT PREVIOUS DATA VALID M DATA VALID
) oy AKX —e] trp ]
lec i ’k

t tchHoz

’t— toHaz —
HIGH
IMPEDANCE

e

CE =\ tavav
e
R tclav

OF ——t+——\ cLaz

E————— toLov

= toaz T "]

DATA OUT LiGH IMDEDANCE - DATA VALID
1 |
tpp

[—try
fec 7" 50%

DATA RETENTION MODE
Vece 45V 45V a2V
=—ton —= = tavav —=f
CE LLLLLLLLL A Vi N 7 VETRANANNNNNNNANN
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16K x 4 Static RAM L7C161/162

L7C161/162-
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
tAvVEw | 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
tovew | Data Valid to End of Write Cycle 15 10 10 7 6 5 4
tewbx | 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 [v] 0 0 0
twLaz | Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3
twiav | 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

I tavav
ADDRESS * *

toLew
CARNNN 1 KT 77T AT 7777777
_ tavew —f tavew —— tewax —
WE =k Y
I tDVEW =— tEWDX
DATAIN N DATA-IN VALID >
e “—:I_twmz f———1¢
DATA OUT HIGH MPEDANCE WHOZ _’] J—
{L7C162 Only) _"'( P, .
wLaV | —
DATA OUT
(L7C161 Oniy) xl DATA VALID
tru I tro
lec tpu Y *

tavav —]
ADDRESS * *

tavew toLew
CE )( P _—,
tAVEW tEWAX
WE  SOSNONNOSNONANONNONSNNNNN tWLew W77 77777777
| tDVEW —LEWDX
DATA IN DATA-IN VALID *
twioz - |
DATA OUT \| HIGH IMPEDANCE
(L7162 Oniy) DATA UNDEFINED — ., :
DATA OUT
(L7C161 Only) * DATA VALID
try trp {
Icc 7
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16K x 4 Static RAM

L7C161/162

[NOTES

o

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 willbe 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 -3V
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 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.

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
are0to3.0V.

7. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE1 or CE2 > VIH.

8. Tested with outputs open and all address
and data inputs stable. The device is con-
tinuously disabled, i.e., CE1 or CE2 = VCC.
Inputlevelsare within 0.2 V of VCCor GND.

9. Data retention operation requires that
VCC never drop below 2.0 V. CEi1 or CE2
must be 2 VCC - 0.2 V. For all other inputs
VIN 2VCC-02V or VIN<0.2V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameter isshown asa 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 thedevice. Access time, 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
and CE2 low).

15. All address lines are valid prior-to or
coincident-with the later of CE1 and CE2
transition to low.

16. The internal write cycle of the memory
is defined by the overlap of CE1, CE2 low
and WE low. All threesignals mustbelow 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 of CE1 and CE2 going low, the
output remains in a high impedance state.

18. If CE1 or CE2 goes high before or con-
current with WE going high, the output
remains in a high impedance state.

19. Powerup from ICC2 to ICC1 occurs as a
result of any of the following conditions:

a. Falling edge of CEx (other CE active).
b. Falling edge of WE (CE1, CE2 active).

c. Transition on any address line (CE1, CE2
active).

d. Transitiononanydataline (CEL CE2,and
WE active).

The device automatically powers down
from ICC2 to ICC1 after trp 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
inFig. 1b. This parameteris 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. CEi1, CE2, or WE must be high during
address transitions.

24. This productis 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

FiGURe 1a.

Rt 480Q
+5V O—VW—L

OUTPUT qu
30 pF Rz

INCLUDING 255Q
JIG AND
SCOPE

Ficure 1b. . .

R1 480 Q
+5V O———————A—

OUTPUT © L 4
_[ 5pF > Re

iZSSn

INCLUDING
JIG AND
SCOPE

FIGURE 2. -
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16K x 4 Static RAM

L7C161/162

28-pin
(0.3" wide)

A4
Ao 1 281 Ve
A1 []2 27§ A13
A2 []3 26[] A12
A3[]4 251 Att
A4 05 24{] At0
As []6 23% A9
As 7 2213
Arls 211k

-
[
=
-
[
—
—
—_
-
]
-
—

®ND OB W -

JE Y
A WN=O

vee
A13
A12
A1
A10
Ag
13

l2
O3
02
O1
Oo
WE
CE2

guououuuuuoououuy

Plastic DIP Sidebraze Plastic SOIC Plastic SOJ Ceramic Leadless
Speed (P10) Hermetic DIP (D10) (-300"— U2) (.300"— W2) Chip Carrier (K5)
35ns 35 - 35 35 35 35 35
25ns|L7C161PC - 25| L7C161DC + 25 | L7C161CC - 25 | L7C161UC + 25 |L7C161WC - 25 L7C161KC + 25
20 ns or 20 or L 20 or 20 or 20 or 20 or L
15ns|L7C162PC | 15| L7C162DC |- 15 | L7C162CC | 15| L7C162UC | 15 |L7C162WC |- 15 L7C162KC |
12ns 12 - 12 12 12 12 -
10ns 10 - 10 10 10 10 B
8 - 8 8 8 8 -
35ns r 35 35 - 35
25ns L7C161DM + 25 | L7C161CM + 25 L7C161KM 1 25
20 ns or - 20 or or - 20
15ns L7C162DM L 15 | L7C162CM | 15 L7C162KM | 15
12ns - 12 12 - 12
10ns - 10 10 - 10
35ns r 35 - 35 - 35
25ns L7C161DME - 25 | L7C161CME + 25 L7C161KME +- 25
20 ns or - 20 or - 20 or - 20
15ns L7C162DME | 15 [L7C162CME | 15 L7C162KME L 45
12ns - 12 - 12 iz
10ns - 10 - 10 C 10
~ 35
25ns L7C161DMB - L7C161CMB L7C161KMB + 25
20 ns or or or - 20
15ns L7C162DMB L7C162CMB L7C162KMB | 15
12ns t 12
10ns 10
8 ns

DEVICES INCORPORATED

2-60

Memory Products

LDS.16172-A



8K x 8 Static RAM (Low Power)

- L7C185/L7CL185

[ 8K x 8 Static RAM with Chip Select
Powerdown, Output Enable
0 Auto-Powerdown™ Design
3 Advanced CMOS Technology
0 High Speed — to 10 ns maximum
[ Low Power Operation
Active:
320 mW (L7C185) typical at 35 ns
Standby (typical): -~
500 uW (L7C185)
250 pW (L7CL185)

Q Data Retention at 2 V for Battery
Backup Operation

1 Plug Compatible with IDT7164,
Cypress CY7C185/186

QO 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

32-pin Ceramic LCC

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.

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

Vec GND

[,
[&]
s w 266 x 32 x 8
4 & :> MEMORY
ROW 2 ARRAY
ADDRESS | &
CE1—¥»]
CE2—] | coLumn seLecT 8
WE—»| CONTROLI—>] 5 cOLUMN SENSE %TA
OE —»

T

COLUMN ADDRESS

data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C185 and L7CL185
consume only 30 pW and 15 pyW
(typical) respectively at 3V, 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 I /O 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/0 pins within one access time. The
1/0 pins stay in a high-impedance
state when CEt 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
CE2is 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.

Memory Products
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8K x 8 Static RAM (Low Power)

L7C185/L.7CL185

Storage temperature
Operating ambient temperature

Signal applied to high impedance
Qutput current into low outputs....
Latchup current

.....................

Vcc supply voltage with respect to ground.....
Input signal with respect to ground

output...

................................................................................................................................

.. —65°C to +150°C
... =565°C to +125°C
w.=05Vio+7.0V
. -30Vto+7.0V
-3.0Vto+7.0V

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
45V<Vcc<55V
45V<Vcc<55V
20V<Vcec b5V
20V<Vec <55V

L7C185 L7CL185
Symbol Parameter Test Condition Min | Typ; Max |Min | Typ| Max {Unit
VoH Output High Voltage IoH=-4.0mA,Vcc =45V 24 24 \
VoL Output Low Voltage oL = 8.0 mA 0.4 04|V
VIH Input High Voltage 20 Vce 2.0 Vee | V
+03 +0.3
ViL Input Low Voltage (Note 3) -3.0 0.8 |-3.0 08|V
hix Input Leakage Current GND < VINS VCe -10 +10 [-10 +10 | pA
loz Output Leakage Current GND < Vour < Vce, CE = Vee -10 +10 |-10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 —350{ mA
Iccz Vce Current, TTL Inactive (Note 7) 15| 30 12| 20 |[mA
Icca Vce Current, CMOS Standby | (Note 8) 100| 500 50 | 150 | pA
lcca Vce Current, Data Retention | Vcc =3.0 V (Note 9) 10| 250 5| 50 |pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 5 5 [ pF
CouT | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7C185-
Symbol Parameter Test Condition 35 25 20 15 12 10 Unit
Icci Vcc Current, Active (Note 6) 110 | 150 | 185 | 240 | 275 | 300 mA
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L7C185/L7CL185

L7C185/L7CL185-
35 25 20 15 12 10

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
tAvav Address Valid to Output Valid (13, 14) 35 25 20 15 12 10
tAxax Address Change to Output Change 3 3 3 3 3 3
tcLav Chip Enable Active to Output Valid (13, 15) 35 25 20 15 12 10
tcLaz Chip Enable Active to Output Low Z (20, 21) 3 3 3 3 3 3
tcHaz Chip Enable Inactive to Output High Z (20, 21) 15 10 8 8 5 4
toLav Output Enable Low to Output Valid 15 12 10 8 6 5
toLaz Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0
toHaZ Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4
tPy Input Transition to Power Up (10, 19) 0 0 0 0 0 0

tPD Power Up to Power Down (10, 19) 35 25 20 20 20 18
tCHVL Chip Enable Inactive to Data Retention (10) 0 0 0 0 0 0

tavav |
ADDRESS J( jl(
tavav
DATA OUT PREVIOUS DATA VALID M DATA VALID
1

tAXOX
[— tPU + tpp {

lcc j‘ 4(

— t
E, —3( AVAV ,t___
tclov tchaz

OF el teroz
OE jc
t— toHoz —=

torav
toroz HIGH
HIGH IMPEDANCE IMPEDANCE
DATA OUT LK DATA VALID ﬂ_____

= tpu trD
lce ;I‘ 50% 50% —NC.

DATA RETEITION MODE
Vee 45V 45V A 22V
. e—tonw — — tavay —=
CE ZZZ77 7777 vn e a VIHERAOANANAANANN
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8K x 8 Static RAM (Low Power)

L7C185/L7CL185

L7C185/L7CL185-
35 25 20 15 12 10
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
tcLew | Chip Enable Active 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
tovew | Data Valid to End of Write Cycle 15 10 10 7 6 5
tewpx | End of Write Cycle to Data Change 0 0 0 0 0 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 0 0 (4] 0
twiaz | Write Enable Low to Output High Z (20, 21) 10, 7 5 4 4

I tavav |
ADDRESS ﬂ( )k
Ce2 "V F AIOUONONONUNNNNNNANNN
toLew
ﬁ1\(\Q“\ LN
_ tavBw tavew twiew tewax
WE N ¥
7 tovEW = tEWDX
DATAIN X DATA-IN VALID >
DATA OUT ¢ II:I twioz HIGH IMPEDANCE L Sy P —
tey tro —1
Icc tru ;g

[ tavav )

ADDRESS # *

CE2 A N

. tavew toLew

CE1 N A

tAVEW tEWAX —
WE ONONONONNINNNNNNNNY twiew 77777777777
I tDVEW rerr=ym—
DATAN X DATA-IN VALID X—
DATA OUT HIGH IMPEDANCE
tru tep 1

DEVICES INCORPORATED

2-64

Memory Products

LDS.

185-A



L7C185/L7CL185

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 willbe clamped beginningat-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 -3V
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 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.

6. Tested with all address and data inputs
changing at the maximum cycle rate. The
device is continuously enabled for writing,
ie., CE1,CE2 € VIL, WE < VIL. Input pulse
levelsare0to 3.0 V.

7. Tested with outputs openand all address
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e, CE1 2 VIH, CE2 < VIL.

8. Tested with outputs open and alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e., CE1 = VCC, CE2 =
GND. Input levels are within 0.2 V of VCC
or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE1 must be
2VCC-0.2V. For the L7C185, all other in-
puts meet VIN<0.2 Vor VIN>VCC-0.2V
toensurefull powerdown. Forthe L7CL185,
this requirementapplies only to CEand WE;
there are no restrictions on data and ad-
dress.

b

— -
—— —
- — -
- ——
—— p—
| m———

IIIII
b

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

11. Test conditions assume input transition
times of less than 3 ns, reference levels of
1.5V, output loading for specified IOL and
IOH plus 30 pF (Fig. 1a), 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, 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 (CE1
low, CE2 high).

15. All address lines are valid prior-to or
coincident-with the later of CE1 and CE2
transition to active.

16. The internal write cycle of the memory
is defined by the overlap of CE1 and CE2
active andW% low. Allthreesignalsmustbe
active to injtiate a write. Any signal can
terminate a write by going inactive. The
address, data, and control input setup and
hold timesshould bereferenced to thesignal
thatbecomes 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 CE1 and CE2 goes inactive before or
concurrent with WE going high, the output
remains in a high impedance state.

19. Powerup from ICC2 to ICC1 occurs as a
result of any of the following conditions:

a. Rising edge of CE2.
b. Falling edge of WE (CE1, CE2 active).

< Transition on any address line (CE1, CE2
active).

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

The device automatically powers down
from ICC2 to ICC1 after tp 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. Atany 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
inFig. 1b. This parameteris 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. CE1,CE2,or WE mustbeinactive during
address transitions.

24. This productis 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 uF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

Ri1 480Q
+5V O—————— AN

OUTPUT OT__«P
: Rz
INCLUDING I 30 pF

JIG AND
SCOPE

Rt 480 Q
+5V O————————A—

ouTPUT o——l——-o
>
INCLUDING 5pF Rz

JIG AND 25509
SCOPE
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8K x 8 Static RAM (Low Power)

L7C185/L7CL185

28-pin
(0.3" wide)

S
NC 1  28[J vce
A2z 27[1 WE
A7[]3 26[] CE2
as[J4 25[0 As
As[]5  24[] Ae
Aslle 231 An
As[]7 22[]1 OE
A2s 210 Ao
A1 o 20{] CE1
Ao 10 19 vo7
voo 11 18] 1/0s
o1 012 170 vos
oz 13 16 voa
GaND 14 15{1 vos

28-pin
(0.6" wide)

NC
A2
A7
As
As
A4
A3
A2
A1
Ao
1100
1101
1102
GND

vce
WE
CE2
A8
A9
A1
OE
A10
CE1
/107
/06
/05
1104
1103

I I e O Y Y X o B o e
O NG RWN =
A J N N [ N A N G I O N

Sidebraze
Hermetic DIP (D10)

Plastic DIP
(P9)

Sidebraze
Hermetic DIP (D9)

Plastic DIP

Speed (P10)
35ns

25ns L7C1 85PC
20 ns

12ns

10ns

8

35
25
20
15
12
10

L7CH 85DC
L7CL185DC

35

L7C185CC 25
or

L7CL185CC | 15

12

10

35

L7C185NC +- 25

or 20
L7CL185NC | 15
12
10

35

L7C1 85HC 25

L7CL185HC 15
12
10

L7C185IC
or
L7CL185IC

35
25

15
12
10

L7C185DM + 25
or 20
L7CL185DM [ 15

L7C185CM 25
or 20
L7CL185CM | 15

L7C185HM
or
L7CL185HM

25
15

L7C185IM
or
L7CL185IM

25
15

25
20
15

25
20
15

L7C185CME
or
L7CL185CME

L7C185IME
or
L7CL185IME

25
20
15

L7C1 SSDMB
L7CL1850MB

25

15
12

L7C1 85DME
L7CL185DME

L7C185CMB
or
L7CL185CMB

25

15
12

or
L7CL185HMB

L7C185HME
or
L7CL185HME

L7C185HMB - 25

15
12

L7C185IMB

or
L7CL185IMB

25

15
12
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L7C185/L7CL185

28-pin N
Ai2
A7
As
As
As4
A3
A2
Al
A0
1/00
o1
1102
GND

Ao00nNAnnnNnNanna

W N GE WN -

- o o ©
S~ WN - O

28
27
26
25

23
22
21
20

18
17
16
15

28-pin
{350 x 550)

32-pin
(450 x 550)

Ceramic Leadless
Chip Carrier (K5)

Ceramic Leadless
Chip Carrier (K7)

Plastic SOIC Plastic SOIC
Speed (.300"— U2) (-340"— V2)
35ns 35 35
25ns| L7C185UC + 25 | L7C185VC + 25
20 ns or 20 or 20
15ns|L7CL185UC (- 15 | L7CL185VC 15
i2ns 12 12
10ns 10 10

Plastic SOJ
(-300"— W2)
35
L7C185WC +25
or 20
L7CL185WC 15
12
10

L7C185KC
or
L7CL185KC [- 15

35

L7C185TC + 25

or
L7CL185TC

15
12
10

L7C185KM
or
L7CL185KM

L7C185TM T 25
or 20
L7CL185TM [ 15

or
L7CL185KME }- 15

or 20
L7CL185TME | 15

L7C185KMB —+ 25

or
L7CL185KMB [- 15
12

L7C185KME t 25

L7C185TMB + 25
20
15

12

or
L7CL185TMB

L7C185TME «E 25
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256K x 1 Static RAM

 L7C197

[ 256K x 1 Static RAM with Separate
I/0, Chip Select Powerdown

O Auto-Powerdown™ Design
O Advanced CMOS Technology
O High Speed — to 12 ns maximum

1 Low Power Operation
Active: 210 mW typical at 45 ns
Standby: 500 uW typical

[ Data Retention at 2 V for Battery
Backup Operation

0 Plug Compatible with IDT 71257,
Cypress CY7C197

0 Package Styles Available:
¢ 24-pin Plastic DIP
¢ 24-pin Sidebraze, Hermetic DIP
¢ 24-pin CerDIP
* 24-pin Plastic SOIC
® 24-pin Plastic SOJ

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) at 45 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

Vcc  GND

10/ |

7/
ROW
ADDRESS

ROW SELECT

1024 x 256
MEMORY
ARRAY

it

EI Q|
ml m

COLUMN SELECT

& COLUMN SENSE po

8
*COLUMN ADDRESS

memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C197 consumes only

1.5 mW (typical) at 3V, 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 islow.

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
L7C197 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

Latchup current

Operating ambient teMPETAtUIE .......ceciericrinreissrecininsrers st ssssssisesssssesssesssssassessnsnnsssssssss

VCe supply voltage With reSpect 10 GrOUNG ..........eceeeeeeeivecerssessesisseeasssssse s sassessessessasssessrasases
Input signal with respect to ground
Signal applied to high impedance OULPUL ..........cccveicoieeeccissiie e seee e e erres s ses st sesssasns
Output current into low outputs

—65°C to +150°C
—55°C to +125°C
-05Vto+7.0V
-3.0Vto+7.0V
-30Vto+7.0V

Mode

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

Active Operation, Commercial

Temperature Range (Ambient)

Supply Voltage
0°C to +70°C 45V<Vccg55V
-55°C to +125°C 45V<Vocc <55V
0°C to +70°C 20VsVeccsb5V
-55°C to +125°C 20V<Vcc<bs5V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage IoH =-4.0mA,Vcc =45V 24 \
VoL Output Low Voltage loL=8.0mA 04 | V
VIH Input High Voltage 2.0 Vee | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08 | V
Iix Input Current GND <VINSVCe -10 +10 | pA
loz Output Leakage Current GND < Vour < Vee, CE = Vee -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 | mA
Iccz Vcce Current, TTL Inactive (Note 7) 20 | 40 | mA
Iccs Vce Current, CMOS Standby | (Note 8) 2 10 | mA
Icca Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 500 [5000| pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7Ci97-
Symbol Parameter Test Condition 45 35 25 20 15 12 | Unit
Icc1 Vcc Current, Active (Note 6) 55 | 75 | 100 | 125| 160 | 190 | mA
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256K x 1 Static RAM L7C197 ]

L7C197-
45 35 25 20 15 2
Symbol Parameter Min | Max| Min | Max | Min |Max | Min | Max| Min | Max| Min | Max
tAVAV Read Cycle Time 45 35 25 20 15 12
tavav Address Valid to Output Valid (13, 14) 45 35 25 20 15 12
taxax Address Change to Output Change 3 3 3 3 3 3
tcLav Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15 12
tcLaz Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3
tCHQZ Chip Enable High to Output High Z (20, 21) 15 15 10 8 8 5
Py Input Transition to Power Up (10, 19) 0 0 0 0 0 0
tPD Power Up to Power Down (10, 19) 45 35 25 20 20 20
tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0 0

} tavav i
ADDRESS * *
tavav
DATA OUT PREVIOUS DATA VALID XXX)(XX* DATA VALID
|

TAXOX —

oo le—tpu ;I‘ trD lk

-l

— tavav
CE TN
tcrov tcHaz
teloz HIGH
DATA OUT HIGH IMPEDANCE IMPEDANCE
<<€ DATA VALID
t

DATA RETENTION MODE:

45V X
N 45V A s2V

o fe—tonv —= e tAVAY —>|
Cb LLLLLLLLL A Vi N - VT RAOANNANANNNNANN
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256K x 1 Static RAM

L7C197

L7C197-
45 35 25 20 15 12
Symbol Parameter Min | Max| Min | Max| Min |Max | Min | Max| Min | Max| Min | Max
tAVAV Wirite Cycle Time 40 25 20 20 16 12
tCLEW Chip Enable Low to End of Write Cycle 30 25 15 15 12 10
tavBw | Address Valid to Beginning 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 [o] 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 0 0 (o] 0
twLoz | Write Enable Low to Output High Z (20, 21) 15 10 7 7 5 4

ADDRESS *

tavay

tCLEW
CEANIAN. XL L L
tAVEW tEWAX —
tAVBW —=] WLEW
WE EANN. ¥ s
i, tDVEW +— tEWDX
DATAIN 4 DATA-IN VALID >
twLaz
fe—— twhaz —-I,___
DATA OUT — HIGH IMPEDANCE
try trD
lec tru /—ﬂ

I tavav i
ADDRESS * *
tavew toLEw
CE X A
tAvEW tEWAX ——l
WE o SNOUONNONONNNNNANNNY twiew LSl
tOVEW t
DATA IN y 3 DATA-IN VALID * L
HIGH IMPEDANCE
DATA OUT
tpy trp }
lec 7 k
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256K x 1 Static RAM

L7C197

[NOTES

|

1. Maximum Ratingsindicate 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 willbe clampedbeginningat-0.6 V.
A current in excess of 100 mA is required to
reach-2 V. Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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 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.

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
are0t03.0 V.

7. Tested with outputs openand alladdress
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 alladdress
and data inputs stable. The device is con-
tinuously disabled, ie, CE = VCC. Input
levels are within 0.2 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2V or VIN 0.2V 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
1.5V, output loading for specified JOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameteris 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, 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 cydle.

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 memo:

is defined by the overlap of CE low and
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 ICC2 to ICC1 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 ICC2 to ICC1 after tep 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
inFig. 1b. This parameterissampled and 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 duringaddress
transitions.

24. This productisavery 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 agood part toberejected 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 yF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R: 480Q

+5V

QUTPUT

INCLUDING
JIG AND
SCOPE

R1 480 Q
+5V O——A—

OUTPUT o—————l—a
INCLUDING SpF Re
JIG AND izs-" @

SCOPE
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256K x 1 Static RAM

L7C197

24-pin
(0.3" wide)

\J
Ao [1 24(] vce
A1 []2 23[1 A7
A2[]3  22[] Ate
asl]a 211 A1s
Adl]s  20[0 A14
as[]e 190 A1
asl7z 1800 A2
arls  17[0 An
asllo  16[1 At0
pout [J10 150 A9
WE 11 14[] DN
ano iz 130 CE

24-pin

Ao
A1
A2
A3
A4
As
As
A7
As
Dout
WE
GND

® N R WN =

0aoano00000an

3
gouoooUoroooorUn

vce
A17
Al6
Als
A4
A13
Ai2
A11
A10
A9
DIN
CE

Speed|

(P2)

Plastic DIP

Sidebraze
Hermetic DIP (D2)

Plastic SOIC
(:340"— V1)

Plastic SOJ

45ns| L7C197PC45
35ns " " 35
25ns - "~ 25
20 ns " "~ 20
15 ns " " 15
12 ns " " 12

25
20
15
12

 L7C197DC45
= a5

L7C197CC45
L] - 35

25
20
15
12

L7C197VC45

" " 35
25
20

15
12

L7C1

97WC45
35

25
20
15
12

L7C197DM45
" " 35
" " 25
L] " 20
- L] 15

L7C197CM45

L] L] 35
" 25
" 20
" 15

L7C197DME45

" 35
25
20
i5

u

L7C197CME45
L] - 35
L] - 25
- - 20
T

L7C197DMB45
=" 35
L] L] 25
« - o9
" L] 15

L7C197CMB45
L] L] 35
L] L] 25
- e 29
L] L] 1 5
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64K x 4 Static RAM

L7C194/195/196

|

0 64K x 4 Static RAM with Common
1I/0

0 Auto-Powerdown™ Design
Q0 Advanced CMOS Technology
[ 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
QO Plug Compatible with IDT 71258/
61298, Cypress CY7C194/196
[ 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

The L7C194, L7C195, and 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/O pins. The L7C194
has a single active-low Chip Enable.
The L7C195 has a single Chip Enable
and an Output Enable. The L7C196
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.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
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).

Vcc GND
"
Q
8 4 256 x 256 X 4
o :> MEMORY
Row z ARRAY
ADDRESS 8
CE1 ——»
WE ——» _ COLUMN SELECT 42y DATA
OE »| CONTROL & COLUMN SENSE Vo
(L7C195/196 only)
%
(L7C 196 only)

COLUMN ADDRESS

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,
data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C194, L7C195, and L7C196
consume only 1.5 mW (typical) at
3V, allowing effective battery backup
operation.

The L7C194, L7C195, and L7C196
provides asynchronous (unclocked)
operation with matching access and
cycle times. An active-low Chip
Enable and a three-state /O bus
simplify the connection of several
chips for increased capacity.

Memory locations are specified on
address pins Ao through A15. 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
below. 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 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.
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64K x 4 Static RAM

L7C194/195/196

Sto rage temperature

Latchup current

Operating ambient temperature........
Vce supply voltage with respect to ground.............
Input signal with respect to ground ..
Signal applied to high impedance output .....
Output current into low outputs

......................................................................................

... —=65°C to +150°C
..... —55°C to +125°C
.—05Vto+7.0V
.=30Vtio+7.0V
..=30Vto+70V

~ Mode
Active Operation, Military

Data Retention, Military

Active Operation, Commercial

Data Retention, Commercial

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
45V<Vcc<55V
45V<Veec<55V
20V<Vecc<55V
20V<Vcc<55V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage loH=-4.0mA,Vcc =45V 24 \
VoL Output Low Voltage loL=8.0mA 04 | V
VIH Input High Voltage 2.0 Vce | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 0.8 \
Iix Input Current GND < VIN< Vece -10 +10 | pA
loz Output Leakage Current GND < Vout < Vce, CE = Vee -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 | mA
Iccz Vcc Current, TTL Inactive (Note 7) 20 | 40 | mA
Icca Vcc Current, CMOS Standby | (Note 8) 2 10 | mA
lcca Vce Current, Data Retention | Vec =3.0 V (Note 9) 500 | 5000 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0V 5 pF
Cour | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7C194/195/196-
Symbol Parameter Test Condition 45 35 25 20 15 | Unit
Icc1 Vce Current, Active (Note 6) 55 75 | 100 | 125 | 160 | mA

a— -
i m—
T —r—
]
A S——

Memory Products
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L7C194/195/196

L7C194/195/196-
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
tavav Address Valid to Output Valid (13, 14) 45 35 25 20 15
taxax Address Change to Output Change 3 3 3 3 3
tcLav Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15
tcLaz Chip Enable Low to Qutput Low Z (20, 21) 3 3 3 3 3
tcHQZ Chip Enable High to Output High Z (20, 21) 15 15 10 8 8
toLav Output Enable Low to Output Valid 20 15 12 10 8
toLaz Output Enable Low to Output Low Z (20, 21) 0 0 [ 0 0
toHQz Output Enable High to Output High Z (20, 21) 15 12 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 (10) 0 0 0 0 0

lcc

- tavav
ADDRESS J( )l(
tavov
DATA OUT PREVIOUS DATA VALID XX)()O()d( DATA VALID
1|

taxox

CE =\ tavav
e
' tcrav tchaz

OE s cLaz
(L7C195 and = )t_
L7G196 Only) toLav totoz —=

toLoz HIGH
DATA OUT HIGH IMPEDANCE LT —— — MPEDANCE

— tpu
lec 7|‘ 50%

505?‘7

DATA RETENTION MODE
Vce K45V 45V 2V
- |=—tokv — a— tavav —=f
CE LLLLLLLL L P n > ’ Vi RS S S ST

—
o p—
— - e o
am e o
ey Sa—

S ~———
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64K x 4 Static RAM

L7C194/195/196

L7C194/195/196-
45 35 25 20 15
Symbol Parameter Min | Max| Min |Max | Min | Max| Min | Max| Min | Max
tAVAV Wirite 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
tovew | Data Valid to End of Write Cycle 15 15 10 10 7
tewpx | End of Write Cycle to Data Change 0 0 0 0 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 0 0 0
twLoZ Write Enable Low to Output High Z (20, 21) 15 10 7 7 5

tavav

ADDRESS *

X

teLew
CE SNNX ) TSSOV III4
TAVEW —] tAVEW - T EWAX —1
WE \It\\a‘ %
il tovew {— LEWDX
DATAIN X DATA-IN VALID >
twaz A Ay P —
DATA OUT T— HIGH IMPEDANCE
tru i trPD Il ——
lec try Z_l—\L

f tavav |
ADDRESS *
tavew toLew
CE b N A
tAVEW tewax *I
WE  OONOONNONINOSSNNNNNNN twiew VIO I P IO I OIS
)iz tDVEW +—{ EWDX
NATA I NATA BIVALIN
DATAIN PS DATAIN VAUD ,I\Il
HIGH IMPEDANCE
DATA OUT -
tey trD
lcc 7 k
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64K x 4 Static RAM

L7C194/195/196

| NOTES

1. Maximum Ratingsindicate 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 willbe 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 -3V
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 through 2-11 of this data book supply the
designer with typical DCand 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,
ie., CE* < VIL, WE < VIL. Input pulse levels
are0to3.0V.

7. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cydle rate. The device is continuously
disabled, i.e., CE* > VIH.

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

9. Data retention operation requires that
VCC never drop below 2.0 V. TE* must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2Vor VIN<0.2V 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
1.5V, output loading for specified IOL and

)
i

ll
|
III
||

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12, Each parameteris 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 thedevice, Access time, 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).

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

16. The internal write cycle of the memo:
is defined by the overlap of CE* low and
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 thatfalls last or rises first.

17. If WE goes low before or concurrent
with CE* going low, the output remainsina
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 ICC2 to ICC1 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 ICC2 to ICC1 after tep 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
inFig. 1b. This parameteris 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. CE* orWE mustbe high during address
transitions.

24. Thisproductisa 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

At 480Q
45V Qe AN

OUTPUT qu
Rz
INCLUDING 30 pF izsm

1

JIG AND
SCOPE

R1 480 Q@

+5V  O———e——A—
OUTPUT 3

INCLUDING

I Rz
5pF izssn

JIG AND
SCOPE

—

* For the L7C196, CE refers to the logical
AND of CE1 and CE2.
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64K x 4 Static RAM

L7C194/195/196

24-pin

(0.3" wide)

\J
Ao[]1  24[] vce
A2 23] A5
A2l 22[] A4
A3 []4 21[] A3
Aslls 200 A2
As[]e  19[] A1
As 7 180 Ar0
A7[s 17 103
aso 16 102
Aas[1o 150 Vo1
CE 11 14[] voo
GNo [J12 13[1 WE

24-pin

Ao
Al
A2
A3
A4
A5
A6
A7
A8
A9
CE
GND

1 24 vee
—2 23 [ A1s
—3 22 A4
—|4 213 A3
.5 2011 A2
6 19 An
—7 18 [ At
—s 17 3 /03
9 16 [ 1102
— 10 1513 o1
=11 142 100
412 13| WE

(P2)

Plastic DIP

Sidebraze
Hermetic DIP (D2)

Plastic SOJ
(.300"— W1)

45 ns L7C194PC45
35ns " * 35
25ns " " 25
20ns " " 20
15ns " " 15
12ns

L7C194DC45
" 35
" 25
" 20
" 15

L7C194CC45
35

25
20
15

L7C194VC45
35

25
20
15

L7C194WC45

" 35
25
20
15

L7C194DM45

" " 35
25
20

L7C194CM45
L] L] 35
" " 25
L] L] 20

L7C194DME45
" " 35
" " 25
20

L7C194CME45
L] L] 35
" L 25
L L] 20

L7C194DMB45
=g

25
20

L7C194CMB45
L] L 35
L] L] 25
" L] 20
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64K x 4 Static RAM

L7C194/195/196

28-pin
(0.3" wide)

vee
A5
A4
A13
A12
At1
A10
NC

A7 [o  20[J (NC) (CE2 for 196)

NC []1 28
Ao ]2 27
A1 []3  28[]
Az[]a 251
As s 24[1
Aslle 23]l
As [z 2201
as Qs 210
As {10 19[]
Ao 11 18[d
Cce1 12 1700
O 013 16

GND O1g 150

/103
/102
/01
1/00
WE

28-pin

NC
Ao
A1
A2
A3
A4
A5
A
A7
A8
A9

CE1

CE

GND

0000000000000

0 N UhA WD

J N =)
B WM = O

28 vce
27 A15
A4
A13
A12
Al1
A10
NC
(NC) (CEz2 for 196)
1103
/02
1101
00
WE

tooUouuuouuuy

(P10)

Plastic DIP

Sidebraze

Hermetic DIP (D10)

Plastic SOIC

(.340"—V2)

35ns| L7C195PC
s or
20ns| L7C196PC

= ‘OMMEF

35
25
20
156

L7C195DC
or
L7C196DC

35
25
20
15

45

L7C195CC 135
or 25
L7C196CC [-20
15

L7C195VC
or
L7C196VC

45
35

20
15

L7C195WC + 35
or
L7C196WC

45
25
20
15

L7C195DM t

or
L7C196DM

45
35
25
20

45
L7C195CM %35

o 2!
L7cioecM L og

L7C1950ME«E
or
L7C196DME

45
35
25
20

45
L7C195CME { 35

or 25
L7C196CME L 5o

L7C195DMB~E
or
L7C196DMB

45
35
25
20

45
L7C195CMB { 35

or
L7c1eecmp L 39
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64K x 4 Static RAM

L7C191/192

0O 64K x 4 Static RAM with Separate
1/0, Transparent Write (L7C191),
or High Impedance Write (L7C192)

The L7C191 and L7C192 are high-
performance, low-power CMOS static
RAMs. The storage cells are organ-

minimum access time, or when the
memory is deselected. In addition,
data may be retained in inactive stor-

3 Auto-Powerdown™ Design
0 Advanced CMOS Technology
0O High Speed — to 15 ns maximum

2 Low Power Operation
Active: 265 mW typical at 45 ns
Standby: 10 mW typical

0 Data Retention at 2 V for Battery
Backup Operation

T Plug Compatible with IDT 71281/
71282, Cypress CY7C191/192

0 Package Styles Available:
* 28-pin Plastic DIP
¢ 28-pin Sidebraze, Hermetic DIP
¢ 28-pin CerDIP
* 28-pin Plastic SOIC
® 28-pin Plastic SOJ

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.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
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

Vcc GND
[
O
. i 256 x 256 x 4
4 B :> MEMORY
ROW g ARRAY
ADDRESS e
¢ ’ conTroL |—s]  COLUMN SELEGT 4/ oo
_ TROL =% & COLUMN SENSE
E —b
7 COLUMN ADDRESS

age with a supply voltage as low as
2V. The L7C191 and L7C192 con-
sume only 1.5 mW (typical) at 3V,
allowing effective battery backup
operation.

The L7C191 and L7C192 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 A0 through A15. 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
L7C191 and L7C192 can withstand an
injection current of up to 200 mA on
any pin without damage.
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L7C191/192

64K x 4 Static RAM
Storage teMPETAUNE ........ccciceiiriinsiitisrisiii s s st ss st et sassasse s assass e nsssasassessnas —65°C to +150°C
Operating ambient teMPErature ... e ssssssseressasas -55°C to +125°C
Ve supply voltage with respect to ground........eienicnen e -05Vto+7.0V
Input signal with respect t0 GrouNd ..o e s -30Vto+7.0V
Signal applied to high impedance oUtpUL ...t s -30Vto+7.0V
Qutput current into IoOW OULPULS .....ccverevirciiiieiseniiissesisnessisres s sessnnes wrerrrrerenese 25 MA
LatCRUD CUITENL .......eeeeeeinrecrinmeecsnissssesinsssssscssnsssnessensssssas sssnssssssas sanessnsshssssssssesessesansnassnsnnsnssnasesas > 200 mA

Mode
Active Operation, Military

Data Retention, Military

Active Operation, Commercial

Data Retention, Commercial

Temperature Range (Ambient)

Supply Voltage
0°C to +70°C 45V<Vecc<55V
—55°C to +1256°C 45V<Vecc<55V
0°C to +70°C 20V<Vecc<s5V
-55°C to +1256°C 20V<Vecc<55V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage loH=-4.0mA,VcCc =45V 24 \
VoL Output Low Voltage loL=8.0mA 04 | V
ViH Input High Voltage 20 Vee | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08 | V
hix Input Current GND <VIN< VCe -10 +10 | pA
loz Cutput Leakage Current GND < Vour < Vcc, CE = Vce -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350 | mA
Iccz Vcc Current, TTL Inactive (Note 7) 20 | 40 | mA
Iccs Vcc Current, CMOS Standby | (Note 8) 2 10 | mA
Iccs Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 500 | 5000 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7Cisi/182-
Symbol Parameter Test Condition 45 35 25 20 15 | Unit
Icc1 Vcce Current, Active (Note 6) 85 | 75 | 100} 125 160 | mA
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64K x 4 Static RAM L7C191/192

L7C191/192-
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

tavav Address Valid to Output Valid (13, 14) 45 35 25 20 15

taxax Address Change to Output Change 3 3 3 3 3

tcLav Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15

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

tcHaz 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 (10) | 0 0 0 0 0

I tavav {
ADDRESS 3"
tavav
DATA OUT PREVIOUS DATA VALID M DATA VALID
|

taxox —

oo [—tPu ;‘ trD lk

— tavav
CE N ,t————_
telaz foov tonaz HIGH
DATA OUT HIGH IMPEDANCE IMPEDANCE
<& DATA VALID

r— tpuy tep
lec * 50% 50% £

DATA RETENTION MODE
Vee 45V 45V -y
— f—ton —= r— tavav —=
CE /////////7rV|H ~ /- VIHERAONNN NN NN NN NN
DEVICES INCORPORATED Memory Products
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64K x 4 Static RAM

L7C191/192

L7C191/192-
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 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
tovew | Data Valid to End of Write Cycle 15 15 10 10 7
tewpx | End of Write Cycle to Data Change 0 0 0 0 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 0 0 0
twLaz | Write Enable Low to Output High Z (20, 21) 15 10 7 7 5
twLav | Write Enable Low to Output Valid 35 30 20 15 15
tovav Data Valid to Output Valid 35 30 20 15 15

I tavav
ADDRESS * )(
toLew

CE SSINNK T 777477772722

. tAVBW tavew twiew tEwax

WE N P4

p 1DVEW t— tEWDX
DATAIN 4 DATA-IN VALID >
twioz et
DATA OUT HIGH IMPEDANCE i A e —
D o =t —
— "N

DATA OUT ;IE
{L7C191 Only) DATA VALID

tru

tro

lec tru

tavav
ADDRESS *
tavew tolew
CE )( 7(.
= iavew - == YEWAX _t'l
v t
WE  ONONONONIONNNNNNNNNYTY wew VISP OIINa
1 DVEW +—t EWDX
DATAIN : % DATA-IN VALID *_
twioz 1
DATA OUT | HIGH MPEDANGCE
(L7cte2 onty DATA UNDEFINED — >t ,
R?;I;g %:.‘J'y'l)' * DATA VALID
try tro {
fec gt‘
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64K x 4 Static RAM

L7C191/192

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 willbe 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 -3V
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 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.

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(0to3.0 V.

7. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE 2 VIH.

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

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.2V. For all other inputs VIN
2VCC-0.2Vor VIN 0.2V 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
1.5V, output loading for specified IOL and

a— o~ —
v
- [ g—y—
- - -
7
— i —— T — g

lllll
|..
I

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameteris 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, 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 cydle.

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 memo
is defined by the overlap of CE low and
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 thatfalls 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 ICC2 to ICC1 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 ICC2 to ICC1 after tep 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. Atany 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
inFig. 1b. This parameterissampled and 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 productisa 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 causea 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R+ 480Q
+5V O—————AAN——

OUTPUT b

INCLUDING

l Rz
I 30pF izssn

JIG AND
SCOPE

R1480Q
+5V O0———M—

ouTPUT O—I———ﬂ
>
INCLUDING 5pF Re

JIG AND 2550
SCOPE
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64K x 4 Static

RAM

L7C191/192

28-pin
(0.3" wide)

A4

Ao []1 28[] vee
At ]2 270 A5
A2 )3 26[] A14
A3 (]4  25[] At3
As[s  24[1 A2
As e 23[d Ant
As (7 22[1 A10
ar]s 21013
aslls  20[ 12
As 10 19[] 03
o 11 18[ 02
1101z 17p o
Ce 013 16l 00
GNo 14 15 WE

28-pin

Ao
At
A2
A3
A4
A5
As
A7
A8
A9
lo
11
CE
GND

vee
A15
Al4
A13
A12
A1
A10
13
12
[ox}
02
o1
Qo
WE

© NG A WN =
n
s

gaonaonoaooaann
guuuoooounurUt

>

Plastic DIP
(P10)

Sidebraze

(:340"—V2)

Plastic SOIC

Plastic SOJ
(-300"— W2)

L7C191PC
or
L7C192PC

45
35 | L7C191DC 1 35
25 or 25
20 | L7C192DC | 20
15

45

L7C191VC
or
L7C192vVC

SR&&

L7C191WC
or
L7C192WC

45
35

a5

L7c1910M |- 35
or 25
L7C192DM [ 59

L7Cgr91 CcM
L7C192CM

45
35
25
20

45
35

L7C191DME
2
20

or
L7C192DME

L7C191CME
or
L7C192CME

45
35
25
20

45
L7C191DMB { 35

or 5
L7c1920MB L 59

L7C191CMB
or
L7C192CMB

45
35
25
20
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32K x 8 Static RAM (Low Power)

L7C199/L7CL199

0 32K x 8 Static RAM with Chip
Select Powerdown, Output Enable

0 Auto-Powerdown™ Design
3 Advanced CMOS Technology
0O High Speed — to 15 ns maximum

O Low Power Operation
Active:
380 mW (typical) at 45 ns
Standby (typical):
10 mW (L7C199)
1.25 mW (L7CL199)

0 Data Retention at 2 V for Battery
Backup Operation

Q Plug Compatible with IDT71256,
Cypress CY7C198/199

O Package Styles Available:
¢ 28-pin Plastic DIP
* 28-pin Sidebraze, Hermetic DIP
* 28-pin CerDIP
¢ 28-pin Plastic SOIC
& 28-pin Plastic SOJ
¢ 32-pin Ceramic LCC

The L7C199 and L7CL199 are high-
performance, low-power CMOS static
RAMSs. The storage circuitry is organ-
ized as 32,768 words by 8 bits per
word. The 8 Data In and Data Out
signals share I/O pins. These devices
are available infive speeds with max-

imum access times from 15 ns to 45 ns.

Inputs and output are TTL compat-
ible. Operation is from asingle +5V
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).

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,

-
‘0 g 1024 x 32 x 8
—4— U :> MEMORY
ROW g ARRAY
ADDRESS 0o

ﬁ

CE—;
CE COLUMN SELECT
WE——>»] CONTROL & COLUMN SENSE oA
s [[{e]
5*
COLUMN ADDRESS

—
a1k

data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C199 and L7CL199 con-
sume only 1.5 mW (typical) at 3V,
allowing effective battery backup
operation.

The L7C199 and L7CL199 provide
asynchronous (unclocked) operation
with matching access and cycle times.
An active-low Chip Enable and a
three-state I /O 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 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 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 L7CL199 can withstand
an injection current of up to 200 mA
on any pin without damage.
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32K x 8 Static RAM (Low Power)

L7C199/L7CL199

Storage temperature
Operating ambient temperature

Signal applied to high impedance
Output current into low outputs....
Latchup current

Vcc supply voltage with respect to ground
Input signal with respect to ground

output...

............................................................................................

—65°C to +150°C
-55°C to +125°C
—-05Vto+7.0V
.. 30Vto+7.0V
..=3.0Vto+7.0V

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
45V<Vecc <55V
45V<Vecec <55V
20V<Vececs55V
20V<Veccgbs5V

L7C199 L7CL199

Symbol Parameter Test Condition Min | Typ| Max |Min | Typ | Max |Unit
VOoH Output High Voltage IoH=-40mA,Vcc =45V 24 2.4 \
Vou Output Low Voltage loL=8.0mA 0.4 04|V
VIH Input High Voltage 20 vce | 2.0 Vee | V

+0.3 +03
ViL Input Low Voltage (Note 3) -3.0 0.8 |-3.0 08|V
hix Input Leakage Current GND <VIN< Vce ~10 +10 |-10 +10 | pA
loz Output Leakage Current GND < Vourt < Vcc, CE = Vce -10 +10 |10 +10 | pA
los Output Short Current Vour = GND, Vcc = Max (Note 4) -350 —-350;mA
Iccz Vce Current, TTL Inactive (Note 7) 20| 40 12 | 20 |mA
Iccs Vce Current, CMOS Standby | (Note 8) 2| 10 0.25/0.75|mA
lcca Vce Current, Data Retention | Vcc =3.0 V (Note 9) 500 {5000 20 | 200 | A
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 5 5 |pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10} 7 7 |pF
L7C199/7CL193-

Symbol Parameter Test Condition 45 35 25 20 15 Unit

IccH Vcce Current, Active (Note 6) 85 | 110 | 150 | 185 | 240 mA

DEVICES INCORPORATED
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32K x 8 Static RAM (Low Power) L7C199/L7CL199

L7C199/L7CL199-
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

tavav Address Valid to Output Valid (13, 14) 45 35 25 20 15

tAxax Address Change to Output Change 3 3 3 3 3

tcLav Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15

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

tcHaz Chip Enable High to Output High Z (20, 21) 15 15 10 8 8

toLav Output Enable Low to Output Valid 20 15 12 10 8

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

toHQZ Output Enable High to Output High Z (20, 21) 15 10 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 (10) 0 0 0 0 0

| tavav i
ADDRESS )k
tavav
DATA OUT PREVIOUS DATA VALID m DATA VALID
.|

tAXox

— " 1 .
oo tru ;k PD ﬁlk

CE =\ tavav
N t
tcLav tcraz —

OE _—3k tciaz
,t—forloz —T

toLav
toraz HIGH
HIGH IMDEDANCE ) IMPEDANCE
|
50% *

DATA OUT
1

— tru P
lce 4‘ 50%

-
° IN
/N
N

DATA RETENTION MODE
Vee K45V 4.5V 5 2V
. fr—tchv —= ra— tavav —=f
C8 L2727 72777 vn N— f Vin A S SN SSSSNSSNN
—————— Memory Products
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32K x 8 Static RAM (Low Power) L7C199/L7CL199

L7C199/L7CL199-
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 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 16 12
tovew | Data Valid to End of Write Cycle 15 15 10 10 7
tEWDX End of Write Cycle to Data Change 0 0 0 (o] 0
twHQz | Write Enable High to Output Low Z (20, 21) 0 0 0 (4] 0
twaz | Write Enable Low to Output High Z (20, 21) 15 10 7 7 5

& 8% L7777 7777
tavew tEWAX ——
. 1 AVEW —o twiew
WE SRANK P
i’ tDvEW t— tEWDX
DATAN -\ DATA-IN VALID >——)
twioz R
j-— wuoz——| S
DATAOUT ————eedeeeel( HIGH IMPEDANGCE

tavav |
ADDRESS * *

tavew tolew
CE S A __l
tAvEW tEWAX
WE  ONONONSONONONNNNANNNTN twew X777777 7777777
[ tDVEW +—~t EWDX
DATAIN )K DATA-N VALID
HIGH MPEDANCE
DATA OUT -

tru tprD
lcc ,£ *
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32K x 8 Static RAM (Low Power)

L7C199/L7CL199

| 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 will be clamped beginningat-0.6 V.
A current in excess of 100 mA is required to
reach-2 V.Thedevicecan withstand indefi-
nite operation with inputs as low as -3V
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 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.

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
are0to3.0V.

7. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE 2 VIH.

8. Tested with outputs open and alladdress
and data inputs stable. The device is con-
tinuously disabled, ie., CE = VCC. Input
levels are within 0.2 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE1 must be
2VCC-0.2V. For the L7C199, all other in-
puts meet VIN<0.2Vor VIN2 VCC-0.2 V
toensurefull powerdown. For the L7CL199,
this requirementapplies only to CEand WE;
there are no restrictions on data and ad-
dress.

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

P
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11. Test conditions assume input transition
times of less than 3 ns, reference levels of
1.5V, output loading for specified IOL and
IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameterisshown asa 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, 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).

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

16. The internal write cycle of the memo:

is defined by the overlap of CE low and
low. Both signals must be low to initiate a
write. Either signal can terminate a writeby
going high. The address, data, and control
input setup and hold times should be refer-
enced to the signal thatfalls lastor 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 ICC2 to ICC1 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 ICC2 to ICC1 after tep 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
inFig. 1b. This parameterissampled and 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 productisa 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 causeagood 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R1 480Q
+5 V O———AAN——

OUTPUT o——I——q
Re
INCLUDING 30 pF izsm

JIG AND

SCOPE

R1 480 Q

+5V O AAA———
OUTPUT o—l—————o
>

INCLUDING 5pF Re

JIG AND =50
SCOPE
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32K x 8 Static RAM (Low Power) L7C199/L7CL199

28-pin aatls 2sh vee 28-pin aa 1 28[y Veo
(0.3" wide) A2 5 2 271 WE (0.6" wide) A2 (2 27l WE
A7[ja  26[ As A7 [3 260 A1

As[J4 25[1 As A6 4 251] A8

As[s 240 Ae As 1s 24[] A9

Aslle 23] A1t As g 23] Al

Asll7 22[1 OE A3 7 »[ OE

A2ljs  21[ Ao A2 []g o1 ] A0

at{Jo  20fCE At g 20f CE

Ao [J10 19 vo7 Ao 10 19 Vo7

oo 411 18 10s 1100 14 18] VOos

o1 {12 17P vos 1101 12 170 Vos

o2 013 16[J 104 1102 []13 160 Vo4
GND (14 15[ 103 GND []14 15[ VO3

Plastic DIP Sidebraze Plastic DIP Sidebraze CerDIP
Speed (P10) Hermetic DIP (D10) (C5) (P9) Hermetic DIP (D9) (ce)
45ns 45 45 45 45 45 45
35ns| L7C199PC + 35 L7C199DC + 35| L7C199CC + 35| L7C199NC +- 35| L7C199HC - 35| L7C199IC + 35
25ns or 25 or 25 or 25 or 25 or 25 or 25
20 ns| L7CL199PC |- 20| L7CL199DC [ 20 | L7CL199CC |- 20| L7CL199NC | 20| L7CL199HC - 20 | L7CL199IC - 20
15ns 15 15 15 15 15 15

45ns 45 45 45 45
35ns L7C199DM - 35| L7C199CM + 35 L7C199HM + 35| L7C199IM -+ 35
25ns or 25 or 25 or 25 or 25
20 ns L7CL199DM L~ 20} L7CL199CM - 20 L7CL1g9HM “ 20| L7CL199IM ' 20

45ns 45 45 45 45
35ns L7C199DME + 35 | L7C199CME-}- 35 L7C199HME - 35 | L7C199IME + 35
25ns or 25 or 25 or 25 or 25
20 ns L7CL199DME L 20 [L7CL199CME * 20 L7CL199HME - 20 |L7CL199IME L 20
i5ns
12ns

45

45ns 45 45 45

35ns L7C199DMB + 35 | L7C199CMB 35 L7C199HMB - 35 | L7C199IMB + 35

25ns or 25 or 25 or 5 or 25

?g ns L7CL199DMB “ 20 |L7CL199CMB *-20 L7CL199HMB “ 20 |L7CL199IMB - 20
ns

12ns

Memory Products
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32K x 8 Static RAM (Low Power)

L7C199/L7CL199

A4 T34 28 2
A2 ]2 27 |2
A7 .43 26 2
As {4 25 [
A5 []5 24 [
A4 L6 23 2
A3z 7 22 =2
A2 |8 21 [
Al 9 20 [
Ao T} 10 19 (2
/00 {11 18 [
/o1 412 17 |32
1102 13 16 (3

32-pin

vce

WE (450 x 550)
A13
A8
A9
A1l
OE
A10
CE
1107
1108
/05
1104
/03

Speed|  (.340"

Plastic SOIC
—V2)

Plastic SOJ
(-300"— W2)

Ceramic Leadless
Chip Carrier (K7)

35ns| L7C199VC
or
20 ns| L7CL199VC

45
35
25
20
15

L7C199WC
or
L7CL199WC

45 45
35 L7C199TC + 35
25 or 25
20 L7CL199TC [ 20
15 15

or 25

45
L7C199TM ~E 35
L7CL198TM *“ 20

25

— 45
L7C199TME~E 35
20

or
L7CL199TME

25

45
L7C1 %TMB«E 35
20

or
L7CL199TMB
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4K x 4 CMOS Cache-Tag Static RAM

L7C180/181

I

0 4K x4 CMOS Static RAM with 4-bit  The L7C180 and L7C181 are high

Tag Comparison Logic

0 High Speed Address-to-MATCH
— 10 ns maximum

d Totem Pole (L7C180) or Open
Drain (L7C181) MATCH Output

O High Speed Flash Clear

Q Auto-Powerdown™ Design

0 Low Power Operation
Active: 225 mW typical at 25 ns
Standby: 100 uW typical

0 Data Retention at 2 V for Battery
Backup Operation

0 Plug Compatible with IDT 6178,
5514180, SSL4181, MK41HS0,
MCM4180

0 Package Styles Available:
22-pin Plastic DIP
22-pin Sidebraze Hermetic DIP
22-pin CerDIP
24-pin SOJ

performance, low power CMOS static
RAMSs 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

Vce GND

l l 7 ROW

7™ sELECT
ROW
ADDRESS

128 x 32 x 4
MEMORY
ARRAY

ﬁ

4 COLUMN SELECT
7

& COLUMN SENSE

14

s ,F COLUMN
ADDRESS

MATCH
(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-MATCH 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-Powerdown™ 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 uW (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.

Memory Products
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4K x 4 CMOS Cache-Tag Static RAM

L7C180/181

MATCH| IO | FUNCTION

-~ Tz x| |4
x T x x|8

IIIII‘Q‘
o

I I I r

H High Z | Clear al! bits to low
DIN | No MATCH
DIN | MATCH

Dout | Memory Read

DIN | Memory Write

Vcc supply voltage with

Signal applied to high
impedance output .......ccceveerrieneenes

X =Don't Care; L= VIL; H= VIH

Output current into low outputs ....

Latchup current......cccccevcnrevnieninnnineesneenn

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

respect to ground .........cceeeiiverinians -05Vto+7.0V
Input signal with respect to ground.... -3.0 Vto +7.0 V

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

Temperature Range (Ambient)

Supply Voltage

0°C to +70°C 45V<Vcc<b55V
-55°C to +125°C 45V<Vec<55V
0°C to +70°C 20V<Vee<hs5V
-55°C to +125°C 20V<Vecec <55V

Unit

Symbol Parameter Min | Typ | Max
VOH | Output High Voltage IoH = —4.0 mA, Vce = 4.5 V (all except MATCH pin) | 2.4 \"
(Note 11) loH =-12.0 mA, Vce = 4.5 V (MATCH pin-L7C180) | 2.4 v
VoL | Output Low Voltage loL = 8.0 mA (all except MATCH pin) 04 | V
(Note 11) loL = 10.0 mA (all except MATCH pin) 05 | V
loL = 24.0 mA (MATCH pin) 04 | V
loL = 30.0 mA (MATCH pin) 05 | V
VIH | Input High Voltage 2.0 Vcec | V
+0.3
ViL | Input Low Voltage (Note 3) -3.0 08 | V
lix Input Current GND < VINS Vce -10 +10 | pA
loz | Output Leakage Current GND < Vourt < Vee, OE = Vee (except MATCH pin) | —10 +10 | pA
los | Output Short Current Vout = GND, VcC = Max (Note 4) -350 | mA
Icc2 | Vcc Current, TTL Inactive (Note 7) 15 | 30 | mA
Iccs | Vec Current, CMOS Standby | (Note 8) 5 12 | mA
Icca | Vcc Current, Data Retention | VCC = 3.0 V (Note 9) 1.5 5 | mA
CIN | Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 5 pF
Court | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7C180/181-
Symbol Parameter Test Condition 25 20 15 12 10 Unit
Icct Vcc Current, Active (Note 6) 65 | 85 | 110 | 135 150 mA

—
im—
- -
-
—

e — ~—— ——
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181

MATCH ano CLEAR Cycie Tmwe (Notes5, 11,12,20.21,22)
L7C180/181-

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 8
tOLMH Output Enable Low to MATCH High 3 3 3 3 3
twHMv | Write Enable High to MATCH Valid 15 15 13 10 8
tWLMH | Write Enable Low to MATCH High 3 3 3 3 3
tCLMH CLEAR Low to MATCH High 0| 20) o| 15| 0| 12| Oo|10| O] 8
tovMV Data Valid to MATCH Valid 15 15 13 10 8
tDXMX Data Change to MATCH Change 0 0 0 0 0
tcLeL CLEAR Cycle Time (23) 55 45 35 30 25
tcLed | CLEAR Pulse Width (23) 15 15 12 12 10
toLiX CLEAR Low to Inputs Don't Care (23) 0 0 0 0 0
tc,oz | CLEAR Low to Output High Z (18, 19) 15 15 10 10 8
tcLR CLEAR Low to Inputs Recognized (23) 55 45 35 30 25

WMATCH Twne (Noto 17

tavav taxmx
ADDRESS { ;k

tawmy
O LA
.'OHMV towmH —
We LSS ﬂt
[ twHMY — TWLMH ————=
CLEAR

tcw:lL_
DATA VALID READ DATA-OUT )T_l( VALID MATCH DATA-IN } ----------------

towmy } toxmx
MATCH MATCH VALID Y

[CLEAR Twme (Noww 23]

tcleL
tcur
~a—1CLCH
CLEAR
teux
OF, WE XX XXX XXX 4
tclaz
DATA OUT <
tey
icc \
=TT Memory Products
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181

L7C180/181-
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
tavav Address Valid to Output Valid (13, 14) 25 20 15 12 10
taxax Address Change to Output Change 3 3 3 3 3
toLav Output Enable Low to Output Valid 12 10 8 6 4
toLaz Output Enable Low to Output Low Z (18, 19) 0 0 0 0 0
toHaz | Output Enable High to Output High Z (18, 19) 10 8 8 5 4
tPU Input Change to Power Up (10, 17) 0 0 0 0 0
tPD Power Up to Power Down (10, 17) 25 20 20 20 18
tCHVL Control Input High to Data Retention (10) 0 0 0 0 0

| tavav |
ADDRESS Je 3'(
tavav
DATAOUT PREVIOUS DATA VALID M DATA VALID
]

taxax -
~— tpry t tep |
tos A X

| tavay
ADDRESS i

tavav *
OF 7™ [ N ;t

tolav tonaz—=

[—— toLoz HIGH
DATAOUT HIGH IMPEDANCE 4 e ) IMPDEANCE

—tpy trp |
lec 7l‘ 50% 50% 4(

taxox

DATA RETENTION MODE:
Vee 45V 45V 4 2V
_ [-—tcuvu. —J e— tavav —]
We 2220277277 A vn N f VRN MNANNNNNN
Memory Products
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4K x 4 CMOS Cache-Tag Static RAM

L7C180/181

L7C180/181-

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
twLaz Write Enable Low to Output High Z (18, 19) 5 4

-t pU- trD le-tpPU 1pPD
lee

= tavav
ADDRESS *
; tavew tEWAXj
WE twLEw
WE ‘_}\\\( "4
tavew i; tDVEW tewox
DATAIN N DATA-IN VALID >
— twn.oz%-l |e—— twhaz
DATA OUT D, HIGH IMPEDANCE —’1 —
[~ twiMH twHMY —
MATCH iF O
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4K x 4 CMOS Cache-Tag Static RAM

L7C180/181

[NoTES

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 exposureto
excessive electrical stress values.

3. This product provides hard clamping of
transient undershoot. Input levels below
ground willbe 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 -3V
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 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.

6. Tested with all address and data inputs
changing at the maximum cycle rate. The
device is continuously enabled for writing,
ie., OF, WE & CLEAR < VIL. Input pulse
levels are 0to 3.0 V.

7. Tested with outputs open and all address
and data inputs 2 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 = VCC. Inputlevelsare within0.2 V
of VCC or GND.

9. Data retention operation requires that
VCC never drop below 2.0 V. WE, OE, and
CLEAR must be > VCC-0.2 V. For all other
inputs VIN 2 VCC - 0.2 or VIN<02 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
1.5V, output loading for specified IOL and
IOH plus 30 pF (Figs. 1a, 1c, and 1d), and
input pulse levels of 0 to 3.0 V (Fig. 2).

12. Each parameterisshown asa 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 WElow. The addressand data
setup and hold times should be referenced
to WE falling and rising edges.

17. Powerup from ICC2 to ICC1 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 ICC1 to ICC2 after tpp has 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. Atany 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. 1b. 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
transitions.

22. This productisa 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 VCC and ground
planesdirectly up to the contactor fingers. A

0.01 uF high frequency capacitor is also
required between VCC and ground. To
avoid signal reflections, proper termin-
ations must be used.

23. The Clear cycleis edge-triggered on the
falling edge of CLEAR. While the internal
Clear cycle is in progress, all inputs,
including multiple CLEAR pulses, are
ignored. Inputs are recognized after tcLir
has elapsed from thefalling edge of CLEAR.
For properoperation, Vee mustbe within its
specified normal operating voltage prior to

assertion of CLEAR.

R1 4800
+5V O—————AMA—

OUTPUT
Iao oSk
INCLUDING P! 2550
JIG AND I

SCOPE

4BV oA

OUTPUT DT‘
INCLUDING 5pF S Re
JIG AND I izss“

SCOPE
Rt 160Q

+5V O A

MATCH
out
0pF SR
INCLUDING 850
JIG AND

SCOPE

Rr 20002
+5 V O———MA——

MATCH 0——«————¢
out

INCLUDING —= 30 pF
AGAND T
SCOPE

=
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181

22-pin - 24-pin As 1 24|9 vee
" ari A4 [11 22[1 vce As ]2 23 [ A3
(0.3" wide) As[2  21[0 As A6 3 22 [ A2
AsEs 20[] A2 A7 ]4 21 32 A1
A7 s 190 A1 As |5 20 [0 Ao
As s 18aAo As 6 19 3 NC
Ao l]e  17{] CLEAR NC 7 18 | CLEAR
A0 g7 1e% 1/03 A0 =8 173 vos
A ls 15[ 1102 A1l 19 16 [ V02
oEle  14[ vor OE (10 15[ o1
WE [J10 13 1oo WE 11 142 V0o
GND [J11_ 12{] MATCH GND {12 13| MATCH

Plastic SOJ
(-300"— W2)

Plastic DIP Sidebraze
Speed (P8) Hermetic DIP (D8)

25ns 25 25 25 . ras
20ns| L7C180PC—+20 | L7C180DC +— 20| L7C180CC + 20| L7C180WC —+ 20
15ns or 15 or 15 or 15 or 15
12ns| L7C181PC |12 | L7C181DC | 12| L7C181CC | 12| L7CI81WC | {2
10ns 10 10 10 10

8ns 8

25ns 25 25
20 ns L7C180DM { 20| L7C180CM AE 20
15ns or 15 or 15
i2ns L7C181DM L 42| L7C181CM L 12
10ns

8ns

°C - Exvenoes Scree

25ns 25 25
20 ns L7C180DME~E 20| L7CH SOCMEi 20
15ns or 15 or 1
12ns L7C181DME L {2 | L7C180CME L {2
10 ns

8ns

G MIL-STD-883 CompLl G
25ns 25 25
20 ns L7C180DMB—+ 20 | L7C180CMB + 20
15ns or 15 or 15
12 ns L7C181DMB L 12 | L7C181CMB L 12
10 ns
8ns
— Memory Products
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8K x 8 CMOS Cache-Tag Static RAM

L7C174

0 8K x 8 CMOS Static RAM with 8-bit  The L7C174 is a high performance,
Tag Comparison Logic low power CMOS static RAM opti-

0 High Speed Address-to-MATCH mized for use as the address tag com-
— 12 ns maximum parator in high speed cache memory

Q High Speed Flash Clear systems. One L7C174 can be used to

O High Speed Read Access Time map 8K cache lines into a 1 megabyte
— 012 ns maximum address space by comparing 20

Ty address bits organized as 13-line
O Auto-Powerdown™ Design address bits and 7-page address bits.
Q Low Power Operation

Active: 320 mW typical at 35 ns
Standby: 500 pW typical
[ Data Retention at 2 V for Battery

The storage circuitry is organized as
8192 words by 8 bits per word and
includes an 8-bit data comparator wi
MATCH output. The 8-bit data j

Backup Operation input/output on shared1/0 p:
0 Plug Compatible with IDT 7174, comparison performed be
MK48H74 incoming data and ac

locations. Also provj
speed CLEAR conjzo]
memory locations
activated. This.allo

bits to be
or when flushi

Q Package Styles Available:
¢ 28-pin Plastic DIP
¢ 28-pin Sidebraze Hermetic DIP
¢ 28-pin CerDIP
¢ 28-pin SOJ
® 32-pin Ceramic LCC

256 x 32x 8
MEMORY
ARRAY

ﬁ

COLUMN SELECT
& COLUMN SENSE

5} COLUMN
ADDRESS

_§>— MATCH
(OPEN DRAIN)

This device is available in five speed
grades with maximum address-to-
MATCH 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
memory, is deselected (Enable is high).

Two power saving standby
available. Proprietary
o-Powardown™ circuitry reduces
onsumption automatically
henever the inputs are stable for
er than the minimum access time,
when the memory is deselected.
For minimal power consumption, data
may be retained in inactive storage
with a supply voltage as low as2 V.
The L7C174 consumes only 30 pyW
(typical) at 3 V allowing effective
battery backup operation.

The 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 /O
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.

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 1/O
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.
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8K x 8 CMOS Cache-Tag Static RAM

L7C174

WE| CE |OE [CLEAR|MATCH| 1O | Function s R
XXX L H — | Reset all bits to low Storage temperature .......ccccververrnens —65°C to +150°C
! . Operating ambient temperature ....... —55°C to +125°C
X H{X H H High Z| Deselect chip Vce supply voltage with
HIiLIH H L DIN | No MATCH respect to ground .......ccceeeveiienneenee -05Vto+7.0V
Input signal with respect to ground.... -3.0Vto +7.0V
HILIH| H | H 1 DN | MATCH Signal applied to high
HiL|L H H Dout | Read impedance output ................. .—=30Vto+7.0V
LlL X H H DN | Write Output current into low oUtpULS .....ccevvivenrrcccnenne 25 mA
Latchup current............coeuneee > 200 mA
X =Don'tCare;L =VIL;H = VIH

Temperature Range (Ambient)

m\l\y Voltage

Mode
Active Operation, Commercial 0°C to +70°C <Vcc <55V
Active Operation, Military —-55°C to +125°C 45V<Vcc <55V
Data Retention, Commercial 0°C to +70°C b OV<Vcc<55V
Data Retention, Military —-55°C to +125 20V<Vcc<55V
DS

Symbol Parameter

Test Conditic}n\ \\\s Min | Typ | Max | Unit

VOH | Output High Voltage IoH = ~4\Q MAVEG = 4.5 V (except MATCH pin) | 2.4 Vv

VoL Output Low Voltage lok = 8.0}},\Q\(\a)except MATCH pin) 04 ( V

L 100200 A (all except MATCH pin) 05| v

Io= 18H'MA (MATCH pin) 04| Vv

2\ NOL£22.0 mA (MATCH pin) 05| v

ViH Input High Voltage </ L\b 20 Vec | V

N\ (\ +0.3

ViL Input Low Vol%g// Y (Note 3) -3.0 08| V
lix Input Current \ GND < VIN< Vee -10 +10 | pA
loz Output Leakage Current GND < Vour < Vee, CE = Vee -10 +10 | pA
los Output Short Current Vout = GND, Vcc = Max (Note 4) -350{ mA
Icc2 | Vcc Current, TTL [nactive (Note 7) 15 | 30 | mA
lcca | Vee Current, CMOS Standby | (Note 8) 100 1 500 | nA
Icca | Vce Current, Data Retention | Vcc = 3.0 V (Note 9) 10 | 250 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0V 5 pF
CouTt | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF

L7C174-

Symbol Parameter Test Condition 35 25 20 15 12 Unit
Icct Vcc Current, Active (Note 6) 110 | 150 | 185 | 240 | 275 mA
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8K x 8 CMOS Cache-Tag Static RAM

L7C174

W

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
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 A3 10
twiMH | Write Enable Low to MATCH High 25 20 15 \i2 10
tctMH | CLEAR Low to MATCH High 0f25| 020 15 Ly of10
tovmv | Data Valid to MATCH Valid 20 15 FEANEEEN 10
tDXMX Data Change to MATCH Change 0 0 0
toLcL CLEAR Cycle Time 65 55 45 35 30
tclch | CLEAR Pulse Width 20 15] ¢ 12 12
teux CLEAR Low to Inputs Don't Care 0 0 N 0
tcLR CLEAR Low to Inputs Recognized 65 NS\ |45 35 30
\%
- )\ N\ Sh—
ADDRESS )l( NS\
tavmy
CIANNNNNN NN LN A~
W}{MV JE— LoHMH —

L
OF LLLLLLLLL LA

toHmv

(4 .
WE LXK L
72\

TWHMY —

CLEAR A x
ﬂ town fe—
DATA VALID READ DATA-OUT )tF VALID MATCH DATA-IN j— ----------------
N towmy I toxmx
MATCH N MATCH VALID .4

tcleL !
tcur
~=—1tcren
CLEAR
teuix
OF, WE X XXX LR XXX XXX XX

Memory Products
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8K 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
taxax | Address Change to Output Change 3 3 3 3 3
tcLav Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12
tcLQz 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
toLav | Output Enable Low to Output Valid 15 12 10 .8 6
tolaz | Output Enable Low to Output Low Z (20, 21) 0 0 0 of\\ | o
toHaz | Output Enable High to Output High Z (20, 21) 12 10 8l—~1\% 5
tPu CE or WE Low to Power Up (10, 19) 0 0 0 N O 0
tPD Power Up to Power Down (10, 19) 35 25 20 L‘\ 20 20
tcHvL | Chip Enable High to Data Retention (10) 0 0 0 oy )

W 4&
ADDRESS TN\ N

tavav — Y )
DATA OUT PREVIOUS DATA VALID X)()&@) DATA VALID
|
[—tPu taxox : \QD\ |

lec K % \V *

tavav -
_ SN > &" t teroz
R A

toLav ,t— toHoz —

torLoz HIGH
IMPEDANCE

HIGH IMDEDANCE
DATA OUT << DATA VALID r—

[~ tpy teo
lcc ;l‘ 50% 50% ~IC

DATA RETENTION MODE
Vee 45V 45V s2vV
. toHvL — =— tavav —=f
CE ViH of Vi RSOSSN SSSTSSNN

Memory Products
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8K 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 Write Cycle Time 25 20 20 15 12
tcLew | Chip Enable Low to End of Write Cycle 25 15 15 12 10
tavew | 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 A 6
tewdx | End of Write Cycle to Data Change 0 0 0 0 X\ 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 ) oS\ [ o
twLoz Write Enable Low to Output High Z (20, 21) 10 7 % N 4

I tavav N
ADDRESS J( —~——_\\ \} %
-2 TEWAX

toLEw
T STIN% O\ \\\\ y
) tAVEW \\ <>
— D
WE DN\ S Y.
tavew | ~7 tDVEW. tEwDx
DATAIN \Wk X DATA-IN VALID >
T ez A P —
DATA OUT 7/ HIGH IMPEDANCE
\\ % 1 é'—“" twHMY
MATCH T N\K A oy
{ ( ) rvm teu I tPD
lec N Y,

tavav
ADDRESS *
pe——— tavaw toLew

CE N A _’I
tavew tewax
WE  OSOSNONONONSNANNNNNANN Y twiew VIV PP P ISP OIS
tDVEW +—t EWDX
DATAIN b 4 DATA-IN VALID *
DATA OUT HIGH IMPEDANGE

tru tpp
lcc 7 4?
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8K x 8 CMOS Cache-Tag Static RAM

L7C174

INOTES

1. Maximum Ratingsindicatestress 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 -3V
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 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.

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 £ VIL.Input pulseleve]
are0to3.0V.

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

8. Tested with outputs open
and data inputs stable. The d
tinuously disabled, i.e., CE= V Input
levels are within 0.2 V of VCC or GND.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be >
VCC-0.2V. For all other inputs VIN 2 VCC
~0.2Vor 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
1.5V, output loading for specified IOL and
IOH plus30 pF (Figs. 1a,1c),and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameter isshown asa 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, 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).

15. All address lines are valid prior-to or
coincident-with the CE transition to active.
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
last or rises first.

17. If WE goes low before of con
with CE going active, the outp
a high impedance state.
18. If CE goes inactive be)
with WE going high,

result of an:
a. Falling
b. Falling

on any data line
d WE active).

evdevice automatically powers down
m ICC1 to ICC2 after tpp has elapsed from
an% of the power up triggers. The exception
is CL. where the device remains pow-
ered up for the duration of the Clear cycle.
This means that power dissipation is de-
pendentononly cyclerate, and noton Write
Enable pulse width.

20. Atany given temperature and voltage
condition, output disable time is less than
output enable time for any given device.
2i. Transition is measured #200 mV from
steady state voltage with specified loading
inFig. 1b. This parameterissampled and 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 productisa 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

25. The Clear cycleis 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 gre recognized after tcLik has elapsed
falling edge of CLEAR. For proper
, Vee must be within its specified
erating voltage prior to assertion

b R1 480Q
+$5V O——m W

ouTPUT O—I———<
Re
INCLUDING I 30 pF izssn

JIG AND
SCOPE
f1 480 O
5V O———— A
OUTPUT [)T{l
INCLUDING 5pF R
JIG AND I 5255“

SCOPE

R1 200Q
+5V O———AMW—

MATCH 0@

INCLUDING —= 30 pF
JIG AND
SCOPE
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8K x 8 CMOS Cache-Tag Static RAM L7C174

28-pin crEAR 1 28[] Voo 28-pin  gEam 7T uh veo

(0.3" wide) A2z 270 WE (0.6" wide) A2 []2 o7fj WE
A7 []3  26[] MATCH A7 s 26 [] MATCH

As[]4 25[0 As A6 14 25[] A8

A5 24 Ao As s 24[] A9

Asl]e 23] An A []e 23] A

As[]7 22 OE A3 [}y [ OE

A2lJs 21 A0 A2 g 21 A0

Ao 200 cE At o 200 CE

Ao 10 19 vO7 Ao 1o 191 VO7

oo 011 18] 1os 1100 14 18] VOs

vor 12 17[ vos o1 12 70 vos

oz 013 16 vos 1102 43 el vos

GND 14 15[ vos3 GND []q14 15[ Vo3

Plastic DIP Sidebraze
(P10) Hermetic DIP (D10)

Sidebraze
Hermetic DIP (D9)

35ns| L7C174PC35 L7C174DC35 |

LZC174HC35
25ns " " 25 " " 25 25 " 25
20 ns " " 20 . " 20 N " 20 " 20
15ns " " 15 * " 15 " " 15 " 15
12ns " " 12 . 12 . " g/ " 12
10ns C
8ns

L7C174DM35 L7C174CM35 L7C174HM35
L] L] 25 L] L] 25 " L] 25
~ = 20 = = op v 90
=" 15 " " 15 " " 15

35ns L7C174DME35 L7QIzZ4 L7C174HME3S
25ns - " 25 . g5 . ~ og
20 ns|’ " " 20 " " -~ 20
15ns " - z " 15 " " 15
2

35ns L7 L7C174CMB35 L7C174HMB35
25ns N 25 - -~ 25 " - o5
20 ns 20 " -~ 20 " 20
1Sns "7 15 " "~ 15 - " 15
12ns
10 ns

8ns
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8K x 8 CMOS Cache-Tag Static RAM

L7C174

28-pin

CLEAR
A12

RS R E
NN0000000000

/00
/01

©® NGO A WN -

©

10
1"
12

1102 T4 13
GND T 14

U0uuouuouuooun

vee
WE
MATCH
As
A9
A1
OE
A10
CE
o7
108
1/05
1/04
1103

Plastic SOJ

Speed|  (.300"— W2)

Ceramic Leadless
Chip Carrier (K7)

35ns| L7C174WC35

25ns " 25
20ns " " 20
15ns " " 15
i2ns " " 12

L7C174TME3S
" 25
= = o0
= = 45

L7C174TMB35
"t 25
L] L] 20
" 15
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8K x 8 Static RAM

with Flash Clear (Low Power)

L7C186/L7CL186

0 8K x 8 CMOS Static RAM with
High Speed Flash Clear

O Auto-Powerdown™ Design

[ High Speed Read Access Time
— 12 ns maximum

Q Industry Standard Pinout

[ Low Power Operation
Active:
320 mW (typical) at 35 ns
Standby (typical):
500 pW (L7C186)
250 pW (L7CL186)
0 Data Retention at 2 V for Battery
Backup Operation

3 Plug Compatible with IDT7165

[ Package Styles Available:
28-pin Plastic DIP
28-pin Sidebraze Hermetic DIP
28-pin CerDIP
28-pin SOJ
32-pin Ceramic LCC

The L7C186 and L7CL186 are high
performance, low power CMOS static
RAM with a high speed Flash Clear

feature. The storage circuitry is organ-

ized as 8192 words by 8 bits per word
with the 8-bit data input/output on
shared I/0 pins. The device is

offered in the industry standard 8K x 8

SRAM pinout with the Flash Clear
function implemented on Pin 1 which
is normally a no-connect.

These devices are available in five

speed grades with maximum access
times of 12 ns to 35 ns. Operat
from a single +5 V power

Veec GND @W
I >
<)
(&)
. o 256 x 32 x 8
A B MEMORY
ROW g ARRAY
ADDRESS g
CLEAR. ) {?
CE1—
CE2—» COLUMN SELECT
WE-——»| CONTROL|—> g COLUMN SENSE %TA
OE —»]

o

COLUMN ADDRESS

to limit VOH swings, while still main-
taining full TTL compatibility.

Two standby modes are available.
Proprietary Auto-Powerdown™
circuitry reduces power consumption
automatically during read or write
accesses that are longer than the
access time, or when the
is is put into powerdown
deselecting CE2. In addition,
retained in inactive

e with a supply voltage as low

” The L7C186 and L7CL186 con-
e only 30 uyW and 15 pW (typical)
espectively at 3 V, allowing effective
battery backup operation.

The L7C186 and L7CL186 provide
fully asynchronous (unclocked)
operation with matching access and
cycle times. Two Chip Enables and a
three-state I/O bus with a separate
Output Enable control simplify the
connection of several chips for in-
creased storage capacity.

s 2

Memory locations are specified on
address pins A0 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.

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.
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power)

L7C186/L7CL186

WE| CE1|CE2|OE [CLEAR| VO | Function

X! xIxIxl L — | Reset Memory to 0 Storage temperature ............c.eeeuene. —65°C to +150°C
. Operating ambient temperature ....... -55°C to +125°C

Hl L{H L H Dout | Memory Read Vce supply voltage with
Ll L{H]|X H DIN Memory Write respect to ground ........c.ceeerereenanne -05Vto+7.0V
Hl Ll H|H H |HighZ | Output Disable l;put S|gna! with re.spect to ground.... -3.0 Vto +7.0V

ignal applied to high

X| H{ X |X H |HighZ | Chip Deselect impedance output ......c.ecoveeinieenneen. -30Vto+7.0V
x| x| L |x H |Highz | Chip Deselect & Output current into low outputs .......ceeeeeeerienene 25 mA
Powerdown Latchup cuIrent ......ccceeevience e >200 mA

ViH

X =Don't Care; L

Mode

Temperature Rahge (Ambient)

M\Sup%Vollage
45V<Vec<55V

Active Operation, Commercial 0°C to +70°C

Active Operation, Military -55°C to +125°C 45¥%<Vcc<55V

Data Retention, Commercial 0°C to +70°C 0V<Veccss55V

Data Retention, Military -55°C to +1 25‘& v 20V<Veec<55V
AY

ANAY

\X% — L7C186 L7CL186

Symbol Parameter Test Condition & Min | Typ| Max | Min | Typ| Max |Unit
VoH | Output High Voltage IoH = —4\6@%5& 5V 24 2.4 v
VoL Qutput Low Voltage loL = 8.0\\\&\% 0.4 04 |V
VH Input High Voltage ? N 20 Vce [ 2.0 Vee | V

2 +0.3 +0.3
ViL Input Low Voltage V@o}e/ﬁ -3.0 08 [-3.0 08| vV
Ix Input Leakage Curreft’ ) |\ G)D < ViN< Voo -10 +10 [-10 +10 | pA
loz | Output Leakagg Catrent< | GND s Vour < Ve, CE = Voo -10 +10 |10 +10 | pA
los | Output Short Omefitt " | VouT = GND, Voc = Max (Note 4) -350 ~350| mA
lccz | Voo CurrentTTL IRagtive | (Note 7) 15| 30 12| 20 [mA
lccs Vce Current, CMOS Standby | (Note 8) 100| 500 50| 150 [ pA
Icc4 Vcce Current, Data Retention | Vcc = 3.0 V (Note 9) 10| 250 5 | 50 |pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0V 5 5 |pF
CouT | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 7 | pF
L7C186-

Symbol Parameter Test Condition 35 25 20 15 12 Unit
Ilcc1 | Vcc Current, Active | (Note 6) 110 | 150 | 185 | 240 | 275 mA

Memory Products
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power)

L7C186/L7CL186

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
taxax Address Change to Output Change 3 3 3 3 3
tcLovt | CE1 Low to Output Valid (13, 15) 15 12 10 8 6
tcLavz | CEz2 High to Output Valid (13, 15) 35 25 20 15 12
tcLaz Chip Enable Active to Output Low Z (20, 21) 3 3 3 3 3
tcHaz Chip Enable Inactive to Output High Z (20, 21) 15 10 8 8 5
toav | Output Enable Low to Output Valid 15 12 10 {\ 8 6
toLaz | Output Enable Low to Output Low Z (20, 21) 0 0 0 \o 0
toHaz | Output Enable High to Output High Z (20, 21) 12 10 L BP\\] 5 5
tru Input Transition to Power Up (10, 19) 0 0 y /0 L\ o 0
tPD Power Up to Power Down (10, 19) 35 25 20F 20 20
tCHVL Chip Enable Inactive to Data Retention (10) 0 0\ xS 0 0

ADDRESS

X

tavaov

DATA OUT PREVIOUS DATA VALID

DATA VALID

tAXOX —

[— tPu

e —r— N \) tavav
CE1 (& / / o
< tcLavt
t

AN tcloz croz

OE B ;“
torav f toHaz
toloz
HIGH IMPEDANCE |M92§A’:ace
DATAOUT —cCSSE<S DATA VALID o
la——— tpy -—— tPD

lee 50% 50%

22

le— taAvav —-|

v

Vce
I-—IcHVL -——-‘
CE N 7
ACTIVE Ll L LLLLA I

VRN NN NNANN
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power)

L7C186/L7CL186

L7C186/L.7CL186-
35 25 20 15 12
Symbol Parameter Min | Max| Min | Max| Min | Max | Min | Max| Min | Max| Min; Max
tAVAV Write Cycle Time 25 20 20 15 12
tcLEW | Chip Enable Active to End of Write Cycle 25 15 15 12 10
tavew | Address Valid to Beginning of Write Cycle 0 0 0 0 0
tAvVEW | 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
tovew | Data Valid to End of Write Cycle 15 10 10 L, 7 6
tewpx | End of Write Cycle to Data Change 0 0 0 \ 0 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 0 o i—\\o 0
twLaz | Write Enable Low to Output High Z (20, 21) 10 7 N7 5 4

F tavav
AN\ VY
ADDRESS g( N \\\) )k
CE: 77T = SSSNSSSSSSSS
toLlew
TE SINSK NN 7777 A77 777777
tAVEW < tEwAx —=

_ tAVBW—m] %

WE = SN ¥ —
TOVEW t

DATAIN T \E\ hd DATA-IN VALID T) >~
DATA OUT ( 77 wioz HIGH IMPEDANGE twhoz | —
tpu- ta—st—trp
lcc x

_“_;:%{g//
BN

I AN tavav !
ADDRESS * N %
CE2 7$L NC
tavew toLew
C_E 1 N N P -
TAVEW tEwAx—
—_— t
WE  SNSONOSONNSNANNNNNNY wew 2777777777777 7
I 1OVEW =tEWDX
DATA IN )k DATA-N VALID *_
DATA OUT - HIGH MPEDANCE
tru ————xtm
lec A

Memory Products
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL186

L7C186/L7CL186-
35 25 20 15 12
Symbol Parameter Min | Max| Min | MaxTWm{Max | Min| Max| Min | Max| Min | Max
tclcL | CLEAR Cycle Time 65 s5 | J«s |7 | 35 30
tolcH | CLEAR Pulse Width 20 < 1% 12 12
tCLIX CLEAR Low to Inputs Don't Care 0 JEEN D 0 0
tCLR CLEAR Low to Inputs Recognized 65 | \ 55 45 35 30

=== Memory Products
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power)

L7C186/L7CL186

1. Maximum Ratingsindicate 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 orderto avoid exposure to excessive elec-
trical stress values.

3. This product provides hard clamping of
transient undershoot. Input levels below
ground willbe clamped beginningat-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 -3V
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 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.

6. Tested with all address and data inpul
changmg at the maximum cycle rate Th,
device is continuously enabled for
ie., CE1< VIL, CE2 and WE < VI
pulse levels are 0t0 3.0 V.

7. Tested with outputs open 4»
and data inputs changing at\the 154
read cycdle rate. The device is 2Qfti
disabled, i.e.,, CE1 2 VIH,CE2 < V

8. Tested with outputs open and alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e., CE1 = VCC, CE2 =
GND. Input levels are within 0.2 V of VCC
or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE1 must be
2VCC-0.2V. For the L7C185, all other in-
puts meet VIN< 0.2 Vor VIN2 VCC~02 V
toensurefull powerdown. Forthe L7CL185,
this requirementapplies only to CEand WE;
there are no restrictions on data and ad-
dress.

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

11. Test conditions assume input transition
times of less than 3 ns, reference levels of
1.5V, output loading for specified IOL and
IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0t0 3.0 V (Fig. 2).

12. Each parameter is shown asa 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. Accesstime, forexample,
is specified as a maximum since worst-cas
operation of any device always provi
data within that time,

13. WE is high for the read cycle.

14. The chip is continuously
low, CE2 high).

15. All address lines a i 3
coincident-with the r

lect!

ter
nd control input setup and
dbereferenced to thesignal
active last or becomes inactive

i goes low before or concurrent
Qith later of CE1 and CE2 going active, the
output remains in a high impedance state.

18. If CE1 and CE2 goes inactive before or
concurrent with WE going high, the output
remains in a high impedance state.

19. Powerup from ICC2 to ICC1 occurs as a
result of any of the following conditions:

a. Rising edge of CE2.

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

c. Transition on any address line (CE1, CE2
active).

d. Transitiononany dataline (CE1,CE2,and
WE active).

The device automatically powers down
from ICC2 to ICC1 after tep 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
inFig. 1b. This parameteris 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. CE1,CE2,or WE mustbeinactiveduring
address transitions.

24. This productisa very high speed device
and must be taken during testing in
order {0\ realize valid test information. In-
attention to setups and proce-
use a good part to be rejected as
. Lotig high inductance leads that
pply bounce must be avoided by
bringing the VCC and ground planes di-
y up to the contactor fingers. A 0.01 uF

igh frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R1 480Q
+5 V O—————AAM—

OUTPUT o_._I_.«
30 pF Rz

INCLUDING
JIG AND
SCOPE

255Q

1

R1 480 Q
+5V
OUTPUT o P
INCLUDING —L 5pF § Re
NGAND T 255Q
SCOPE _J_ _]_
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power)

L7C186/L7CL186

28-pin
(0.3" wide)

CLEAR [J1  28[] vec
A2[]2  27[1 WE
A7[]3 26[] CE2
As [Ja  25[] As
As[]5 247 A9
Acle  23[) At
As[]7 22§0_E
A s 211 A0
A1 [Jo  20[] CE1
Ao 10 19%|/07

I

28-pin CLEAR [y ~ g Voo
(0.6" wide) A2 ]2 7] WE
7 s 261 CE2

A6 4 251 As

As |:5 24] A9

A4 e 23] Al

A3 7 22[] OE

A2 g 211 A0

Al (o 201 CE1

Ao 1o 19 Vo7

100 [ 11 180 os

o1 12 170 vos

102 (]43 15] V04

GND []14 150 VO3

Piastic DIP Sidebraze Plastic DIP Sidebraze
(P10) Hermetic DIP (D10) (P9) Hermetic DIP (D9)
35 35 35 35
25ns| L7C186PC + 25| L7C186DC +25| L7C186CC -T-25| L7C186NC + 25| L7C1 C T 25
20ns or 20 or 20 or or r 20
15ns| L7CL186PC |- 15) L7CL186DC |-15) L7CL186CC 15| L7CL186NC |- 15| L7 15
12ns 12 12 12 12

35ns 35 35 v N4 35
25ns L7C186DM + 25| L7C186CM 125 7C186HM 1 25
20 ns or 20 or 20 or 20
15ns L7CL186DM - 15| L7CL186CM - 15 L7CL186HM - 15
12ns
10ns <‘

8ns
35ns 35 \‘\i 35
25ns L7C186DME + 25| L7C186C L7C186HME < 25
20ns or 20 or P or 20
15ns L7CL186DME - 15 }ZC ME 5 L7CL186HME L 15
12 ns
10 ns \%

8ns 2.

-
C1860MB£25

or 20
L7CL186CMB - 15

35

L7C186HMB + 25
or 20
L7CL186HMB - 15

DEVICES INCORPORATED
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power)

L7C186/L7CL186

28-pin

CLEAR
A2
A7
As
As
A4
A3
A2
A1
Ao
/00
1701
/02
GND

NN NNnnnnnnnmn
8 R

PN =0
~

JIRIRERIRIRIRTRIRIRIRIE]

vee
WE
CE2
As
A9
At
OE
A0

CE1

1107
1106
1105
/04
1/03

32-pin
(450 x 550)

Plastic SOJ
(-300"— W2)

Ceramic Leadless
Chip Carrier (K7)

35
L7C186VC <+ 25

or 20
L7CL186VC |- 15
12

L7C186WC T 25
or
L7CL186WC

L7C186TC
or
L7CLA1 86TC

L7C1 86TM E ‘E
L7CL186TME

35
L7C1 86TMB 25
20

L7CL186TMB

DEVICES INCORPORATED
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2 x 4K x 16 Cache-Data Static RAM

L7C183/184

[ 2 x4K x 16 or 8K x 16 Cache-Data
Static RAM with Direct Map or
Two-Way Set Associative

1 Auto-Powerdown™ Design
3 Advanced CMOS Technology
A 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

Q0 Plug Compatible with Cypress
CY7C183/184

[ Package Styles Available:
¢ 48-pin Plastic DIP
¢ 48-pin Sidebraze, Hermetic DIP
® 48-pin Ceramic LCC
¢ 52-pin Plastic LCC

The L7C183 and L7C184 are high-
performance, low-power CMOS static
RAMs which contain 128K bits organ-
ized into either two, two-way set
associative blocks of 4K x 16 RAM, or

one directly mapped 8K x 16-bit RAM.

The L7C183 and L7C184 are designed
specifically for use with the Intel
82385 Cache Controller. Addresses
are latched on the falling edge of the
Address Latch Enable (ALE) signal.
When ALE is HIGH, the latch is
transparent. The L7C183 has all
address bits latched by the ALE si
except A12, which is unlatched.
which bypasses the latch, has a
access time. All address bifs.are
latched by the ALE signal in
L7C184. The mode pi
whether the L7C
configured as di
or two-way

12,

circuits are placed in the two-way
mode. In the two-way mode, the
upper address bit, A12 is a "don't
care", and should be externally wired
to ground. When mode is LOW,

the circuits are placed in the direct |
mapped mode.

Writing is accomplished in the two-
way mode by taking CE LOW and by
ifig the respective BEx and WEX

e bank A, and WEB
s cache bank B to receive
hateVer data resides on the data bus.
and OEB similarly enable cache
anks A and B, respectively, to drive
the data bus. Writing is accomplished
in the direct mode by tying WEA and
WESB together externally, and using
A12 to determine which 4K x 16
memory bank is selected.

TWO-WAY SET ASSOCIATI v DIRECT MAP
(MODE = HIGH) (MODE = LOW)
WAY A /) / oF
A
OEa h§ v "EB::L_____
< x8 8K x 8 8K x8
WEa MEMORY WEA MEMORY MEMORY
ARRAY WEs | ARRAY ARRAY
3 De-Di1s A1z—gp———iL7C183) Do-D7 { ] Ds-Dis
Ar—> \l\) l l(ucm) ,
. ADDRESS
M LATCH Do-Dis Ar—p Do-Dis
r . ADDRESS
A1t 4 LATCH
l - De-D1s *
ALE Do-D7 Ao
J— 4K x 8 4K x 8
OEs MEMORY MEMORY ALE
i ARRAY ARRAY BE
WEa | BEL
B WAY B CE
(TE EH
BEwu
R W ¥ F %
= = e e

o S—
S~ — -

Memory Products
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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 OEB 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.

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 aslow as 2 V. The,
memory typically consumes onl
9mW at 3V, allowing effectjy
battery backup operation.
Latchup and static discharge\rfo-
tection are provided on-chip. Thg
L7C183 and L7C184 can withstand an
injection current of up to 200 mA on
any pin without damage.

R
mi
-
>

B Operation

IIr—l—l—r'IIl-r'XXngl
"'I

r I T rrrrrIIXXTZIXm
o

I r I r T rr I X Xm

al

I r I rIrcITXXm

—

Y/

l_
X X X X X X

<

%r‘l‘l‘l‘l"l‘t"l‘r‘l‘l"l-xxr':r

rrrr IrmrIrI

E
X Outputs Hi-Z, Write Disabled
X Outputs Hi-Z, Write Disabled
X Outputs Hi-Z
X Outputs Hi-Z
H ead 1/00-1/O7 Way A
ead I/0o0-1/07 Way B
1/08—-1/O15 Way A
ead I/0s-1/0O15 Way B
Read 1/00-1/015 Way A
Read 1/00-1/O15 Way B
Write 1/00-1/07 Way A
Write 1/Oo0-1/07 Way B
Write 1/08-1/O15 Way A
Write 1/0O8—1/O15 Way B
Write 1/00-1/015 Way A
Write 1/00-1/015 Way B
Write 1/OCo-1/07 Way A& B
Write 1/08—1/O15 Way A & B
Write 1/00-1/015 Way A& B

rrrOr I - I r I I

-
I
>
@
>

Operation

rrrrrr-rre Xr- I %I
r I rr I r X I X m|
[0+
r—m I r~~r I X I X ml
2l
X X X rm~r I X X|m
9
X X X rmrrrr I X X|m
3
~r rrrr I I X X X X|m
mrrrr I I I X X X mI

Outputs Hi-Z, Write Disabled
Outputs Hi-Z, Write Disabled
Outputs Hi-Z

Read 1/O0-1/07

Read 1/0s-1/015

Read I/00-1/O15

Write 1/00-1/07

Write 1/08—-1/015

Write 1/00-1/015

Memory Products
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L7C183/184

Storage temperature —65°C to +150°C
Operating ambient teMPerature ...t st e sss e —55°C to +125°C
Vcce supply voltage with respect 10 ground ........c.ceveeiciinincin e —05Vto+7.0V
Input signal with respect to ground ... -30Vto+7.0V
Signal applied to high impedance OULPUL ...........cccrcerircerninirccr e secerer e sesneeseesrenesessnenens —-05Vto+7.0V
Output current it IoW OULPULS ......iiiei ittt s e s sb s s sra s s e sa s s saas 25 mA
LAECRUD CUITENE ...eiecetiieeceirtcee i sttt e e st et e e e e s pemesaes s st sa e e b b e bt s et et s s snsser st aasbn eaaninns > 200 mA

Temperature Range (Ambient) %y Voltage
Active Operation, Commercial 0°C to +70°C 45 Vcc <55V
Active Operation, Military -55°C to +125°C V<Vcc<B5V
Data Retention, Commercial 0°C to +70°C gV<Vcc<s5V
Data Retention, Military -55°C to +125°C 20V<Veccs55V

=3
\

- E . onditions (Ndle !

Symbol Parameter Test Cc:nditic:\\\\> Min | Typ | Max | Unit
VOH Output High Voltage IOH = ~1 &M\@@in 2.4 \
VoL Output Low Voltage loL=4.0 }ﬂ%\% = Min. 04 | V
VIH | Input High Voltage \%w 2.2 vee | V

/ 5 +0.3
ViL | Input Low Voltage \tle 5 3.0 08 | Vv
hix Input Current {{) Cm VIN<Vee -10 +10 | pA
loz | Output LeakageCurreqt | GND < Vour < Vco, Output Disabled ~10 +10 | pA
los | Output ShorfQupért ] Vout = GND, Voc = Max (Note 4) ~350 | mA
lccz | Voo Current, Standpy (Note 8) 50 | 250 | pA
Iccs Vcc Current, DR Mode Vce =3.0 V (Note 9) 30 | 50 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF
L7C183/184-

Symbol Parameter Test Condition 45 35 25 20 | Unit
Icc1 Vcc Current, Active r(Note 6) 170 | 220 | 300 | 370 | mA

SR Memory Products
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2 x 4K x 16 Cache-Data Static RAM

L7C183/184

L7C183/184-
45 35 25 20
Symbol Parameter Min | Max | Min | Max| Min | Max| Min | Max
tAVAV Read Cycle Time 45 35 25 20
tAvQv Address Valid to Output Valid, Ao—A11 (13, 14) 45 35 25 20
tavav Address Valid to Output Valid, A12 (13, 14) 35 25 17 12
taxax Address Change to Output Change 3 3 3 3
tLHav ALE High to Output Valid 45 35 25 20
tcLav Chip Enable Low to Output Valid (13, 15) 20 15 12 10
tBLQV Byte Enable Low to Output Valid (13, 15) 20 15 12 10
toLav Output Enable Low to Output Valid (13, 15, 20) 16 | 14 10 10
tcLaz Chip Enable Low to Output Low Z (20, 21) 3 \ 3 3 3
tBLaz | Byte Enable Low to Output Low Z (20, 21) 3 \\3 3 3
toLaz Output Enable Low to Output Low Z (20, 21) 0 0 0
tcHoz | Chip Enable High to Output High Z (20, 21) 7 DR 10 8 8
t8HGZ | Byte Enable High to Output High Z (20, 21) 12D 10 8 8
toHaz | Output Enable High to Output High Z (20, 21) NN 12 10 8 8
tHLL | ALE Pulse Width A\ M2 10 8 8
tAVLL | Address Valid to ALE Low \¢| 6 6 4 4
tax_ | ALE Low to Address Change 00\ 4 4 4 4
toLoH | OEA, OEB Overlap Time (20) AN o 0 0 0
tPu CE, BEx Low to Power Up (10, 19) N N 0 0 0 0
tPD Power Up to Power Down (10, 19) RN 45 35 25 20
tCHVL Chip Enable High to Output Retention (10)  { '\ Yo 0 0 0 0
N
Reap Creie 13
tLLax
ALE J‘ /
tavav
ADDRESS
N tAvav
DATA (< | PREYIoUS baFA vALID M DATA VALID
%% tAXOX ——=|
ReAp Cycie — ALE ConyroLien .. (Notes 13,14)
taviL
L . tuiay . .
ALE | A N *_'_
ADDRESS A2 el -
(L7C183) * 3‘(
0=
Ao—A12 §L7c184; tLHQV %
DATA PREVIOUS DATA VALID )K)(XX)Q(* DATA VALID
taxox |

DEVICES INCORPORATED
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K x 16 Cache-Data Static RAM

L7C183/184

6/1/90

2x4
Reap Cycie— CE. BEx ControLLep (Notes 13,15): ¢ ¢
taviL (\
f tLHLL tLLax
ALE ;l‘ X &L /
tavav S >
ADDRESS KA X
I tavav : "
— cLav, BLOV'——'<
CE, BEx ‘F = 7]
t t \V( tBHaZ
cLoz tBLaz
DATA HIGH IMPEDANCE L \) DATA VALID ‘
try ! 7 \QD |
lce &&\B *
A X
Reap Cycre — OF Controitep (Notesq8 15) N>~
Q/ LL tLLAX
ALE Sﬁ b /
/\L < j tLHLL —————]
ADDRESS P S 9‘L
B \/)\ % J e— tOLOH
OEa T
\{ fa——o toLov —= ~— totav
SEs = N towaz
le—toLoz ——i toHoz toHaz
DATA HIGH IMPEDANGE WAY A WAY B
Data Rerenion.
DATA RETENTION MODE
Veo 45V 45V s2V
o f=—tonv — tavay
5, BEx 222777777 \u - U RS SSSSSSSSSSY
————— Memory Products
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2 x 4K x 16 Cache-Data Static RAM

L7C183/184

L7C183/184-
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
tavew | 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
tovew | Data Valid to End of Write Cycle 15 10 10 8
tewox | End of Write Cycle to Data Change 0 \0 0 0
twHaz | Write Enable High to Output Low Z (20, 21) 0 ~—F @ 0 0
twiaz | Write Enable Low to Output High Z (20, 21) 12 | \J| 10 8 8
tLHLL ALE Pulse Width 42 ) N 10 8 8
tAVLL Address Valid to ALE Low L Y 6 4 4
tLLAX ALE Low Address Change AN 4 4 4

ALE A NN —
{ A\ \Q‘M
ADDRESS b 4 N NN\ — X
£ AVEW:
B R RRR R Ao ——— ARSI
e (AVBW AN J'7A TWLEW P tEWAX
tf S S
/‘\%}@ tDVEW ! WHQlZEWDX
DATA 10 LA AVARED S e ST, 4 S ¢
t e —
- AN = =

tavav

AULNCOO

— tavew tCLEW ,t BLEW —
oF, BEx 002020202¢. (XXX
tavaw i ! twLEW i tEWAX
WE ‘l\ i
tovew tEWDX
oaTato
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2 x 4K x 16 Cache-Data Static RAM

L7C183/184

[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 willbe clamped beginningat-0.6 V.
A currentin excess of 100 mA is required to
reach-2 V. Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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 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.

6. Tested with all address and data inputs
changing at the maximum cycle rate.
device is continuously enabled for wrik
ie, CECS<VIL, WE< VIL. Inpt @
levels are 0 to 3.0 V.

7. Tested with outputs opend
and data inputs changing at
read cycle rate. The device is co

disabled, i.e., CE,CS = VIH.

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

9. Data retention operation requires that
VCCneverdropbelow 2.0 V. CE,CS mustbe
2VCC-0.2V. For all other inputs VIN
2VCC-0.2V or VIN £0.2V 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
1.5V, output loading for specified IOL and

— - o ———
N memn me— i —
— - —— mm— —
S mn o ————
R Wy Gt ot S—
—— T ~m——— —

IOH plus 100 pF (Fig. 1a), and input pulse
levels of 0to 3.0 V (Fig. 2).

12. Each parameter isshown asa 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. 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,CS low).

15. All address lines are valid prior-to Y
CE,CS transition to low.

16. The internal write cycle of the
is defined by the overlap of C
WE low. Both signals must be Lt
ate a write. Either si

g high, the output remains in
ipfpedance state.

sult 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,C5
active).

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

The device automatically powers down
from ICC2 to ICC1 after trp 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

inFig. 1b. This parameterissampled and not
100% tested.

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

23. CE,CS or WE must be high during ad-
dress transitions.

24. This productisa 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 causea good part to be rejected as
faulty. Long high inductance leads that
pply bounce must be avoided by
the VCC and ground planes di-
to the contactor fingers. A 0.01 pF

and ground. To avoid signal
lions, proper terminations must be

R11000Q
+5V 0———-—~——-‘VW—L

OUTPUT o___I_—
I 100 pF SPR2

INCLUDING 667G
JIG AND 67
SCOPE

R11000Q
+5V O——————AW—

ouTPUT 0—1—0
INCLUDING 5 pF e
JIG AND 670
SCOPE

Froone 2.
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2 x 4K x 16 Cache-Data Static RAM

L7C183/184

48-pin vee [

z
—

As
A4
A3

At
Ao
GND
1100
1101
1102
1103
GND
/04
/05
/08
o7
vee
BEL
WEB
WEA
GND
GND

o O 8 e e O 8 o O o e 1 Y s O Y o o W o |

W N A WN =

10
1
12
13
14
15
16

18
19
20
21
22
23
24

48
47 A7
46
45
44
43
421 A2
411 CE
40
39
38
37
36
35
34
33

31
30

28
27
26
25

0
N
L N S S N I [ N N N |

Plastic DIP
(P5)

Sidebraze
Hermetic DIP (DS)

Ceramic Leadless
Chip Carrier(K9)

L7C183PC [ 45
35ns or -E 35
25ns L7C184PC L 25

L7Cc183DC 45
or -E 35
L7cis4DC L 25

N
e

L7C183KC [ 45
or -E 35
L7cis4kC L 25

45
L7C‘;I|§SDM I 38

L7C1840M \&

>

L7C183KM . 32
or
L7C184KM

L7C183KME { &2
or
L7C184KME

&
7C184DMB

45
83DMB
83DMB {355

L7C183KMB - 43
or 35
L7C184KMB

Memory Products
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2 x 4K x 16 Cache-Data Static RAM

L7C183/184

{ORDERING INFORMATION L
52-pin
—vamws_l'ﬂv\mc:?—:
CLCcCCL>ITLCCLL<L
juinininisinininisialisimial
/7654321 525150494847‘5
Ao s ® wpALR
GND 9 451 CE
GND 10 44 1 GND
V0o [ 11 43001015
V01 12 2011014
1102 13 411013
103 [ 14 Top sofvore
GND [} 15 View s3spGND
1104 416 38001
1/Os §17 37p /010
/06 [}18 36 {1 1109
1107 []19 35 V08
NC 20 34NC
21 22 23 24 25 26 27 28 29 30 31 32 33
m

S.JGJ(QQ(H!IL”

(&3
o O
>>}k|%g8%|§>>

Plastic J-Lead

Speed Chip Carrier (J5)
21 0°C 10 +70°C — COMMERCIAL SCREENING
45ns L7C183JC 45
35ns or 35
25ns L7C184JC
20/\

] 255°C 1o 4125°C ~— COMMERCIAL SCREENNG

25ns \VF
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64K x 1 Radiation-Hard Static RAM

L7CX187

!

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

0 0O 0O 00 000 O

Address Access Time:

<50 ns at 80°C

Total Dose: 2108 Rads (5i02)
Dose Rate Upset: 210° Rads (Si)/s
Dose Rate Survivability:

>10"2 Rads (Si)/s

Neutron Hardness: >101 N/cm?

SEU Immunity:

<1077 errors/bit-day at 90°C, 4.5V

SEU Immunity:

The L7CX187 Radiation-Hard CMOS
static RAM is a high-performance, low
power device fabricated in a 1.25 um
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 1 x 106 Rads (5iO2)
and retains data during exposure to
transient radiation of up to 1 x 10°
Rads (Si)/s. The single-event suscep-
tibility is less than 10~%errors/bit-day.

Operation is from a single +5 V power
supply and all interface signals are

<10 errors/bit-day at 25°C, 5.0V TTL compatible. Power consumption

Latchup-Free Operation within

Maximum Ratings

Package Styles Available:
® 24-pin Sidebraze, Hermetic DIP

is 225 mW (typical) at 50 ns. Dissipa-
tion drops to 3 mW (typical) when the
memory is deselected (CE is high).

>

|_.
[&]
8, w 256 x 256
1 % MEMORY
ROW Z ARRAY
ADDRESS 00:
— 11
CE
wE COLUMN SELECT
WE & COLUMN SENSE 0o

8
’}/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 Aothrough 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
actomplished 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.

DEVICES INCORPORATED
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64K x 1 Radiation-Hard Static RAM

L7CX187

Parameter Symbol

Min Max | Unit

Typ

Power Supply Vce

45| 50|55 | V

Ambient Temp. TA

Storage temperature . -65°C to +150°C
Operating ambient temperature .................... -55°C to +125°C
Vce supply voltage with respect to ground ... -0.3 V to +6.5 V
Voltage on any pin .......coeeeesccsnnssensnenens -3.0VtoVcc +0.3V
Output current into low oUtpULS ........ccceeimvmineniemensenanane 25 mA

Parameter Limits Test Conditions

Total Dose 2108 Rads (SiOz2) TA = 25°C, Vce = 5.5V; Co60 gamma cell
Dose Rate Upset 210° Rads (Si)/s Pulse Width < 1 us; TA=25°C, Vcc = 4.5V
Dose Rate Survivability | >10'2 Rads (Si)/s Pulse Width < 50 ns; TA=25°C, VcC = 5.0 V

Soft Error Rate (1)

<1077 errors/bit-day
<1070 errors/bit-day

TAa=90°C,Vcc =45V
TAa=25°C,Vcc =50V

Neutron

>10"* N/em?

TA =25°C, Unbiased

(1) Refer to Figs. 3 and 4.

0°C to +80°C
Symbol Parameter Test Condition Min Max Unit
VoH Output High Voltage IoH = -4.0 mA 24 24 \
VoL Output Low Voltage loL = 16.0 mA 0.4 0.4 \"
VIH Input High Voltage 24 | Vcc 2.4 Vce \"
+03 +03
ViL Input Low Voltage -3.0 | 08 -03 0.8 \
Iix Input Leakage Current +10 +20 HA
loz Output Leakage Current +10 +20 pA
los Output Short Current (Note 3) 25 25 mA
lcc1 Vce Current, Active Write Operation @ 20 MHz 60 70 mA
lcc2 | Vcc Current, TTL Inactive CE > 2.4V (Note 4) 5.0 80 [ mA
Iccs Vcce Current, CMOS Standby CE > Vcc — 0.3 V (Note 5) 1.0 1.0 mA
CiN Input Capacitance GND < VIN < Vce (Note 6) pF
Cout | Output Capacitance GND < Vour < Vec (Note 6) pF

Memory Products
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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
tRVAV Read Cycle Time (Address) 50 60
tavav Address Valid to Output Valid (Notes 9, 10) 50 60
tAxax Address Change to Data Hold (Notes 9, 10) 10 12
teLex Read Cycle Time (Chip Enable) 60 70
tcLav Chip Enable Low to Output Valid (Notes 9, 11) 60 70
tcHaz Chip Enable High to Output High Z 10 12
tcLaz Chip Enable Low to Output Low Z 10 12

-l

I tRvAV
ADDRESS * *
tavav
DATA OUT PREVIOUS DATA VALID M DATA VALID

e tAXQX —»|

— teex
CE 5(
tcLov | tonaz
tclaz
H IMPEDANCE HiG
DATA OUT HIGH IMPEL oA TA VAL D H IMPEDANCE
S5 "
DEVICES INCORPORATED emory Products
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L7CX187

64K x 1 Radiation-Hard Static RAM

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)
tavew 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
tewav End of Write Cycle to Data Valid 15 17
twLaz Write Enable Low to Output High Z (Notes 15, 16) 15 17
twHaz Wirite Enable High to Output Low Z (Notes 15, 16) 15 17
taveL Address Valid to Chip Enable Low 0 0
tcLex Write Time Cycle (Chip Enable) 60 (1)
toLwL 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. 3and 4.

twHaz—

TWVAY
ADDRESS *
TAVBW —fwe twiEw t BNAX}
WE N 7‘
| tDVEW. 1~ LtEWDX
DATAIN * DATA N VALID )k—
[—twLoZ l«—— tEWaV.

ADDRESS * D 4
. taveL — tolex
CE N A
touwL twHex
WE N A
toiwx +— tEWDX
DATA IN X DATA IN VALID *
twiLoz
DATA OUT HIGH IMPEDANCE HIGH IMPEDANCE
tcLox

-
——— S———
— e ——
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64K x 1 Radiation-Hard Static RAM

L7CX187

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. Duration of the output short dircuit
should not exceed 30 seconds.

4. Tested with outputsopen and alladdress
and data inputs changing at the maximum
read cydle rate. The device is continuously
disabled, i.e., CE 2 VIH.

5. Tested with outputs open and alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e,, CE = VCC. Input
levels are within 0.5 V of VCC 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
1.5V, output loading for specified IOL and
IOH plus 50 pF (Fig. 1a), 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, 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 CE transition to low.

12, The internal write cycle of the memo:
is defined by the overlap of CE low and
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 tothe signal thatfalls last or rises first.

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

14. If 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. 1b.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 productis 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 puF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

+5V O0———————— W

OUTPUT

INCLUDING
JIG AND
SCOPE

R1 10000

| 2 Rz
:I: 50 pF issm
=

+$5V O———— W

ouTPUT O—T———
Rz

R1 480 Q

INCLUDING 5pF
JIG AND

SCOPE

255Q
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64K x 1 Radiation-Hard Static RAM

L7CX187

107

107 |-

108 =

10°

1010

PETERSCN ERROR RATE FIGURE OF MERIT
(errors/bit-day)

101l

0 0.5 1.0 1.5 20

NORMALIZED MEAN CELL RESISTANCE
(measured at temperature = 25°C
and Vec = 5.0 V)

25

WRITE PULSE WIDTH (ns)

100

= Vec = 4.5V

-65°C
M—
w—
40 |-
20_
I I NN S VO SN DN B |
0 0.5 1.0 1.5 2.0 25

NORMALIZED MEAN CELL RESISTANCE
(measured at temperature = 25°C
and Vec = 6.0 V)

20

Atavav (ns)

-4.0 |
0.1 1.0 10

TOTAL DOSE [MRads (SiO3)]

8
@ 4+
a '
Zz
<
g
B 1.0 promrr——
[}
[T}
N
2 09}
=
[+4
o
z

08 -

0.1 1.0 10

TOTAL DOSE [MRads (Si02)]

Vcc =56V
Ta =25°C

AVIH(V)

-0.10 1
0.1 1.0 10

TOTAL DOSE [MRads (SI0,)]

AVIL(V)

0.02
0.01 Vec =44V
Ta =25°C
o =
=0.01 |-
-0.02 }-
—0.03 |-
|
0.1 1.0 10

TOTAL DOSE [MRads ($iO,)]
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64K x 1 Radiation-Hard Static RAM

L7CX187

24-pin
(0.6" wide)

Ao
NC
Al
A2
A3
A4
As
As
NC
DouT
WE -
GND

0 NG A WD =
n
o

@
| O N O N [ o

0
0
0
0
0
0
0
0
]
0
0
0

vee
A5
A1a
A13
A12
At
A10
A9
A8
A7
DIN
CE

Speed

Sidebraze
Hermetic DIP (D1)

50 ns

L7CX187HC50

50 ns

L7CX187HMS0

50 ns

L7CX187HMBS0
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256K x 1 Radiation-Hard Static RAM

L7CX197

O 256K x 1 Radiation-Hard Static

RAM with Separate 1/0, static RAM is a high-performance, low (unclocked) operation with matching
Chip Select Powerdown power device fabricatedina 1.25 um.  access and cycle times. An active-low
Address Access Time: bulk-CMOS r.adia?tion.-hard process. (;hip ?inable and a t}}ree-state output

<50 ns at 80°C The storage circuitry is organized as simplify the connection of several

Total Dose: 210% Rads (5iO2)
Dose Rate Upset: 210° Rads (Si)/s
Dose Rate Survivability:

>10'2 Rads (Si)/s

Neutron Hardness: >10"* N/cm?

SEU Immunity:

<107 errors/ bit-day at 90°C, 4.5V

SEU Immunity:

<10 errors/bit-day at 25°C, 5.0V
Latchup-Free Operation within

Maximum Ratings

The L7CX197 Radiation-Hard CMOS

262,144 words by 1 bit per word.

The L7CX197 performs at specification
after exposure to 1x 10® Rads (5i02)
and retains data during exposure to
transient radiation of up to 1 x 10°
Rads (Si)/s. The single-event suscep-
tibility is less than 10 %errors/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).

The L7CX197 provides asynchronous

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

0 0O 0O OO0 OO0 O

Package Styles Available:

i h tive-low CE
+ 24-pin Sidebraze, Hermetic DIP 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.

Vee  GND
— ]
y
[
(&)
w, || 1024 x 256
71 & ::> MEMORY
ROW 3 ARRAY
ADDRESS s}
_ ] 1
CE
o COLUMN SELECT
WE & COLUMN SENSE Do

8
/f/COLUMN ADDRESS

Memory Products
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256K x 1 Radiation-Hard Static RAM L7CX197

Parameter Symbol | Min | Typ | Max | Unit | | Storage temperature ............reeereeseesseesenes —65°C to +150°C
Power Supply vee 4515055 | Vv Operating ambient temperature .... ... =55°C to +125°C
Vcc supply voltage with respect to ground.... -0.3 Vto +6.5V
Ambient Temp. Ta 0 | 25|80 | °C | | Voltage 0n any Pin ......eeeesceeeseesmsssrsssnnees —3.0Vto Vcc +0.3V
Output current into low OULPULS .....cccvvermeerrcecmncccsenesnnee 25 mA

Test Conditions
TA = 25°C, V¢ = 5.5V; Co60 gamma cell
Pulse Width < 1 ps; TA=25°C, Vcc = 4.5V
Pulse Width < 50 ns; TA=25°C,Vcc =5.0V
TA=90°C,Vcc =45V
TAa=25°C,Vcc =50V
TA=25°C, Unbiased

Limits
210° Rads (SiO2)
210° Rads (Si)/s
>10'2 Rads (Si)/s
<1077 errors/bit-day
<1070 errors/bit-day
>10" N/em?

Parameter

Total Dose

Dose Rate Upset
Dose Rate Survivability
Soft Error Rate (1)

Neutron

(1) Refer to Figs. 3 and 4.

0°C to +80°C | —55°C to +125°C
Symbol Parameter Test Condition Min Max Min Max Unit
VoH Output High Voltage IOH = -4.0 mA 24 24 \
VoL Output Low Voltage loL = 16.0 mA 0.4 0.4 \'
VIH Input High Voltage 24 vce 24 vce v

+0.3 +0.3

ViL Input Low Voltage -30 | 08 -03 0.8 Vv
hix Input Leakage Current +10 +20 HA
loz Output Leakage Current +10 +20 HA
los Output Short Current (Note 3) 25 25 mA
Icct Vcc Current, Active Write Operation @ 20 MHz 60 70 mA
lcc2 | Vcc Current, TTL Inactive CE > 2.4 V (Note 4) 5.0 80 | mA
lcca Vcce Current, CMOS Standby CE > Vce ~ 0.3 V (Note 5) 1.0 1.0 mA
CIN Input Capacitance GND < VIN < Ve (Note 6) pF
Cout | Output Capacitance GND < VouTt < Vcc (Note 6) pF

Memory Products

LDS.X197-A
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256K x 1 Radiation-Hard Static RAM

L7CX197

L7CX197-50
0°C to +80°C | -55°C to +125°C
Symbol Parameter Min | Max| Min Max
tRVAV Read Cycle Time (Address) 50 60
tavav Address Valid to Output Valid (Notes 9, 10) 50 60
tAaxax Address Change to Data Hold (Notes 9, 10) 10 12
teLex Read Cycle Time (Chip Enable) 60 70
tcLav Chip Enable Low to Output Valid (Notes 9, 11) 60 70
tcHQZ Chip Enable High to Output High Z 10 12
tcLaz Chip Enable Low to Output Low Z 10 12

ADDRESS

X

tRvav *

tavav

DATA OUT

PREVIOUS DATA VALID

) 970-020.076

DATA VALID

fe———taxax —=]

DATA OUT

tetex

tclav

tclaz
HIGH IMPEDANCE

]
ttouoz
HIGH IMPEDANCE

DATA VALID P
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256K x 1 Radiation-Hard Static RAM

L7CX197

L7CX197-50
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 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 &f Write Cycle 40 (1)
tEWDX End of Write Cycle to Data Change 5 6
tEwav End of Write Cycle to Data Valid 15 17
twLaz 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
taveL Address Valid to Chip Enable Low 0 0
tcLex Write Time Cycle (Chip Enable) 60 (1
toLwL Chip Enable Low to Write Enable Low 0 o]
tWHCH Write Enable High to Chip Enable Low 5 6
toLwx Chip Enable Low to Write Enable High 45 (1)

(1) Refer to Figs. 3and 4.

} twvav
ADDRESS * }
TAVBW —{ twLEw tEWAX
WE T i
| tovew. - tEWDX
DATAIN * DATA IN VALID
—twLZ—] [e—— tEWaV.
twHaz—]

ADDRESS éle e
. taveoL — tolex
CE N +
tow twHeX
WE Nc i
toLwx 1— tEWDX
DATAIN X DATA IN VALID ¥
twioz
DATA OQUT HIGH IMPEDANCE HIGH IMPEDANCE
toLox {
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256K x 1 Radiation-Hard Static RAM

L7CX197

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. Duration of the output short dircuit
should not exceed 30 seconds.

4. Tested with outputs open and alladdress
and data inputs changing at the maximum
read cydle rate. The device is continuously
disabled, i.e., CE 2 VIH.

5. Tested with outputs openand alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e.,, CE = VCC. Input
levels are within 0.5 V of VCC or ground.

6. Theseparameters are guaranteed but not
100% tested.

7. Test conditions assume input transition
times of less than 5 ns, reference levels of
1.5V, output loading for specified IOL and
IOH plus 50 pF (Fig. 1a), 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.

9. WE is high for the read cydle.

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 memo
is defined by the overlap of CE low and
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 thatfalls last or rises first.

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

14. If 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. 1b. 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 productisa 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 yF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R110000
+5V O————wWAv—

OUTPUT

2 R;
INCLUDING 50 pF 670
JIG AND
SCOPE

R1 480 Q
45V O——————MA—

iZSSﬂ

OUTPUT

INCLUDING
JIG AND
SCOPE

|||—|
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256K x 1 Radiation-Hard Static RAM

L7CX197

10°¢

Veec =45V
107 |-

1078 |

10° |~

1071}

PETERSON ERROR RATE FIGURE OF MERIT
(errors/bit-day)

101 [ |

0 0.5 1.0 15 20

NORMALIZED MEAN CELL RESISTANCE
(measured at temperatute = 25°C
and Vec = 5.0 V)

25

WRITE PULSE WIDTH (ns)

100

- Vec =45V

-55°C
80 -
so f—
40 i~
20 -
IS S N U NN JURN S N |
/] 0.5 1.0 1.5 2.0 25

NORMALIZED MEAN CELL RESISTANCE
(measured at temperature = 25°C
and Vce = 5.0 V)

40

20~

Atavav (ns)

-4.0 L
0.1 1.0 10

TOTAL DOSE [MRads (Si0,)]

NORMALIZED ISTB1 AND ISTB2

0.8 1
0.1 1.0 10

TOTAL DOSE {MRads (Si02)]

0.02 0.02
or Veec =56V 0.01 Vec = 4.4V
Ta =25°C =
-0.02 |- o Th =250
£ 004 | £ o0t |
I = .
2 oos | 3 002 |
-0.08 |- -0.03 |-
-0.10 1 1
0.1 1.0 10 0.1 10 10
TOTAL DOSE [MRads (Si0;)] TOTAL DOSE [MRads (SiO,)]
¥~ %
= S SS===_
o s s e
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256K x 1 Rad

jation-Hard Static RAM

|

L7CX197

24-pin
(0.6" wide)

Ay
Ao []1 24 ] Ve
At ]2 23 [ A7
A2 13 22 [] A6
As [a 211 A5
A4 5 20] A4
A5 e 19 [1 A13
As []7 18 ] At2
A7 (|8 17 0 AN
As o 16 [J A0
bout [ 10 15 [] A9
WE -] 11 141 DN
GND [f 12 13 CE

Speed

Sidebraze

Hermetic DIP (D1)

50 ns

L7CX197HMS0

50 ns

L7CX197HMES0

50 ns

L7CX197HMB50
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FIFO Memory Products Package Availability Guide

Package Availability Code(®
No. SOIC SOJ Plastic Ceramic
Part No.(") Pins Plastic DIP CerDIP | (Gull-Wing) | (J-Lead) Lce Lcc
L8C200 28/32 P9, P10 Cc6 J6é K7
L8C201 28/32 P9, P10 Cé Jé K7
L.8C202 28/32 P9, P10 cé Jé K7
L8C203 28/32 P9, P10 cé Jé K7
L8C204 28/32 P9, P10 Cc6 Jé K7
L8C2011 32 P14 Jé K7
L8C2021 32 P14 Jé K7
L8C2031 32 P14 Jé K7
L8C2041 32 P14 Jé K7
LaC401 16/20 P12 Cc7 us J7 K8
L8C402 18/20 P12 cs u3 J7 K8
18C403 16/20 P12 c7 u3 J7 K8
L8C404 18/20 P12 (of:] us J7 K8
L8C413 20 P13 c2 us J7 K8
L8C408 28/32 P9, P10 Cce J4 K7
L8C409 28/32 P9, P10 (o] J4 K7

(1) See Section 1 — Ordering Information for assistance in constructing a valid part number.
(2) See Section 10 ~ Packaging for package dimensions.
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FIFO Memory Product Selection/Cross Reference

Speed (ns) Power (mW)
Part No.(" Description Com. Mil. Opr.  Standby Pins  Packages Available®®
L8C200 256 x 9-bit 15 20 495 200 28/32 DIP, PLCC,LCC
L8C201 512 x 9-bit 15 20 495 200 28/32 DIP, PLCC, LCC
L8C202 1K x 9-bit 15 20 495 200 28/32 DIP, PLCC, LCC
L8C203 2K x 9-bit 15 20 495 200 28/32 DIP, PLCC,LCC
1L.8C204 4K x 9-bit 15 20 495 200 28/32 DIP, PLCC, LCC
L8C2011 512 x 9-bit 15 20 495 200 32 DIP, PLCC,LCC
with Flags + OE
L8C2021 1K x 9-bit 15 20 495 200 32 DIP, PLCC, LCC
with Flags + OE
L8C2031 2K x 9-bit 15 20 495 200 32 DIP, PLCC, LCC
with Flags + OE
L8C2041 4K x 9-bit 15 20 495 200 32 DIP, PLCC,LCC
with Flags + OE
L8C401 64 x 4-bit 35MHz 25MHz 385 100 16/20 DIP, PLCC, LCC
without OE SOIC (Gull-Wing)
L8C402 64 x 5-bit 35MHz 25MHz 385 100 18/20 DIP, PLCC, LCC
without OE SOIC (Gull-Wing)
LaC403 64 x 4-bit 35MHz 25MHz 385 100 16/20 DIP, PLCC, LCC
with OE SOIC (Gull-Wing)
L8C404 64 x 5-bit 35MHz 25MHz 385 100 18/20 DIP, PLCC,LCC
with OE SOIC (Gull-Wing)
L8C413 64 x 5-bit 35MHz 25 MHz 385 100 20 DIP, PLCC, LCC
with Flags + OE SOIC (Gull-Wing)
L8C408 64 x 8-bit 35MHz 25 MHz 695 125 28 DIP, PLCC, LCC
with Flags + OE
L8C409 64 x 9-bit 35MHz 25MHz 695 125 28 DIP, PLCC, LCC
with Flags + OE
LOGIC DEVICES PART NUMBER
L8C200 L8C201 L8C202 L8C203 L8C204 L8C2011 L8C2021 L8C2031
Competitor (256 x 9) (512 x 9) (1K x 9) (2K x 9) (4K x 9) (512 x 9) (1Kx 9) (2K x 9)
DT IDT72008 IDT72018 IDT7202S8 IDT7203S IDT7204S iDT720118 IDT72021S IDT72031S
Cypress NA CY7C412 CY7C424 CY7C429 NA NA NA NA
Samsung NA KM75C01A KM75C02A KM75C03A NA NA NA NA
LOGIC DEVICES PART NUMBER
L8C2041 L8ca01 L8c402 L8c403 L8ca04 L8Ca13 L8c408 L8Ca09
Competitor (4K x 9) {64 x 4) (64 x 5) (64 x 4) (64 x 5) (64 x 5) (64 x 8) (64 x 9)
IDT IDT72041S IDT72401 IDT72402 IDT72403 IDT72404 IDT72413 NA NA
Cypress NA CY7C401A CY7C402A CY7C403A CY7C404A NA CY7C408A CY7C409A
Samsung NA NA NA NA NA NA NA NA

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number.
{2) See Section 10 — Packaging for package dimensions.
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256/512/1K/2K/4K x 9-bit
First-In/First-Out (FIFO)

L8C200/201
L8C202/203/204

| DESCRI

Q First-In/First Out (FIFO) using
Dual-Port Memory

[ High Speed — to15 ns Access Time

1 Asychronous and Simultaneous
Read and Write

Q Fully Expandable by both Word
Depth and/or Bit Width

3 Empty and Full Warning Flags

3 Auto Retransmit Capability

0 Plug Compatible with IDT720x,
Cypress CY7C4x, and Samsung
KM75C0x

O Package Styles Available:
¢ 28-pin Plastic DIP
e 28-pin CerDIP
¢ 32-pin Plastic LCC
¢ 32-pin Ceramic LCC

The L8C200, L8C201, L8C202, L8C203,
and L8C204 are dual-port First-In/
First-Out (FIFO) memories. The FIFO
memory products are organized as:

L8C200 - 256 x 9-bit

L8C201 - 512 x 9-bit

L8C202 - 1024 x 9-bit

L8C203 - 2048 x 9-bit

L8C204 - 4096 x 9-bit
Each memory utilizes a special
algorithm that loads and empties data
on a first-in/first-out basis. Full and
Empty flags are provided to prevent
data overflow and underflow. Thr
additional pins are also provided to
allow for unlimited expansion

word size and depth. DepfnEx
sion does not result in a flow>thxo
penalty. The parts are

with the data an K als in

DATA INPUTS N
Do-De
s EBZLINR /
2 D
WRITE
w CONTROL VL)
(J
AY
x 9-bit
A 5% 9-bit
1K x 9-bit READ
NTE [ 2K x 9-bit POINTER
AN, 4K x 9-bit y
Ll
.
LJ
256/512 (]
akrekak LITTTTTTT
THREE- . A
STATE
BUFFERS {} RESET [ S
LoGIC
DATA OUTPUTS FLRT
Qu—Ce [
- READ
»| coNTROL
| S
FLAG o
LOGIC o EFF
EXPANSION
NM—————3f lOGIC ¢ XOFF

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

data. The write operation occurs
when the Write (W) signal is LOW.
s when Read (R) goes
O nine data outputs go to the
impédance state when R is
A Retransmit (RT) capability
ows for reset of the read pointer
en RT is pulsed LOW, allowing for

Tetransmission of data 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 expansion
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.

FIFO Products
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204

Storage temperature . . —65°C to +150°C
Operating ambient toMPErature ... sesstsess s ssnssasssss —55°C to +125°C
Vcc supply voltage with respect to ground .-05Vto+7.0V
DC voltage applied to outputs in High Z Stato .......cecueiciniinenmnesissmsiiimimmosmemens -05Vto+7.0V
DC input vOltAge .......ccovviervceeremrncensetracseansecnnae . -30Vto+7.0V
POWET DISSIPALION .....coeveeetirreierenrrenrsssossmsisarerasesstssssssssismensssnsentsstssesstssssseans sosssssssassessnsssassssssassssssssrsnsassnsssasse 10W
Output current into low outputs

Latchup current..........cocovereiecenenee

PN N>
Mode Temperature Range (Am! prly Voltage (Vcc)
Active Operation, Commercial 0°C to +70°C, 5.0V 110%
Active Operation, Military -55°C to +1 25‘& 5.0 V+10%

Symbol Parameter Test Condition N Typ
VoH | Output High Voltage IoH = —2. an\W 24 v
VoL Output Low Voltage loL=8.0 mﬁ\\!@ Min. 04| V
VIH Input High Voltage é \/ 2.2 Vec | V

” +03

viL | InputLow Voltage 3\ INefe 31/’ -3.0 08 | V

hx Input Leakage Currﬁ&//l@/s VIN < Vce -10 +10 | pA
loz | Output Leakage 2mmani\ R 2 Vix, GND < Vour < Vco -10 +10 | pA
los | Output Short Ciyepf VouT = GND, Voc = Max (Note 4) -150 [ mA
lcc2 | Vce Current, Standbsy Al Inputs = VIH MIN (Note 7) 35 [ mA
Iccs | Vcc Current, Powerdown | All inputs = VccC (Note 13) 20 | mA
CIN Input Capacitance Ambient Temp = 25°C,VcC = 4.5V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 8) 7 pF

L8C200/201/202/203/204-

Symbol Parameter Test Condition (MHz)= | 15 20 25 35 50 | Unit
lcct Vce Current, Active Vce = Max., louT = 0 mA (Notes 5, 6) 100 | 100 | 90 | 90 | 80 | mA
Fs Shift Frequency 40 | 33 | 25 | 20 | 15 | MHz

DEVICES INCORPORATED FIFO Products
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L8C200/201/202/203/204

INPUTS
RESET (RS)

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 resetis
required after power up before a write operation can take
place. Both the Read enable (R) and Write enable (W)
inputs must be in the high state during the window shown
(i.e., tWHSH before the rising edge of RS) and should not
chang_unhl tSHWL after the rising edge of RS. Hall-Full
Flag (HF) will be reset to high after Reset (RS).

WRITE ENABLE (W)

A write cydle is initiated on the falling edge of this input if
the Full Flag (FF) is not set. Data setup and hold time
must be adhered to with respect to the rising edge of the
Write enable (W). Data is stored in the RAM array se-
quentially and independently of any on-going read
operation.

To prevent data overflow, the Full Flag (FF) will go low,
inhibiting further write operations. Upon the completion
of a valid read operation, the Full Flag (FF) will go high
after tRHFH, allowing a valid write to begm When the
FIFO is full, the internal write pointer is blocked from W,
so external changes in W will not affect the FIFO when it 1
full.

READ ENABLE (R)

A read cycleis initiated on the falling e edge of the R
enable (R) provided the Empty Flag (EF) i is
data is accessed on a First-In/First-Out
of any ongoing write operation. After
goes high, the Data Outputs (QO—QS)

impedance condition until the nextRes
all the data has been read from #

go high after tWHEH and a v
When the FIFO is empty, the internal read pointer is
blocked from R so external changes in R will not affect the
FIFO when it is empty.

FIRST LOAD/RETRANSMIT (FL/RT)

This is a dual-purpose input. In the Depth Expansion
Mode, this pin is grounded to indicate that it is the first
loaded (see Operating Modes). In the Single Device Mode,
this pin acts as the retransmit input. The Single Device
Mode is initiated by grounding the Expansion In (XI).

The FIFOs can be made to retransmit data when the Re-
transmit enable control (RT) input is pulsed low. A
retransmit operation will set the internal read pointer to
the first location and will not affect the write pointer.

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)

This input is a dual-purpose pin. Expansion In (XD is
grounded to indicate an operation in the single device
mode. Expansion In (X1) is connected to Expansion Out
(XO) of the previous device in the Depth Expansion or
Daisy Chain Mode.

DATA INPUTS (Do-Ds

data. Data has setup
d respect to the rising
edge of W.
OUTPUT
FULL ELA
will go low, inhibiting further write
ating that the device is full. If the read
not moved after Reset (RS), the Full Flag (FF)
after 256 writes for the L8C200, 512 writes for

1, 1024 wites for the L8C202, 2048 wites for the
, and 4096 writes for the L8C204.

PTY FLAG (EF)

The Empty Flag (EF) will go low, inhibiting further read
operations, when the read pointer is equal to the write
pointer, indicating that the device is empty.

EXPANSION OUT/HALF-FULL FLAG (XO/HF)

This is a dual-purpose output. In the Single Device Mode,
when Expansion In (XI) is grounded, this output acts as an
indication of a half-full memory.

After half of the memory is filled and at the falling edge of
the next write operation, the Half-Full Flag (HF) will be set
to low and will remain set until the difference between the
write pointer and read pointer is less than or equal to one
half of the total memory of the device. The Half-Full Flag
(HF) is then deasserted by the rising edge of the read op-
eration.

In the Depth Expansion Mode, Expansion In (X]) is
connected to Expansion Out (XO) of the previous device.
This output acts as a signal to the next device in the Daisy
Chain by providing a pulse to the next device when the
previous device reaches the last Jocation of memory.

DATA OUTPUTS (Qo-Qs)

Data outputs for 9-bit wide data. This dataisina high
impedance condition whenever Read enable (R)isina
high state or the device is empty.

FIFO Products
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256/512/1K/2K/4K x 9-bit FIFO

L8C200/201/202/203/204

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

Word width may be increased simply by connecting the
corresponding input control signals of multiple devices.
Status flags (EF, FF, and HF) can be detected from any one
device. Any word width can be attained by adding

additional FIFOs. Flag detection is accomplished by moni-

toring the FF, EF, and HF signals on either (any) device
used in the width expansion configuration. Do not
connect any output signals together.

DEPTH EXPANSION (DAISY CHAIN) MOD

The FIFOs can easily be adapted to applicati
requirements are for greater than the ny

a single device. Any depth can be attajnpd b
ditional FIFOs. The FIFOs operates in

sion configuration when the follo are met

1. The first device must be di ‘ounding the
First Load (FL) control i

2. All other devices m in'the high state.

3. The Expansion Out (XO)\piq of each device must be

tied to the Expansion In (XIY pin of the next device
with the last device connecting back to the first.

4. External logic is needed to generate a compos1te Full
Flag (FP) and Empty Flag (EF). This requires the
ORing of all EFs and ORing of all FFs (.., 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.

L~
—

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 apfropriate flag is monitored by
each system, i.e., FF is monjtored on the device when W is
EF evice when R is used). Both

v ode, the FIFO permits the reading of a
ter writing one word data into an empty
data is enabled on the bus in (#WHEH + tRLQV)

fl
k the rising edge of W, called the first write edge,

it remains on the bus until the R line is raised from

w-to-high, after which the bus would go into a three-
state mode after tAHQZ ns. The EF line would have a
pulse showing temporary de-assertion and then would be
asserted. In the interval of time that R is low, more words
can be written to the FIFO (the subsequent writes after the
first write edge will be de-assert the Empty Flag). How-
ever, the same word (written on the first write edge)
presented to the output bus as the read pointer, would not
be incremented when Ris 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 immediately 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.

FIFO Products
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204

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, 10) 15 10 10 10 8

tRLRH Read Low to End of Read Cycle (Notes 9, 10) 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 10) 65 45 35 30 25
twLwH | Write Low to Write High (Notes 9, 10) 50 35 \25 20 15
twHwL | Write High to End of Write Cycle (Notes 9, 10) 15 10 [ ~—_[\Y{0 10 8
tDVWH Data Valid to Write High (Notes 9, 10) 30 113~> 15 10
twHDX | Write High to Data Change (Notes 9, 10) 5 Ivd ) 0

tSLSH Reset Cycle Time (Notes 10, 11) 50 N351 \Jp 25 20 15
tSLWL Reset Low to Write Low (Notes 10, 11) 65 ('™~ 35 30 25
twHsH | Write High to Reset High (Notes 10, 11) 5 [\\ 135 |25 20 15
tRHSH | Read High to Reset High (Notes 10, 11) EN 35 25 20 15
tSHWL Reset High to Write Low (Notes 10, 11) 15 ) 10 10 10 8

tSLEL Reset Low to Empty Flag Low AL 45 35 30 25
tstiH | Reset Low to Half-Full Flag High N\ 65 45 35 30 25
tsLFH | Reset Low to Full Flag High AR 65 45 35 30 25

tALl tALRH————]
— [e— t RLQV t tRLOV—s]
R N al
tRLOZ tRHOV t+———tRHOZ
Qo—-Qs // ATA-OUT VALID DATA-OUT VALID
WLWL {
Q.w;\? tWHWL
U )] r—%L /
\/{ tDVWH + +— tWHDX

Do-Ds

“ |'< DATA-IN VALID q———< DATA-IN VALID >

tsLwL
tsisH
RS No - H
tWHSH tSHWL ——»|
W XXXXXX 4 X
tRHSH
R AXXX XXX i
tSLEL
EF
tSLHH, tSLFH

FIFO Products
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204

Symbol Parameter Min | Max | Min | Max | Min |Max | Min | Max | Min | Max
tRLQV Read Low to Output Valid 50 35 25 20 15
tRLEL Read Low to Empty Flag Low 45 30 25 20 15
tRHFH Read High to Full Flag High 45 30 25 25 25
tWHEH | Write High to Empty Flag High 45 30 25 25 25
tWLFL Write Low to Full Flag Low 45 30 25 20 15
tTLAL Retransmit Cycle Time 65 45 35 30 25
tTLTH Retransmit Low to End of Retransmit Cycle (Notes 9, 10, 11) 50 35 25 20 15
tAHTH Read/Write High to Retransmit High (Notes 9, 10, 11) 50 35 25 20 15
THAL Retransmit High to Read/Write Low (Note 10) 15 10 \10 10 8

o

N
LAST WRITE IGNORED FIRST READ ADE ALY ADDITIONAL
WRITE R > WRITES
R N
o — RN I
W 1 Va4 NN \__/"
t twirL L
FF <
N
AD
N
LAST READ IORED FIRST WRITE ADDITIONAL | FIRST READ
é %{D » WRITES
w VZ N/
R B \_/

tTLAL:

tTLTH

T NC —
tAHTH tTHAL-
WR XX XX XXX XK

FLAG VALID

—————— FIFO Products
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256/512/1K/2K/4K x 9-bit FIFO

L8C200/201/202/203/204

Symbol Parameter

tRHFH Read High to Full Flag High

tEHRH Read Pulse Width After Empty Flag High
tRHHH Read High to Half-Full Flag High

twHEH | Write High to Empty Flag High

tWLHL Write Low to Half-Full Flag Low

trHWH | Write Pulse Width After Full Flag High (Note 10)

gl

AN

NN

R N\ S
F AP E
WO NN N NN S NN NN RO N RN NN N NN NN N NN NN
YN
NN

HALF-FULFO%SS

R Y 4

MORE THAN
HALF-FULL

HALF-FULL OR LESS

|—m twqu(

<—tRHHHj
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204

18C200/201/202/203/204-
50 35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
tALOL Read/Write to Expansion Out Low (Note 12) 50 35 25 20 16
taHoH | Read/Mirite to Expansion Out High (Note 12) 50 35\ 25 20 15
tXLXH Expansion In Pulse Width (Notes 10, 12) 50 BN 20 15
txHxL | Expansion In High to Expansion In Low (Notes 10, 12) 10}/ D] [ 10 10 10
tALXL Read/Write Low to Expansion In Low (Notes 10, 12) 15 WV \y 10 10 10
WRITE TO \g
LAST PHYSICAL
w LOCATION READ FROM
LAST PHYSICAL

R LOCATION ,t—‘—
-taLoL -ALO) \ -taLoL -t AHoH
ML U

e NN { y

AL %vsncu

W \ \ LOCATION - READ FROM
! FIRST PHYSICAL
R LOCATION /
————— FIFO Products
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204

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
twHaz | Write High to Output Low Z (Notes 14, 15) 15 10 5 5 3
tRHFH Read High to Full Flag High 45 30 25 25 25
twiFL | Write Low to Full Flag Low 45 30 \\ 25 20 15
tFHWH | Write Pulse Width After Full Flag High 50 35 28 20 15
tovwH | Data Valid to Write High 30 46" )_\ 157] 15 10
twHDX | Write High to Data Change 5 N% 0 0 0

PATAI X (SN,
QDN
] N
tEHRH ]
N Whor tRLEL
tWHFH - tALav
DATA OUT L2 % ya DATA-OUT VALID )

i & T
—_ TFHWH
IZANNNNNNNNNNAN 7

_ fe— tRHFH —=te——twiFL
FF i

tovwH tWHDX
DATA IN DATAINVALID

+—~ tRLQV
DATA OUT KK _omoorvms KR
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256/512/1K/2K/4K x 9-bit FIFO

L8C200/201/202/203/204

FULL

X0 R
=l
9 | EF ~| 9
7 > L8C20x 7/ >a
L4 _F_[ ¥
> < Vee
XA
X0
| —> < »
FE -
9, EF
/% L8C20x
. T
Tk /<9
X0 \\
= - >
p

~\~° m
\ \/
-
(o]
(9}
N
o
N
o
7 T

EMPTY

INTERNAL STATUS

(
MODE R N Read Pointer Write Pointer EF | FF | AF
Reset %( " 0 Location Zero Location Zero 0 1 1
Retransmit <> (o] Location Zero Unchanged X X X
Read/Write 1 0 Increment Increment X X X

S
INPUTS INTERNAL STATUS
MODE RS | AT | XI Read Pointer Write Pointer EF FF
Reset First Device 0 o {1 Location Zero Location Zero 0 1
Reset All Others 0 1 | (1) | Location Zero Disabled Location Zero Disabled 0 1
Read/Write 1 (@ 1) X X X X
(1) See Depth Expansion Block Diagram above.
(2) Unchanged.
= FIFO Products
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256/512/1K/2K/4K x 9-bit FIFO

L.8C200/201/202/203/204

i

1. Maximum Ratings indicatestress 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 willbe 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 -3V
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. Ata VCC
of +5.0 V, an ambient temperature of +25°C
and with nominal manufacturing param
ters, the operating supply currents wj
approximately 3/4 or less of the m:
values shown.

wrtie cyclerate. The device is najther full or

empty for the test.

7. Tested with outputs open in the worst
static input control signal combination (i.e.,
W, R, XI, FL, and RS).

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

9. Test conditions assume input transition
times of 5 ns orless, referencelevelsof 1.5V,
output loading for specified IOL and IOH
plus 30 pF (Fig. 1a),and input pulselevels of
0t03.0V (Fig. 2).

10. Each parameteris shown asa minimum
or maximum value. Input requirements are

specified from the point of view of the exter-
nal system driving the chip. For example,
RIRH 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, forexample,
is specified as a maximum since worst-case
operation of any device always provides

R1 1.1K
+5V O——————AMN—

ouTPUT ]
| > R
INCLUDING I 30 pF iwm

JIG AND

SCOPE

data within that time.

A
AL

11. When cascadingdevices, the reset pulse

width must be increased to equal tsisn

Ri 11K

tSLHH.

5V 00— AWW—
12. It is not recommended that

. OUTPUT b
vices and other vendor parts be b
p
> R

INCLUDING == 5 PF 800

JIG AND

SCOPE

)

disable time is less than
t me for any given device,

ition is measured +200 mV from

tate voltage with specified loading
. 1b. This parameterissampled and not
% tested.

16. This productis 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 uF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.
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256/512/1K/2K/4K x 9-bit FIFO

L8C200/201/202/203/204

28-pin
(0.3" wide)
— \J
w1 28]
Ds[2 27(0
Dss 2]
D24 2501
D1ES 241
DoJe 23]
xiz 2200
FFls 21
s 20[0
ar 1o 19
a1 18[
as 1z 170
0
N

& 0
ie]

EEREERER
2
3

212282373
3

28-pin

(0.6" wide)

w
Ds
D3
D2
D1
Do
X
=
Qo
e}
Q2
Q3
Qs
GND

0
0
0

W NG WD =

©0

10
11
12
013
014

ot o O o o O s 3 s o e

vee
D4
Ds
D6
D7
FURT

XO/HF

N
N

| J [ D [ [ N N [ [ sy
Y
w

Plastic DIP
Speed (P10)

Plastic

DIP

(P9)

Plastic Leaded
Chip Carrier (J6)

Ceramic Leadless
Chip Carrier (K7)

50 ns| L8C200PC 50
3sns | LsC201PG L o5
25 ns| L8C2

2o ne| [8G20aPC [ 2

or
15ns| | gcopapc 15

" L8C200NC

L8C201NC
L.8C202NC
L8C203NC

or
L8C204NC

L8C200CC
L8C201CC
L8C202CC
L8C203CC

or
L8C204CC

L8C2080JC
L8C2(4JC
JC

or
[o

50
35
25

15

L8C200KC - 50
L8C201KC +- 35
L8C202KC | 25
L8C203KC | 29
o 15
L8C204KC

50 ns
35ns
25ns
20 ns
15 ns

L8C200KM [~ 50
L8C201KM + 35
L8C202KM |- 25
L8C203KM L 29
or
L8C204KM

50 ns
35ns
25ns
20 ns
15ns

L8C200KME ‘E 50

L8C201KME
L.8C202KME
L8C203KME

or
L8C204KME

35
25
20

50 ns L8C200CMB 50 L8C200KMB [ 50
35ns L8C201CMB + 35 L8C201KMB - 35
25ns L8C202CMB |- 25 L8C202KMB |- 25
20 ns L8C203CMB L o9 L8C203KMB L 20
15ns or or
L8C204CMB L8C204KMB
FIFO Products
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512/1K/2K/4K x 9-bit
First-In/First-Out (FIFO) with Flags + OE

L8C2011/2021
L8C2031/2041

Q First-In/First Out (FIFO) using
Dual-Port Memory
Q High Speed — to15 ns Access Time

Q Asychronous and Simultaneous
Read and Write

O Fully Expandable by both Word
Depth and/or Bit Width

O Empty and Full Warning Flags

3 Independent Output Enable
Control Pin OE

0 Almost Full or Empty Flag
O Auto Retransmit Capability
0 Plug Compatible with IDT720xx

[ Package Styles Available:
¢ 32-pin Plastic DIP
¢ 32-pin Plastic LCC
e 32-pin Ceramic LCC

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
Each memory utilizes a special
algorithm that loads and empties data
on a first-in/first-out basis. Full and
Empty flags are provided to prevent
data overflow and underflow. Threg
additional pins are also provided td
allow for unlimited expansion §
word size and depth. Depth E
sion does not result in a fls@xthr
penalty. The parts are hooke

with the data and c§ i

2
WRITE
w > coNTROL /
4 /
WRITE L ReaD
PO) b R xomr N PoiNTER

.

L]

L]

211K 0 [e)4
oxak LLIITTTTT
THREE- .
STATE
BUFFERS {} ReseT [ P8
LoGIC
DATA OUTPUTS h«— FLART
Qo-Ce A
- READ
CONTROL
|
FLAG [< ~» FF
LoGIC >
+ L» eF
EXPANSION |

X ———p LOGIC | YOMP

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
data. e write operation occurs
when the Write (W) signal is LOW.

s when Read (R) goes LOW
t Enable (OE) is LOW. The
ne data Butputs go to the high im-
hw e state when R is HIGH or the
QE is HIGH. A Retransmit (RT) capa-

bitity allows for reset of the read
pointer when RT is pulsed LOW,
allowing for retransmission of data _
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, 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.

FIFO Products
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

Operating ambient temperature
Vce supply voltage with respect to ground ...........coneicisescsessesiasessnsnines

Storage temperature..................

...........................................................................

—65°C to +150°C
-55°C to +125°C
«.—05Vto+70V

DC voltage applied to outputs in High Z state .. -05Vto+7.0V
DC input VOIAGE ...ccceeireecveniricncssnsnnsnnssessnsenssesssisesessenssnsses —30Vto+7.0V
POWET DISSIPALION ...cueiieiinresierireiierisseesiessesssstsssnsssssssassssssnsanssnsensssessrssnssssasoressassnsssssns saasssss ssssssssassassosssssasesansas 1.0W
Output current into low outputs ...
LatchUp CUITENE ...ttt st sss s sstsss s sns s sassassnssnssnens :

“Mode

Active Operation, Commercial
Active Operation, Military

Temperature RanQe (Am

0°C to +70°CG,
—-55°C to +1 25°<K\

upply Voltage (Vcc)

5.0V +10%
5.0 V110%

Symbol Parameter Test Cond Itlo/n\ \\% Min | Typ | Max | Unit
VoH Output High Voltage IoH = -2 @\W 2.4 Vv
VoL Output Low Voltage loL = 8.0 mA \VQ& Min. 04 | V
VIH | Input High Voltage / \/ 2.2 vee | v

ﬂ +0.3

ViL Input Low Voltage /\\\h\@ W -3.0 08 | V

hx Input Leakage Curre{t</ <VINSVce -10 +10 | pA
loz | Output Leakage/Buryanh\, R 2 Vis, GND < Vour < Vcc -10 +10 | pA
los | Output Short CoRet VouT = GND, VCC = Max (Note 4) -150 | mA
lcc2 | Vcc Current, Standby All Inputs = VIH MIN (Notes 7, 17) 35 | mA
lcca | Vcc Current, Powerdown | All Inputs = VcC (Note 13) 20 | mA
CIN Input Capacitance Ambient Temp = 25°C, Vcc = 4.5V 5 pF
CouTt | Output Capacitance Test Frequency = 1 MHz (Note 8) pF

L8C2011/2021/2031/2041-

Symbol Parameter Test Condition 50 35 25 20 15 | Unit
Icc1 Vcce Current, Active Vce = Max., louT = 0 mA (Notes 5,6,17) 80 | 90 | 90 | 100 | 100 | mA
Fs Shift Frequency 15| 20 | 25 | 33 | 40 | MHz

DEVICES INCORPORATED
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

INPUTS
RESET (RS)

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 resetis
required after power up before a write operation can take
place. Both the Read enable (R) and Write enable (W)
inputs must be in the hlgh state during the window shown
(i.e., tWHSH before the rising edge of RS) and should not
change until tSHWL after the rising edge of RS. Hall-Full
Flag (HF) will be reset to high after Reset RS).

WRITE ENABLE (W)

A wrrite cycle is initiated 'on the falling edge of this input if
the Full Flag (FF) is not set. Data setup and hold time
must be adhered to with respect to the rising edge of the
Write enable (W). Data is stored in the RAM array se-
quentially and independently of any on-going read
operation.

To prevent data overflow, the Full Flag (FF) will go low,
inhibiting further write operations. Upon the completion
of a valid read operation, the Full Flag (FF) will go high
after tRHFH, allowing a valid write to begm When the
FIFO is full, the internal write pointer is blocked from W,
so external changes in W will not affect the FIFO when it
is full.

OUTPUT ENABLE (OE)

The data outputs Qo0—Q8 are enabled when OE is low.
Once enabled, the outputs behave according to the condi-
tion of R and EF. When the OE is high, the outputs Qo-Qs
go to the high 1mpedance state regardless of the value of R
and EF. The OE pin only inhibits the output buffers. It
does not inhibit incrementing of the read pointer, there-
fore, it is possible to move the read pointer and have the
Qo0-Q8 bus remain tristated.

READ ENABLE (R)

A read cycle is initiated on the falling ec edge of the Read
enable (R) provided the Empty Flag (EF) is notset. The
data is accessed on a First-In/First-Out basis, independent
of any ongoing write operation. After Read enable (R)
goes high, the Data Outputs (Q0-Q8) will return to a high
impedance condition until the next Read operation. When
all the data has been read from the FIFO, the Empty Flag
(EF) will go low, allowing the “final” read cycle but
mhlbltmg further read operations with the data outputs
remaining in a high impedance state. Once a valid write
operating has been accomplished, the Empty Flag (EF) will
go high after tWHEH and a valid read can then begm
When the FIFO is empty, the internal read pointer is
blocked from R so external changes in R will not affect the
FIFO when it is empty.

FIRST LOAD/RETRANSMIT (FL/RT)

This is a dual-purpose input. In the Depth Expansion
Mode, this pin is grounded to indicate that it is the first

loaded (see Operating Modes). In the Single Device Mode,
this pin acts as the retransmit input. The Single Device
Mode is initiated by grounding the Expansion In (X).

The FIFOs can be made to retransmit data when the Re-
transmit enable control (RT) input is pulsed low. A
retransmit operation will set the internal read pointer to
the first location and will not affect the write pomter
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 HP), 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)

Tlids input is a dual-purpose pin. Expanswn In (XD is
grounded to indicate an operation in the single device
mode. Expanswn In (XI) is connected to Expansion Out
(XO) of the previous device in the Depth Expansion or
Daisy Chain Mode.

DATA INPUTS (Do-Ds)

Data input signals for 9-bit wide data. Data has setup
and hold time requirements with respect to the rising
edge of W.

OUTPUTS

FULL FLAG (FF)

The Full Flag (FF) will go low, inhibiting further write
operation, indicating that the device is full. If the read
pointer is not moved after Reset (RS), the Full Flag (FF)
will go low after 512 writes for the L8C2011, 1024 wites for
the L8C2021, 2048 wites for the L8C2031, and 4096 writes
for the L8C2041.

EMPTY FLAG (EF)

The Empty Flag (EF) will go low, inhibiting further read
operations, when the read pointer is equal to the write
pointer, indicating that the device is empty.

EXPANSION OUT/HALF-FULL FLAG (XO/HF)

This is a dual-purpose output. In the Single Device Mode,
when Expansion In (XI) is grounded, this output acts as an
indication of a half-full memory.

After half of the memory is filled and at the falling edge of
the next write operation, the Half-Full Flag (HF) will be set
to low and will remain set until the difference between the
write pointer and read pointer is less than or equal to one
half of the total memory of the device. The Half-Full Flag
(HF) is then deasserted by the rising edge of the read op-
eration.

In the Depth Expansion Mode, Expansion In (X) is
connected to Expansion Out (XO) of the prevmus device.
This output acts as a signal to the next device in the Daisy
Chain by providing a pulse to the next device when the
previous device reaches the last location of memory.

FIFO Products
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

ALMOST-EMPTY/ALMOST-FULL FLAG (AEF)
The AEF signal indicates that the FIFO is between Empty
and 1/8 Full or between 7/8 Full and Full. The distinsta-
tion between Almost-Empty and Almost-Full can be made
by using AEF in conjunction with HF. The AEF signal is
primarily designed for use in standalone applications.
DATA OUTPUTS (Qo-Qs)
Data outputs for 9-bit wide data. This data is in a high
impedance condition whenever Read enable (R) is high,

is high, or the device is empty.

NUMBER OF WORDS IN FIFO
512 1K 2K 4K | FF|AEF|HF|EF
0 0 0 ] H| L |H|L
163 | 1-127 | 1-255 1511 |H| L |H|H
64-128 | 128-512 | 256-1024 | 5122048 | H| H |H | H
129-448| 513-896 |1025-1792 | 2049-3584 H| H | L | H
449-511|897-1023|1793-2047 | 3585-4005| H| L | L [ H
512 | 1024 2048 4006 | L| L [L|H

ff

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 lg_w output, is
the active function of the combination pin XO/HF.

WIDTH EXPANSION MODE

Word width may be increased simply by connecting the
corresponding input control signals of multiple devices.
Status flags (AEF, EF, FF, and HF) can be detected fr:
any one device. Any word width can be attained

adding additional FIFOs. Flag detection is accompl

by monitoring the AEF, FF, EF, and HF signals.on eithe

(any) device used in the width expansion$dnfigtcatiof
Do not connect any output signals to,

DEPTH EXPANSION (DAISY |

The FIFOs can easily be adapt: johs where the
requirements are for great number of words in
asingle device. Any de attqined by adding ad-
ditional FIFOs. The FIFOs ates in the Depth Expan-
sion configuration when the wing conditions are met:

1. The first device must be designated by grounding the
First Load (FL) control input.

2. All other devices must have FL in the high state.

3. The Expansion Out (XO) pin 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. Externallogic is needed to generate a composite Full
Flag (FF) and 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.

BIDIRECTIONAL MOD

ta buffering between two
Read and Write opera-
ing FIFOs. Care must be

e appropriate flag is monitored by
onitored on the device when W is

es of flow-through modes are permitted: aread
-through and write flow-through mode. For the read
ow-through mode, the FIFO permits the reading of a
single word after writing one word data into an empty
FIFO. The data is enabled on the bus in ({(WHEH + tRLQV)
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
low-to-high, after which the bus would go into a three-
state mode after tRHQZ ns. The EF line would have a pulse
showing temporary de-assertion and then would be
asserted. In the interval of time that R is low, more words
can be written to the FIFO (the subsequent writes after the
first write edge will be de-assert the Empty Flag). How-
ever, the same word (written on the first write edge)
presented to the output bus as the read pointer, would not
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 immediately 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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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

l

L8C2011/2021/2031/2041-
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
trLav Read Low to Output Valid (Access Time) 50 35 25 20 15
tRHRL Read High to Read Low (Notes 9, 10) 15 10 10 10 8

tRLRH Read Low to End of Read Cycle (Notes 9, 10) 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
twiwL | Write Cycle Time (Note 10) 65 45 35 30 25
twLwH | Write Low to Write High (Notes 9, 10) 50 35 h 25 20 15
twHwL | Write High to End of Write Cycle (Notes 9, 10) 15 10 \10 10 8
tovwH | Data Valid to Write High (Notes 9, 10) 30 18 Jc—\Y5 15 10
twHDX | Write High to Data Change (Notes 9, 10) 5 AN 0 0

tstsH | Reset Cycle Time (Notes 10, 11) 50 '35 )] 25 20 15
tstwL Reset Low to Write Low (Notes 10, 11) 65 Y 35 30 25
tWHSH Write High to Reset High (Notes 10, 11) 50 < ~ 35 25 20 15
tRHSH Read High to Reset High (Notes 10, 11) 80 \\/'/Bb " 25 20 15
tSHWL Reset High to Write Low (Notes 10, 11) =N\ 10 10 10 8

tsLEL | Reset Low to Empty Flag Low SR 45 35 30 25
tsLtHH | Reset Low to Half-Full Flag High N 5 45 35 30 25
tstFH | Reset Low to Full Flag High N ol 65 45 35 30 25
tsLAL | Reset Low to Almost Empty/Full Flag Low AN P | 65 45 35 30 25

tsuwe
tSLsSH
N 7!
twhsH tSHWL —|
74
XXX X XXX —
tRHSH
KX XX XXX i
SLEL, tSLAL
XXXAHKXXX 5
tSLHH, tSLFH
(XA X XX XXX XXX XK KX XX XXX
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

L8C2011/2021/2031/2041-
50 35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min |Max | Min | Max | Min | Max
tRLQV Read Low to Output Valid 50 35 25 20 15
tRLEL Read Low to Empty Flag Low 45 30 25 20 15
tRHFH Read High to Full Flag High 45 30 25 25 25
tWHEH | Write High to Empty Flag High 45 30 25 25 25
tWLFL Write Low to Full Flag Low 45 30 25 20 15
tTLAL Retransmit Cycle Time 65 45 35 30 25
tTLTH Retransmit Low to End of Retransmit Cycle (Notes 10, 11) 50 35 25 20 15
tAHTH Read/Write High to Retransmit High (Notes 9, 10, 11) 50 35 25 20 15
tTHAL | Retransmit High to Read/Write Low (Note 10) 15 10 \10 10 8

A

twLFL

LAST WRITE IGNORED FIRST READ ADDITIONAL
WRITE > WRITES
R
w /SN ]

ADDITIONAL
WRITES

FIRST READ

gl

o

)

N

tTLAL

tTLTH

tAHTH

FLAG VALID
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512/1K/2K/4K x 9-bit FIFO with Flags + OE L8C2011/2021/2031/2041

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 | Wirite High to Empty Flag High 45 30 25 25 25
tWLHL Wiite Low to Half-Full Flag Low 65 45 35 30 25
tRHHH Read High to Half-Full Flag High 65 45 35 30 25
tFHWH | Write Pulse Width After Full Flag High (Note 10) 50 35 25 20 15

tRHTA | Read High to Transitioning AEF <z5H\ | 35 30 25
tWLTA | Write Low to Transitioning AEF NERNES 30 25

i
i

A

Tl

N\ [a— t EHRH
SUOSOSONNSN NN NSNS NSONNONNNONNNNSONNNN N ;{‘
RN
AN Y

" N\ ﬂ\ 2
. A

tFHWH
W ANNNN NN ANCNSANKNNNNNNNANNNNNNNN E— ;l‘

R \\ . i
HALF-FULL (172) tWLHL ~———— tRHHH HALF-FULL (172)
HF HALF-FULL + 1
(7/8 FULLY (7/8 FULL)

_ Fe— t RHTA
AEF ALMOST-FULL (7/8 FULL + 1)

le— tWLTA
AEF  ALMOST-EMPTY (1/8 FULL - 1) (158 FULD

ALMOST-EMPTY (18 FULL - 1)
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

L8C2011/2021/2031/2041-
50 35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
tAaLoL Read/Write to Expansion Out Low (Note 12) 50 35 \ 25 20 15
taHoH | Read/Write to Expansion Out High (Note 12) 50 35\\ |25 20 15
tXIxH | Expansion In Pulse Width (Notes 10, 12) 50 FANERRN 20 15
XHXL Expansion In High to Expansion In Low (Notes 10, 12) 10}/ D] [ 10 10 10
tALXL Read/Write Low to Expansion In Low (Notes 10, 12) 15 NS P10 10 10
toHaz | Output Enable High to Output High Z (Disable) 0 [(25. 17 0|12 o] 10| O] 10
toLaz | Output Enable Low to Output Low Z (Enable) 0 [\ 17] ol 12] o[ 10 o] 10
toLav | Output Enable Low to Output Valid (Qo—Qs) 30 20 15 10 10

WRITE TO
LAST PHYSICAL
W LOCATION
R
—taLoL
b(e TN

\\)

READ FROM

LAST PHYSICAL
a—ﬂt—— LOCATION
-t AHoR, ) 3 -taLoL

t(

N

TXHXL

Xi N N /
WARITE TO
tau FIRST PHYSICAL
o\ LOCA / (
- TION . READ FROM
ALXL: FIRST PHYSICAL
. H LOCATION

—

OE

Qo-Qs

} ttOHQZ—j

toLav

DATA-OUT VALID

Il
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

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
twHaz | Write High to Output Low Z (Notes 14, 15) 15 10 5 5 3
tRHFH Read High to Full Flag High 45 30 \ 25 25 25
tWLFL | Write Low to Full Flag Low 45 30 \\ 25 20 15
tFHWH | Write Pulse Width After Full Flag High 50 35 F2] 20 15
tovwH | Data Valid to Write High 30 Z AN 15 10
twHDX | Write High to Data Change 5 2N\ 0 0 0
2
QN
DATAIN X \NANY
_
W ?‘%&
]
R AN N tEHRH ———o
Y tRLEL
EF %\\ ) -,
EN - tRLQV
DATA OUT v% DATA-OUT VALID S—
% — » —

R <>
_ tFHWH —
W 7
_ fo—- tRHFH —]———twirL
FF
tDVwH twHDX
DATAIN DATA-IN VALID
f trLOov
TE —_ —

. T ~m——
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

FULL

X0 A
w FF > :
o | EF Ll s,
0 7/ > L8C20xx 7 > Q
L4 L4
» FL
» < Vee
XT A
X0
> < =i EMPTY
< 8 = >y EMPTY
\< 9 EF -~
/ L8C20xx
LA fL
" ;1%
X A
— %
X0 9
— > <
] =3 Y*\>>
9, R\
7 lLscz0 N
L4 " '\)
RS >

)E)

IN 9% INTERNAL STATUS OUTUPUTS
MODE RS <R_}’) \X.\l\/ Read Pointer Write Pointer EF | FF | HF | AEF
Reset /\ \& 0 Location Zero Location Zero 0 1 1 0
Retransmit o] 0 Location Zero Unchanged X X X X
Read/Write \ 1 0 Increment Increment X X X X

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 1 0
Reset All Others 0 1 | (1) | Location Zero Disabled Location Zero Disabled 0 1 0
Read/Write 1 1@ | () X X X X X

(1) See Depth Expansion Block Diagram above.

(2) Unchanged.
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L8C2011/2021/2031/2041

1. Maximum Ratingsindicate 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
inorderto avoid exposure to excessive elec-
trical stress values.

3. This product provides hard clamping of
transient undershoot. Input levels below
ground willbe 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 -3V
subject only to power dissipation and bond
wire fusing constraints.

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

of +5.0 V, an ambient temperature Q
and with nominal manufacturing
ters, the operating supply e
approximately 3/4 or less o
values shown.

6. Tested with outputs open anddata in-
puts changing at the specified read and
wrtie cyclerate. The device is neither full or
empty for the test.

7. Tested with outputs open in the worst
static input 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 orless, referencelevelsof 1.5 V,
output loading for specified IOL and IOH
plus 30 pF (Fig. 1a),and input pulselevels of
0t0 3.0V (Fig.2).

10. Each parameterisshownasa minimum
or maximum value. Input requirements are
specified from the point of view of the exter-
nal system driving the chip. For example,
trRLRH 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 provide, <
data within that time. < )
11. When cascadingdevices, the ulsd\ {LICH
width must be increased to equa
P , R1 1.1K
+5V O——— MWW
12. It is not recommended that e-
- OUTPUT 3
vices and other vend ed
together. The paris ar i >
£ b INCLUDING == 5 PF v
JIG AND
SCOPE

15, Transition is measured +200 mV from
steady state voltage with specified loading
in Fig. 1b. This parameterissampled and not
100% tested.

16. This productis 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 uF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

Rt 1.1K
+5V

OUTPUT

> Rz

NCLUDING 30 pF
IG AND 6800
OPE

17. Both power and ground pins must be
hooked up externally. The pads are not
connected together on the die or package. If
only one is connected, the device will not
work! Pins 17 and 32 are the /O GND and
internal ground respectively.
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512/1K/2K/4K x 9-bit FIFO with Flags + OE

L8C2011/2021/2031/2041

32-pin
(0.6" wide)

vce

[
[
i
0
[
0
[
x [
[
[
[
0
[
0
[
0

AEF

NGO A WD =

ODDO<
\:mmbg

c
T
3

Q3

& 3 0
<
I
-

x

N N N [ O

G)IYIO(E,')OOX

Z
o

32-pin

D2
D1
Do
X
AEF D9
FE
Qo
e}
Q2

Plastic DIP
Speed (P14)

Plastic Leaded
Chip Carrier (J6)

Ceramic Leadless
Chip Carrier (K7)

10:+70

50 ns

35ns L8C2021PC 35
25ns L8C2031PC [ 25
20 ns or 20
15ns L8C2041PC 15

L8C2011PC 50

L8C2011KC 50
L8C2021KC + 35
L8C2031KC | 25

or 20
L8C2041KC L 15

L8C2011KM 50
L8C2021KM —+ 35
L8C2031KM [ 25

or
L8C2041KM

L8C2011KME - 50
L8C2021KME + 35
L8C2031KME |- 25

or
L8C2041KME 20

L8C2011KMB - 50
L8C2021KMB -1- 35
L8C2031KMB |- 25
or
L8C2041KMB
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64 x 4-bit FIFO

L8C401/403

64 x 5-bit FIFO

L8C402/404

Q First-In/First Out (FIFO) using
Dual-Port Memory
O Maximum Shift Rate — 50 MHz
Q Asychronous and Simultaneous
Read and Write
O Fully Expandable by both Word
Depth and/or Bit Width
QO Fast Bubble-Through Time - 16 ns
0 Output Enable Available on
L8C403 and L8C404
0 Plug Compatible with IDT7240x,
Cypress CY7C40x
Q 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

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
L.8C402 - 64 x 5-bit
L8C403 - 64 x 4-bit with OE
L.8C404 — 64 x 5-bit with OE

Data is shifted into the FIFO through
4-bit or 5-bit Data Input (Do-D3, D4)
pins on the rising edge of the Shift In

(SD) signal. The stored data stack up at

the Data Output (Q0-Q3, Q4) pins in
the same order as it entered. When
the Shift Out (SO) signal is LOW;dat
at the next to last word shifts to
output while all other data'shi
one location in the sta;

LOW).

alg‘ate also used to provide a
sigugttor cascading.

a

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
the receiving device is connected to

d the Output Ready (OR)
sending device to the Shift

Pletely asychronous read and write
pperations, allowing the FIFO to be
used as data buffers between two
digital systems of differing operating
speeds. The 50 MHz data rate is ideal
for high-speed communication and
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.

IN
S| ——»]
CONT
IR ——

A A

LOGIC
Do-Ds3 [:>

DATA-IN

D4 ———p
(L8C402 and
L8C404 only)

MASTER

MR ———>»

RESET

OUTPUT e
“| WRITE POINTER [ ¢———— OE
> ENABLE {L8C402 and
L8C404 only)
y
MEMORY :> Qo-Co
> ARRAY :> DATA-OUT
3 Q¢
(L8C402 and
f L8C404 only)
|« | ouTtPuT
READ POINTER |~ ~ | CONTROL < SO
< » Loaic [—» OR

IIIII
o
i
&
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64 x 4- and 5-bit FIFO with and without OE

L8C401/402/403/404

Latch

Storage temperature
Operating ambient temperature
Vcce supply voltage with respect to ground .......
DC voltage applied to outputs in High Z state.....
DC input voltage
Power DiSSIPAtioN ......cccoiveeeeeirerecinintiie ettt eearense s see st ssscnese st ee s smeeeas .
Output current into low outputs

up current

....................................................................................................

.......................................................................................................................

... =55°C to +125°C
w.. =05Vto +7.0V
..—=05Vto+7.0V

—65°C to +150°C

—-30Vio+7.0V
................. 1.0W

Mode

Active Operation, Commercial

Active Operation, Military

Temperature Ra

0°C toNX0
A\

Supply Voltage (Vcc)
5.0V +10%
5.0V +10%

\

Symbol Parameter Test &nditi;}r\%\b Min | Typ | Max | Unit
VOH | Output High Voltage gt = 4 mARVCC = Min, 2.4 Vv
VoL Output Low Voltage /-/80/91\K Vce = Min. 04 | V
ViH | InputHigh Voltage /)L 2.0 60 | V
ViL Input Low Voltag (\N?e 3) -3.0 08 | V
X Input Leakage@Qurrgt > GND < VIN < Vcc (Note 3) -10 +10 | pA
los | Output Short Cuhe@\ VouT = GND, Vcc = Max. (Note 4) —20 90 | mA
loz Output Leakage Current GND < Vout £ Vce, Vec =55V

Output Disabled (L8C403 and L8C404) ~50 +50 | pA
Icc Vce Current Vce = Max., f = 10 MHz (Notes 5, 6, 13, 14) 35 | mA
CIN Input Capacitance Ambient Temp = 25°C,Vcc =45V pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 8) pF

DEVICES INCORPORATED
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L8C401/402/403/404

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 power 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 (Q0-Q3, Q4)
will bein a LOW state.

SHIFT IN (Sl) 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 th
Input Ready (IR) signal goes HIGH indicating the readi<
ness to accept new data. If the FIFO is full, the Input
Ready (IR) will remain LOW until a word of data&
shifted out.

SHIFT OUT (SO) DATA

Data is shifted out of the FIFO on the e
Shift Out (SO) signal. This causes the1 pointer
to be advanced to the next word is
present, valid data will appear ¢x putg’and the

Output Ready (OR) signal >

present, the Output Read gral will stay LOW
indicating the FIFO is e n tHe rising edge of
Shift Out (SO), the Output Refdy (OR) signal goes LOW.
Previous data remains on the‘sdtput 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 s 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¢ FIFO at full frequency opera-
tion, but rather delays the full 25-50 MHz operation until

rle n techniques to manage
SQ signals are recognized:

laying the SO operation such that it does

al window. This can be accomplished

itiated by the SI signal only when the

" toInhibit or gate the SO activity. This,

ires that the SO operation at least temporarily

ed with the input SI operation. In synchronous

icatiors, this may well be possible and a valid solution.

2 otler solution not uncommon in synchronous applications
i) 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
S0 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 (S] conditions as well as (SO).

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 SO signal is HIGH, will
cause the OR signal to go LOW. The SO 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.

1. The first jnvolvagde

FIFO Products
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404

L8C401/402/403/404-
15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz2) | 50 (MHz)
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
fo Operating Frequency (in MHz) (Note 17) 15 20 25 35 50
twHwL | Shift In High to Shift In Low (Note 10) 11 11 11 9
twLwH | Shift In Low to Shift In High (Note 10) 25 24 24 17 11
twLFH | Shift In Low to Input Ready High 40 35 28 20 18
twhrL | Shift In High to Input Ready Low 35 28 21 18 18
twHDV | Shiit In High to Data Valid (Note 10) 30 25 20 15 13
tovwH | Data Valid to Shift In High (Note 10) 0 0 0 0 0
tRHRL | Shift Out High to Shift Out Low (Note 10) 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 40 ~3a\\ | a4 20 18
tRHEL Shift Out High to Output Ready Low 35 L28 T\ 19 18 18
tRLQv Shift Out Low to Output Valid (Next Word) 55 MIES 25 17
tRLOX Shift Out Low to Output Change (Previous Word) (Note 10) 5 NZ AN 5 5
tavEH | Output Valid to Output Ready High (Note 10) ISR 0 0 0
N\ o>

INPUT READY

toVWH
DATAIN

SHIFT OUT N 7
tRHRAL tRLRH |<a—— tRLEH ——={

OUTPUT READY A4 d
[a—— tRLQV e t RHEL:
tRLOX —= ta— tQVEH
DATA OUT

————— FIFO Products
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404

L8C401/402/403/404-

15 (MHz) | 20 (MH2) | 25 (MHz) [ 35 (MHz) | 50 (MHz)
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
tMLMH Master Reset Low to Master Reset High (Notes 10, 11) 25 25 25 25 20
tMLFH Master Reset Low to Input Ready High 35 35 W 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 10) 25 20 [<—\\o 10 10
tMLaL Master Reset Low to Output Low or Zero 35 30 25 20 20
toHaz | Output Enable High to Output High Z (Notes 15, 16) 254¢ 15 12 12
toLav Output Enable Low to Output Valid (Notes 15, 16) 30 25N 20 15 12

MASTER RESET E
" ,Mi—\\§
INPUT READY FREANNN A SN
DI

OUTPUT READY N N b
tMHWH
\%
SHIFTIN 2 \ 0 i%

DATA OUT L

DATA OUT
DEVICES INCORPORATED FIFO Products
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404

L8C401/402/403/404-

15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 50 (MHz)
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
t8T Bubble Through Time 65 55 40 28 16
tEHEL Output Ready High to Output Ready Low (Note 18) 9 9 9 9 9
taveH | Output Valid to Output Ready High 0 0 \ 0 0 0
trHFL . | Input Ready High to Input Ready Low (Note 18) 9 ] \9 9 9
tovFH | Data Valid to Input Ready High (Note 10) 5 5 N 3 3
tFHDV input Ready High to Data Valid (Note 10) 30 25 207 15 13

o — X

SHIFT OUT / S
> ! LEHEL y
OUTPUT READY RN
\\/
D

DATA OUT

VY4
/-

SHIFT OUT K K

SHIFT IN /

ter TFHFL
INPUT READY 7
tDVFH tFHDV |
DATAIN )IL
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64 x 4- and 5-bit FIFO with and without OE

L8C401/402/403/404

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 willbe damped 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 -3V
subject only to power dissipation and bond
wire fusing constraints.

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

5. Typical’ supply current values are not
shown but may be approximated. Ata VCC
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 maximu
values shown.

6. Tested with outputs open and

puts changing at the specified

wrtie cyclerate. The deviceis r
empty for the test.

7. Tested with outputs open i\ the worst
static input control signal combinatton.

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

9. Test conditions assume input transition
times of 5 ns orless, referencelevels of 1.5V,
output loading for specified IOL and I0H
plus 30 pF (Fig. 1a), and input pulselevels of
0t03.0V (Fig. 2).

10. Each parameter isshown asa minimum
or maximum value. Input requirements are
specified from the point of view of the exter-
nal system driving the chip. For example,

trHRL is specified as a minimum since the ex-
ternal system mustsupply atleastthatmuch
time to meet the worst-case requirements of
all parts. Responses from the internal cir-
cuitryare specified from the pointof 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 cascadingdevices, thereset pulse
width must be increased to equal tvmm +
tMLEL.

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
dorto vendor. LogicDevices canonly
anteethe cascading of Logic Devicegparts

other Logic Devices parts. v
mikis

13. Tested with output open
mum capacitance. OE is high fol
and L8C404.

14. Icc of devices
cies can be calcula
equation:

Commercd
Icc=35m

n, output disable time is less than
t enable time for any given device.

16. Transition is measured +200 mV from
steady state voltage with specified loading
in Fig. 1b. This parameterissampled and not
100% tested.

17. This productis 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

Ri 1.1K
45V O A

OUTPUT !
>
I 30 pF Rz

INCLUDING 680Q
JIG AND
SCOPE

INCLUDING
JIG AND
1 SCOPE

18. The user must be aware that there is no
true minimum value for teHeL and teyrL.
These pulses may beslightduring high load
under certain operating conditions and lot
variations.
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404

16-pin 16-pin 20-pin

(0.3" wide)
(L8C403

(L8ca03=OE)NC [J1  18[] vce =0E)NC =] 1 16 [ Vee
IRO2 15Qso IR ]2 15 [ SO

sida 14JoOR Sl 3 14 3 OR

Do4 130 o Do 4 133 Qo

pils 120 Q1 D1 {5 12 Q1

D200 11 Q2 D2 {6 (3 ==e?)

D3 47 10() Q3 D3C7 10 Q3

GND []8 9% MR GND {8 9 MR

Speed Plastic DIP CerDIP Plastic SOIC Plastic Leaded Ceramic Leadless
(MH2) (P12) (C7) (0.300" — U4) Chip Carrier (J7) Chip Carrier (K8)
15 MHz 15 r 15 15 15 15
20 MHz | L8C401PC + 20 L8C401CC + 20 L8C401UC + 20 L8C#o1JC + 20 L8C401KC + 20
25 MHz or 25 or 25 or 25 25 or 25
35MHz | L8C403PC |35 L8C403CC |- 35 L8C403UC | 35 8 C 35 L8C403KC |- 35
50 MHz 50 L 50 50 <> 50 50

15 MHz - 15 \ F 15
20 MHz L.8C401CM - 20 L8C401KM -+ 20
25 MHz or - 25 or 25
35 MHz L8C403CM L 35 K\ L8C403KM L 35

16
L8C401KME «IE 20

or 5
L8C403KME [ 55

15
20 MHz L8C401KMB izo
25 MHz or 25
35 MHz L8C403KMB | 52
50 MHz
DEVICES INCORPORATED FIFO Products
5/16/90
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L8C401/402/403/404

(0.3" wide)

(L8C404 =
OE)NC
IR

Sl

Do

D1

D2

D3

Da

GND

8-pin

q

0
O
{
n
u
O
o

© 0N AEWN =

N vee
0 so
1 OR
15|11 Qo
145‘01
1 Q2
Hjes]
1 Q4
1 MR

18-pln

(L8C404 =

OE)NC 1 18 =3 vee
JRC] 2 17 3 so
SIc—3 16 2 OR
Do 4 15— Qo
DiC5 1“ET
D206 133 Q2
D37 12 Q3
D48 112 Qa

GNDCT—] 9 10 7 MR

20-pin

Speed Plastic DIP Plastic SOIC Plastic Leaded Ceramic Leadless
(MH2) (0.300" — U5) Chip Carrier (J7) Chip Carrier (K8)
15 MHz - 15 15 15 15
20 MHz | L8C402PC 20 L8C402CC 20 L8C402UC + 20 L8C402JC + 20 L8C402KC + 20
25 MHz or 25 or I 25 or 5 25 or 25
35MHz | L8C404PC | 35 L8C404CC |35 L8C404UC |- 35 C I35 L8C404KC | 35
50 MHz 50 - 50 50 ( /) 50 50
15 MHz 15 \»> 15
20 MHz L8C402CM —+- 20 L8C402KM 20
25 MHz or 25 or 25
35 MHz L8C404CM L 35 L8C404KM L 35
50 MHz \
N

20 MHz
25 MHz
35 MHz
50 MHz

L8C402CME
or
L8C404CME

15

L8C402KME {20
or 25
L8C404KME L 35

20 MHz
25 MHz
35 MHz
50 MHz

m@ i

15

L8C402KMB JE 20
or 25
L8C404KMB L 35

DEVICES INCORPORATED

3-37

FIFO Products

5/15/90




i
01y
]
un|

DEVICES INCORPORATED



L8C413

| DESCRIPTION

Q) First-In/First Out (FIFO) using
Dual-Port Memory

J Maximum Shift Rate — 45 MHz

@ Asychronous and Simultaneous
Read and Write

Q Fully Expandable by both Word
Depth and /or Bit Width

3 Fast Bubble-Through Time - 16 ns

[ Cascadable by Word Depth at
25 MHz and 35 MHz

3 Half Full and Almost Full/Empty
Status Flags

Q Plug Compatible with IDT72413

[ Package Styles Available:

The L8C413 is a dual-port 64 x 5-bit
First-In/First-Out (FIFO) memory. In
addition to the industry standard
handshaking signals, Almost Full/
Almost Empty (AF/E) and Half Full
(HF) flags are provided. AF/Eis
HIGH when the FIFO is almost full or
almost empty. Otherwise, AF/E is
LOW. HF is HIGH when the FIFO is
half full, otherwise HF is LOW. The
FIFO accepts data inputs (Do-D4)
under the control of Shift In (SI) signal
when the Input Ready (IR) control
signal is HIGH. The data is output §
the same order as it was stored on th

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 fot deeper FIFO words is possible
r the 45 MHz standalone

is designed with com-
asychronous read and write

e
erations, allowing the FIFO to be

* 20-pin Plastic DIP data output pins‘ Qo-Q4) ur}d ed as data buffers between two
* 20-pin CerDIP control of the Shift Out (3 .. “digital systems of differing operating
* 20-pin Plastic SOIC when the Output Ready (© »>  speeds. The 45 MHz data rate is ideal
* 20-pin Plastic LCC HIEH' f g\ esl;'IFO P ” for high-speed communication and
¢ 20-pin Ceramic LCC pulses at the ST in . icati
P When the FIFOi Low), controller applications.
pulses at the SO i ored. Latchup and static discharge protec-
. < tion is provided on-chip. The L8C413
Ca.sca h A nz.ontally can withstand an injection current of
(wider wor r vertically or both up to 200 mA . ith
p to mA on any pin without
c accompliyhed by use of the IR damage
d ins¢ Parallel expansion for s
—_— < »{ ALMOST |——» AF/E
St co oL > WRITE POINTER »| FULL/EMPTY
IR < Lo —»| HALF FULL [—— HF
Do-Ds4 |:> > foﬂizy > DATA-OUT > Qo-Qe
I
MASTER
MR —» Reser [— READ POINTER > caNTROL > OR
< LOGIC [|€¢——— SO

FIFO Products
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64 x 5-bit FIFO with Flags

L8C413

Vcce supply voltage with respect to ground .......

StOrage t@MPEIALUIE .......cecrcemenrnrereseseetemrr e senesrssassesmsmesesasemsssss ssssntosessanrossarsssasssssasss
Operating ambient teMpPerature ............cviicerrrecinsicssis s s sesaesssesns

................

Power Dissipation ..........cceeeveeee
Output current into low outputs
Latchup current...........coeeneee

DC voltage applied to outputs in High Z state .........ccceincrinmsninnicsssnss e nsnssnsnins
DC INPUE VOIAGE ......cceeririeniiren sttt st sassas e sassncsnene st snssassesnssns

.................

—65°C to +150°C
-55°C to +125°C
-05Vto+7.0V
-05Vto+7.0V
-30Vto+7.0V

Active Operation, Military 5°C

Modé Temperature Range b@@/ Supply Voltage (Vcc)
Active Operation, Commercial 0°C to 50V +10%

5.0V +10%

Symbol Parameter Test mnw

Min | Typ | Max | Unit
VOH | Output High Voltage IoH 4.0 mAYCE = Min. 24 Vv
VoL | Outputlow Voltage | J6€=240p4, Vec = Min. (Q0-Qu) 05 | v
£ 8»% , Vce = Min. (IR, OR, HF, AF/E) 04 | V
VIH Input High Voltage //\\—\\/ 20 60 | V
viL Input Low Volta/g}“\\ (Ngte 3) -3.0 08 | V
hx Input Leakagé\ urrent GND < VIN < VCC (Note 3) -20 +20 | pA
los | Output Shon@é\az) VouT = GND, VcC = Max. (Note 4) -20 —90 | mA
loz Output Leakage Current GND < Vour < Vce,Veec =55V
Output Disabled -50 +50 | pA
Icc Vce Current Vce = Max., f = 25 MHz (Notes 5, 6, 12, 13) 70 | mA
CIN Input Capacitance Ambient Temp = 25°C,Vcc =45V pF
Court | Output Capacitance Test Frequency = 1 MHz (Note 7) pF
;v-.c;m;p;n:m FIFO Products
3-40 5/15/90



L8C413

L8C413 ARCHITECTURE RESETTING THE FIFO

The 1L.8C413 FIFO consists of an array of 64 words of 5 bits  Upon power up, the FIFO must be reset with a Master
each (which are implemented using a dual port RAM cell), ~Reset (MR) signal. This causes the device to enter the

a write pointer, a read pointer, and the control logic empty condition, which is signified by the OR signal
necessary to generate the handshaking (SI/IR, SO/OR) being LOW at the same time that the IR signal is HIGH.
signals as well as the Almost Full/Almost Empty (AF/E)  In this condition, the data outputs (Q0-Q4) will be LOW.
and the Half Full (HF) flags. The handshaking signals The AF/E flag will be HIGH and the HF flag will be
operate in a manner identical to those of the industry LOW.

standard L8C401/402/403/404 FIFOs.
SHIFTING DATA INTO THE FIFO

DUAL PORT RAM 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 Ready (IR) signal. When IR is
ory cell used in the RAM. The cell itself enables the read HIGH, a LOW-to-HIGH tragsition 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 LOW, indicating that the data

qf the inputs and outputs. A second beneﬁf is tha.t the ' has been samp H-to-LOW transition of the SI
time required to increment the read and write pointers is . W-to-HIGH transition of the IR

much less than the time that would be required for data to .
propagate through the memory, which would be the case QAF/E flag and the HF flag if the FIFO
if the memory were implemented using the conventional
shift register architecture.

BUBBLE-THROUGH AND FALL-THROUGH

TA OUT OF THE FIFO

ilability of data at the outputs of the FIFO is
ed by the HIGH state of the Output Ready (OR)

The time required for data to propagate from the input to .
e s X . After the FIFO is reset, all data outputs (Q0-Q4)
'trl';?rout;;luf of an initially empty FIFO is defined as ill be in the LOW state. Aslong as the F?;O remains
ough time (t8T). empty the OR signal will be LOW and all Shift Out (SO)

pulses applied to it will be ignored. After data is shifted
into the FIFO, the OR signal will go HIGH. The external
control logic (designed by the user) should use the HIGH
state of the OR signal to generate the SO pulse.

The time required for an empty location to
the output to the input of an initially ful
as the Bubble-Through time (tBT).

The maximum rate at which data

the FIFO (called the throughpu AF/E AND HF FLAGS
through time when it is empty
the bubble-through time o"" Two flags, Almost Full/ Almost Empty (AF/E) and Half

. . Full (HF), describe how may words are stored in the FIFO,
The conventional definitions «f fall-through and bubble- AF/E is HIGH when there are eight or less, or 56 or more,
through do not apply to the L8413 FIFO because the data  vords stored in the FIFO, Otherwise the AF/E flag is

is not physically propagated through memory. Theread [ OW. HF is HIGH where there are 32 or more words

and write pointers are incremented instead of moving the g5 in the FIFO, otherwise the HF flag is LOW. Flag

data. However, the parameter is specified because it does  ranitions occur relative to the falling edges of SI and SO.
represent the worst case propagation delay for the control

signals. That is, the time required to increment the write i
pointer and propagate a signal from the SI input to the OR 2IATYS FLAGs DEFINITION TABLE:
output of an empty FIFO or the time required to increment HF AF/E WORDS STORED
the read pointer and propagate a signal from the SO input L H 0-8
to the IR output of a full FIFO. L L 9-31
H L 32-55
H H 56-64
———— FIFO Products

DEVICES INCORPORATED
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64 x 5-bit FIFO with Flags

L8C413

L8C413-

15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 45 (MH2)
Symbol Parameter Min | Max | Min | Max | Min |Max | Min | Max { Min | Max
fo Operating Frequency (in MHz) (Note 16) 15 20 25 35 45
twHwL | Shift In High to Shift In Low (Note 9) 11 11 1" 9 9
twiwH | Shift In Low to Shift In High (Note 9) 25 20 17 1
twirH | 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
tovwH | 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 40 \ 35 28 25
twiLHH | Shift In Low to Half Flag High 45 40 \ 35 28 25

SHIFT IN 7

1/fo
Y 5# (FIFO CONTAINS 8 WORDS)
twLwH

[~a— tWHWL.

INPUT READY \ / \;{
toVWH a— tWHDV —| P WAR
DATAIN ; *XXZZ@ —> | XXX —
N\ \ he—t WLAL-
AFEE % :|(
HF @ow) (\&&

SHIFT IN 7

VY
AN
%IF AINS 31 WORDS)
4

S

INPUT READY

DATAIN

AFE

: tWLwH TWLFH
g{ﬁ&; [— t wHFL—
N

HF

% a)
(LOW) \\/<>

1/fo

1/fo !
SHIFTIN 71_\MFIFO CONTAINS 55 WORDS) 7P—3‘ h
=— twHWL: twiwe tWLFH -
INPUT READY \ / —W
tovwH r+— twHDV—=| [ tWHFL—
HF  (HIGH)
TWLAH
AFE }

FIFO Products
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64 x 5-bit FIFO with Flags L8C413

L8C413-

15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 45 (MHz2)
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
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
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 1\ 35 28 25
tRLHL Shift Out Low to Half Flag Low 45 ~4a\\ |35 28 25

)

| 1/fo A MDD
SHIET OUT —7‘{——-3 (FIEQ CONTAINS . < 7‘(_1_
| «—t RHAL tRLRH PHLEH

OUTPUT READY N7 4
tRLOV ﬂﬂ : te— tQVEH
DATA OUT
L RLOX —4
HE o QAN

RS\

e
SHIFT OUT 7 S SEwonts © < _7;’__\__
@wm 4 tRLAH —— tRLEH
OUTPUT READY } 7!
TN -— tRLOV: [e—— t RHEL— t=— tQVEH
DATA OUT 72NN
/ tRLOX F=—t RLHL.
e —— =
AFE _(ow

tRLAH tALEH

OUTPUT READY )F 7F
t -t taveEH

RLQV: [—— t RHEL- 1
tRLOX — [t RLA%

HF (HIGH)

| 1o 1/fo
SHIFT OUT . ,‘{_—>< A .J}(l
~e—t RHRL-

————— FIFO Products
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64 x 5-bit FIFO with Flags

L8C413

L8C413-

15 (MHz) | 20 (MH2) | 25 (MHz) | 35 (MHz) | 45 (MHz2)
Symbol Parameter Min | Max | Min | Max | Min |Max | Min | Max | Min | Max
tMLMH Master Reset Low to Master Reset High (Notes 9, 10) 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
tMLQ 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
toHaz | Output Enable High to Output High Z (Notes 14, 15) 25 20 15 12 12
torav | Output Enable Low to Output Valid (Notes 14, 15) 30 251\ |20 15 12

MASTER RESET N A \\v N
tMLFH D i<
INPUT READY \< 7
AMLEL ——, S
OUTPUT READY A
(\\ D
SHIFTIN L\ \ ;F
tMLoL——S A o
DATA OUT
tMLHL

HF ’&
AFE %HA s\}y//
<L

DATA OUT

EMPTY
1

SHIFT IN
HF

2 8 g 10 31 32 33 55 656 67

FULL

Il

AFE q

C——

FIFO Products
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64 x 5-bit FIFO with Flags L8C413

L8C413-

15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 45 (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 17) 9 9 9 9 9
tavEH Output Valid to Output Ready High 0 0 0 0 0
tFHFL Input Ready High to Input Ready Low (Note 17) 9 9 \\9 9 9
tovkH | Data Valid to Input Ready High (Note 9) 5 5 NS, 3 3
tFHDV Input Ready High to Data Valid (Note 9) 30 L ]2 15 13

SHIFT IN / 7 .s( \\< ‘”
SHIFT OUT / | o |

OUTPUT READY ~ X~

tEHEL |

DATA OUT

SHIFT OUT K N

SHIFT IN /

INPUT READY 7

toVFH tFHDV -{
DATA IN 3‘@

ter TFHFL

64 63 66 65 654 32 31 30 9 8 7 1

SHIFT OUT I_U"LJ—LYI_LI'"LJ_HI—I_FLJ'BI"LI"LJ_L

HF Y
o ___AI —

FIFO Products
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64 x 5-bit FIFO with Flags

L8C413

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 toavoid exposure to excessive elec-
trical stress values.

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 -3V
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 butmay be approximated. Ata VCC
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 maximu;
values shown.

6. Tested with outputs open and
puts changing at the specifie
wrtie cyclerate. Thedeviceis
empty for the test.

7. These parameters are guarantedd but not

100% tested.

8. Test conditions assume input transition
times of 5 ns orless, reference levels of 1.5 V,
output loading for specified IOL and IOH
plus 30 pF (Fig. 1a), and input pulse levels of
0t03.0V (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,
twLwa 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, For example, twLr is
specified as a maximum since worst-case
operation of any device always provides
data within that time.

10. When cascadingdevices, thereset pulse
width must be increased to equal tMumu +
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-
dorto vendor. Logic Devices canonly gu
antee the cascading of Logic Devices pa
other Logic Devices parts.

12. Tested with output open and
mum capacitance. OE is high?

13. Icc of devices runni
cies can be calculated @sin!

equation:
Commercial:
Icc=70 f - 25 MHz])
Military:
Iees 80 mAM .5 mA x [f - 25 MHz])
. At

temperature and voltage
tput disable time is less than
ble time for any given device.

~Jransition is measured 200 mV from

dy state voltage with specified loading
in Fig. 1b. This parameterissampled and not
100% tested.

16. This productis 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R1 1.1K
+5 V O AM—

ouTPUT !
>

I Re

INCLUDING I 30 pF isem

JIG AND
SCOPE

oo
éb% T

Rt 1.1K

INCLUDING S pF
JIG AND

( SCOPE

17. The user must be aware that there is no
true minimum value for tEHEL and tFHFL.
These pulses may beslight during high load
under certain operating conditions and lot
variations.

FIFO Products
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64 x 5-bit FIFO with Flags L8C413

20-pin 20-pin 20-pin

(0.3" wide)
- .
ce 7] e s A =
ez  19[) AFE AF/E
IHE3 18:'30 IRC3 18 3 SO
sid+ 17[] oR SiEH4 170 OR
s 16D oo Doc{5 163 Qo
D1E6 15301 D148 1503 Q1
ooy 1af 2 Derd7 14D @
D3 s 130 a3 0358 13— Q3
D4 [Jo 12%04 Decs  12Fm
ano Q1o 110 MR GND 10 11 [ MR

Speed Plastic DIP CerDIP Plastic SOIC Plastic Leaded Ceramic Leadless
{MH2) (P6) (C2) (0.300" — U3) Chip Carrier (J7) Chip Carrier (K8)

10370 ;
15MHz |  L8C413PC15 L8C413CC15 L8C413UC15 413JC15 L8CA413KC15
20 MHz " 20 ~ 20 "t 20 " 20 "t 20
25 MHz - 25 - 25 -t 25 " 25 =t 25
35 MHz 35 ~ v 35 "3 N> 35 T35
45 MHz 45 " v 45 Tt 45 % " 45 " " 45

15 MHz L8C413CM15 \No~p L8C413KM15
20 MHz . " 20 - " 20
25 MHz . " 25 N ~ o5
35 MHz “ =~ 35 . » a5
45 MHz &\

L8CA13CME15

L8C413KME15

- N N < 20

25 MHz . " . - of
" " 35

35 MHz . .

L8C413KMB15
Mg
25 MHz " - " 25
35 MHz " " ~ ag
45 MHz
FIFO Products
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(o8

Q First-In/First Out (FIFO) using
Dual-Port Memory
0 Maximum Shift Rate — 45 MHz
1 Asychronous and Simultaneous
Read and Write
3 Fully Expandable by both Word
Depth and /or Bit Width
Q 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
1 Plug Compatible withCypress
CY7C408/409
Q Package Styles Available:
¢ 28-pin Plastic DIP
¢ 28-pin CerDIP
¢ 28-pin Plastic SOIC
e 28-pin Plastic LCC
¢ 28-pin Ceramic LCC

The L8C408 and L8C409 are dual-port
First-In/First-Out (FIFO) memories
organized as 64 x 8 (L8C408) and

64 x 9 (L8C409). In addition to the in-
dustry standard handshaking signals,
Almost Full/Almost Empty (AF/E)
and Half Full (HF) flags are provided.
AF/E is HIGH when the FIFO is
almost full or almost empty. Other-
wise, AF/E is LOW. HFis HIGH
when the FIFQ is half full, otherwise
HF is LOW. The FIFO accepts data
inputs (D0-D7, D8) under the control
of Shift In (SI) signal when the Inp
Ready (IR) control signal is HIGH.
The data is output in the same

as it was stored on the data~Qu

FIFOise
the SO inj

FO horizontally
ord/size) or vertically or both

a plished by use of the IR
ins. Parallel expansion for

Ca ing the

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 fox deeper is accomplished by

following (downstream) FIFO.

e L8C408 and L8C409 are designed

th completely asychronous read
and write operations, allowing the
FIFO to be used as data buffers be-
tween two digital systems of differing
operating speeds. The 45 MHz data
rate is ideal for high-speed communi-
cation and controller applications.

Latchup and static discharge protec-
tion is provided on-chip. The L8C408
and L8C409 can withstand an injec-
tion current of up to 200 mA on any
pin without damage.

st ——p] NKPUT »| ALMOST AF/E
n Egguou_ > WRITE POINTER »| FULLZEMPTY
Logic —»| HALF FULL |———> HF
e — —> oo
(L8C408) MEMORY
DATA-IN jj> ARRAY DATA-OUT
o < | Qo-au
(L8C409) = (LBC409)
I
(L8C408)
MASTER
MR ——» pesetr [ READ POINTER »| QUTPUT |——» OR
CONTROL
< LOGIC |€——— SO

DEVICES INCORPORATED
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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 teMPBratUre ...........cccveerernsinirarisisissnesssstesisaesessesassessssaesasssssssessssnessenssesses -55°C to +125°C
Vcc supply voltage with respect to ground ........cccueeeeee reestaea et et e s sas e an e e renee -05Vto+7.0V
DC voltage applied to outputs in High Z State ........ccccoivuevciicimnnnisennine st s ssssetenes -05Vto+7.0V
DC INPUL VOITAGE ....ceereereereinnereeresisannscnisnnsssssssssssesseresasasnessesassssisassssssssassssenesersssesessssae {\ ............... -30Vto+70V
Power Dissipation .........c.cceeeviunnens .10W

Output current into low outputs ....
LatChup CUITENL ........cciirieieiesistisncenisssanses st tssss s s ssssasssnsansssossssassrnnsassssns

Mode Temperature Range b%@/ Supply Voltage (Vcc)
Active Operation, Commercial 0°C to 5.0 V10%
Active Operation, Military ~55°C tox125%C 5.0V +10%
3\ 2

Symbol Paramete Test mn%{w 7 Min | Typ | Max | Unit

VoH | Output High Voltage IoH &<4.0 MANKCE = Min. 24 v

VoL | OutputLow Voltage | J6( = 8Qmpy/AVce = Min. 0.4
N 2

\"
ViH Input High Voltage 0 20 60 | V
ViL Input Low Voltage //\L{QM -3.0 08 | V
Ix Input Leakage Gurrep\'</| GND < VN < Vce (Note 3) -10 +10 | pA
los | Output Short €redY P Vour = GND, Vcc = Max. (Note 4) —90 [ mA
loz Output Leakage ent GND <Vout < Vcc,Vec =55V
Output Disabled -50 +50 | pA
Icc vce Current Vce = Max., f = 256 MHz (Notes 5, 6, 12, 13, 18) 90 | mA
CIN Input Capacitance Ambient Temp = 25°C, VcC = 4.5V 5 pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 7) 7 pF

FIFO Products
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64 x 8- and 9-bit FIFO with Flags + OE

L8C408/409

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 L8C401/402/403/404 FIFOs.

DUAL PORT RAM

The dual port RAM architecture refers to the basic mem-
ory cell used in the RAM. The cell itself enables the read
and write operations to be independent of each other,
which is necessary to achieve truly asychronous operation
of the inputs and outputs. A second benefit is that the
time required to increment the read and write pointers is

much less than the time that would be required for data to

propagate through the memory, which would be the case
if the memory were implemented using the conventional
shift register architecture.

BUBBLE-THROUGH AND FALL-THROUGH

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 (Q0-Q7, Q8) 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
HIGH state of the Input Ready (IR) signal. When IR is
HIGH, a LOW-to-HIGH trassition on the Shift In (SI) pin
will load the data on 7,D8 inputs into the FIFO.

The IR output o0 LOW, indicating that the data
has been samp H-to-LOW transition of the SI
signal initj W-to-HIGH transition of the IR
signal, as e ¥F/E flag and the HF flag if the FIFO
condif ts:

TA OUT OF THE FIFO

ilability of data at the outputs of the FIFO is
by the HIGH state of the Output Ready (OR)
After the FIFO is reset, all data outputs

a
The time required for data to propagate from the input to kﬁ
%frzztf;“;;i "‘(rt‘;]‘,;‘“auy empty FIFO is defined as, 6-Q7, Q8) will be in the LOW state. As long as the
& . FIFO remains empty the OR signal will be LOW and all

The time required for an empty location to
the output to the input of an initially
as the Bubble-Through time (tBT).

o fall-through and bubble-
through do not apply to the L8
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.

3408 and L8C409 FIFOs be-

Shift Out (SO) pulses applied to it will be ignored. After
data is shifted into the FIFO, the OR signal will go HIGH.
The external control logic (designed by the user) should
use the HIGH 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/E is HIGH when there are eight or less, or 56 or more,
words stored in the FIFO, Otherwise the AF/E flag is
LOW. HFis 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.
DeFintTioN TaBLE
WORDS STORED
0-8
9-31
32-55
56—-64

FIFO Products
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64 x 8- and 9-bit FIFO with Flags + OE L8C408/409

L8C408/409-

15 (MHz) | 20 (MHz) | 25 (MHz) [ 35 (MHz) [ 45 (MH2)
Symbol Parameter Min | Max | Min | Max { Min | Max | Min | Max | Min | Max
fo Operating Frequency (in MHz) (Note 16) 15 20 25 35 45
twHwL | Shift In High to Shift In Low (Note 9) 11 1 11 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
twrrL | Shift In High to Input Ready Low 35 28 21 18 18
twHpv | Shift In High to Data Valid (Note 9) 30 25 20 15 13
tOVWH Data Valid to Shift In High (Note 9) 0 0 0 0 0
tWLAH Shift In Low to AF/E High 45 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

1/fo & /‘TTN\, {
SHIFTIN A ML (FIFO CONTAINS 8 WORDS) ¢ <\<%E‘ < 4‘ \

- twhHWL TWLWH P2 — twiLFH
INPUT READY \ VNN _j;_—;“—
tDVWH =—— tWHDV —~| N WAR—

AFE /\ % ‘_tww:L
HF  (ow) (\@&

SHIFT IN 7 \\Q.f(ﬂro AINS 31 WORDS) 7 N 4{ \

S5 — tWLWH ——————

W tWLFH
INPUT READY
— <4 ; N C ; ._twm__j‘—————;l(——
AN

DATAIN Y

e om  NK
o
HF

1/1o 1/to
SHIFT IN 7¢ NC  (FIFO CONTAINS 55 WORDS) ¢ b 4( N\

~a— tWHWL- twiLwH TWLFH |
INPUT READY )
tovwn —} tWHDV | [e— t wHFL—
DATAIN *

HF (HIGH)

[=—t WLAH
AF/E :I‘

DEVICES INCORPORATED
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64 x 8- and 9-bit FIFO with Flags + OE

L8C408/409

|

l

L8C408/409-

15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 45 (MH2)
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 1 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
tQVEH 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 45 401\ 35 28 25
tALHL Shift Out Low to Half Flag Low 45 ~40_|\\ 35 28 25

) 1/t0 \« \ !
SHIFT OUT __7'1—_5; P WoRDs) 71_§ _h___
|-=—t RHAL tRLRH A v RLEH ———}
OUTPUT READY
e tRLOV: qﬁ-&-&—j‘_? le— tQVEH
tALOX—=
i son NN

AFE

AL o < p—
SHIFT OUT \ R ;2‘ SewoRES) A _7{(__\_
Ao tRLRH ———| tRLEH
OUTPUT READY < j; A
TN fe—— t RLQV [+— t RHEL—— [-— tQVEH
DATA OUT 77O NS
/ tRLOX t [—tRLHL:
HF S ;L
AFE _tow

| 1/to 1/10
SHIFT OUT 7!1 N WS ] K _*1
[=<+—t RHRL: tRLRH tRLEH
OUTPUT READY N\, / * 7(
[-— tALQV: [+— t RHEL: 1 -t taven
tRLOX —~ [=—tRLAL
AFE :k
HE (HIGH)
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64 x 8- and 9-bit FIFO with Flags + OE

L8C408/409

L8C408/409-

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, 10) 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
tvHWH | Master Reset High to Shift In High (Note 9) 25 20 10 10 10
tMLOL 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
toHaz | Output Enable High to Output High Z (Notes 14, 15) 25 20 |, 15 12 12
toLav | Output Enable Low to Output Valid (Notes 14, 15) 30 25 |\ 20 15 12

MASTER RESET

INPUT READY

OUTPUT READY

SHIFT IN

DATA OUT

HF

AF/E

J‘ 7(
tMLFH Q\ \b
N e N
tMLEL e
N ™~
Pt MHWH }
AN #
tMLOL——> =<\
N
AMLHL N
N\

DATA OUT

EMPTY
1 2
SHIFT IN I | I I

HF

FULL
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L8C408/409

L8C408/409-

15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) [ 45 (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 17) 9 9 9 9 9
tavEH Output Valid to Output Ready High 0 0 \ 0 0 0
tFHFL Input Ready High to Input Ready Low (Note 17) 9 9 \9 [} 9
tOVFH Data Valid to Input Ready High (Note 9) 5 /5- 3 3
tFHDV Input Ready High to Data Valid (Note 9) 30 ZINNIES 15 13

SH|;T|N ____/_—_5< \Y<
AN

SHFTOUT _ / AW \)\> S
OUTPUT READY A@
\ tovex
DATA OUT EANEER N

x >
SHIFT OUT K

SHIFT IN /

tar tFHFL
INPUT READY -
tOVFH tFHDV -1
DATAIN d(

FULL EMPTY
64 63 56 55 54 32 31 30 9 8 7 1

sHFTout 1L JL
i w .I_I{:IL_I_L J_5_I_L_I"L
AF/E __'Lﬂ \4{_—
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64 x 8- and 9-bit FIFO with Flags + OE

L8C408/409

1. Maximum Ratingsindicate 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 willbe clamped beginningat-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 Jow as -3V
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. Ata VCC
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 maximu
values shown.

6. Tested with outputs open and

puts changing at the specified

wrtie cycle rate. The devicei r
empty for the test.

7. These parameters are guaran butnot

100% tested.

8. Test conditions assume input transition
times of 5 ns orless, referencelevels of 1.5V,
output loading for specified IOL and I0H
plus30 pF(Fig. 1a),and input pulselevelsof
0t03.0V (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

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, twLm is
specified as a maximum since worst-case
operation of any device always provides
data within that time.

10. When cascadingdevices, thereset pulse
width must be increased to equal tmmm +
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-
dor to vendor. Logic Devices canonly gu
antee the cascading of Logic Devices pa
other Logic Devices parts.

12. Tested with output open and
mum capacitance. OE is high
L8C408.

13. Icc of devices run

cies can be calculatéd u: t llowing
equation:
Commercial§

Iec=90 + x [f - 25 MHz])
Military:

00 mA~+H (2.5 mA x [f - 25 MHz))

Ven temperature and voltage
output disable time is less than
€nable time for any given device.

Transition is measured +200 mV from
steady state voltage with specified loading
inFig.1b. This parameterissampled and not
100% tested.

16. This productis 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be
used.

R1 1.1K
+5V O——————AW—

OUTPUT

INCLUDING
JIG AND

| > Rz
7

SCOPE

R1 1.1K

> R2

5 pF 6800

INCLUDING
JIG AND

SCOPE

—

17. The user must be aware that there is no
true minimum value for temeL and truFL.
These pulses may beslightduring 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 thedie or package. If
only one is connected, the device will not
work! Pins 9 and 22 are the I/O GND and
internal ground respectively.
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64 x 8- and 9-bit FIFO with Flags + OE

L8C408/409

28-pin

(0.3" wide)

AFE []

Do [

D1 [

GND [

D2 [

D3 [

D4 [

Ds [

Ds (]

p7 [

18c408 = NC [

HF [
RO
st [

0 NG A N =

- o ©
- o

12
13
14

28
27
26
25
24

22
21
20
19
18
17
16
15

L8C409 = D8

Q8 = L8C409

28-pin

(0.6" wide)

AF/E
HF
IR

Sl
Do
D1
GND
D2
D3
D4
Ds
Ds
D7

L8C408 = NC
L8C409 = D8

O
O
O
O
q
0
5

s

{10
011
012
043
014

NGO BA WD =

oOwZ<
OZDOJJ‘g

Bz =
o

QLOOOO®®OH O
S 5 K &

bt

n
N
| D N N 2

O

Qs = L8C40

E = L8C408

9

28-pin

Plastic DIP

Plastic DIP

(P9)

CerDIP

Plastic Leaded
Chip Carrier (J4)

Ceramic Leadless
Chip Carrier (K1)

20 MHz L8C408PC
25 MHz or
35 MHz L8C409PC

L8C408NC
or
L8C400NC

20
25
35

L8C408CC
or
L8C40sCC

N

L.8C40BJC + 20 | L8C408KC -+ 20
25 or I 25
35 | L8C409KC [ 35

L8C408KM -
or
L8C409KM

&804080M E-
or
L8C409CME

ri15
- 20
25
- 35

- 15
L8C408KME + 20

or 25
L8C409KME [ 35

L8C408CMB-
or
L8C409CMB

r 15
20
+25
- 35

- 15

L8C408KMB +- 20
or 25
L8C409KMB L 35
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Product Selection Guide

Maximum Speed (ns) Typical Power (mW)

PartNo."  Description Com. Mil. Opr.  Standby Pins Packages Available®®
LMM456 256K Module 15 — 5400 300 28 SIP
(64K x 4-bit)
LMMé&24 1 Megabit Module 20 —_ 40 DIP
(256K x 4-bit) 1440 1200
(128K x 8-bit) 1680 1200
(64K x 16-bit) 2160 1200
LMM824 1 Megabit Module 25  [ADVANGEDINFORMATION] 32 DIP
{Monolithic Pinout)
(128K x 8-bit)
Output Enable
LMM4016 4 Megabit Module [ADVANCED INFORMATION] 40 DIP
(256K x 16-bit)

LOGIC DEVICES PART NUMBER
LMM456 LMM624 LMM824 LMM4016
Competitor (256K) (1 Megabit) {1 Megabit) (4 Megabit)
IDT IDT7MP456 IDT7M624S IDT8M824S IDT7M4016
Cypress NA 1621HD 1421HD 1641HD

(1) See Section 1 — Ordering Information for assistance in constructing a valid part number.

(2) See Section 10 — Packaging for package dimension.

———a—1

Memory Modules
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256K (64K x 4-bit) Static RAM Module LMM456

0 256K (64K x 4-bit) Static RAM The LMM456 is a 256K high speed WE remains high. The data in the
Module CMOS static RAM module organized  addressed memory location will then
Q Advanced CMOS Technology as 64K x 4-bits.. This module is appear on the Data In/Data Out pins.
. constructed using four L7C187 The input/output pins stay in a high
O High Speed —to 15ns worst-case  g4i 1 static RAMs in plastic surface  impedance state when CE is high or
1 Low Power Operation mount packages assembled on an WE is low.
Active: 900 mW epoxy laminate SIP substrate.

The LMM456 provides asynchronous

Standby: 30 mW typical Memory locations are specified on (unclocked) operation with matching
0 Single 5 V (+10%) Power Supply Address pin Ao through A15. Writing . occ and cycle times. All inputs and
Q TTL-Compatible Inputs and to the memory module is accom- outputs are TTL compatible and
Outputs plished when the active-low Chip operate from a single 5 V power
Enable (CE) and Write Enable (WE) suppl
Q Plug Compatible with IDT7MP456 inputs are both low. Either signal PPy-
Q Package Styles Available: may be used to terminate the Write Latchup and static discharge pro-
® 28-pin SIP Module operation. tection are provided on-chip. The

. LMMA456 can withstand an injection
Reading from a designated locationis ;. o4 of up to 200 mA on any pin
accomplished by presenting an without damage.
address and then taking CE low while

4
, .
DATAIN — I |
d Lrcie7 o L7cis7
64K x 1 64K x 1
| |
16 -
ADDRESS ———pt
OE
WE
T ]
‘ L7C187 L] vrcier
64K x 1 64K x 1
L 9 SR,
4
| l DATA OUT
ET = Memory Modules
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256K (64K x 4-bit) Static RAM Module LMM456

Storage temperature .. . . . —-55°C to +125°C
Operating ambient tEMPETALUTE .........ccooeciviiieimiinieiiiissr et mrs st sasss e asessesaasaessensesass 0°C to +70°C
Temperature UNAEr DIas ........ccecciereeeveeerereerieee s eeece s i sesosas st saassss sessss s essasssssssassus sasas saesnsansnsnes -10°C to +85°C
Vce supply voltage with respect 1o ground ... s -05Vto+7.0V
DC output current

LAtCRUD CUITENE ......eccteectiieieiereesnnstisecstiesee st sesenssssesassssssstsssess snasansasssss sesssessnssessassssssessessssse senansnesssassassesassas

Mode Temperature Range (Ambient) Supply Voltage (Vcc)
Active Operation, Commercial 0°C to +70°C 50V+10%

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH=-4.0mA,Vcc =45V 2.4 A
VoL Output Low Voltage loL=8.0mA,Vcc =45V 04 | V
VIH Input High Voltage 2.2 60 | V
ViL Input Low Voltage (Note 3) -0.5 08 | V
Iix Input Leakage Current Vcc=5.5V, VIN= GND to Vcc 15 | pA
loz Output Leakage Current Vee =5.5V, CE = VIH, VouT = GND to Vcc 15 | pA
Icc2 | Vcc Current, TTL Inactive (Note 7) 60 | 170 | mA
lcca | Vec Current, CMOS Standby | (Note 8) 04 | 20 | mA
CIN Input Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VIN=0.0 V 35 | pF
CouTt | Output Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VouT = 0.0 V 40 | pF

LMM456-

Symbol Parameter Test Condition 45 35 25 20 15 | Unit

lcct Vcce Current, Active (Note 5, 6) 220 | 300 | 400 | 500 | 640 | mA

Memory Modules

4-6 LDS.M4s6-C
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256K (64K x 4-bit) Static RAM Module LMMA456

Symbol Parameter Min [Max| Min|Max| Min| Max| Min|Max| Min |Max
tRVAV Read Cycle Time 45 35 25 20 16
tAvav Address Valid to Output Valid (13, 14) 45 35 25 20 15
tAXQX Address Change to Output Hold 5 5 5 5 5
tcLav Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15
tcLaz Chip Enable Low to Output in Low Z (20, 21) 5 5 5 5 5
tcHaz Chip Enable to Output in High Z (20, 21) 35 30 20 15 10
tPU Chip Enable Low to Power Up (10, 19) 0 0 0 0 0
tPD Power Up to Power Down (10, 19) 45 35 25 20 20

I tRvAV
ADDRESS Je )E
tavav tAXQX~»
CE NSNS 7777277727777 77777

tcLav tcHOZ

tcLoz 1

| tRVAV i
ADDRESS #F %
tavav - tAxox —{
DATA OUT PREVIOUS DATA VALID XXXW DATA VALID xX
J T

taxax —

TE N {-
| tCHaz '—‘:'
4

tclav
DATA OUT _J@X*
- {CLOZ
lcc ;r )‘L

tru T teD {

IIIII
I;Ib
|||I !b

]
o
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256K (64K x 4-bit) Static RAM Module LMMA456

LMM456-
45 35 25 20 15
Symbol Parameter Min |Max| Min Max| Min| Max| Min| Max| Min |Max
twvav Write Cycle Time 45 35 25 20 15
toLEW 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
twHaZ Write Enable High to Output in High Z (20, 21) 30 25 20 20 15
twLaa Write Enable Low to Output Active (20, 21) 0 0 0 0 0

twvay
ADDRESS *

tavew
CE S .
re—tAVBW tWLEW tEwAX
WE
DATA OUT ¢
toHoz i,ﬂ_
DATAIN

(1) During this period, I/O pins are In the output state, and input signals must not be applied.

t WVAV
ADDRESS *

tAVEW
CE ¥
tAvBw T tCLEW tEwWAX
WE y 4
DATA IN I/ tDVEW ‘r tEWDH
= A
STET
Memory Modules
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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 willbe clamped beginning at-0.6 V.
A current in excess of 100 mA is required to
reach-2 V., Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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. Ata VCC
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 with outputs open and alladdress
and data inputs changing at the maximum
read cycle rate, The device is continuously
disabled, i.e., CE 2 VIH.

8. Tested with outputs open and alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e.,, CE = VCC. Input
levels are within 0.5 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-03V. For all other inputs VIN
2VCC-03Vor VIN<0.3V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameteris 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, 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).

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

16. The internal write cycle of the memo

is defined by the overlap of CElow and
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 thatfalls 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 ICC2 to ICC1 occurs as a
result of any of the following conditions:

a. Falling edge of CE.
b. Falling edge of WE (CE active).
c. Transitiononanyaddress line (CEactive).

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

The device automatically powers down
from ICC2 to ICC1 after trp 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
inFig. 1b. This parameterissampled and not
100% tested.

22. Alladdress 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 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-
dures can causea 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 pF
high frequency capacitor is also required
between VCC and ground. To avoid signal
reflections, proper terminations must be

R1 480Q

+5V

INCLUDING
JIG AND
SCOPE

R1 480 @
+5V O—————AMMWAV—

OUTPUT o—J:———
INCLUDING 5pF Re
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256K (64K x 4-bit) Static RAM Module

LMMA456
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1 Megabit (64K x 16-bit) Static RAM Module LMM624

[FEATURES

| DESCRIPTIO

2 TMegabit (64K x 16-bit) Static RAM
Module

1 Utilizes 16 L7C187 64K x 1 Static
RAMs

A Advanced CMOS Technology

O High Speed, Low Power
Consumption

0O TTL Compatible Inputs and
Outputs

3 Plug Compatible with IDT7M624S

U Package Styles Available:
*® 40-pin DIP Module

The LMM624 is a 1 megabit high
performance static RAM module
organized as 64K x 16 bits. The
module is constructed using 16
1.7C187, 64K x 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
four RAMs). This allows the user to
configure the memory as either
256K x 4, 128K x 8, or 64K x 16
organijzation.

Memory locations are specified on
Address pins Ao through A1s.

accomplished when the Chip Enable
(CExx) and the Write Enable (WE)
inputs are both low. Reading from a
designated location is accomplished
by taking CExx low, while WE
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&EXX is high, or WE is low.

and static discharge pro-

rovided on-chip. The

624 van withstand an injection
of up to 200 mA on any pin

ctio

ithout damage.
Writing to the memory module({m

Q N
- *—1 %% - —
| | | Lrcter " o L7c | | J Lrcter | [ Lrcrer
1 sakx1 / N 64K | 64K x1 64K x 1
CEa7 /\\ ¢
L ZNM
C L7C187 L7C187 L7C187
<4 N - -G -
Kx1 64K x 1 '} 64K x1 64K x 1
q o -d
NS | Bl l
CEs-11
p— — *—i *-—
| | ] L7cer | | | L7cter || | trcter | | 170187
4 64K x 1 64K x 1 64K x 1 A 64Kx 1
q d
| I I I
CE12-15
| L7c1e7 | Lrc1e7 | L7c1s7 "] L7c187
L4 L g
64K x 1 64K x 1 64K x 1 64K x 1
16
L Bl l : —~— Do-Di1s
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1 Megabit (64K x 16-bit) Static RAM Module

LMM624

DC output current
Latchup current

MODE CE | WE |OUTPUT|POWER 48
Standby H X High Z | Standby Storage temperature ..........cceecruenne —55°C to +125°C
Read L H |DATAour| Active Operating ambient temperature ..........c..cocveeieeecnne
Wi L L Hiohz | Adti Temperature under bias
rite '9 ve Vcc supply voltage with respect to ground

Mode Temperature Range (Ambi @ pply Voltage (vVcc)
Active Operation, Commercial 0°C to +70°c\ 5.0V +10%
e
QN

Symbol Parameter Test Conﬂm\k v Min | Typ | Max | Unit

VoH  |Output High Voltage IoH = —4.DXANGEE 4.5 V (Note 11) 2.4 v

VoL | Output Low Voltage 1953:8.0 mA, Vo = 4.5 V (Note 11) 04| v
(A0 = 05, Vee = 4.5V (Note 11) 05| v

VIH Input High Voltage a 22 60 | V
ViL Input Low Voltage //)L ( \1/3) -0.5 08 | V
Iix Input Leakage Cyrraq\¢” WG = 5.5 V, VIN= GND to Vcc 20 | pa
loz  |Output Leakagé&Cunignt \> | Vee = 5.5V, CExx = VIH, VouT = GND to Vce 20 | pA
Icc2 Vce Current, T'hi(active {(Note 7) 240 | 480 | mA
Icca Vcc Current, CMO%\étandby (Note 8) 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
Icci(1e)| Ve Current, Active (x16) | (Notes 5, 6) 880 | 1200 | 1600 | 2000 mA
Icc1(s) | Vcc Current, Active (x8) {Notes 5, 6) 680 | 840 | 1040| 1240 mA
Icci4) | Vce Current, Active (x4) (Notes 5, 6) 580 | 660 | 760 | 860 mA

DEVICES INCORPORATED
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1 Megabit (64K x 16-bit) Static RAM Module LMM624

LMM624-
45 35 25 20
Symbol Parameter Min;Max| Min| Max| Min|Max} Min Max
tRvAV | Read Cycle Time 45\ | 35 25 20
tavav | Address Valid to Output Valid (13, 14) L~ 35 25 20
taxax Address Change to Output Hold 5 N 5 5 5
tclav | Chip Enable Low to Output Valid (18, 15) & D45 35 25 20
tcloz | Chip Enable Low to Output in Low Z (20, 21) 5% | s 5 5
tcHaz | Chip Enable to Output in High Z (20, 21) NS 35 30 20 15
tPU Chip Enable Low to Power Up (10, 19) &\ o 0 0 0
tPD Power Up to Power Down (10, 19) . \K 45 35 25 20

ADDRESS N 0 *

tavov A4
DATA OUT PREVIOUS DATAVALID  \| Xxw DATA VALID

i tcHoz
DATA OUT Y * DATAVALID /1:[ HIGH IMPEDANCE

~ ~— tciaz ——l\
lcc
try T teo 3!§
=T === Memory Modules
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1 Megabit (64K x 16-bit) Static RAM Module LMM624

LMM624S-
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
tavew 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| , 20 15 10

tEWDH End of Write Cycle to Data Hold

s \\ | 5 5 5

twHaz Write Enable High to Output in High Z (20, 21) JBQ 25 20 15

twLoA Write Enable Low to Output Active (20, 21)

ADDRESS

CE N

N

[=—1t AVBW—

WE
DATAOUT

DATAIN

N tEwax
Aﬁ S
N O

HIGH IMPEDANCE

'l; tDVEW 'l t EWDH
——

T\ s

WE

DATA IN

tAVEW
7L
tAVBW T tCLEW TEWAX
/’
i’ tOVEW ‘i 1 EWDH
A 4
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1 Megabit (64K x 16-bit) Static RAM Module

LMM624

| NOTE

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
inorder to avoid exposure to excessive elec-
trical stress values.

3. This product provides hard clamping of
transient undershoot. Input levels below
ground willbeclamped 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 -3V
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. Ata VCC
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 inpu
changing at the maximum cycle rate.
device is continuously enabled for w;
ie,CE< VIL, WE<VIL.

7. Tested withoutputs open a
and data inputs changing a, ‘
read cycle rate. The device i
disabled, i.e., CE 2 VIH.

dalbq

8. Tested with outputs open and alladdress
and data inputs stable. The device is con-
tinuously disabled, ie., CE=VCC. Input
levels are within 0.5 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.3V. For all other inputs VIN
2VCC-0.3Vor VIN<03V is required to
ensure full powerdown.

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

11. Testconditions assume input transition
times of less than 5 ns, reference levels of
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameteris shown as a minimum
or maximum value. Input requirements are
specified from the point of view of theexter-
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, 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).

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

16. The internal write cycle of the
is defined by the overlap of
low. Both signals must
write. Either signal can té
going high. The addr
input setup and h
enced to the signal

17. If WE or concurrent
with CE g utput remains in a
high impedange s

1 goes_high before or concurrent

oipghigh, the output remains in
im] nce state.
rup from ICC2 to ICC1 occurs as a
f any of the following conditions:

alling 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 ICC2 to ICC1 after tep 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
inFig. 1b. This parameteris sampled and not
100% tested.

0N

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 productisa 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 pF

Rt 329Q
+5V

OUTPUT
INCLUDING

JIG AND
SCOPE

R 329Q
+5V c)—--—A\N\,——-L

OUTPUT
Rz
202Q

INCLUDING 5 pF
JIG AND
SCOPE

—
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1 Megabit (64K x 16-bit) Static RAM Module

LMM624

40-pin

T
GND []1 401 vee
11015 Hz 391 Vo
CE(12-15) [3 38 [1 CE(s-11)
1104 []4 37 1 oo
WE [|5 361 Ao
A1 []s 35[] A13
o014 [ 7 34 [ 1010
A2 []8 33[] A2
1105 [}9 32 % /01
A3 []10 310 A
A4 11 30 ] Ato
013 [] 12 297 vOs9
As []13 28[] As
1106 []14 270 vo2
As 15 26[] As
A4 []16 25 B A7
11012 17 24[] 108
CE@-7) 18 23[] CE©-3)
107 [f19 22[] 103
A15 []20 21 [] GND

Plastic DIP

Speed

Module (PQ

\ 35
25ns @/ " 25
20 ns QQ\ " 20
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1 Megabit (128K x 8-bit) Static RAM Module

LMM824

O 1024K (128K x 8-bit) Static RAM
Module

0 Advanced CMOS Technology
QO High Speed — to 25 ns worst-case

O 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

Q TTL Compatible Inputs and
Outputs
O Plug Compatible with IDTSM8245

QO Package Styles Available:
¢ 32-pin DIP Module

The LMMB824 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.

Memory locations are specified on
Address pins Ao through A1s.
Writing to the memory module is
accomplished when the active-low
Chip Enable (CE) and the Write
Enable (WE) inputs are both lo
Either of these signals ma
terminate the Write operatio -

Enable (OF) 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 LMMB824 provides asychronous
ed) operation with matching
d cycle times. All inputs and
¢ TTL compatible and

ection are provided on-chip. The
LMMS824 can withstand an injection
current of up to 200 mA on any pin
without damage.

ing from a designated
accomplished by pr.
address then tak

: . \\> -

L7C199
3 32K x8
N c” g
<D 1 I
16 A\
Atd A0 —4
o N\
WE
L7C199 L7C199
32K x 8 32K x 8
L— ¢
8
l r “— 1/07-1/O0
-
A15 ——ro
10F 4
A6 —————
. DECODER
CE
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1 Megabit (128K x 8-bit) Static RAM Module LMM824

MODE |CE | OF | WE |OUTPUT | POWER :
Standby |H | X | X | HighZ | Standby Storage temperature ... —55°C to +125°C
Read Ll L ! H |DATAouT! Active Operating ambient temperature ....4.....ccceeerieinnane 0°C to +70°C
. . Temperature under bias .........oceee doherierniiasennnne —10°C to +85°C
Read L | H | H| HghZ ) Acive Vcc supply voltage with res und ........ -05Vto+7.0V
Wite | L | X | L | DATAN | Active DC output current.......... ;
Latchup current...........5

tchiRgrchaceter:

Mode Temperature Ra { \& Supply Voltage (Vcc)
Active Operation, Commercial O°M 5.0V+10%

N

Symbo! Parameter Test Condit] N Min | Typ | Max | Unit
VoH | Output High Voltage I6H A9 A, Voe = 4.5V 2.4 v
VoL Output Low Voltage \I§L/= 8P mA,Vcc =45V 04 | V
VIH | InputHigh Voltage " )L\ 2.2 60 | V
ViL Input Low Voltage  \\*/" [NRote 3) -05 08 | V
lix Input Leakagqé(r@r) % Vce=5.5V, VIN= GND to Vcc 15 | pA
loz Output Leakage\Q/lq{ent Vce =55V, CE = VIH, VouT = GND to Vce 15 | pA
lcc2 | Vcc Current, TTL Inaxtive | (Note 7) 80 | 160 | mA
lcca | Vcc Current, CMOS Standby | (Note 8) 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 35 25 Unit

Icc1 Vcc Current, Active (Note 5, 6) 205 | 230 | 270 mA

Memory Modules
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1 Megabit (128K x 8-bit) Static RAM Module

LMM824

Symbof Parameter Min|Max| Min| Max| Min|Max| Min |Max
tRVAV Read Cycle Time 45 35 25
tavav Address Valid to Output Valid (13, 14) 45 35 25
tAxax Address Change to Output Hold 5 3 3
tcLav Chip Enable Low to Output Valid (13, 15) 45 35 25
tcLaz Chip Enable Low to Output in Low Z (20, 21) 5 5 5
toHaz Output Disable to Output in High Z (20, 21) 20 20 20
tcHQZ Chip Enable to Output in High Z (20, 21) 20 20 20
toLaz Output Enable to Output in Low Z (20, 21) 5 (\ 5 5
tolav | Output Enable to Output Valid L~ 25 25 25
tPy Chip Enable Low to Power Up (10, 19) ¥0 N 0 0
trPD Power Up to Power Down (10, 19) )74 45 35 25

tavav

I T AXQX -~
o SSNSSSSSSSSSE X\ 2 7
_ le— toLav —=] w toHaz
T SN towoz N 2/ A Al
totay —> N tcHoz
Q XX

%—tmox—ﬂ

ADDRESS NN
N4~ tavav -
DATA OUT PREVOUS DATA VALID Xm()(x* DATA VALID P4
taxox ! '

F tcLav {
DATA OUT —:FZX*
~— tcLoz

lcc

tru t tro
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1 Megabit (128K x 8-bit) Static RAM Module

LMM824

Symbol Parameter Min|Max| Min|Max| Min|Max| Min |Max
tWVAV 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
tWLEW 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 5 ‘\ 3 3
twHaz | Wite Enable High to Output in High Z (20, 21) ~1yb 15 15
twLoa Write Enable Low to Output Active (20, 21) ~IN\S 5 5
toHaz | Output Disable to Output in High Z < PN 20 20 20

(\\\ A

e

>
(1) During this period, I/O pins @\o}u%state, and input signals must not be applied.

ADDRESS *

twvav

tAVEW
TE %
tavew T tCLEW tEwax
WE yd
DATA IN i' tovEW TtEWDH
™ q
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1 Megabit (128K x 8-bit) Static RAM Module

LMM824

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 willbeclamped beginningat-0.6 V.
A current in excess of 100 mA is required to
reach-2 V. Thedevice can withstand indefi-
nite operation with inputs as low as -3V
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. Ata VCC
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 inpu
changing at the maximum cycle rate.
device is continuously enabled for
ie., CE<VIL, WE < VIL.

7. Tested withoutputs open a
and data inputs changmg 2
read cycle rate. The dev1ce i
disabled, i.e., CE = VIH.

8. Tested withoutputs open and alladdress
and data inputs stable. The device is con-
tinuously disabled, i.e., CE = VCC. Input
levels are within 0.5 V of VCC or ground.

9. Data retention operation requires that
VCC never drop below 2.0 V. CE must be
2VCC-0.3V. For all other inputs VIN
2VCC-03Vor VIN<0.3V 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
1.5V, output loading for specified IOL and

IOH plus 30 pF (Fig. 1a), and input pulse
levels of 0 to 3.0 V (Fig. 2).

12. Each parameter is shown asa 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 thedevice. Access time, 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).

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

is defined by the overlap of
low. Both signals must
write. Eithersignal can te
going high, The addr

input setup and h be refer-
enced to the signal orrises first.
17. If WE or concurrent
with CE g utput remains in a
high impedange s

h before or concurrent
igh, the output remains in

f any of the following conditions:
alling 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 ICC2 to ICC1 after tpp 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. Atany 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
inFig. 1b. This parameteris 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. CE or WE must be high during address
transitions.

24. This productisa 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 causea 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 pF

R1 480Q
+5V O0—————AW—

OUTPUT o__J____
>
30 pF Re

INCLUDING 255Q
JIG AND

SCOPE

R1 480 Q
+$V o MMWNV—

OUTPUT
i 255Q

INCLUDING
JIG AND
SCOPE

|||—|
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1 Megabit (128K x 8-bit) Static RAM Module

LMM824

A\
Ne 1 320 vee
Ate (2 310 Ats
A4 03 30 NC
A2 [J4 291 WE
A7 [5 281 A13
As e 270 As
As []7 261 Ag
A4 []8 251 A11
As [o 24[] oE
A2 (10 23 [ At
A 11 221 TE
Ao (12 21 yor
oo 13 20 [J yos
o1 (14 19 vos
oz [}15 18 [ voa
anND e 17 vos

Speed

Plastic DIP

Module (P15)

45 ns
35ns
25ns
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4 Megabit (256K x 16-bit) Static RAM Module

LMM4016

Q0 4 Megabit (256K x 16-bit) Static
RAM Module

Q Utilizes 16 L7C197 256K x 1 Static
RAMs

Q Advanced CMOS Technology

0O High Speed, Low Power
Consumption

QO TTL Compatible Inputs and
Outputs

O Plug Compatible with IDT7M4016

Q Package Styles Available:
¢ 48-pin DIP Module

The LMMA4016 is a 4 megabit high
performance static RAM module
organized as 256K x 16 bits. The
module is constructed using 16
L7C197, 256K x 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

user to configure the
either IM x4, 512
organization.

Memory loc 0!

accomplished when the Chip Enable
(CExx) and the Write Enable (WEU,L)
inputs are both low. Reading from a
designated location is accomplished
by taking CExx low, while WEUL
remains high. The data in the
addressed memory location will
appear on the Data pins. The Data
Out is in the hlgh 1mpedance state

Ao~A17 A
WEL \ \\ \
CEo-3 [ O
N >
l< Pt | — —
70 | ¢ N || L7197 L] werer
i x1 ] 256K x 1 1 256K x 1
= -
ST A4 I -
CEay <<” \ 7}
ny
] | e ]
|| | [ ] Lrerer [ [ Lrore7 L] ] Lrorer
b 1 256K x 1 o 2seKx1 ] 256K x 1
& | | |
s >
CEs&-11
a— — - —
L7C197 L7C197 L7c197 L7C197
— —— —~Q ——
256K x 1 256K x 1 d 256K x1 ] 256K x 1
4
| | )i
CE12-15
| wcie7 ] wrc1e7 ] wrc1e7 ] wrct1e7
256K x 1 256K x 1 256K x 1 256K X 1
L g S—7 ‘ L4 X
16
I l l l —— Do-D1s

Memory Modules
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4 Megabit (256K x 16) Static RAM Module

LMM4016

(0.9" wide)

48-pin Plastic DIP Module

GND []
NG ]
Ao ]
A1 [
A2 []

WEL []

CE@-7)
1/04 []
1105 []
1108 [] 10
1107 [111
GND [12

As [J13
Ato [[14
A1 [J1s
A2 []1e
A3 17
WEU []18
CE12-15) [J19
11012 []20

W NG A WN

©

013 [J21
11014 [22
1015 []23
vee 24

48
47
46
45
44
43
42

40
39
38

36
35
34
33
32
31
30
29
28
27
26
25

vce
0 1100
[] o1
b Vo2
0 1103
[ CE(©-3)
[ A3

[ A4

[] As

[] As

[] A7

[1 As

1 vee
[1 1/08
11 1109
[1 V010
] 1¥o1
[l CE(s-11)
[ A14
[ A15
[ Ate
[l A17
[1 NC

[1 GND
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LMU558 8 x 8 Unregistered ..........c......... 5-15
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Logic Products Package Availability Guide

Package Availability Code ©®

Part Sidebraze Plastic | Ceramic | Pin Flat
No.(" No. Pins Plastic DIP Hermetic DIP CerDIP Lcec Lce Grid | Pack
Multipliet: ~ T ' S

LMUOS 40/44 P3|

LMUSU 40/44 P3
LMU557 40 P3
LMU558 40 P3
LMU12 64/68 P4 D6 G2
LMU112 48/52 P5 D5 J5
LMU16 64/68 P4 D6 G2
LMU216 68 J2 K3
LMU17 64/68 P4 D6
LMU217 68 J2 K3

84 J3

Recomuiaters e
64/68

LMA2009 68 J2 K3
LMA1010 64/68 P4 D6 G2

LMA2010 68 J2

Register Files

IMS12 | 84 | J3 | G3
“Pipeline Registe S

L29C520 24/28 P2 D2 c1 J4 K1 F1

L29C521 24/28 P2 D2 c1 J4 K1 F1

LPR520 40/44 P3 D3 J K2

LPR521 40/44 P3 D3 J1 K2

L29C524 28 P10 D10, D11 J4

L29C525 28 P10 D10, D11 J4

L10C11 24 P2 D2 ci

L29C818 24/28 P2 D2 c1 K1

LRF07 40/44

L4C381

L29C101 64/68

“Special Arifimetic Funcions

LSH32 68
LSH33 68
L10C23 24/28 P1, P2 D1, D2 K1

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number.
(2) See Section 10 - Packaging for package dimensions.
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Product Selection Guide

Maximum Speed (ns) Power

Description

Pins

Commercial Military (mW)

Packages Available @

8 x 8 Signed

40/44  DIP, LCC, PLCC

LMU8sU 8 x 8 Unsigned

LMUS57 8 x 8 Latched Output 60 70 85 40 DIP

LMUS58 8 x 8 Unregistered

LMU12 12x 12 35 45 60 64/68  DIP, Pin Grid Array

LMU112 12 x 12 Reduced Pinout 50 60 50 48/52 DIP,LCC

LMU16 16x 16 45 55 60 64/68 DIP, Pin Grid Array

LMU216 16 x 16 Surface Mount 45 55 60 68 LCC, PLCC

LMU17 16 x 16 Microprogrammable 45 55 60 64/68 DIP, Pin Grid Array

LMU217 16 x 16 Surface Mount 45 55 60 68 L.CC, PLCC

LMU18 16 x 16/32 Outputs Pin Grid Array, PLCC
e A -

LMA1009 12x12 DIP, Pin Grid Array

LMA2009 12 x 12 Surface Mount LCC, PLCC

LMA1010 16x 16 DIP, Pin Grid Array

LMA2010

16 x 16 Surface Mount
Multiplier Summer r

LCC, PLCC

LMS12 12x 12+ 26 FIR

Pin Grid Array, PLCC

_Pipeline Registers S
L29C520 4 x 8-bit, Var. Delay, 1-4 Stages DIP, LCC, PLCC
L20C521 4 x 8-bit, Var. Delay, 1-4 Stages Flat Pack
LPR520 4 x 16-bit, Var. Delay, 1—4 Stages 22 24 50 40/44 DIP,LCC, PLCC
LPR521 4 x 16-bit, Var. Delay, 1-4 Stages
L29C524 14 x 8-bit, Var. Delay, 0-14 Stages 20 25 50 28 DIP, PLCC
L29C525 16 x 8-bit, Var. Delay, 0—16 Stages 28
L10C11 18 x 8-bit, Var. Delay, 3—-18 Stages 25 30 50 24 DIP
L20C818  8-bit Serial Scan Shadow Register 25 30 50 24/28 DIP,LCC

Register Fi

L29C101  16-bit Slice, Quad 2901

LRF07 8x 8, 3 Independent Port 35 35 40 40 DIP, LCC
_ ArthmeticlogicUnis
L4C381 16-bit, Add/Sub 26 30 60 68 Pin Grid Array, LCC, PLCC
35 45 75 64/68

DIP, Pin Grid Array

SH32 32-bit Barrel Shifter 32 40 60
LSH33 32-bit Barrel Shifter with Registers 30 40 60
L10C23 64 x 1 Digital Correlator 20 20 125

68
68
24/28

Pin Grid Array, LCC, PLCC
Pin Grid Array, LCC, PLCC
DIP,LCC

(1) See Section 1 — Ordering Information for assistance in constructing a valid part number.
(2) See Section 10 - Packaging for package dimensions.
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Product Cross Reference Guide

LMU08 8 X 8 MULT MPY008 ADSP1080
LMUSU 8 X 8 MULT MPYO08U ADSP1081
LMU557 8 X 8 MULT AM258557
SN54557
SN74557
LMU558 8 X8 MULT AM258558
SN54558
SN74558
LMU12 12X12MULT  MPY012 ADSP1012 IDT7212
LMU112 12X12MULT  MPY112
LMU16/ 16 X16 MULT  MPY016 ADSP1016 IDT7216 CY7C516 AM29516 WTL1016
LMU216 TMC216 AM29C516 WTL1516/2517
LMU17/ 16 X 16 MULT ADSP1017 IDT7217 CY7C517 AM29517
LMU217 AM29C517
LMA1009/ 12X 12MAC TDC1009 ADSP1009 IDT7209 AM29C509
LMA2009 TMC2009
TMC2109
LMA1010/ - 16 X 16 MAC TDC1010 ADSP1010 IDT7210 CY7C510 AM29510 WTL1010
LMA2010 TMC2010 ADSP1110 IDT7243 AM29C510 WTL2010
T™C2110
T™MC2210

L29C520 PIPELINE AM29520A P29PCT520 WS59520 1SP9520 IDT29FCT520A
REGISTER 29C520CNS

L29C521 PIPELINE AM29521A P29PCT521 WS59521 1SPg521 IDT29FCT521A
REGISTER

L29C101 16-BIT ALU IDT49C401 CY7C9101  AM29C101
L10C23 CORRELATOR TDC1023J

DEVICES INCORPORATED Logic Products
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8 x 8-bit Parallel Multiplier

LMUO8/LMUSU

0 35 ns Worst-Case Multiply Time
Q Low Power CMOS Technology
0 LMUO8 Replaces TRW MPY008H

0 LMUBU Replaces TRW MPY08HU

0 Two’s Complement (LMUO0S), or
Unsigned Operands (LMU8U)

QO Three-State Outputs

2 Available Screened to MIL-STD-
883, Class B

O Package Styles Available:
* 40-pin Plastic DIP
¢ 40-pin Sidebraze, Hermetic DIP
® 44-pin Plastic LCC, J-Lead
(LMUOS only)
¢ 44-pin Ceramic LCC (Type C)

The LMUO08 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 LMUSU
produce the 16-bit product of two
8-bit numbers. The LMUO8 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 B7-Bo
8
CLK A A REGISTER
CLK B L
Dy
[N
LMUO8 Only
o
w
RND > b
Ii_’J
w
[+of
I8 ¥s
[ A
CLKR —p> RESULT | REGISTER]
EM OEL
8 8
Ri1s-Rs R7-Ro

both halves. This facilitates use of the
LMUO08 product as a double precision
operand in 8-bit systems. The
LMUBU operates on unsigned data,
producing an unsigned magnitude
result.

Both the LMUO8 and the LMUSU
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 LMUOS and LMUSU 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
LMUO08. The LMUB8U 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.
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LMUO08/8U

8 x 8-bit Parallel Multiplier

BIN

AN
LUMO8 Fractional Two’s Complement
[7 6 s w2 1 0]

17 6 5 b2 1 0]
—20 2-12-2  2-62-6 27 —20 2122 252627
(Sign)

(Sign)
LMUO8 Integer Two’s Complement
[7 6 5% 2 1 0]
22 21 20

1 0|
20 _27 26 25
(Sign)

[7 6 5 hap 2

_27 26 25 22 21
(Sign)
LMUS8U Unsigned Fractional
1 0] [7 6 swb2 1 0]
21 22273 2-6 27 2-8

[7 6 5 w2
2-6 27 2-8

2-1 2-22-3
LMUS8U Unsigned Integer

o | [7 6 s b2 1 0]

27 28 2° 2z 21 2°

[7 6 5 w2 1
20

27 28 25 22 21

LSP

MSP

LMUO08 Fractional Two’s Complement
[7 6 5w 2 1 0]

[15 14 138 10 9 8 |
2-59-6 -7 —20 2-8 9-9 2-12 0-13 o-14
(Sign)

___20 2—| 2-2
(Sign)
LMUO08 Integer Two’s Complement
[7 6 5 b2 1 0]

(15 14 13 %P 10 9 8 |
_214 213 212 29 25 27 22 21 20

(Sign)
LMU8U Unsigned Fractional
[7 6 5 w2 1 0]
2—14 2—15 2—16

D14 26 25

2-9 2—10 2—11

|15 14 13w 10 9 8 |
2—52-72—8

2-1 2-2 23
LMU8U Unsigned Integer
{15 14 13 % 10 9 8 | [7 6 s b2 1 0]
215 214 213 210 29 28 27 26 25 22 21 20
Logic Products
5-8 LDS.08/8U-B
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8 x 8-bit Parallel Multiplier

LMUOS8/8U

SOrage teMPEratUre ......ccviieiciriiiei i s et eriss st ssreses s ssssss s e s e san s snssssnsnnstns —65°C to +150°C
Operating ambient tEMPErature ...........vouiiieierensine s s sstesssesnsssesssssse sssserssssnassrsores -55°C to +125°C
Vcce supply voltage with respect 10 ground.........ce.ceceeiiernin it s ssrnene -05Vto+7.0V
Input signal with respect 10 GroUNG .....c.cvciiieiiiiieniicnssnssssnit e s s sssssessassasessns -30Vto+7.0V
Signal applied to high impedance oUtpUL .........ccceerenicnne st as s s snses -3.0Vto+70V
Output cUrrent iNtO [OW OULPULS ....ecccrceriiiecerersstinterseneesssessersrnssstesanmsesssssssnessssessssssensarsass ssanesssssssssss 25 mA
[IR=Y (e T 3ot (=T o T OO > 400 mA

Mode
Active Operation, Commercial
Active Operation, Military

Temperature Range (Ambient)
0°C to +70°C
—55°C to +125°C

Supply Voltage
475V<Vcc£5.25V
450V <Vcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage loH = -2.0 mA 3.5 \
VoL Output Low Voltage loL=8.0mA 05| V
ViH Input High Voltage 2.0 Vec | V
ViL Input Low Voltage (Note 3) 0.0 o8] V
lix Input Current Ground < VINS Vce +20 [ pA
loz Output Leakage Current | Ground < VouT < Vcce +20 | pA
los Output Short Current Vourt = Ground, VcC = Max (Notes 4, 8) -250 | mA
lcct Vce Current, Dynamic {Notes 5, 6) 8 24 | mA
Iccz Vcce Current, Quiescent (Note 7) 1.0 | mA

— 2 —ae—1
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8 x 8-bit Parallel Multiplier

LMUO08/8U

Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 70 50 35
to Output Delay 25 20 18
teENA | Output Enable Time (Note 11) 20 18 18
tois | Output Disable Time (Note 11) 18 17 17
tpw | Clock Pulse Width 20 20 10
tH Input Register Hold Time 4 0 0
ts Input Register Setup Time 14 14 14

90 60 45

Symbol Parameter Min Max Min Max Min Max

t™MC Multiply Time (Clocked) 90 60 45

to Output Delay 35 20 20

tENA | Output Enable Time (Note 11) 35 20 20

tois | Output Disable Time (Note 11) 35 18 18

trw | Clock Pulse Width 25 20 15

tH Input Register Hold Time 5 0 o]

ts Input Register Setup Time 20 15 15

tg—wra—1ty
INPUT
!

la— tpw tew
CLKA H SL
CLKB
tme
CLKR A ——
tp |
N
OF K \[(_
tois tena—]

Ris—Ro HIGH IMPEDANCE
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8 x 8-bit Parallel Multiplier

LMUO08/8U

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
vcc will be clamped beginning at
-0.6 Vand Vcc + 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.

B S ~w——

5. Supply current for a given applica-
tion can beaccurately approximated by:
NCVZF
4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = dlock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 MHz
clock rate.

7. Tested withall inputs within 0.1 V of
Vcc 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
0t0 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/turn-off times.
As aresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 uF ceramic capacitor should be
installed between Vcc and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should beinstalled between device Vcc
and the tester common, and device
ground and tester common.

b. Ground and VcC 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
VCC noise to maintain required DUT
input levelsrelative 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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8 x 8-bit Parallel Multiplier

LMUO8

40-pin Rio
R9

Rs
CLKR
OEM
OEL
(RSL) R7
Re

Rs

R4
R3’

Rz

Ri1

Ro

Ao

Al

A2

A3

A4

As

imimininininininininisisininisininiaisist

W NG AW =

R11
R12
R13
R4

Bs
Bs
GND
B4
vee
B3
B2
B1
Bo
RND

| G [ O O N D N N N

A6

R15 (RSM)
B7 (BS)

CLKB
CLKA
A7 (AS)

44-pin

Plastic DIP

Sidebraze

Plastic J-Lead

Ceramic Leadless

”70 ns

LMUO08PC70
50 ns " " 50
35 ns . »~ 35

LLMU08DC70

" 50
" 35

LMU08JC70
- = Bp
~ « 35

LMUO8KC70
M ~ 50
" " 35

60 ns
45 ns

LMUOSDMS0

" 60
" 45

60 ns
45 ns

LMUOBDMES0

" LMU0BDMBS0

~n 80
45ns " " 45

Logic Products
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8 x 8-bit Parallel Multiplier

LMUSU

40-pin Ri0
R9

Rs
CLKR
OEM
OEL
(RSL) R7
Ré

Rs

R4

R3

R2

R1

Ro

Ao’

A1

A2

A3

Ad

A5

o 8 e O B e O s e o O o o o B o o e e o

N = = = 2 a2 s 2 s =
owmwmm#wmaowm\‘mwhwm

40 [1 R11
39[1 R12
38[1 Ris
370 Ria
36 []1 R15(RSM)
35% B7 (BS)
34 Be
33[] Bs
32[1 GND
31[] B4

30 vce
29 B3

28{] B2

27 1 B1
261 8o
25[] RND
240 ciks
23 cika
221 A7(AS)
21 As

44-pin

Plastic DIP
AL

Sidebraze
Hermetic DIP (D3)

Plastic J-Lead
Chip Carrier (J1)

Ceramic Leadless
Chip Carrier (K2)

70ns LMUBUPC70 LMUSUDC70 LMUBUJC70 LMUSUKC70
50 ns = Tsg = B0 =" 50 =50
35 ns - - 35 -+ o35 -+ 35 - - 35
90 ns LMUSUDMg0 LMUSUKM90
60 ns " 80 <+ 80
45ns « o+ 45 “ o+ 45
90 ns LMUSUDMES0 LMUSUKMES0
60 ns " " 60 - " 60
45 ns “ - 48 " v 45

90 ns LMUSUDMB90
60 ns <60
45 ns - " 45
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8 x 8-bit Parallel Multiplier

LMU557/558
| |

0 60 ns Worst-Case Multiply Time
O Low Power CMOS Technology

3 Replaces Am255557 /558,
545557 /558

Q Fully Combinatorial, No Clocks
Required

Q0 Two’s Complement, Unsigned, or
Mixed Operands

O Three-State Outputs

0 Available Screened to MIL-STD-
883, Class B

O Package Styles Available:
¢ 40-pin Plastic DIP
¢ 40-pin Sidebraze, Hermetic DIP

The LMU557 and LMUS558 are 8-bit
parallel multipliers with high speed
and low power operation. They are
pin for pin equivalents with 545557
and 545558 type multipliers. Full
military ambient temperature range
operation is attained by the use of
advanced CMOS technology.

Both the LMU557 and LMUS558
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.

A7-Ao B7-Bo
8
TCA, TCB
R (LMU557)
RS, RU (LMUSS58)
| !
G (LMUS5S57) l RESULT LATCH | |
LiMusszony { i
OE
16
Rts—Ro

Provision is made for proper round-
ing for any combination of signed or
unsigned inputs. The RU input to the
LMUS557 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 (-2%)¢ (-2%) case, which will cause
overflow if the result MSB is not
considered.]

The LMUSSS internally produces the
RU and RS controls from a single
round input, denoted R. WithR
asserted, RS rounding occurs if ejther
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
LMUS557 via the G input.

Both the LMU557 and LMU558 offer
three-state output buffers controlled
by the OE input. The LMUS557 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 (R15)
are available as separate output pins
to allow simple expansion to longer
word lengths in signed multiplication.

Logic Products
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LMU557/558

8 x 8-bit Parallel Multiplier
BIN

AIN
Fractional Two’s Complement
[7 6 5 wp2 1 0] {7 6 5 w2 1 0]
—20 2-1 22 2-52-6 27 —20 21 22 275 2-6 2-7
(sign) (sign)
Integer Two’s Complement
{7 6 52 1 0| [7 6 5 s 2 1 0]
_27 26 25 22 21 20 _27 25 25 22 21 20
(Sign) (Sign)
Unsigned Fractional
[7 6 s b2 1 0]

[7 6 5 w2 1 0]
21 2223 2627 2% 2-1 2223 2-627 28

Unsigned Integer
[7 6 s5wb2 1 0]

[7 6 5 b2 1 0]
27 26 25 22 21 20 27 26 25 22 21 20

LSP

MSP

Fractional Two's Complement
[15 14 13w 10 9 8 | [7 6 5 w2 1 0]
_21 20 2—1 2—4 2—5 2-6 2-7 2»8 2-9 2—12 2—13 2—14
(Sign)
Integer Two’s Complement
(15 14 13w 10 9 8 | 17 6 5% 2 1 0!
_215 214 213 210 29 25 27 26 25 22 21 20

(Sign)
Unsigned Fractional
[7 6 5 %2 1 0]
2—14 2—15 2—16

[15 14 13 %P 10 9 8 |
2—9 2—102—-11

271 2223 2627 2%

Unsigned Integer
[7 6 52 1 0]
27 28 25 22 21 20

[15 14 13 % 10 9 8 |
215 214 213 210 29 28

Logic Products
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8 x 8-bit Parallel Multiplier LMU557/558

StOrage teMPETALUTE ...ivcccciceirciisisic i i e s st s srs saa e e s s s sa st bes e s sr e —65°C to +150°C
Operating ambient temperature................... .. =55°C to +125°C
Vcc supply voltage with respect to ground ............................................................................ -05Vto+7.0V
Input signal with respect to ground ..........ccccevviieveincnic s e -30Vto+7.0V
Signal applied to high impedance output .... ..—30Vto+7.0V
Qutput current iNto lOW OULPULS .......coiviriiieiniiiiiiiinimsaieissie s sess s ess s sse s snssnsssasssssssssssans 25 mA
{6 1o o1 o X o1 U (=g OV > 400 mA

Mode Temperature Range (Ambient) Supply Voltage

Active Operation, Commercial 0°C to +70°C 475V <sVcc<£5.25V
Active Operation, Military —55°C to +125°C 450V <Vcec<5.50V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage IoH = -2.0 mA 35 \"
VoL Output Low Voltage loL=8.0 mA 0.5 \
ViH Input High Voltage 2.0 vce | V
ViL Input Low Voltage (Note 3) 0.0 08| V
lix Input Current Ground < VINS VcC +20 | pA
loz Output Leakage Current | Ground < VouT < Ve +20 [ pA
los Qutput Short Current VouT = Ground, Vcc = Max (Notes 4, 8) —250 | mA
lcct Vcce Current, Dynamic (Notes 5, 6) 17 35| mA
Icc2 Vce Current, Quiescent (Note 7) 1.0 | mA

[
)
!n b
Iy
')

Logic Products
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8 x 8-bit Parallel Multiplier

LMUS57/558

LMUS557/558-
60
Symbol Parameter Min Max
tro | A, B, TC, R Inputs to Ri5-Rs, R15 60
trPD A, B, TG, R Inputs to R7-Ro 85
tENG | G Enable to Result 30
tENA | Output Enable Time (Note 11) 25
tois | Output Disable Time (Note 11) 20
trw | G Pulse Width 15
tH Gto A, B, TC, R Hold Time 0
ts A, B, TC, R Inputs to G Setup Time 45

70

Symbol Parameter Min Max

tro | A, B, TC, R Inputs to R15-Rs, Ris 70

tPD A, B, TG, R Inputs to R7—Ro 60

tENG | G Enable to Result 35

tENA | Output Enable Time (Note 11) 30

tois | Output Disable Time (Note 11) 25

tPw G Pulse Width 20

tH Gto A, B, TC, R Hold Time 0

ts A, B, TC, R Inputs to G Setup Time 55

l ts tH
A.B,TC,R )E ;k
INPUTS
1. t PW
G INPUT K
teng
Ris-Ro
) -
o £ K
DIs—~
HIGH IMPEDANGE ! ENAT]
Ris-Ro

S .-
Y — ¥V
- — e
——
——

3 -,
- - I
— [~
[— a1 -
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8 x 8-bit Parallel Multiplier

LMU557/558

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
Vcc will be cdamped beginning at
—0.6 Vand VcC + 0.6 V. The device can
withstand indefinite operation with
inputs in the range of -3.0 Vto +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 canbeaccurately approximated by:
NCV?F
4

where

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 withall inputs within 0.1 V of
Vcc 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
0t0 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/turn-off times.
Asaresult, caremust be exercised inthe
testing of this device. The following
measures are recommended:

a. A 0.1 puF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VcC
and the tester common, and device
ground and tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Inputvoltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
inputlevels 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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8 x 8-bit Parallel Multiplier

LMUS57/558

40-pin A0
Al
A2
A3
A4
A5
As
A7
RS/R
vce
RU/G
Bo

B1
B2
B3
B4
Bs
Bé
B7
TCB

Fn W o s W o o o o B e | o O Wt s Y |

© N UA LN =

©

- o bk b ek a2
W ONOOOHAWN = O

n
o

4011 TCA

n
©

L D S0 I e G |
)
o

Speed

Plastic DIP
(P3)

Sidebraze
Hermetic DIP (D3)

60 ns

or
LMUS58PC60

LMUS57PC60

LMU557DC60
or
LMUS58DC60

70 ns

LMUS57DM70
or
LMUS58DM70

70 ns

LMUS57DME70
or
LMUS58DME70

70ns LMUS57DMB70
or
LMU558DMB70

— v =
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12 x 12-bit Parallel Multiplier

0 35 ns Worst-Case Multiply Time The LMU12 is a 12-bit parallel

0 Low Power CMOS Technology multiplier with hlgh spe'ed a.md low
power consumption. It is pin and

0 Replaces TRW MPY12H] functionally compatible with TRW

MPY12H]J devices. Full military

Q Two’s Complement, Unsigned, or ambient temperature range operation

Mixed Operands is attained by the use of advanced
O Three-State Outputs CMOS technology.
O Available Screened to MIL-STD- The LMU12 produces the 24-bit

883, Class B 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

( Package Styles Available:
¢ 64-pin Plastic DIP
* 64-pin Sidebraze, Hermetic DIP
¢ 68-pin Pin Grid Array

TCA Ati-Ao TCB B11-Bo
l ¢12 L t 12
CLK A I>A REGISTER| ’—i>3 REGISTER
CLKB
&
RND >3 > X
li'
w
o
24
RS »|  FORMAT ADJUST |
A12 ri2
FT
Y Y
CLKM ——b RESULT | REGISTER<}—— CLK L
- OEM OEL
12 12
R23-Rit2 Ri1-Ro

mode controls TCA and TCB specify
the operands as two’s complement
when high, or unsigned magnitude
when low.

RND s 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 Mand CLK L
respectively. For asynchronous
output these registers may be made
transparent by taking the feed
through control (FT) high.

DEVICES INCORPORATED
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LMU12

12 x 12-bit Parallel Multiplier

AN BIN
Fractional Two’s Complement (TCA, TCB = 1)
[11 10 o s 2 1 0| [11 10 o Wb 2 1 0|
_20 2—1 2-2 2—9 2—10 2-11 _20 2-1 2—2 2-9 2-10 2—11
(Sign) (Sign)
Integer Two’s Complement (TCA, TCB = 1)
[11. 10 9 W 2 1 0 | [11 10 o wp 2 1 0|
_211 210 29 22 21 20 _211 210 29 22 21 20
(Sign) (Sign)
Unsigned Fractional (TCA, TCB = 0)
(1110 o b 2 1 0| {1110 o b 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)
(1110 o 2 1 0]

22 21 20

211 210 29

l11 10 o s 2 1 0|
211 210 29 22 21 20

LSP

MsP
Fractional Two’s Complement (RS = 0)
(1110 o 2 1 0|

123 22 21 W 14 13 12]
__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)
[11 10 o w2 1 0|

{23 22 21 s 14 13 12]
_21 20 2—1 2—8 2—9 2-10 2—112—12 2—13 2—20 2—21 2—22
(sign)
Integer Two's Complement (RS = 1)
[11.10 o b 2 1 0|

(23 22 21 W 14 13 12]
_223 222 221 214 213 212 22 21 20

(Sign)
Unsigned Fractional (RS = 1)
[11 10 o wp 2 1 0|

{23 22 21 v 14 13 12]
2-1 2-2 2-3 2-10 2-112-12 2-22 2—23 2-24

Unsigned Integer (RS = 1) —
[11 10 o W 2 1 0]

[23 22 21 W 14 13 12}
223 222 221 214 213 212 211 210 29 22 21 20

211 210 29

2—-13 2-14 2—15

Logic Products
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12 x 12-bit Parallel Multiplier LMU12

Storage teMPEBrAtUIE .........ccivmrirciiinciiiiessssr i st st ssese s st sssas sesassan s sns sassnnesuasnsenanes —65°C to +150°C
Operating ambient temperature ..........ceccvviciinnienncni e e —-55°C to +125°C
Ve supply voltage with respect to ground ...
Input signal with respect 10 ground ........c.cuiceieiesssin st s e

Signal applied to high impedance output ...........cccviviiin

Output cUIrent INtO [OW OULPULS .....cccceciicrrisisineesiesinesisemenisessessnsssesisnssssessssesssassasnsssssse stsssessasansssesensssos
L2 oo 10T o 3 o1 ] =T o | OV

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<56.25V
Active Operation, Military -55°C to +125°C 450V <Vcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH = -2.0 mA 35 \
VoL Output Low Voltage loL = 8.0 mA 05| V
VIH Input High Voltage 20 Vee | V
ViL Input Low Voltage {Note 3) 0.0 08| V
ix Input Current Ground < VINS Vce 120 | pA
loz Output Leakage Current | Ground < Vout < Vce 20 | pA
los Output Short Current Vourt = Ground, Vcc = Max (Notes 4, 8) —250 | mA
Icct Vce Current, Dynamic {Notes 5, 6) 12 25| mA
Iccz Vcc Current, Quiescent {(Note 7) 1.0 | mA

Logic Products
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12 x 12-bit Parallel Multiplier

LMU12

Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 65 45 35
tMuc | Unclocked Multiply Time 95 65 85
to Output Delay 26 25 25
tENA | Output Enable Time (Note 11) 22 22 20
tois | Output Disable Time 20 20 18
trw | Clock Pulse Width 25 15 15
tH Input Register Hold Time 2 2 2
ts Input Register Setup Time 18 15 12

LMU12-
75 55 45
Symbol Parameter Min Max
tMc | Multiply Time (Clocked) 75 55 45
tMUc | Unclocked Multiply Time 110 75 65
to Output Delay 30 30 25
tENA | Output Enable Time (Note 11) 26 26 24
tbis | Output Disable Time 24 24 22
tPw | Clock Pulse Width 25 20 15
tH Input Register Hold Time 2 2 2
ts Input Register Setup Time 18 15 12

ts—wf— tH
INPUT

! t
CLKA /_Lw_ﬁl‘ tme D
CLKB y
tme trw

CLKL
CLKM

tmuc RR——

K ourpur
OE A
[+—— tpis—= "
R23-Ro HIGH IMPEDANCE —

DEVICES INCORPORATED
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12 x 12-bit Parallel Multiplier

LMU12

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
Vce will be damped beginning at
-0.6 Vand Vcc + 0.6 V. The device can
withstand indefinite operation with
inputs in the range of -3.0 Vto +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 beaccurately approximated by:
NCV2F
4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = dock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 MHz
clock rate.

7. Tested with allinputs within 0.1 V of
Vcc 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
0t03.0V. 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 /turn-off times.
As aresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between Vcc and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should beinstalled between device Vcc
and the tester common, and device
ground and tester common.

b. Ground and VcC supply planes
must be brought directly to the DUT
socket or contactor fingers.

¢. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
inputlevels 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
thechip. 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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12 x 12-bit Parallel Multiplier

LMU12

64-pin A7 0l ~ e A 68-pin

1
As [f2 63 [1 A9 1 2 3 4 5 8 7 8 9 10 N
As (|3 62 ] A1o
A4 [4 611 A1t Y Y Y Y (Y (Y (YOS
A3 s 0[] CLK A A / o000 0O oo
A2 [6 59[] CLKB NC Ao A2 A4 As As A1 CLKA ENP .
-~ g - - -~ - -, - -
At Q7 s8] AND Bl OO COOCCCO OO
Ao L8 57[1 TCA Rt Ro A1 As As A7 As A1 CLkB TCA NC
R h e ol OO q oe;
Rz Q11 541 B2 A3 Hz B Bo
R3 {12 53{] B3 DI b e
R4 [J13 s2[] B4 Rs R4 Bs B2
Rs []14 51[1B5 el Y Y OIS
Re (15 50 [J Ve R7 Re Top View 85 Ba
R7 ({16 491 vee o~ PIGENG
Re O 17 481 vee F lﬁ" ‘FT' Through Package OIS
Re ({18 47[1 Bs 8 n8 . Side Pino vee Vee
R10 [ 19 461 87 gl OO (ie., Component u) OO
R11 [J20 45[1 Bs Rt R1w Bs vce
OEL [21 44[1 B9 H o0 o0y
OEM ({22 431 B1o oEN ﬁ 8s 87
GND []23 421 B O o0
GND []24 41[17TCB J ARG O
FT Q25 40 [ R23 eyg G‘Nso o o o B—LO B’9\
RS [} 26 39D Re2 Ky O 6 QO QO QO Qs O
CLK L Q27 38 [J R21 NC FT CLKL R12 Ri4 Rt R R2 R TCB Bt
CLKM Dz a7 fzo L CCCOoCOoCoC
Sg E§2 gg 2 S:Z RS CLKM R13 Ri5 Ri7 Ris R2t R2 NC
R14 []31 34[J R17
R15 (a2 33[J Ris

Plastic DIP Sidebraze Pin Grid Array

(P4) Hermetic DIP (D6) (G2)
0°C 10 +70°C — COMMERCIAL SCREENNG. S
LMU12PC65 LMU12DC65 LMU12GC65
Tt 45 ot 45 ot 45
- " "85 " "85

]'=55°C 10 +125°C — COMMERCIAL SCREENING * -

LMU12GM75

LMU12DM75
"t 55 R
" 45 " 45
| =55°C to +125°C — EXTENDED SCREENING
LMU12DME75 LMU12GME75
" " 85 " " 55
" " 45 " " 45
| -55°Cto +125°C — MIL-STD-883 Compuanr =~ -
75ns LMU12DMB75 LMU12GMB75
55ns " " 55 " " 55
45ns "t 45 " 45

DEVICES INCORPORATED
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12 x 12-bit Parallel Multiplier

LMU112

0 50 ns Worst-Case Multiply Time The LMU112 is a high-speed, low
power, 12-bit parallel multiplier built

Q Low Power CMOS Technology using advanced CMOS technology.

0 Replaces TRW MPY112K The LMUT112 is pin and functionally

O Two’s Complement or Unsigned compatible with TRW’s MPY112K.

Operands The A and B input operands are
loaded into their respective registers
Q Three-State Outputs on the rising edge ofpthe separglte
O Available Screened to-MIL-STD- clock inputs (CLK A and CLK B).

883, Class 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

0 Package Styles Available:
® 48-pin Plastic DIP
¢ 48-pin Sidebraze, Hermetic DIP
¢ 52-pin Plastic LCC, ]-lead

At1-Ao TC B11-Bo
12 12
CLK A A REGISTER
CLKB
24
| FORMAT ADJUST |
y
b RESULT | REGISTER]
(16
OFE
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 (R23-Rs) are in
the high impedance state.

DEVICES INCORPORATED
5-27

Logic Products

LDS.112-A




LMU112

12 x 12-bit Parallel Multiplier

BIN

AIN

Fractional Two’s Complement (TC = 1)
[11.10 o w2 1 0|

[11 10 o 2 1 0]
—20 2-12-2 2-9 2-10 211 _D0 2-1 0-2 2-9 2-10 2-11
(Sign) (Sign)
Integer Two’s Complement (TC = 1)
|11 10 o wp 2 1 0| [11 10 o wp 2 1 0|
_211 210 29 22 21 20 _211 210 29 22 21 20
(Sign) (Sign)

Unsigned Fractional (TC = 0)
[11 10 o b 2 1 0|

[11 10 o mp 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 (TC = 0)
[11 10 o b2 1 0]

111 10 o W 2 1 0 |
211 210 29 22 21 20 211 210 29 22 21 20

LSP

MSP
Fractional Two’s Complement —————————

11 10 9 8

[23 22 21 wp 14 13 12]
_20 2—1 2—2 2—9 2-102—11 _2—122-132-142-15
(Sign) (Sign)
——— Integer Two’s Complement—————
[23 22 21 w14 13 12] 11 10 9 8
_222 221 220 212 212 211 210 29 28 27
(Sign)
Unsigned Fractional
{23 22 21 s 14 13 12] 11 10 9 8
2—1 2-2 2—3 2—10 2-112—12 2—132—142—162—16
Unsigned Integer
[23 22 21 e 14 13 12] 11 10 9 8
223 222 221 214 213 212 211 210 29 23
Logic Products
5-28 LDS.112-A

DEVICES INCORPORATED



12 x 12-bit Parallel Multiplier

LMU112

Storage temperature
Operating ambient temperature
Vcce supply voltage with respect to ground......
Input signal with respect to ground
Signal applied to high impedance output
Output current into low outputs ...
Latchup current

—65°C to +150°C
-55°C to +125°C
..—05V1io+70V

Mode

Active Operation, Commercial
Active Operation, Military

Temperature Range (Ambient)
0°C to +70°C
—55°C to +125°C

Supply Voltage
475V <Vcc <525V
450V <Vcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH = —-2.0 mA 3.5 \"
VoL Output Low Voltage loL=8.0mA 05| V
VIH Input High Voltage 2.0 vee | V
ViL Input Low Voltage (Note 3) 0.0 08| V
hx Input Current Ground < VINS VcC +20 [ pA
loz Output Leakage Current | Ground < VouT < Vce +20 [ pA
los Output Short Current Vourt = Ground, VCC = Max (Notes 4, 8) -250 | mA
Icct Vce Current, Dynamic (Notes 5, 6) 10 20| mA
Icc2 Vcce Current, Quiescent (Note 7) 1.0 | mA
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12 x 12-bit Parallel Multiplier

LMU112

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
tois | 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

Symbol Parameter Min Max Min Max
tMc | Multiply Time (Clocked) 65 55
to Output Delay 30 30
teNA | Output Enable Time (Note 11) 30 30
tois | Output Disable Time (Note 11) 30 30
tpw | Clock Pulse Width 20 20
tH Input Register Hold Time 0 0
ts Input Register Setup Time 15 15

ts—=ta—tH
INPUT

le— tpw tew
CLKA A \L
CLKB
tme
CLKR )‘ )
to |
* OUTPUT
* {8 =
tpis
HIGH IMPEDANCE teNA

R23-Rs
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12 x 12-bit Parallel Multiplier

LMU112

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
vcc will be clamped beginning at
-0.6 Vand Vcc + 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 beaccurately approximated by:
NCV?F
2

where

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 allinputs within 0.1 V of
Vcc or Ground, no load.

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

9. ACspecifications 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
0to 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/turn-off times.
Asaresult, care mustbe exercisedin the
testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device Vcc
and the tester common, and device
ground and tester common.

b. Ground and VcC 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
VCC noise to maintain required DUT
inputlevels 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
thechip. 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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12 x 12-bit Parallel Multiplier LMU112

48-pin = 52-pin

Ao [1 48 [] A9

A1 2 471 As

Bo (]3 46 ] A7

B1 [4 451 As OoaroCao~on<

B2 [{5 44[] As ZoooONL<L<LLLLL<L

B3 I:S 43] A4 l_|l—lr1l_ll_|l_|l_|r‘1nﬁr_ll_|l—|‘

B 7 20 84[765432 152515049 48 47 1\
Bs []s a1l A2 Bs o d A3
Bs []9 40 [ A1 Be [J10 4“1A2
87 ({10 39 Ao B7 01 aflAl
Bs [11 3g[] CLKA Bs 12 2bAs
vee Q012 378 GND Vee [ 13 41 CLKA
vee O1a 36[] GND vee 14 Top 40 | GND
Bo []14 35[] Re Bo 15 View 39 ] GND
B1o [{15 34[1 Re B1o 16 38 Rs
B11 16 33[] Rio Bi11 17 371 Re
e Q7 s2 ] Rt TC 18 3 [1 R0
CLKB 18 ol Rz ctk B g1 s RN
OE [19 30 [] Ri2 NG O 20 1R
Res []20 29 []1 Ri4 21 22 23 24 25 26 27 28 29 30 31 32 33
R22E21 28]R15 WoNmrmo o~ ©ws o)

Rer [l 270 o e E8Ecaaa =

R20 [}23 26 [] R17

R19 []24 25[] Ris

Plastic DIP Sidebraze Plastic J-Lead
(P5) Hermetic DIP (D5) Chip Carrier(J5)
1:0°C to +70°C <= CommER Y
LMU112PC60 LMU112DC60 LMU112JC60
.. - 50 . ~ 80 " ~ 5O

1:285°C 10 +125°C — COMMERCIAL SCREENING
LMU112DM85
" 55

+125°C — EXTENDED SCREENING
LMU112DMES5
"t 55

[ T55C10 +125°C — WIL-STD883 Compian
65 ns LMU112DMB65
" " 55
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16 x 16-bit Parallel Multiplier

LMU16/216

[ 45 ns Worst-Case Multiply Time
O Low Power CMOS Technology

0 Replaces TRW MPY016H]J and
AMD Am29516

0 Two’'s Complement, Unsigned, or
Mixed Operands

Q Three-State Outputs

O Available Screened to MIL-STD-
883, Class B

Q1 Package Styles Available:
¢ 64-pin Plastic DIP

The LMU16 and LMU216 are 16-bit
parallel multipliers with high speed
and low power consumption. They
are pin and functionally compatible
with TRW MPY016H]J and AMD
Am?29516 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.

* 64-pin Sidebraze, Hermetic DIP  Data present at the A inputs, along
¢ 68-pin Plastic L.CC, J-Lead with the TCA control bit, is loaded
¢ 68-pin Pin Grid Array into the A register on the rising edge
® 68-pin Ceramic LCC (Type C) of CLK A. B data and the TCB control
FB 15;8 of
TCA Aus-Ao TcB Ris—Ro
16 16
CLK A A REGISTER B REGISTER
CLK B
&
RND 7 X
[
w
o
32
Rs »|  FORMAT ADJUST
|
416 v 16
FT
v v v
CLKM ——P> RESULT | REGISTER <—— CLK L
MSPSEL »
OEM OEL
16 16
Rsi-Ris

are similarly loaded by CLK B. The
modecontrols TCA and TCB specify
the operands as two’s complement
when high, or unsigned magnitude
when low.

RND s 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 inthe 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. 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.

The output multiplexer control
MSPSEL uses a pin which is a supply
ground in the TRW MPY16H]. When
this control is LOW (GND) the
function is that of the MPY16H], thus
allowing full compatibility.
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16 x 16-bit Parallel Multiplier

LMU16/216

AIN BIN
Fractional Two’s Complement (TCA, TCB = 1)
[15 14 13 % 2 1 0 | 115 14 13w 2 1 0 |
20 2-1 9-2 2-130-14 218 —D0 2-1 -2 2-130-14 215
(Sign) (Sign)
Integer Two’s Complement (TCA, TCB = 1)
{15 14 13w 2 1 0 | (1514 130 2 1 0 |
_215 214 213 22 21 20 _215 214 213 22 21 20
(Sign) (Sign)
—— Unsigned Fractional (TCA, TCB = 0)
[15 14 13%p 2 1 O | [15 14 13 2 1 0]
2-1 2-2 2-3 2-14 2-152-15 2-1 2—2 2—3 2—14 2—152—18
Unsigned Integer (TCA, TCB = 0)
l156 14 130 2 1 0| [15 14 13w 2 1 0]
215 214 213 22 21 20 215 214 213 22 21 20
LSP

MSP

Fractional Two’s Complement (RS = 0)
[15 14 13w 2

1 0|
2—28 2—29 2-30

D0 2-16 p-17

[31 30 20 s 18 17 16

(Sign)

_20 2—1 2—2
(Sign)

2—13 2-14 2—15
Fractional Two’s Complement—Shifted (RS = 1)
[15 14 13 % 2

1 0|
2—28 2-29 2-30

2-152-16 2-17

[31 30 290 s 18 17 16]

—21 20 o1
(Sign)

2—12 2—13 2—14
Integer Two's Complement (RS = 1)
[15 14 13 s 2

1 0|
22 2t 20

215 214 213

131 30 29 e 18 17 16

—D31 230 520
(Sign)

218 217 216

Unsigned Fractional (RS = 1)
[15 14 13% 2 1 0]
2—30 2—31 2-32

2-172-18 219

[31 30 29 s 18 17 16|

2-1 2-2 9-3

2-14 9-152-18

Unsigned Integer (RS = 1)
(1514 13%b 2 1 0]
20

215 214 213 22 21

[31 30 20 W 18 17 16

231 230 229

218 217 218
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16 x 16-bit Parallel Multiplier LMU16/216

StOrage tEMPETAIUIE .....cecierueeruisieistesisisiestinreesesstesatsrassnssssis st oasssses st ssnnssassnssteresssssssssssaseasssse —65°C to +150°C
Operating ambient temperature...........cocveee.. ... =55°C to +125°C
Vcce supply voltage with respect 10 groUnd ..........coceeeiceiesinnecseniiniitennnnresssnsesssssssessesssesesnens -05Vto+7.0V
Input signal with respect t0 GroUNd ........cccuveeiiiinsnisisssenans sssssnssssmemsssseseessssnssssesssssasesssss —3.0Vto+7.0V
Signal applied to high impedance output

Output cUrrent iNt0 IOW OULPULS .....ccovieeeirriscsiinininsiiensscmmsiesessssssmssiasissssassmesmssisstsssssssssssasassssssnsessnsns

L= (e T T o 3o (=T o ) O T OO

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc <525V
Active Operation, Military -55°C to +125°C 450V <Vecc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH =-2.0 mA 3.5 \
VoL Output Low Voltage loL=8.0mA 05| V
VIH Input High Voltage 20 Vec | V
viL Input Low Voltage (Note 3) 0.0 08| V
hx Input Current Ground < VIN< Vce 120 | pA
loz Output Leakage Current | Ground < Vout £ Vce +20 [ pA
los Output Short Current VouT = Ground, Vcc = Max (Notes 4, 8) —-250 | mA
Icct Vcc Current, Dynamic (Notes 5, 6) 12 25 | mA
lccz Vce Current, Quiescent (Note 7) 1.0 { mA
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16 x 16-bit Parallel Multiplier

LMU16/216

LMU16/216-
65 55 45

Symbol Parameter Min Max Min Max Min Max

tMc | 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

trw | Clock Pulse Width 15 15 15

tH Input Register Hold Time 1 1 1

ts Input Register Setup Time 15 15 15

LMU16/216-
75 65 55
Symbol Parameter Min Max Min Max Min Max
tMc | 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
tois | Output Disable Time (Note 11) 25 25 25
trw | Clock Pulse Width 20 15 15
tH Input Register Hold Time 2 2 2
ts Input Register Setup Time 15 15 15

tg—sfe—ty
INPUT
t t
CLKA pll tew 2
CLKB 7 7 ) N
tme trw i
CLKL
CLKM /) I
E—- T SEL—=]
MSPSEL
tMuc
OUTPUT
OFE . d
[+— tois—=] tenA—]
HIGH IMPEDANCE
R31-Ro

DEVICES INCORPORATED

¢ Products

LDS.16/216-A



16 x 16-bit Parallel Multiplier

LMU16/216

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
Vce will be clamped beginning at
-0.6 Vand VcC + 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 beaccurately approximated by:

NCVZF

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 within 0.1 V of
Vcc 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
0to0 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/turn-off times.
As aresult, caremustbe exercised in the
testing of this device. The following
measures are recommended:

a. A0.1 pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device Vcc
and the tester common, and device
ground and tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

¢. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
inputlevels 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
thechip. Setup time, for example, isspe-
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 x 16-bit Parallel Multiplier

LMU16

64-pin A4 1 Y eapas
A3 []2 63[] As
A2 13 62 [] A7
A1 4 61 As
Ao []5 60 g Ag
OEL s 59 [1 A10
CLKL 7 5811 A1t
CLKB []8 57 [0 Atz
Ro,Bo [9 56 [1 A13
* R1,B1 (10 55 [ A14
Rz2,B2 [ 11 54 [1 A15
R3,B3 [J12 53] CLKA
R4,B4 [J13 52 ] RND
Rs,Bs []14 51[1 TCA
Re,B6 [ 15 50 [] TCB
R7,B7 [J16 49 [1 Vee
ReBs 17 48 a vee
R9,B9 [J18 47{] GND
R10,B10 (]19 48 [1 GND
R11,B11 {20 45 {1 MSPSEL
R12,B12 [|21 4 [JFT
R13,B13 []22 43[J RS
R14,B14 |23 42 [1 OEM
R15,B15 {J24 41 CLKM
Ri6 [j25 40 [J R3t
R17 26 39 {] R30
R18 [27 38 [] R2g
R19 [[28 3711 Resg
R20 [J29 36 [J R27
R21 [0 35 [ R2s
R22 {131 34[] Ras
R23 []32 33 [] R24

68-pin
1 2 3 4 5 6 7 8 9 10 1
A / COQOOQO0O0OO0
NC CLKBOEL A1 A3 As A7 A9 An
~ RBOEL A1 A3 A5 A7 A
Bl O DO O Q000000
RB1 RBoCLKL Ao A2 A4 As As A A NC
cl O O on OO
RBs RBz 3 A A
p| & O OO
RBs R,Bs CLKA Ais
el O O ) OO
RB7 RBs Top View TCA RND
FlL O O Through Package OO
RBs R.Ba (i.e., Component Side Pinout) Vee TCB
G| O O O O
R,B11 R,B1o GND  Vce
HI O O o0
R,B13 R,B12 MSPSEL GND
J1 OO OO
R,B1s R}§14 . e Ri FT
kK[ OO OO0 000000
NC R Ris R0 Rz Ra R_ze Fl_ae R30 CLKM OEM
L DOO0OD0OOOQOO
Ri7 Ri9 Rzt Rz R2s Rz Rz R31 NC

Plastic DIP Sidebraze Pin Grid Array
Speed (P4) Hermetic DIP (D6) (G2)
L 0°C 0. +70°C — COMMERCIAL SCREENING -
65ns LMU16PC65 LMU16DC65 LMU16GC65
55ns " " 55 " " 55 " " 55
45ns " " 45 " " 45 " " 45

55 16 +175°C — Coumenoil SeREmRG

LMU16DM75
65 ns " " 65
55 ns " " 565

LMU16GM75

" " 65
. " 55

:125°C <= EXTENDED SCREENING

75 ns LMU16DME75
65 ns " " 65
55 ns " " 55

LMU16GME75

" ~ 65
" " 55

55°C to +125°C — MIL-STD-883 Comp

LMU16DMB75

LMU16GMB75
" " 65
" " 55

" " 85
" " 55
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16 x 16-bit Parallel Multiplier

LMU216

Plastic J-Lead
Chip Carrier (J2)

Ceramic Leadless
Chip Carrier (K3)

LMU216KC65

65ns LMU216JC65
55ns " *~ 55 ~ 55
45ns " " 45 " .~ 45
LMU216KM75
" " 65

75ns
65ns
55ns

55

LMU216KME75

75ns

65 ns " " 65

55ns " ~ 55
75ns LMU216KMB75
65ns " " 65
55ns " * 55
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16 x 16-bit Parallel Multiplier

LMU17/217

0 45 ns Worst-Case Multiply Time
Q Low Power CMOS Technology

3 Replaces AMD Am29517

0 Single Clock Architecture with

Register Enables

O Two’s Complement, Unsigned, or

Mixed Operands
Q Three-State Outputs

0 Available Screened to MIL-STD-
883, Class 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 Am?29517 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 LMU17 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

16
A REGISTER

B15-Bo/
TCB R1s—Ro

16

TCA Aits-Ao

[
B REGISTER

9

RS

y

[ReEGISTER

»| FORMAT ADJUST |

|

416 Y16

¥

MSPSEL

y
»| RESULT [REGISTER]

OEP

16 16

OEL

Rai-R1e

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 'I' 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 givesa
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 - LMU17/217

AN BN

Fractional Two’'s Complement (TCA, TCB = 1)
[15 14 130 2 1 0| [15 14 13w 2 1 0]
_20 2-1 2-2 2—132-14 2-15 _20 2—1 2—2 2-132—14 2—15
(Sign} (Sign)

Integer Two’s Complement (TCA, TCB = 1)
[15 14 13 2 1 0 | [15 14 13w 2 1 0 |
215 214 213 22 21 20 215 214 213 22 21 20
(Sign) (Sign)

Unsigned Fractional (TCA, TCB = 0)

[15 14 13 % 2 1 0] [15 14 130 2 1 0]
2-1 2—2 2—3 2—14 2—152—16 2-1 2—2 2—3 2—14 2—152—16

Unsigned Integer (TCA, TCB = 0)

[15 14 138 2 1 0] {15 14 13 % 2 1 0 |
215 214 213 22 21 20 215 214 213 22 21 20

MSP LSP
Fractional Two’s Complement (RS = 0)
(31 30 29 b 18 17 16] [15 14 13w 2 1 0]
_20 2-1 2—2 2-13 2—14 2’»15 _20 2—15 2—17 2—-28 2—29 2—30
(Sign) (ign)
Fractional Two’s Complement—Shifted (RS = 1)
{31 30 29 Wb 18 17 16 [15 14 13 2 1 0 |
_21 20 2—1 2—12 2—13 2—14 2-152—16 2-17 2-28 2—29 2—30
(Sign)
Integer Two’s Complement (RS = 1)
(31 30 20 w18 17 16 [15 14 13w 2 1 0 |
231 230 029 218 217 216 215 214 213 22 21 920
(Sign)
Unsigned Fractional (RS = 1)
31 30 20 s 18 17 16 {15 14 13 2 1 0 |
2—1 2——2 2—3 2—14 2-152-16 2-17 2—18 2—19 2—30 2—31 2—32
Unsigned Integer (RS = 1)
[31._30 29 s 18 17 16| [15 14 134 2 1 0]
231 230 229 215 217 216 215 214 213 22 21 20
== —== Logic Products
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16 x 16-bit Parallel Multiplier

LMU17/217

Storage temperature
Operating ambient temperature
Vcc supply voltage with respect to ground
Input signal with respect to ground
Signal applied to high impedance output
Qutput current into low outputs
Latchup current

........................................................................................

—65°C to +150°C
-55°C to +125°C
-05Vto+7.0V
-3.0Vto+70V
-30Vto+7.0V

Mode

Active Operation, Commercial
Active Operation, Military

Temperature Range (Ambient)
0°C to +70°C
-55°C to +125°C

Supply Voltage
475V <Vcc £5.25V
450V <Vcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH = -2.0 mA 35 \
VoL Output Low Voltage loL = 8.0 mA 05| V
VIH Input High Voltage 20 vee | V
ViL Input Low Voltage (Note 3) 0.0 08| V
lix Input Current Ground < VINS Vce +20 | pA
loz Output Leakage Current { Ground < VouT < Vce +20 | pA
los Output Short Current Vourt = Ground, VcC = Max (Notes 4, 8) —250 | mA
Icct Vce Current, Dynamic (Notes 5, 6) 12 25| mA
Icca Vce Current, Quiescent (Note 7) 1.0 | mA

DEVICES INCORPORATED
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16 x 16-bit Parallel Multiplier

LMU17/217

LMU17/217-
65 55 45

Symbol Parameter Min Min Max Min Max

tme Multiply Time (Clocked) 55 45

tmuc | Unclocked Multiply Time 75 65

to Output Delay 30 30

tseL | Output Select Delay 25 25

tENA | Output Enable Time (Note 11) 25 25

tois | Output Disable Time (Note 11) 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 Min Max Min Max

tMc Multiply Time (Clocked) 65 55

tmuc | Unclocked Multiply Time 85 75

to Qutput Delay 30 30

tseL | Output Select Delay 30 30

tENA | Output Enable Time (Note 11) 25 25

tbis | Output Disable Time (Note 11) 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

CLOCK A k

OUTPUT

tymuc

MSPSEL

™

tseL

HIGH IMPEDANCE
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16 x 16-bit Parallel Multiplier

LMU17/217

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
Vcc will be clamped beginning at
—0.6 Vand Vcc + 0.6 V. The device can
withstand indefinite operation with
inputs in the range of -3.0 Vto +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 beaccurately approximated by:
NCV?F
4

where

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 withall inputs within0.1 V of
Vcc 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
010 3.0 V. Output loading is a resistive
divider which provides for specified
IoL and TOH plus 30 pF capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off times.
As aresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should beinstalled between device Vcc
and the tester common, and device
ground and tester common.

b. Ground and VccC 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
Vce noise to maintain required DUT
inputlevels 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 x 16-bit Parallel Multiplier

LMU17

64-pin A4 1 641 A5
A3 []2 63[] As
A2 ga 62[] A7
A1 Q4 81]) As
Ao 05 s0[1 A
OEL @e 59 [1 A10
CLK []7 58 [] A11
ENB (& 571 A12
RoBo (9 561 A13
R1,B1 [J10 55 é At4
R2,B2 []11 541 At5
R3,B3 {12 53 ENA
R4,B4 []13 52 [J RND
Rs5,B5 []14 51[] TCA
Re,Bs []15 50[] TCB
R7,B7 H 16 491 Vee
Rs,Bs []17 48 % vee
Ro,Bg (18 471 GND
Ri0,B10 [f19 461 GND
R11,B11 (20 45BM§P'SEL
R12,B12 [J21 4[] FT
R13,B13 [f22 43 RS
R14,B14 []23 421 OEM
R15,B15 []24 41 @ ENR
R16 [2s5 40 {1 Rat
R17 [J26 39 [J R3o
R18 ay 38 [1 R29
R19 (28 37 % R28
R20 [j29 36 [J R27
R21 Eso 35 [1 R2s
R22 [J31 34 g R25
Res []a2 33 [] Raa

68-pin
1 2 3 4 5 6 7 8 9 10 11
A / QOO OO0QO O
- r;lg ENB GEL A1 A3 As A7 Ag 1'\11 -
B[O D00 QOO OQO0O0
RB1 RBo CLK A0 A2 As As As A1 A2 NC
cl O O o OO
RB3 RBz A An
o| O O OO
RBs R,B4 ENA A5
El O O ; OO
R.B7 R.Bs Top View TCA RND
FIL O O Through Package O O
RBs RBs {i.e., Component Side Pinout) Vee TCB
G| Y (GG
R,B1 R,B1o GND  Vce
HI O O OO
R,B13 R,B12 MgPs;EL GN\D
JI1 O O OO
RB1s F§§14 _ S
k[ OO OO O000 Q0 O0
NC Rt R Ro Rz Rz R Rz R3 ENR OEM
L OO QO OO0 0 O 0O 0
Rz R Rzt R%. R Rz Ra R31 NC

Plastic DIP Sidebraze Pin Grid Array

Speed (P4) Hermetic DIP (D6) (G2)

_ {COMMERCIAL: SCREENIN

65 ns LMU17PC65 LMU17DC65 LMU17GC65
55ns " " 55 " " 85 ~ " 55
45 ns " " 45 " " 45 " " 45
M75 LMU17GM75
65 " " 85
" " 55 "~ " 55

CREENIN

LMU17DME75

65
55

LMU17GME75
" " 65
55

T

LMU17DMB75

LMU17GMB75
" " 65
55

" " 65
" " 85

DEVICES INCORPORATED
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16 x 16-bit Parallel Multiplier

LMU217

Plastic J-Lead
Speed Chip Carrier (J2)

Ceramic Leadless
Chip Carrier (K3)

65 ns LMU217JC65 LMU217KC65
55 ns " " 55 " * 65
45ns " " 45 " " 45
75 ns LMU217KM75
65ns " " 65
55 ns " " 55

75ns LMU217KME75

65 ns " " 65

55ns " " 55

LMU217KMB75

" " 65

L] L] 55

DEVICES INCORPORATED
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16 x 16-bit Parallel Multiplier LMU18

O 35 ns Worst-Case Multiply Time The LMU18 s a 16-bit parallel multi-  registers is controlled by the ENA and
plier featuring high speed and low ENB controls. When high, these
power consumption. The LMU18 is prevent application of the clock to the

0 Low Power CMOS Technology

Q Full 32-bit Output Port — an 84-pin device which provides respective register. The mode controls
No Multiplexing Required simultaneous access to all outputs. TCA and TCB specify the operands as
, , Full military ambient temperature two’s complement when high, or
- TVYO s Complement, Unsigned, or range operation is attained by the use  unsigned magnitude when low.
Mixed Operands of advanced CMOS technology. ) .
Q Three-State Outputs : RNDis logd?d on the rising edge of
The LMU18 produces the 32-bit CLK, providing either ENA or ENB
0 Available Screened to MIL-STD- product of two 16-bit numbers. Data  are low. RND, when high, adds 1 to
883, Class B present at the A inputs, along with the  the most significant bit position of the
. TCA control bit, is loaded into the A least significant half of the product.
9 I:agagiispt{letsi A]:’ééa?lle_; d register on the rising edge of CLK A. Subseq%lr:rf\lt truncation of tl'r\’e 16 least
. 84-P' P;SGC, dA s J-ea B data and the TCB control are simi-  significant bits produces a result
pin Tid Array larly loaded. Loadingofthe Aand B  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
TCGA  Ats-Ao TCB  Bis-Bo product with a copy of the sign bit
16 16 inserted in the MSB postion of the
OLK —— least significant half. RS high givesa
NA —1 A REGISTER full 32-bit product. Two 16-bit output
ENB 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
RND gl ENR control. When ENR s high,

& clocking of the result registers is
prevented. For asynchronous output
these registers may be made transpar-

RS »{  FORMAT ADJUST | ent by taking the feed through control
[ (FT) high.
Y16 JRT: The two halves of the product may be
ET routed to a single 16-bit three-state
— I Y v Y ¥ output port (MSP) via a multiplexer.
ENR »| RESULT | REGISTER] MSPSEL low causes the MSP outputs
{ to be driven by the most significant
WSPSEL A half of the. res'u.lt. MSPSEL high routes
the least significant half of the result
— e to the MSP pins. The MSB of the
OEM OEL result is available in both true and
16 18 complemented form to aid implemen-
tation of higher precision multipliers.
Rst  R3-Ri6  Ris-Ro
Logic Products
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16 x 16-bit Parallel Multiplier LMU18

AIN BIN
Fractional Two’s Complement (TCA, TCB = 1)
[15 14 13w 2 1 0 | [15 14 13w 2 1 0|
_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)

115 14 13 % 2 1 0 | 115 14 13 2 1 0 |
_215 214 213 22 21 20 _215 214 213 22 21 20
(Sign) (Sign)
———— Unsigned Fractional (TCA, TCB = 0)
[15 14 138 2 1 0 | [15 14 13 2 1 0|

2—1 2—2 2—3 2-14 2—152—16 21 2—2 2-3 2-14 2—152—16

Unsigned Integer (TCA, TCB =0)

116 14 13w 2 1 0 | [15 14 134 2 1 0|
215 214 213 22 21 20 215 214 213 22 21 20

MSP LsSP
Fractional Two’s Complement (RS = 0)
[31_30 29 Wb 18 17 16 | (15 14 13w 2 1 0]
_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)
{31 30 29 w 18 17 16 | 115 14 13w 2 1 0|
_21 20 2-1 2—12 2—13 2—14 2-152—16 2—17 2-25 2—29 2—30
(Sign)
Integer Two’s Complement (RS = 1)
[31 30 29 s 18 17 16] [15 14 13w 2 1 0]
_231 230 229 210 217 216 215 214 213 22 21 20
(Sign)
Unsigned Fractional (RS = 1)
[31 30 20 s 18 17 16 [15 14 13w 2 1 0]
2—1 2—2 2—3 2—14 2—152-16 2-17 2—18 2—19 2—30 2—31 2-32
Unsigned Integer (RS = 1)
[31 30 20 s 18 17 16| [15 14 13 2 1 0|
231 230 229 213 217 216 215 214 213 22 21 20
DEVICES INCORPORATED L°glc PrOdUCts
LDS.18-A
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16 x 16-bit Parallel Multiplier LMU18

StOrage tEMPEIAIUIE ....c.c.coceeeriirieie et s st ses st s e s e e sts et sesn s saar s sae st s sas s nrasen -65°C to +150°C
Operating ambient temperature ........ .. =55°C to +125°C
Vce supply voltage with respect to ground ............................................................................ -05Vto+70V
Input signal with respect to Ground ...t e s s st -30Vto+7.0V
Signal applied to high impedance output ... -30Vto+7.0V
Qutput current iNt0 [OW OULPULS .....oiciiriieiciiini ittt s s st sas e srae e e sesae s sae ssseessanens 25 mA
LAtChUP CUITENLT ..oceririiiiiitinretcictin ittt bs s b en i e e s e s b st es et sa b st et e st ean e nnnsanees > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc <£5.25V
Active Operation, Military —55°C to +125°C 450V<Vecc <550V

Symbol Parameter Test Condition Min | Typ | Max [ Unit
VOH Output High Voltage IoH = -2.0 mA 3.5 Vv
VoL Output Low Voltage loL = 8.0 mA 05| V
ViH Input High Voltage 2.0 Vec | V
ViL Input Low Voltage (Note 3) 0.0 08| V
ix Input Current Ground < VIN< Vce ' +20 | pA
loz Output Leakage Current | Ground < VouT < Vce 20 | pA
los Output Short Current Vour = Ground, Vcc = Max (Notes 4, 8) —250 | mA
Icct Vcce Current, Dynamic (Notes 5, 6) 25 45 | mA
lcc2 Vcce Current, Quiescent (Note 7) 1.0 | mA

Logic Products
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16 x 16-bit Parallel Multiplier

LMU18

Symbol Parameter Min Max Min Max Min Max
tMc 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
tois | 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

tMc | 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

tois | 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

tme

OUTPUT
tMuc
MSPSEL *
tENA — tsEL
o A ¥
tois
Rs1—Ro b HIGH IMPEDANCE y

DEVICES INCORPORATED
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16 x 16-bit Parallel Multiplier

LMU18

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
vcc will be clamped beginning at
—-0.6 Vand Vcc + 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.

— o o —
- s m—— am——
— e e o mm— —
e e -
—————— — " St—

——h—1

5. Supply current for a given applica-
tion can beaccurately approximated by:
NCVZF
4

where

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 within 0.1 V of
Vcc 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
0to 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/turn-off times.
As aresult, care mustbe exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should beinstalled between device VCC
and the tester common, and device
ground and tester common.

b. Ground and Vcc 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
vcc noise to maintain required DUT
inputlevelsrelative 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 x 16-bit Parallel Multiplier

LMU18

©weoNu—-00- N ~ El
oDmOOOMOO<CI<< < <
COomooocoooo o o
/11109 8 7 6 5 4 3 2 164838281 807978777675 L
Bio[ 12 740 A1t
B g8 [ B3P AR
B2 14 720 A13
Bmaw 71%A|4
B[] 16 700 Ats_
_Bisg17 60 ENA
ENB (] 18 681 RND
CLK (] 19 67§TCA
OEL [} 20 66[) TCB
GND (] 21 65[1 Vce
veo [ 22 Top 641 GND
Ro [ 28 View 631 GND
R1 ] 24 62(1 MSPSEL
Ra[] 25 610 FT
Raf] 2 60[1 RS
Ra(] 27 59[1 OEM
Rs[] 28 ssés_ﬂ
Hegze 570 Ra1
Rz ] 30 56[1 Rat
Rs (] 31 55EH30
Ro ] 32 54[)1 R2g
3334 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 5253
S e e e e g e e e
SrNeTPgOLER2RSsNRIBERR
IIEIII>%IIIIIQ‘.’IEIEECEE

S0 QO OO0 OO 0O
B: B7 8¢ B4 Bt B3 Az A5 A7 As A1
N g e e g rme g g
OO0 O0 0000000
Bi2 B Bs B5 Bz A1 A3 As A8 Ay An
O (\;‘X O 00 OO
B Bn Bo Ao As A2 A1
o~ ~ o~
oL 1] |v} ()
B15 B4 A15 ENA
~ N ~ ~ ~ -,
L ) (GRS RS
OEL CLK GND Top View vee TCA TCB
-, 7~ 7~ S, r~ -,
‘f(l S Through Package LU ;&"
0 B V . GND GND RND
i A {i.e., Component Side Pinout)] o~ -~ o~
O (OGS
Rt Rz Ras RS  FT MSPSEL
~, ~, oy S,
[P I ¢ 1 o)
Re Rs ENR OEM
e ~ N
o] 000 O O
Rs Re R17 R18 R22 Rw R3
~ o~ gy e g e el
COO0 0000080
R7 R10 Ri1 Ri4 GND Vec Rz2i Re¢ Rer R R
PN gy gy g e Bt AL
O 0000000000
Re R12 Rt13 Ri5 Ris Ris R2 R Res Re Rz

Speed

Plastic J-Lead
Chip Carrier (J3)

Pin Grid Array
(G3)

65 ns
45 ns
35ns

" " 45
" " 35

LMU18GC65
" " 45
" " 35

75 ns
55 ns
45 ns

GM75

75ns
55ns
45ns

LMU18
" " 55
" " 45
LMU18GME75
" " 55
" " 45

“LMU18GMB75
» » 55
~ v 45
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12 x 12-bit Multiplier-Accumulator

LMA1009/2009

lf

0 45 ns Worst-Case Multiply-
Accumulate Time

Q Low Power CMOS Technology

Q1 Replaces TRW TDC1009

& Two’s Complement, Unsigned, or
Mixed Operands

O Accumulator Performs Load,
Accumulate, Subtract

0O Three-State Outputs

O Available Screened to MIL-STD-
883, Class B

Q 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 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

B1+-Bo
12

A1-Ao
12

A REGISTER| J—S B REGISTER |
|

CLK A
CLK B ]
RND, TC »| &
w
@
ACC, SUB = E
[i'd
OEX, O'E'MGEL —] ACC, CLK
PRELOAD
PREL ~—» CONTROL
L LOGIC
CLK R —

LEX

w

12

$ | ACCUMULATOR |REGISTER]
_J

OEX OEM

3 12 12

R26-Ra4 Ra23-R12 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 CLKR. 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 CLKR. The interrelation of
PREL and the enable controls is sum-
marized in the preload truth table.

Logic Products
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12 x 12-bit Multiplier-Accumulator LMA1009/2009

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 our z [1110 omp 2 1 0] [1110 o s 2 1 0]
L L H L ouT z ourt —20 21 -2 2-9 2-10 911 —20 241 9-2 2-9 2-10 211
L L H H our z z (Sign) (Sign)
L H L L Z OuT our
L H L H Z Oour z —— Unsigned Fractional (TC = 0)
L H H L z zZ out
L H H u z z 2 [11710 oM 2 1 o] (1110 o w2 1 0]
H L L L z z z 21 22273 2-10 2-112-12 2-1 22 23 2-10 2-112-12
H L L H z Z PREL
H L H L Z PREL 2Z .
H L H H Z  PREL PREL Integer Two’s Complement (TC = 1)
H H L L PREL Z Z [11 10 owp 2 1 0] [1110 o w2 1 0|
H H L H PREL Z PREL —211 210 29 2 21 20 211 210 29 2 21 20
H H H L PREL PREL Z (S?gn)z 2 2t 2 2 (Sz,gn)2 2 2t 2t 2
H H H H PREL PREL PREL
Unsigned Integer (TC = 0)
OUT = Register available on output pins
Z = High impedance state [1110 o 2 1 o] [11 10 9 b2 1 0]
PREL = Data can be preloaded to appropriate 211 210 29 22 21 20 211 210 29 22 21 20
register

XTR MSR LSR

Fractional Two’s Complement

[26 25 24] [23 22 21 Wb 14 13 12] [11.10 o w2 1 0 |
_24 23 22 21 20 2-1 2-8 2-9 2-10 2-112—12 2-13 2-20 2-21 2-22
(Sign)

Unsigned Fractional

[26 25 24| [23 22 21 Wb 14 13 12] [11.10 o s 2 1 0 |

22 21 20 2—1 2-2 2-3 2—10 2-112—12 2—13 2—14 2—15 2-22 2-232—24

Integer Two’s Complement
[26 25 24| [23 22 21 Wb 14 13 12] (11 10 o w2 1 0|

(ggas) 225 224 223 922 21t 214 213 212 211 210 29 22 21 20
ign,

~

Unsigned Integer

[26 25 24| [23 22 21 % 14 13 12] [11.10 o s 2 1 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 LMA1009/2009

53 CeT Ve L= (=T a0 1= =1 (1= RN —65°C to +150°C
Operating ambient teMPEratUre ........cccccereerrrerisesseseserenisseesnsssrsssssssesmrsssessenssnsssesssns srasees —55°C to +125°C
Vcce supply voltage with respect to ground .........ccciieniscsninnssississ s -05Vto+7.0V
Input signal with respect 0 ground ... i ssssssessseses -30Vto+70V
Signal applied to high impedance OUIPUL ...t eese e -30Vto+7.0V
Output cUrrent iNto [OW OULPULS ....ccveeiicirersctinrnsstecnmsenereesssesessssseessssssssssssesessesesasnssssansmsasesnesssonssans 25 mA
LAICRhUD CUITENE ...t retee e st st escen s s st s sea s st e asas s arans seatsassbessnscansnssssneeransasarssnnsaessnanss > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc £5.25V
Active Operation, Military —-55°C to +125°C 450V <Vcc £5.50V
Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage IoH =-2.0 mA 35 \
VoL Output Low Voltage loL = 8.0 mA 05| V
ViH Input High Voltage 2.0 Vee | V
ViL Input Low Voltage (Note 3) 0.0 08| V
hix Input Current Ground < VIN< Vcc +20 | pA
loz Output Leakage Current | Ground < Vout < Vcc +20 | pA
los Output Short Current VouT = Ground, Vcc = Max (Notes 4, 8) -250 | mA
Icct Vce Current, Dynamic (Notes 5, 6) 12 25 | mA
Icc2 Vce Current, Quiescent (Note 7) 1.0 | mA
— Logic Products
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12 x 12-bit Multiplier-Accumulator LMA1009/2009

LMA1009/2009-
75 55 45

Symbol Parameter Min Max Min Max Min Max

tMc Multiply Time (Clocked) 75 55 45

to Output Delay 30 25 25

tENA | Output Enable Time (Note 11) 30 30 25

tois | Output Disable Time (Note 11) 25 25 25

tH Input Register Hold Time 2 2 2

tHP Preload Hold Time 2 2 2

ts Input Register Setup Time 15 15 12

tsp Preload Setup Time 15 15 12

tpw | Clock Pulse Width 15 15 15

LMA1009/2009-
95 65 55
Symbol Parameter Min Max Min Max Min Max

tMc | Multiply Time (Clocked) 95 65 55
to Output Delay 35 30 25
tENA | Output Enable Time (Note 11) 35 35 30
tois | Output Disable Time (Note 11) 30 30 30
tH Input Register Hold Time

tHp Preload Hold Time 2 2 2

ts Input Register Setup Time 20 20 15

tsp Preload Setup Time 20 20 15

trw | Clock Pulse Width 20 20 15

ts —te—1ty
INPUTS
A B -
CLKA o—
CLKB 7
tMc
CLKR ¢ \\ "4 \
DATAOUT }L_i“’ tsp d thp ]
PRELOAD DATA out N
PREL, OEX
OEM, OEL
OE a‘
tos HIGH IMPEDANCE teNA—]
R OUTPUTS
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12 x 12-bit Multiplier-Accumulator

LMA1009/2009

i

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
Vce will be clamped beginning at
—0.6 Vand Vcc + 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— g
gy
- ——
—
S ~——— ——

5. Supply current for a given applica-
tion canbe accurately approximated by:
NCV2F
4

where

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 withall inputs within 0.1 V of
Vcc 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
0t03.0V. 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/turn-off times.
Asaresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device Vcc
and the tester common, and device
ground and tester common.

b. Ground and VcC 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
VcC noise to maintain required DUT
inputlevels 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
thechip. 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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12 x 12-bit Multiplier-Accumulator

LMA1009

64-pin A4 1 ~ sahas
A3 52 631 As
A2 3 62 % A7
A1 4 611 As
Ao []s 60 {1 A9
ACC []& 59 [] A10
SUB [J7 58 [] A1
RND []8 57 CLKA
OEL []9 56 [1 CLKB
Ro {10 55 Bo
Rt 1 54{] Bt
Rz2 []12 53[] B2
R3 []13 s2[] B3
Ra [14 51 Ba
Rs 15 s0 [ B5
GND 515 490 Vee
Rs []17 4[] Bs
R7 []18 471 B7
Rs [19 461 Bs
Re [J20 451 Bo
R10 []21 441 B10
R11 522 43 B11
CLKR []23 42 % TC
PREL ({24 41 [ OEX
OEM [J25 40 [J R26
R12 (]2 390 Res
R13 [27 38 ] R24
R14 []28 37 [0 R23
R15 Ezg 36 0 Rz
0 R21

N

-
\
(]

\ Oz
DRI

C

3D

o’

20203

-’

N
I3

-
o

O 3¢

I
3

N
J

-

(

Q
7=
x
o

~ Ol 4™
9 rgnl L

1,

Q00O OOO
ACC A1 A3 As A7 A9 '/-\‘11

i A A A A o~

O 000 O Qo O

A0 Az A4 As As A10 CLKA NC

NN

L)

Bo CLkB

7~ r~

‘—/’ ‘v

B2 Bt

Top View B4 B3

Through Package OIRY]

(i.6., Component Side Pinout) Ve Bs

o

B7 Bs

OO

Bs Bs

7 ™,

]

B11 B10

o, ~

OO0 0 0020

R#5 R17 R19 Rzt Re3 R2s5 OEX TC
QOO0 Q00
R R# R2 R22 R2 R NC

o)
s

Plastic DIP Sidebraze

Pin Grid Array
(G2)

Speed (P4)

- Sc

Hermetic DIP (D6)

LMA1009GC75
" " 55

75 ns LMA1009PC75 LMA1009DC75
55 ns " " 55 " " 55
45ns " " 45 " " 45

" ~ 45

OMMERCIAL SCREENING

LMA1009DM95
" " 65
" " 55

LMA1009GM95
" L] 65
L] L] 55

LMA1009DMEQ5 LMA1009GME95

] ]

ot 85 - " 55
MIL-STD-883 CompLIANT

LMA1009DMB95 LMA1009GMB95

"t 65 "~ " 65

ot 55 - " 55
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12 x 12-bit Multiplier-Accumulator LMA2009 |

Plastic J-Lead Ceramic Leadless
Speed Chip Carrier (J2) Chip Carrier (K3)

75ns 009JC75 LMA2009KC75
55ns " 55 " " 55
45ns . " 45 " " 45
95ns LMA2009KM95
65 ns " " 65
55 ns " " 55

95ns LMA2009KMEQ5
65ns " " 65
55ns . " 565

g5ns LMA2009KMB95
65ns " " 65
55ns " " 55
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16 x 16-bit Multiplier-Accumulator

LMA1010/2010

FEATURES

O 45 ns Worst-Case Multiply-
Accumulate Time

Q0 Low Power CMOS Technology

0 Replaces TRW TDC1010 and AMD
Am29510

QO Two's Complement, Unsigned, or
Mixed Operands

0O Accumulator Performs Load,
Accumulate, Subtract

0 Three-State Outputs

3 Available Screened to MIL-STD-
883, Class B

O 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)

The LMA1010 and LMA2010 are
high speed, low power multiplier-
accumulators (MACs). They are
pin-for-pin equivalent to the TRW
TDC1010 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 LMA1010 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.

B1s-Bo
Ats—Ao Ris—Ro
16 YL
CLKA | A REGISTER] r-[>s REGISTER]
CLKB t

9

RND, TC ————»f

ACC,SUB ——— 4

|REGISTER:

OEX, OEL ACC, CLK

PRELOAD
CONTROL
LOGIC

PREL —»

CLKR —

3
{3 3
LE

OF

16

£ | ACCUMULATOR [REGISTER]

e —
T ]
%W%m o

R34~Ra2 Ra1-R1e

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 CLKR. ACC and SUB high results
in subtraction of the accumulator
contents from the multiplier product,
with the result again stored in the
accumulator. With ACClow, 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
CLKR. The interrelation of PREL and
enable controls is summarized in the
preload truth table.
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16 x 16-bit Multiplier-Accumulator LMA1010/2010

PREL OEX OEM OEL XTR MSR LSR AN BIN
L L L L ouT ouT our Fractional Two’s Complement (TC = 1)
L L L H Our our z [15 14 13w 2 1 0| [15 1413w 2 1 0|
L L H L ouT 4 ouT —p0 2-1 -2 2-130-14 015 20 2-1 02 2-130-14 015
L L H H our z z (Sign) (Sign)
L H L L Z OouT our
L H L H zZ out z ——— Unsigned Fractional (TC = 0)
L H H L z z our
L H H H 7z 2 2 [15 14 13w 2 1 0| [15 14 13w 2 1 0|
H L L L z z z 2-1 22273 2-14 2-152-16 2-1 27228 2-14 215216
H L L H z Z PREL
: t L' : ; zzit P:EL Integer Two’s Complement (TC = 1)
H H L L PREL Z Z [15 14 13w 2 1 0| (1514138 2 1 0|
H H L H PREL z PREL 0215 514 513 2 1 [ —_n15 D14 13 2 1 [}
H H H L PREL PREL Z (sa,gn)z 2 2t 2l 2 (S?gn)z 2 282l 2
H H H H PREL PREL PREL

Unsigned Integer (TC = 0)

OUT = Register available on output pins

Z = High impedance state [1514 13w 2 1 0] [1514 13w 2 1 0|
PR:EL=Datacan be preloaded to appropriate 215 214 213 22 21 20 215 214 213 22 21 20
register

XTR MSR LSR
Fractional Two’s Complement

[34 33 32| [313020Mp 18 17 16] [1514 138 2 1 0|
_24 23 22 21 20 2—1 2~12 2-132-14 2—152—162—17 2—28 2»292—30
(Sign)

Unsigned Fractional

[34 33 32] [31 30 20mp 18 17 16] [1514 13 2 1 0|
22 21 20 2—1 2—2 2—3 2-14 2-152—18 2-172-18 2-19 2-30 2-312—32

Integer Two’s Complement

[34 33 32] |31 30 20 18 17 16] [15 14 13 2 1 0]
—234 233 932 231 230 929 218 217 216 215 214 213 22 21 20
(Sign)

Unsigned Integer

{34 3332] [31 302018 17 16] [151413Mp 2 1 0|
234 233 232 231 230 229 218 217 218 215 214 213 22 21 20

— o -
Amn m—
- -
- — ——
Y VA 408 Sm——
i N ~—— —
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16 x 16-bit Multiplier-Accumulator

LMA1010/2010

Storage temperature
Operating ambient temperature
Vcce supply voltage with respect to ground
Input signal with respect to ground
Signal applied to high impedance output
Output current into low outputs
Latchup current

-65°C to +150°C

.. =55°C to +125°C

—-05Vto+7.0V

........................................................................................ -3.0Vto+7.0V
............................................................................... -3.0Vto+7.0V

Mode

Active Operation, Commercial
Active Operation, Military

Temperature Range (Ambient)
0°C to +70°C
—55°C to +125°C

Supply Voltage
475V <Vcc £5.25V
450V <Vcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH = -2.0 mA 35 \
VoL Output Low Voltage loL = 8.0 mA 05| V
ViH Input High Voltage 2.0 Vec | V
ViL Input Low Voltage (Note 3) 0.0 08 V
hx Input Current Ground < VIN< Vce +20 [ pA
loz Output Leakage Current | Ground < Vour < Vcc 120 | pA
los Output Short Current Vout = Ground, VcC = Max ({Notes 4, 8) —250 | mA
lcct Vcce Current, Dynamic (Notes 5, 6) 12 25 | mA
lcc2 Vcc Current, Quiescent (Note 7) 1.0 | mA
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16 x 16-bit Multiplier-Accumulator

LMA1010/2010

LMA1010/2010-
65 55 45
Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 65 55 45
to Output Delay 30 25 25
tENA | Output Enable Time (Note 11) 30 30 30
tois | Output Disable Time (Note 11) 30 25 25
tH Input Register Hold Time 0 0 0
tHP Preload Hold Time 0 (o] (o]
ts Input Register Setup Time 15 15 12
tsp Preload Setup Time 15 15 12
tpw | Clock Pulse Width 15 15 15

LMA1010/2010-
75 65 55

Symbol Parameter Min Max Min Max Min Max

tMc Muitiply Time (Clocked) 75 65 55

to Output Delay 35 30 30

tENA | Output Enable Time (Note 11) 35 30 30

tois | Output Disable Time (Note 11) 35 25 25

tH Input Register Hold Time 0

tHp Preload Hold Time 0 0 0

ts Input Register Setup Time 20 15 12

tsp Preload Setup Time 20 15 12

trw | Clock Pulse Width 20 15 15

INPUTS
A B

CLKA
CLKB 7

CLKR K \

/|
tsp—]

je——1tHP

DATA OUT
PRELOAD DATA

PREL, OEX
OEM, OEL

|ee—— t DI —]

t— tENA —=
HIGH IMPEDANCE ENA
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16 x 16-bit Multiplier-Accumulator

LMA1010/2010

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
Vcc will be clamped beginning at
—-0.6 Vand Vcc + 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 beaccurately approximated by:
NCVF
4

where

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 allinputs within 0.1 V of
Vcc 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
0to3.0V. Outputloading 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/turn-off times.
As aresult, caremust be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device Vcc
and the tester common, and device
ground and tester common.

b. Ground and VccC 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
VCC noise to maintain required DUT
inputlevels 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 x 16-bit Multiplier-Accumulator LMA1010

1
2
3
A3 []4 611 A10 ~ o~ - g~ = S -
A s o Al A / GO0 000 000
A1 [s 59 (1 A12 - f;lg RBo A1 A3 As A7 As An .’}l’ ~
Ao 07 58] A13 Bl O OO OO0 0 0O 0000
RoBo [je s7[l At RBz RBi Ao Az A« As As A Az Au NC
R1,B1 [9 56 [] A15. el o & . oo
R2,B2 [{10 551 OEL OO &Y MO
R3,B3 []11 54 [] RND RB4 R,B3 OEL At
R4,Ba [12 53[] SUB op| & O OO
Rs,Bs []13 s2[1 ACC R.Bs RBs SUB RND
Re,B6 [ 14 511 CLKA E OO C, C,
Toow an 15
7, S S, 7~
Re.Bs 017 s TC FI O O Through Package OO
ReBs [ 18 47{] OEX RBs RBs .2, Component Side Pinout) Voo oLk
R10,B10 [J19 46 [J PREL G| ) O (OS]
R11,B11 [J20 451 OEM R,B11 R.B1o oEX TC
R12,B12 [J21 441 CLKR H o0 o0
R13,B13 [J22 431 R34 o~ e
R14,B14 [J23 42[1 R33 R,’B\m F&E” ofl": PREL
R15,B815 [J24 41[] Ra2 Jop o R
R16 [J25 40[] R31 RBis RBu Ry CLKR
~ e e g g =
R17 {26 330 R3o K| OO0 OO0 000 e > O
Rig [o7 38 ] Reo NC R R® Rx Rz R Rs Rs R% R Rwm
R19 (28 37 Res YOy Oy Oy Y Dy Oy Oy Oy
R20 (29 36 ] Ra7 L AT AT AT AT AT AT AT A
R21 (30 15 [1 R2s Ri7 Rw Ra21 Rz Res Rz Rzs R31t NC
R22 [31 341 R25
Re3 [s2 33 R2a

Plastic DIP Sidebraze Pin Grid Array
(P4) Hermetic DIP (D6) (G2)
|/0°C 10 +70°C — ComMERCIAL SCREENNG .
LMA1010PC65 LMA1010DC65 LMA1010GC65
A 55 " " 55 - 55
v 45 A "o 45

=55°C to +125°C — CommE

LMA1010GM75
L] L 65
" " 55

LMA1010DME75 LMA1010GME75
" 65 " " 65

" " 55 n " 55

MIL-STD-883 CoMPLANT -

LMA1010DMB75 ~ LMA1010GMB75
“ e es ~ v g8
~ = 55 -~ 55
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16 x 16-bit Multiplier-Accumulator LMA2010 \

Plastic J-Lead Ceramic Leadless
Speed Chip Carrier (J2) Chip Carrier (K3)

75 ns LMA2010KM75
65ns . " 65
55ns . . 55

75ns LMA2010KME75
65ns " . 65
55 ns " " 55

75ns| ] T LMA2010KMB75
65 ns = e85
55ns " " 55
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12-bit Cascadable Multiplier-Accumulator

Q 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

Q A, B, and C Input Registers Sepa-
rately Enabled for Maximum
Flexibility

0 25 MHz Data Rate for FIR Filtering
Applications

Q0 High Speed, Low Power CMOS
Technology

3 Package Styles Available:
¢ 84-pin Plastic LCC J-Lead
¢ 84-pin Grid Array

The LMS12 is a high speed 12 x 12-bit
combinatorial multiplier integrated
with a 26-bit adder in a single 84-pin
package. Itis 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. Asa result, it is also useful
in implementing polynomial approxi-
mations to transcendental functions.

Architecture

A block diagram of the LMS12is
shown below. Its major features are
discussed individually in the follow-
ing paragraphs.

Multiplier

The A11-A0 and B11-Bo inputs to the
LMS12 are captured at the rising edge

At1—Ao B11-Bo
12 12
ENA A REGISTER
ENB
CLK —— 12
[PRODUCT REGISTER|
= @ FTS
o 7]
C25-Co o G o
g u & o S25-So
(&) (&) I;26 5E
EN

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 C25-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 525-50 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.
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12-bit Cascadable Multiplier-Summer

LMS12

x(n)
h4

h3y hiy

z! »—y(n)

x(n)

]
[ A1 ] [ A0 ]
— _
—~—| h4 —+—1h3 —+—1h ——]ho
|| || || ||
] [ ]
I z z j -+ z e — y(n)
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.

The operation of the 5-tap FIR filter
implementation of Fig. 1is depicted in
Table 1. The filter weights h4-hoare
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.,, S0is produced by
the rightmost device, which has ho as

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.
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12-bit Cascadable Multiplier-Summer

LMS12

CLK Cycle | 1 2 3 4 5 6 7 8 9
X(n) Xn| Xn+t | Xna2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7 Xn48
A4 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7
Sum 4 h4Xn haXn+1 haXn+2 haXn+3 h4Xn+4 h4Xn+5 h4Xn+6
A3 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+s Xn+6 Xn+7
Sum 3 haXn haXn+1 haXn+2 haXn+3 h3Xn+4 h3Xn+5 haXn+6
+ haXn-1 + haXn + haXn4+1 + h4aXn+2 + haXn+3 + haXn+4 + haXn+s
A2 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7
Sum 2 h2Xn h2Xn+1 h2Xn+2 h2Xn+3 h2Xn+4 h2Xn+5 h2Xn+6
+ haXn-1 + h3Xn + h3Xn+1 + haXn+2 + h3Xn+3 + haXn+4 + haXn+s
+ h4aXn-2 + haXn-1 + haXn + haXn+1 + haXn+2 + haXn+3 + h4Xn+4
A1 Register Xn Xn41 Xn+2 Xn+3 Xn+4 Xn+§ Xn+6 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
+ haXn-2 + h3Xn-1 + h3Xn + h3Xn+1 + haXn+2 + h3Xn+3 + haXn+4
+ haXn-3 + haXn-2 + haXn-1 + haXn + haXn+1 + h4Xn+2 + haXn+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+s hoXn+6
+ h1Xn-1 +hi1Xn + h1Xn+1 + h1Xn+2 + h1Xn+3 + h1Xn+4 + h1Xn+5
+ h2Xn-2 + h2Xn-1 + h2Xn + h2Xn+1 + h2Xn+2 + ha2Xn+3 + h2Xn+4
+ haXn-3 + haXn-2 + h3Xn—1 + haXn + haXn+1 + haXn+2 + h3Xn+3
+ haXn—4 + haXn-3 + haXn-2 + haXn-1 + haXn + haXn+1 + h4Xn+2
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12-bit Cascadable Multiplier-Summer LMS12

SHOrage tOMPETALUTE ......cceerrerereesisisessmssssstasssnsisssiesiosstssssssssmsessssssesmsssssssssesssssessesssesssssassnsnes —65°C to +150°C
Operating ambient toMPErature ..........cocceevriecsnneisniiesmnsnnssimsisissii s s ssessee -55°C to +125°C
Vce supply voltage with respect {0 ground ..., -05Vto+7.0V
Input signal with respect t0 ground ..........cccinieicmeniesienis e -30Vto+7.0V
Signal applied to high impedance output .......... .—30Vto+70V
Qutput current INto IOW OULPULS ....ccceecceiiieeriiien e serscssenssrsssensssassansssassssessnessssssanssssssnsssssssas sssnssssnsansans 25 mA
LAtCUP CUITENL ...cccviiiicricieiieiicnecsetensiessssnessssessassssssesesas snsns sasenesssansessnsssssss sasnne esnssessnass senassssasaesses > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc £5.25V
Active Operation, Military -55°C to +125°C 450V<Vcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH = —2.0 mA 3.5 \
VoL Output Low Voltage loL=4.0 mA ' 05| V
VIH Input High Voltage 20 Vee | V
viL Input Low Voltage (Note 3) 0.0 08| V
hx Input Current Ground < VIN < Vce 20 | pA
loz Output Leakage Current | Ground < VouT < Vee +20 | pA
los Output Short Current Vourt = Ground, VcC = Max (Notes 4, 8) -250 | mA
Icct Vce Current, Dynamic (Notes 5, 6) 15 25 | mA
Icca Vcce Current, Quiescent {Note 7) 1.0 | mA
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12-bit Cascadable Multiplier-Summer

LMS12

Symbo! Parameter Min Max Min Max Min Max
tcp Clock Period 40 35 30
to Clock to S—FT =1 50 40 35
Clock to S—FT =0 25 25 25
tsc C Data Setup Time 15 10 7
tsAB | A, B Data Setup Time 15 12 12
tseN | ENA, ENB, ENC Setup Time 15 12 12
tHC C Data Hold Time 5 5 5
tHAB | A, B Data Hold Time 5 5 5
tHEN | ENA, ENB, ENC Hold Time 5 5 5
tpPw | Clock Pulse Width 15 15 12
tENA | Output Enable Time (Note 11) 25 25 25
tois | Output Disable Time (Note 11) 22 22 22

Symbol Parameter Min Max Min Max Min Max

tcp Clock Period 40 35

to Clock to S-FT =1 50 40
Clock to S—-FT =0 25 25

tsc C Data Setup Time 15 12

tsAB | A, B Data Setup Time 15 12

tseN | ENA, ENB, ENC Setup Time 15 12

tHC C Data Hold Time 5 5

tHAB | A, B Data Hold Time 5 5

tHen | ENA, ENB, ENC Hold Time 5 5

trw | Clock Pulse Width 15 15

tENA | Output Enable Time (Note 11) 25 25

tois | Output Disable Time (Note 11) 22 22

INPUTS
ABO tsas, t 1

o ENA SAB, tsC SAB, tsc

ENB, ENC

I tsEN =+— tHEN tew |
CLOCK i N ;I‘
trw
8 OUTPUTS

to

= 1
tois—=|

HIGH IMPEDANCE I tENA—]
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12-bit Cascadable Multiplier-Summer

LMS12

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
Vcc will be cdamped beginning at
-0.6 Vand VcC + 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 canbeaccurately approximated by:
NCV?F
4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F =dlock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 MHz
clock rate.

7. Tested withall inputs within 0.1 V of
Vcc 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
0t0 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/turn-off times.
Asaresult, caremust be exercisedinthe
testing of this device. The following
measures are recommended:

a. A 0.1uF ceramic capacitor should be
installed between Vcc and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and VccC 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
Vcc noise to maintain required DUT
inputlevels 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
thechip. 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. Qutput
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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12-bit Cascadable Multiplier-Summer

LMS12

Top 65 C13
View 631 C15
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4 x 8-bit Multilevel Pipeline Register

L29C520/521

O Four 8-bit Registers

Q Implements Double 2-Stage Pipe-
line or Single 4-Stage Pipeline
Register

Q Hold, Shift, Load Instructions

Q Separate Data In and Data Out Pins

3 High Speed, Low Power CMOS
Technology

0 Three-State Outputs

[ Available 100% Screened to MIL-
STD-883, Class B

Q Plug Compatible with AMD
AM29520 and AM29521

Q 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)

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
four registers which can be configured
as two independent, 2-level pipelines
or as one 4-level pipeline.

The Instruction pins, Io and I1, 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 R1 and shifted
sequentially through R2, R3, and R4.
Also, for the L29C520, data may be
loaded from the inputs into either R1
or R3 with only R2 or R 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, I0o and I1 may be set to prevent
any register from changing.

The S0 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

the I and S controls allows simultane-
ous write and read operations on
different registers.

L29C520 Instruction

D-»R1 R1-*R2 R2-»R3 R3-*R4
HOLD HOLD D-R3 R3-*R4
D-»R1 Ri=»R2 HOLD HOLD
ALL REGISTERS ON HOLD

L29C521 Instruction

D-»R1 R1-»R2 R2-»R3 R3-*R4
HOLD HOLD D--R3 HOLD
D-»R1 HOLD HOLD HOLD
ALL REGISTERS ON HOLD

S1 So Reg. Selected
L L Reg 4

L H Reg 3

H L Reg 2

H H Reg 1

R1
R2
D7-Do —lm REG. 1 »| REG. 2 _J_.g REG. 3 REG. 4 Y7—Yo
> Ra
Ra OE
81,So
2
TR [—
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4 x 8-bit Multilevel Pipeline Register

L29C520/521

Storage temperature
Operating ambient temperature
Vcce supply voltage with respect to ground ...
Input signal with respect to ground
Signal applied to high impedance output
Output current into low outputs
Latchup current

.....................................................................................................................

—65°C to +150°C
-55°C to +125°C

...=0.5Vto+7.0V

.—3.0Vto+7.0V

.. —=3.0Vto+7.0V

...........

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcec <525V
Active Operation, Military -55°C to +125°C 450V <Veec <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage IoH = —6.5 mA 3.5 \'
VoL Output Low Voltage loL = 20.0 mA 05| V
ViH Input High Voltage 2.0 Vcc| V
ViL Input Low Voltage (Note 3) 0.0 08| V
hx Input Current Ground < VINS Vce +20 | pA
loz Output Leakage Current | Ground < VouT < Vce 120 | pA
los Output Short Current Vour = Ground, Vcc = Max (Notes 4, 8) -250 | mA
Icct Vcc Current, Dynamic (Notes 5, 6) 10 15 [ mA
Icc2 Vcce Current, Quiescent (Note 7) 1.0 | mA
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4 x 8-bit Multilevel Pipeline Register

L29C520/521

L29C520/521-
25 22
Symbol Parameter Min Max Min Max
trD CLK to Y7-Yo 25 22
tsEL | S1,Soto Y7-Yo 25 20
tsD D7-Do to CLK Setup 13 10
tip | CLK to D7-Do Hold 3 3
tsi 11,l0 to CLK Setup 13 10
tHi CLK to I1,lo Hold 3 3
tois | OE to Output Disable (Note 11) 25 15
tENA | OE to Output Enable (Note 11) 25 21
tPw | Clock Pulse Width 10 10

L29C520/521-
30 24
Symbol Parameter Min Max Min Max
tPD CLK to Y7-Yo 30 24
tseL | S1,So0to Y7-Yo 30 22
tsD D7-Do to CLK Setup 15 10
tHD CLK to D7-Do Hold 5 3
tsi 11,l0 to CLK Setup 15 10
tH CLK to I1,l0 Hold 5 3
tois | OE to Output Disable (Note 11) 20 16
tENA | OF to Output Enable (Note 11) 25 22
trw | Clock Pulse Width 15 10

INST

(11, 10) =

D7-Do

tso

TR

CLOCK

o .

MUX SEL
(81,50)

Y7-Yo

tseL

;L tpis——=]

HIGH IMPEDANCE ’ tENA
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4 x 8-bit Multilevel Pipeline Register

L29C520/521

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
Vcc will be clamped beginning at
-0.6 Vand Vcc + 0.6 V. The device can
withstand indefinite operation with
inputs in the range of -3.0 Vto +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 canbeaccurately approximated by:
NCVZF

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 withall inputs within 0.1 V of
Vcc 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
0t0 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/turn-off times.
Asaresult, caremust be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 uF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VcC
and the tester common, and device
ground and tester common.

b. Ground and VccC 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
VCC 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
thechip. 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. Qutput
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.

DEVICES INCORPORATED

5-82

Logic Products

LDS.520/1-B



4 x 8-bit Multilevel Pipeline Register

L29C520/521

24-pin
(0.3" wide)

lo [ 24(] Vce
2 23[] So
Do []3 22%31
D1 [J4 21 Yo
D25 20[0 VY1
DSES 190 Y2
0497 13%\(3
Ds[s 17 va
pe o 160 Ys
D7 1o 15[ Ye
ck 11 14 v7
GND [J12  13[] OE

28-pin

Plastic DIP

Speed (P2)

Sidebraze
Hermetic DIP (D2)

CerDIP
(C1)

Plastic J-Lead
Chip Carrier (J4)

Ceramic Leadless
Chip Carrier (K1)

25ns

L290520PC _[ 25
22 ns

L290521 PC

L29052ODC _[
L290521 DC

L290520CC _[
L290521 cc

L29C5204C - 25
or i 2
L29C521JC

L29C520KC - 25
or {
L29C521KGC

30ns
24 ns

L29C520DM I 30
or
L29C521DM

L29052OCM { 30
L296521 CcM

L29C520KM - 30
or L
L29C521KM

30ns
24 ns

L2QC5ZODME { 30
L2QC521 DME

L2905200ME { 30
L290521 CME

L29C520KME I 30
L290521 KME

30 ns
24 ns

L29C520DMB { 30
L290521 DMB

L290520CMB { 30
L290521 CMB

L290520KMB { 30
L29C521 KMB
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4 x 8-bit Multilevel Pipeline Register

L29C520/521

=1 1 24 =— vce
=2 2k= so
Do =3 2E= S
D1 =4 21 = Yo
D2 =H5 20E= vy
D3 =36 19F= v2
D4 =7 18F= v3
D5 =38 17F= v4
Ds =9 16F= vs
D7 =410 15F= vs
CLK =3 11 14F= v7
GND =312 13¢= OE

Flatpack
F1

25ns| L29CS520FC
22ns or
L29C521FC

25
12

30ns| L29C520FM
24 ns or

30 ns| L29C520FME
24 ns

30 ns| L29C520FMB _[ 30
24 ns or 24
L29C521FMB
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LPR520/521

4 x 16-bit Multilevel Pipeline Register

3 Four 16-bit Registers The Logic Devices LPR520 and
LPR521 are functionally compatible

with the Advanced Micro Devices

Y output pins. The independence of
the I and S controls allows simultane-

O Implements Double 2-Stage Pipe- ous write and read operations on

line or Single 4-Stage Pipeline
Register

O Hold, Shift, Load Instructions
Q) Separate Data In and Data Out Pins

i CM L|{L { D~R1 R1-R2 R2->R3R3-R4
a }I_.h gh] Slieed’ Low Power CMOS two independent, 2-level pipelines or
ecnnology as one 4-level pipeline. L|H|HOLD HOLD D--R3 R3-R4
3 Three-State Outputs L H|L | D»R1 Ri~»R2 HOLD HOLD
The Instruction pins, o and I, control H| A | ALL REGISTERS ON HOLD

O Available 100% Screened to MIL-
STD-883, Class B

Q Package Styles Available:
* 40-pin Plastic DIP

AM29520 and AM29521 but are 16 bits
wide. They are implemented in low
power CMOS.

The LPR520 and LPR521 contain four
registers which can be configured as

the loading of the registers. For either
device, the registers may be config-
ured as a four-stage delay line, with
data loaded into R1 and shifted
sequentially through R2, R3, and R4.

different registers.

1.29C520 Instruction

I1]lo

L29C521 Instruction

: igzpﬁ ?ﬁx"fﬁ;’c}l}*ﬁﬁ? DIP 4150, for the LPR520, data may be L|L | D~R1 R1-R2 R2-R3R3-R4
. 44-pin Ceramic LOC (Type ¢)  10aded from the inputs into either R1 L|H|HOLD HOLD D-»R3 HOLD
P P or R3 with only R2 or Ra shifting. The | H|L | D=R1 HOLD HOLD HOLD
LPR521 devices differ from the H|H | ALL REGISTERS ON HOLD
LPR520 in that R2 and R4 remain
unchanged during this type of data
load, as shown in Tables 1 and 2.
Finally, 10 and I1 may be set to prevent S1 So Reg. Selected
any register from changing.
L L Reg 4
The So and St select lines control a L H Req 3
4 to 1 multiplexer which routes the 9
contents of any of the registers to the H L Reg 2
H H Reg 1
R1
R
D15-Do —~—y—»| REG. 1 o Rea2 LT 15 REG. 3 »| REG4 [ Yis—Yo
16 > = Ra
Rs OE
81,80
11,l0 ———
CLOCK ——>»

a— -
v —v
[yt
- —
—————
———

|lII|
'II
[
III
b
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4 x 16-bit Multilevel Pipeline Register

LPR520/521

StOrage tOMPEratUre .......ccccivereessississsnsesnimmmseesnesesssiansssseossissisassassessassssssnssress sessssanssssass -65°C to +150°C
Operating ambient tEMPErature .........cccc i ririceecnesnsismmmsnessnsssmme e s ssassesssssssssessess -55°C to +125°C
Vcc supply voltage with respect to ground -05Vto+7.0V
Input signal with respect to ground ...t -30Vto+70V
Signal applied to high Impedance OUPUL ...t sessesssnsanes -30Vto+7.0V

Output current into low outputs

Latchup current

....................................

Mode

Active Operation, Commercial
Active Operation, Military

Temperature Range (Ambient)
0°C to +70°C
-55°C to +125°C

Supply Voltage
475V <Vcc£5.25V
450V <Vec <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage IOH = -2.0 mA 3.5 \
VoL Output Low Voltage loL=8.0mA 05| V
ViH Input High Voltage 2.0 Vecc | V
ViL Input Low Voltage (Note 3) 0.0 08| V
hx Input Current Ground S VINS VCC +20 | pA
loz Output Leakage Current | Ground < VouT < Vce 20 | pA
los Output Short Current Vourt = Ground, VcC = Max (Notes 4, 8) -250 | mA

Icct Vcc Current, Dynamic (Notes 5, 6) 10 25| mA
Icc2 Vcc Current, Quiescent (Note 7) 1.0 | mA
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4 x 16-bit Multilevel Pipeline Register

LPR520/521

LPR520/521-
25 22
Symbol Parameter Min Max Min Max
tro CLK to Y15-Yo 25 22
tsEL | S1,Soto Y15-Yo 25 20
tsp D1s5-Do to CLK Setup 13 10
tHD CLK to D15—-Do Hold 3 3
tsi 11,10 to CLK Setup 13 10
tH CLK to I1,l0 Hold 3 3
tois | OE to Output Disable (Note 11) 25 15
teNAa | OE to Output Enable (Note 11) 25 21
trw | Clock Pulse Width 10 10

LPR520/521-
30 24
Symbol Parameter Min Max Min Max
tPD CLK to Y15-Yo 30 24
tseL | S1,Soto Y15-Yo 30 22
tsD D1s5-Do to CLK Setup 15 10
tHD CLK to D1s-Do Hold 5 3
ts! 11,10 to CLK Setup 15 10
tH CLK to I1,lo Hold 5 3
tois | OE to Output Disable (Note 11) 20 16
teNA | OE to Output Enable (Note 11) 25 22
tPw | Clock Pulse Width 15 10

5 X X
1, 10]
( ) tsi tH
D15-Do * S,(
I tsp »i— tHD tew {
CLOCK r X ;]‘
X SEL tow
MU
(S1,80) X X

le—tPD
Y15-Yo
tSEL

%

{—tms———‘
HIGH IMPEDANCE |" tena—~
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LPR520/521

4 x 16-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
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 dircuits 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
vce will be clamped beginning at
-0.6 Vand Vcc + 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.

—
S s——— =
- . o
- o i—
——— S—
T ————

5. Supply current for a given applica-
tion canbeaccurately approximated by:
NCV?F
2

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F = cdlock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 MHz
clock rate.

7. Tested withallinputs within0.1 V of
Vcc 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
010 3.0 V. Output loading is a resistive
divider which provides for specified
IoL and JOH plus 30 pF capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off times.
Asaresult, caremust be exercised inthe
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should beinstalled between device VcC
and the tester common, and device
ground and tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

¢. Input voltages should be adjusted to
compensate for inductive ground and
VccC 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, isspe-
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

LPR520/521

40-pin 0
I
Do
D1
D2
D3
D4
Ds
Ds
D7
Ds
D9
Dio
D11
D12
D13
D14
D1s
CLK
GND

®ND AW =

©

v I 6 O e o O o Y s o o o e v o o o o
O
- o

N = = 4 o= a2
S ©WON O N ®N

vee
So
S1
Yo
Y1
Y2
Y3
Y4
Y5
Ys
Y7
Ys
Yo
Y10
Y11
Y12
Y13
Y14
Y15
OE

B8
D 1 D I [ N I S J D J O B J 0 0 O D B

44-pin

65432

44 43 42 41 40 o

Plastic DIP Sidebraze Plastic J-Lead Ceramic Leadless
Speed (P3) Hermetic DIP (D3) Chip Carrier (J1) Chip Carrier (K2)
25ns LPR520PC I 25 LPRszoDC { 25 LPR520JC { 25 LPR520KC I 25
22ns or or
LPR521PC LPR521 DC LPR521 JC LPR521KC

30 ns
24 ns

LPR520DM - 30
or ol
LPR521DM

LPR520KM - 30
or {
LPR521KM

30 ns
24 ns

LPR520DME I 30
LPR521 DME

LPRS20KME - 30
or {
LPR521KME

30ns
24ns

LPRSZODMB _[
LPR521 DMB

LPR520KMB _[ 30
LPR521 KMB

Logic Products
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L29C524/525

Dual Pipeline Register

Q Pipeline Registers —
Dual 7-Deep (L29C524) or
Dual 8-Deep (L29C525)

Q 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

[ Available 100% Screened to MIL-
STD-883, Class B

3 Plug Compatible with AMD
AM29524 and AM29525

Q Package Styles Available:
e 28-pin Plastic DIP
* 28-pin Sidebraze, Hermetic DIP
® 28-pin Plastic LCC

The Logic Devices L29C524 and
L29C525 are high performance, low
power CMOS pipeline registers. They
are pin-for-pin compatible with the
Advanced Micro Devices Am29524
and Am29525. The products can

be configured as two independent,
7-evel (or 8-level) pipelines or as
single 14-level (or 16-level) pipelines.
The configuration implemented is de-

termined by the instruction code (I1,10)

as shown in Table 2.

The I1,Io instruction code controls the
internal routing of data and loadin
each register. For instruction I1,10 =

Ao at the rising edge of the
contents of Ao simult:
to register A1, A1
on. The conten
the "A" side (As
for the L.29

register
are similar
of the last re

r'on the B side (Bs for

%k L 24, B7 for the L29C525) lost.

Instruction I1,10 = 01 (Push B) acts
similarly to the Push A & B instruc-
tion, except that only the B side reg-
isters are shifted. The input data

is applied to register Bo, and the
contents of the last register on the

B side (Be for the L29C524, B7 for the
L29C525) are lost. The contents of
the A side registers are unaffected.
Instrugtion I1,Io = 10 (Push A) is

to the Push B instruction,
at A side registers are shifted
registers are unaffected.

ction I1,I0 = 11 (Hold) causes no

terndl data movement. It is equiva-

t to preventing the application of a
ock edge to any internal register.

The contents of any of the registers is
selectable at the output through the
use of the $3-50 control inputs. On the
L29C524, the input pins D7-Do may
also be selected to drive the output,
and all output pins may be forced to
zero. The independence of the I and S
control lines allows simultaneous
reading and writing. Encoding for the
$3-50 controls is given in Table 3.

ya
7

D7-Do

REGISTER Ao

I1,lo -#»
CLOCK ———»

REGISTER A1
REGISTER A7*

REGISTER A2
REGISTER A3

REGISTER A4
REGISTER As
REGISTER As

Q
o
10
w
e
a
[©]
w
[

REGISTER B7*

REGISTER B3

REGISTER B1
REGISTER B2
REGISTER B4
REGISTER Bs
REGISTER Beé

L

A0 —»R

Al —
A2 —>
A3 —-P»
A4 —>
A5 —
A6 —P

O/A7*—»

BO —
B1 —
B2 —»]
B3 —»
B4 —p]
Bs —»]
Be

D/B7*—>
*Applies to I 4
29C525 only. $3-So

MUX

Y7-Yo

T

OF
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Dual Pipeline Register L29C524/525

Single 14/16 Level Dual 7/8 Level
PushA &B Push B Push A No-Op
- Hold l L Hold Hold Hold
Ao Bo Ao Bo Ao Bo Ao Bo
A1 B1 A1 B1 A1 B1 A1 B1
A2 B2 A2 B2 A2 B2 A2 B2
A3 B3 A3 B3 A3 B3 A3 B3
A4 B4 A4 B4 A4 B4 A4 B4
As Bs As Bs As Bs As Bs
As Be As Bs As Bs J As Bs
A7 || B A" | B A7 B7*<\§ A" | B
@A

* A7 and B7 registers apply only to L29C525 &
Q v

Y | | Inputs Desorio \sg \S2 | St | So Y7-Yo
nemonic 1 lo scription \ V ST o 0 0 Ao
Shift 0 0 Push A &(3@\:\ 0 0 1 A1
LDB 0 1 Push B \> 0 0 1 0 A2
DA ; 5 /P}sk\{\ /)\> 0 0 1 1 A3
HLD 1 1 <<N9}9p N4 0 ! 0 d As
o 0 1 0 1 As
O \\7 0 1 1 0 Ae
0 1 1 1 0 (L29C524)
A7 (L29C525)
1 0 0 0 Bo
1 0 0 1 B1
1 0 1 0 B2
1 0 1 1 B3
1 1 0 0 Bs
1 1 0 1 Bs
1 1 1 0 Be
1 1 1 1 D7-Do (L29C524)
B7 (L29C525)

- ot -
S—— a— —
3 — —
- —— —
——— —
—— 1
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Dual Pipeline Register L29C524/525

o whih setl e iy be npared (otos 1,25,

5] (o] £ Te L= (=T g o T=T =1 (T (= OO —65°C to +150°C
Operating ambient teMPErature ... e ssaes et sarsessane e -55°C to +125°C
Vcce supply voltage with respect to ground -05Vto+70V
Input signal with respect to ground .........c..cvrervnininecnnnic o -3.0Vto+70V
Signal applied to high impedance output ...y -30Vto+70V

Qutput current it IOW OUEPULS ....cceveeririeecr ettt inn et e sae sy ioge s sre e e

Grenama C

Mode

Active Operation, Commercial 0°Cto o 475V <Vcc<5.25V
Active Operation, Military -55° \k1 450V<Vec<550V

Symbol Parameter W Min | Typ | Max | Unit
VOH Output High Voltage /\W mA 2.4 Y
VoL Output Low Vol/ta%%/% =24.0 mA 05| V
VIH Input High K@ 4 2.0 Vee | V
ViL Input Low Volta& (Note 3) 08| V
hx Input Current Ground < VINSVcC 120 | pA
loz Output Leakage Current | Ground < VouT < Vcec +20 | pA
los Output Short Current Vourt = Ground, VcC = Max (Notes 4, 8) -250 | mA
Icct Vcce Current, Dynamic {Notes 5, 6) 10 20 | mA
lcc2 Vcce Current, Quiescent (Note 7) 1.0 | mA
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Dual Pipeline Register

L29C524/525

Symbol Parameter Min Max Min Max
tPD CLK to Y7-Yo 20
tSEL | S3-Soto Y7-Yo 20
troDo | D7-Do to Y7-Yo (L29C524) 20
tsD D7-Do to CLK Setup 7
tHD CLK to D7-Do Hold 0
tsi I1,lo to CLK Setup 7
tHi CLK to I1,l0 Hold 2 A
tDis | OF to Output Disable Times (Note 11) \| 13
tENA | OE to Output Enable Times (Note 11) =N 15
tPw | Clock Pulse Width D"

@i
25
Symbol Parameter (\& Min Max Min Max
tP0 | CLK to Y7-Yo AN 25
tSEL | S3-Soto Y7-Yo NN 25
tPDDO | D7-Do to Y7-Yo (L29C524) AR Y 25
tsb | D7-Doto CLK Setup N 7
tHD | CLK to D7-Do Hold AN 2
ts | 1,loto CLK Setup 4 Wi 7
tH | CLK to 1,0 Hold <§// 2
tois | OF to Output Disable Tigied\( 13
teNAa | OFE to Output Enable@@;s’/m\t/) 15
tPw | Clock Pulse Wigti~\ 12

8/
NG Waverorms

INST

(11, lo)

D7-Do

CLOCK

MUX SEL

X

} tSEL

trPDDO

e

—=

;‘:—tms——

t_ TENA—=
HIGH IMPEDANCE .

\
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Dual Pipeline Register

L29C524/525

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 ab

Vcc will be clamped begi

Device operation will not beXagdyersely
affected, however, input currenf 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:
NCV?F

4

where

N = total number of device outputy
C = capacitive load per outp
V = suppy voltage

F =dock frequency

6. Tested with all mul ing
every cycle and ,abha 5 MHz
clock rate.

7. Teste thin0.1 Vof
Vccor G
8. e par ters are guaranteed

0% rested.

ecifications tested with input
on times less than 3 ns, output
ence levels of 1.5 V (except tEN/
DIS test) and input levels of nominally
0t0 3.0 V. Output loading is a resistive
divider which provides for specified
IoL and ToH plus 30 pF capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off times.
As aresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be

between VCC and Ground

possible. Similar capacitors
installed between device Vcc

bo> Ground and VcC supply planes
ust be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
inputlevels 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
thechip. Setup time, for example, is spe-
cified as a minimum since the external
system must supply at Jeast 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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Dual Pipeline Register L29C524/525

28-pin 28-pin 28-pin
(0.3" wide) (0.4" wide) (0.4" wide)
Sty egf] S2 sify —esp s
Sofj2 27[] S8 so [z 27 S8
Dof]z  28[7 Yo Do [Jza 26[ Yo
Difja 25 W Dia 250 i
D2[]s 247 Y2 D2 Qs 24[] Y2 Yo
D3[s 23] Y3 D3 (e 23] Y3 Y3
th?g O7 221 vee vec []7  22[] Ve Voo
byt Qs 21 GND GND [[g 21[J GND GND
DHQ 201 & D4 Qo 20[] OF OE
> 10 19% e Ds Q1o 19 Y4 Ya
De]11 181 Ys De [J11 18P Y5
D712 17[ Ye o7 Q12 170 Yo
0043 16 Y7 o 013 1e[] Y7
CLK 14 15 11 clk 14 18P 1

Plastic DIP Sidebraze Sidebraze Plastic Leaded
Hermetic DIP (D10) Hermetic DIP (D11) Chip Carrier (J4)

 —— COMMERCIAL SCREENING o
20 ns L29C524DC20 L20C524HC20 Q L29C524JC20
L20C525PC20 L2QC5§gDCZO L29C5§5rHC2O (O% b L290522JC20
«55°C 160 +125°C — COMMERCIAL SCREENIN
25ns L29C524DM25 L29C524H \/(Q
ngcsz?sromzs Li‘& 2
N\

— EXTENDED SCREENING

\§)
524HME25

25ns L.20C524DME25
or or
L20C525DME25 @\/ﬁzgcszsi—imezs
2
25ns L29C524D Y L29C524HMB25
or or
L20C525DM L26C525HMB25
DEVICES INCORPORATED Loglc PrOdUCts
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Variable Length Shift Register

L10C11

Q Varijable Length 4 or 8-bit Wide
Shift Register

O Selectable Length from 3 to 18
Stages

0O Hold, Shift, Load Instructions

2 Separate Data In and Data Out Pins

0 High Speed, Low Power CMOS
Technology

O Plug Compatible with TRW
TDC1011

O Package Styles Available:
¢ 24-pin Plastic DIP
¢ 24-pin CerDIP
¢ 24-pin Sidebraze, Hermetic DIP

The L10C11 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-L0)
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. Thes
registers are numbered R1 through
R17 and R1' to R17, corresponding to
the D3-D0 and D7-D4 data fiel
respectively. A multiplexer ser
route the contents of any o i
R2 through R17 to the
denoted R18. A simj

inputs to qu
consistin:

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-D#4 field is delayed by 18
stages independent of the Length
setting.

The Léngth code controls the number
of delay applied to the D
shown in Table 1 on the
age. When the Length

er contains 0, the inputs are

layred by 3 clock periods. When the
ngth register contains 1, the delay is
ock periods, and so forth. The
Length control field (L.3-L0) and the
MODE input are registered at the
rising edge of the Clock. Both the
length and MODE values may be
changed at any time without affecting
the contents of registers R17-R1.

D3-Do

CLOCK —»

D7-D4

REGISTER R2

c
oo
w
-
@
O]
w
[

REGISTER R1s
REGISTER R17

REGISTER R15

R17—-—>\

R16 —»
R15 —»
o —>

o —»
R4~
R3 —»

R2—>14

MUX 1 of 16
REGISTER R18

REGISTER R17'

]
2
o
w
-
(2]
O]
w
o

o
o
«
w
-
@
0]
w
o

R17—»
R16'—»
R15'—»
® —P>
® —P
® —P
R4 —»
R3' —»
R2: —»

/-

]
a9
jan
w
-
@
0]
w
2

MUX 1 of 16

\
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Variable Length Shift Register

L10C11

Input Code | Mode=0 | Mode=1
Delay Delay

L3 L2 L1 Lo |Y¥3-0 Y7—a|Y20 Y7—4 Storage temperature ............cceeveieesirsenercssnnecsessnsssesneans —65°C to +150°C
00 0 O 3 3 3 18 Operating ambient temperature ........c.occecerinvecrencennnnnne -55°C to +125°C
00 0 1 4 4 4 18 Vcc supply voltage with respect to ground ..........ccccueeee. -05Vto+7.0V
00 1 O 5 5 5 18 Input signal with respect to ground .............cpteierencnenenens -30Vto+7.0V
00 1 1 6 6| 6 18 Signal applied to high impedance output.....\\...c.cccece.. =3.0V 10 +7.0V
0ot o007 7|7 18 Output current into low outputs ...
01 0 1 8 8 8 18 Latchup current..........cinepdpfanns Y haguunnessronsmnensiesnssansnnans
01 10 9 9 9 18
01t 1 110 10 |10 18

10 0 O [11 11 |11 18

10 0 1112 12 |12 18

10 1 0|13 13 |13 18 e

10 1 1|14 14 |14 18 5

1t 1 0 015 15 {156 18 Mode \“emperamre Range Supply Voltage
11 0 1 16 16 |16 18 Active Opszatio . 0°C to +70°C 4,75V<Vcc £5.25V
11 1 0|17 17 |17 18 Active. il. —55°C to +125°C 450V<Vcec <550V
11 1 1]18 18 |18 18

Symbol Parameter (()/\
VoH | Output High e@\> IoH = —12.0 mA 24 v
VoL | Output Low v&f\%g IoL = 24.0 mA 05| Vv
ViH Input High Voltage 20 Vec| V
ViL Input Low Voltage {Note 3) 08| V
hx Input Current Ground S VINS VcC 120 | pA
loz Output Leakage Current | Ground < VouT < Vcc +20 | pA
los Output Short Current Vourt = Ground, VcC = Max (Notes 4, 8) -250 | mA
Icct Vce Current, Dynamic (Notes 5, 6) 10 15 | mA
lcca Vvce Current, Quiescent {Note 7) 10| mA
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Variable Length Shift Register L10C11 |

L10C11-
25
Symbol Parameter Min Max Min Max
tPD CLK to Y7-Yo 25
tsp D7-Do to CLK Setup 20
tHo | CLK to D7-Do Hold 0 A
tsL | La-Lo, MODE to CLK Setup 20 \
tHL | CLK to L3-Lo, MODE Hold 0
tPw | Clock Pulse Width NN

Symbol Parameter /\% Min Max Min Max
D | CLKto Y7-Yo NN 30
tsD D7-Do to CLK Setup (\&N\“ 25
tHD | CLK to D7-Do Hold X\’ 2
ts. | La-Lo, MODE to CLK Setup . Q\ 25
L | CLK to La-Lo, MODE Hold /7 "\ / 2
trw Clock Pulse Width 15

L3-Lo
MODE

[ tsp »+— tHD trw |
CLOCK A X J‘

Y7-Yo
l=—tPD
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Variable Length Shift Register

L10C11

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 overshoo
Input levels below ground or abowe
Vce will be clamped beginnjsig
—-0.6 Vand Vcc + 0.6 V. The devige cdr
withstand indefinite o)
inputs in the range of -3
Device operation will not
affected, however, input curr
will be well in excess of 100 mA.

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

versely
leve

o~
Sr— a— —
- -
- -
1
—— — —

——

5. Supply current for a given applica-
tion canbeaccurately approximated by:
NCVF
4

where

N = total number of device outpu
C = capacitive load per outpu
V = suppy voltage

F =clock frequency

every cycle and
clock rate.

sted.

ications tested with input
times less than 3 ns, output
ce levels of 1.5 V (except tEN/
DS test) and input levels of nominally
010 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/turn-off times.
Asaresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 uF ceramic capacitor should be
installed between VcC and Ground
leads &4 close to the Device Under Test
(DUT)\ds possible. Similar capacitors

installed between device VcC

the tester common, and device
and tester common.

Ground and Vcc supply planes
ust be brought directly to the DUT
socket or contactor fingers.

¢. Inputvoltages should be adjusted to
compensate for inductive ground and
Vcc noise to maintain required DUT
inputlevels 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
thechip. 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 L10C11

24-pin 24-pin
(0.3" wide) Dot 24P Yo (06"wide) o1 T 240ve
D12 23[0Y1 D1 []2 23 [1v1
D2[]3 22{] Y2 D2 []3 22 [] Y2
D3 [J4 21@\’3 D3 (4 210 vs
Lofls 20[]L2 L s 20 (1 L2
Lfe 1901Ls L Os 1911 L3
vec []7  18[] GND vee (7 18 ] GND
CLK []s 17| MODE ClK (s 17 [J MODE
0459 161 Y4 Ds [o 16 [ Y4
Ds Q1o 15[ Ys Ds [ 10 15 0 vs
Ds [J11  14[J Ye ps [ 11 141 Ye
D7 012 13[ Y7 p7 [ 12 13 [ y7

Plastic DIP Sidebraze CerDIP Plastic DIP Sidebraze CerDIP
Speed (P2) Hermetic DIP (D2) (1)) P1) Hermetic DIP (D1) (C4)

SCREENIN
25ns L10C11PC25 L10C11DC25 L10C11CC25 L10C11NC25 Y L10C11HC25 L10C11IC25
—_—

30ns L10C11DM30 L10C11CM30 L10C11HM30 L10C11IM30

30ns L10C11DME30 L10C @ L10C11HMES30 L10C11IME30

30 ns L10C11 DMBS%\ L10C11CMB30 L10C11HMB30 L10C11IMB30
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5-101 . 5/15/90

DEVICES INCORPORATED




Pl
)
]
(]
]

DEVICES INCORPORATED



L29C818

Serial Scan Shadow Register

l

Q Octal Register with Additional 8-bit
Shiftable Shadow Register

O Serial Load /Verify of Writable
Control Store RAM

Q0 Serial Stimulus/Observation of
Sequential Logic

Q High Speed, Low Power CMOS
Technology

O Available 100% Screened to MIL-
STD-883, Class B

Q Plug Compatible with AMD
Am?29818

0O 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.

The L29C818 consists of an octal regi-
ster (the "P" register), internally con-
nected to an 8-bit shift register (the
"S" register). Each has its own corre-
sponding clock pin, and the P register
has a three-state output control.

An input control signal MODE, in

combination with the S register seri
data input (SDI) pin controls data
routing within the 1.29C818,
the MODE input is low, in
normal operation, da
D7-Do pins is load:
register on the ri

The contents of T are

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
next least significant location. The
value in S7is shifted out on the serial
data oytput (SDO) pin. The SDI and
s allow serial connection of
129C818 devices into a

loop. When MODE is low,

ween CLK P and CLK S.

When MODE is high, the internal
multiplexers route data between the S
and Pregisters, and the Y port. The
contents of the S register are loaded
into the P register on the rising edge
of CLK P. In diagnostic applications,

— &
CLi[: | S REGISTER o \ /
NV
> ¥ A, SDO
/ ) 7-So
s Yo Y1 Yr
. N\ sl @ioo
__“_D—»o a3 : L
y
MODE & MUX 5 5 *
s EN 1-4EN [~ @ # dEN
CLK S > 5> -0 00>
oLk P P REGISTER Q Q | Q
s Pr-Po So 81 S7
OE S REGISTER
8
Y7-Yo
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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, CLKS
causes a parallel rather than serial
load of the S register. In this mode,
the S register is loaded from the Y7-Y0
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
S register, and no load occurs. In
order to allow the SDI pin to serve as
an enable signal for all L29C818
devices in a serial configuration,
special handling of the SDI input is

required. When MODE is high, the
SDI input drives the SDO output
directly, bypassing the S register. This
means that the SDI value will apply
simultaneously to all L29C818sin a
serial loop. However, to ensure
proper operation of a given device,
the user must ensure that the SDI
setup time to CLK S is extended by
the sum of the SDI to SDO delays of
all previous devices in the serial path.

The D7-Do port is normally used as,
the input port to the D register. For

through the serial
to drive the S re te)
the D7-Do pins. acepmplished

CLK Sris .

aboye that high, no loading

of \%% . However, a
-flol %

p ‘which synchronously

KON

en