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IMPORTANT NOTICE

LOGIC DEVICES INCORPORATED (LDlI) reserves the right to make
changes to or to discontinue any semiconductor product or service
identified in this publication without notice. LDI advises its customers
to obtain the latest version of the relevant information to verify, before
placing orders, that the information being relied upon is current.

LDI warrants performance of its semiconductor products to current
specifications in accordance with LDI's standard warranty. Testing and
other quality control techniques are utilized to the extent that LDl deems
necessary to support this warranty. Unless mandated by government
requirements, specific testing of all parameters of each device is not
necessarily performed.

LDI assumes no liability for LDI applications assistance, customer
product design, software performance, or infringement of patents or
services described herein. Nor does LDI warrant or represent that any
license, either expressed or implied, is granted under any patent right,
copyright, mask work right, or other intellectual property right of LDI
covering or relating to any combination, machine, or process in which
such semiconductor products or services might be or are used.

LOGIC DEVICES INCORPORATED products are not intended for use
in life support applications, devices or systems. Use of a LOGIC
Devices product in such application without the prior written consent of
the appropriate LOGIC Devices officer is prohibited.

Copyright © 1995, LOGIC Devices Incorporated
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TO CONSTRUCT A VALID PART NUMBER:

header. To this number, append two or three characters from the tables below indicating the desired package code,

In order to construct a valid LOGIC Devices part number, begin with the generic number obtained from the data sheet
temperature range, and screening. Finally, append one or two digits indicating the performance grade desired. Most n

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 styles, temperature ranges, and screening. The Ordering
Information table on the last page of each data sheet indicates explicitly all valid combinations of package, temperature,
screening, and performance codes for a given product.

L 7C108 g M 5 20 L Ke}:i) Prefix, LOGIC Devi l
refix evices Inc.
1 2 3 4 5 7 S
M @ @ @ 6 © @ 2 Device number
(3) Package code
(4) Temperature range
(5) Screening
(6) Performance/speed grade
(7) Low power designation
Package Codes Temperature Range Screening
Suffix Description Suffix Description Suffix Description
c, I CerDIP C Commercial No
D, H* Sidebraze, Hermetic DIP 0°C to +70°C Designator| Commercial Flow
G Ceramic Pin Grid Array l Industrial B MIL-STD-883
) —40°C to +85°C Class B Compliant
J Plastic J-Lead Chip Carrier
K, T Ceramic Leadless Chip Carrier M Military
—55°C to +125°C
M CerFlat
P, N* Plastic DIP
Q Plastic Quad Flatpack
w Plastic SOJ (J-Lead)
Y Ceramic SOJ (J-Lead)
*Some devices are available in packages of
two widths. For devices availabie in a singie

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

Ordering Information
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16K Static RAMs ‘

16K STATIC RAMS
L6116 2K x 8, Common 1/0, 1 Chip Enable + Output Enable
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L6116

2K x 8 Static RAM (Low Power)

| FEATURES

| | DESCRIPTION

I

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

0 Auto-Powerdown™ Design
O Advanced CMOS Technology
U High Speed — to 15 ns maximum
U Low Power Operation
Active:
425 mW typical at 25 ns
Standby (typical):
400 pW (L6116)
200 uW (L6116-L)
0 Data Retention at 2 V for Battery
Backup Operation
Q DESC SMD No.
5962-84036 — L6116
5962-89690 — L6116
5962-88740 — L6116-L
Q Available 100% Screened to
MIL-STD-883, Class B
Q0 Plug Compatible with IDT6116,
Cypress CY7C128/CY6116
Q Package Styles Available:
* 24-pin Plastic DIP
¢ 24-pin CerDIP

The L6116 is a high-performance, low-
power CMOS Static RAM. The
storage circuitry is organized 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
three speeds with maximum access
times from 15 ns to 25 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5 V
power supply. Power consumption
for the L6116 is 425 mW (typical) at
25 ns. Dissipation drops to 60 mW
(typical) for the L6116 and 50 mW
(typical) for the L6116-L when the
memory is deselected.

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
storage with a supply voltage as low

¢ 24-pin Plastic SOJ
* 24-pin Ceramic Flatpack as2 V. The L6116 and L6116-L
e 28-pin Ceramic LCC consume only 30 uyW and 15 pW
¢ 32-pin Ceramic LCC
L6116 BLock Diagram
-
a 128 x 16 x 8
x 16 x
ROW _7 m
ADDRESS 2 :> MEMORY
2 ARRAY
[}
@
CE ’ COLUMN SELECT [ 8
WE ——CONTROL* o GOLUMN SENSE 1/07-0
OE
4
COLUMN ADDRESS

(typical) respectively, at 3 V, allowing
effective battery backup operation.

The L6116 provides asynchronous
(unclocked) operation with matching
access and cycle times. An active-low
Chip Enable and a three-state /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 A10. Reading
from a designated location is
accomplished by presenting an
address and driving CE and OE 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 can withstand an injection
current of up to 200 mA on any pin
without damage.

16K Static RAMs

03/21/95-LDS.6116-F
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2K x 8 Static RAM (Low Power)

MaxiMum RATINGS Above which useful life may be impaired (Notes 1, 2)
StOrage tEMPEIALUIE ..........cveeiiiiieiitee ettt ettt b et e eain —65°C to +150°C
Operating ambient teMPErature ...........cccoieirieeioriicice ettt -55°C to +125°C
Vcce supply voltage with respect to ground.... ..—0.5Vto+7.0V
Input signal with respect 10 groUNd ..............cciierrinenrereererese st -3.0Vio+7.0V
Signal applied to high impedance output ..............c.occcviiiini e -30Vto+7.0V
Output current iINt0 TOW OULPULS ..ottt 25 mA
LAtCRUD CUITENT ..ottt ettt ettt e et e aee s be e b e ets e s teseeeseeees e e e entestaernestesenenneeens > 200 mA
OreRATING CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vcc<55V
Active Operation, Industrial —40°C to +85°C 45V<Vccs55V
Active Operation, Military -55°C to +125°C 45Vv<Vcc<55V
Data Retention, Commercial 0°Cto +70°C 20V<Vcc<55V
Data Retention, Industrial -40°C to +85°C 20V<Vecc<55V
Data Retention, Military -55°C to +125°C 20V<vVccs55V
ELecTricAL CHARACTERISTICS Over Operating Conditions (Note 5)
L6116 L6116-L
Symbol Parameter Test Condition Min | Typ | Max | Min | Typ | Max | Unit
VOH Output High Voltage Vcc =45V, loH =-4.0 mA 2.4 2.4 Vv
VoL Output Low Voltage loL=8.0mA 0.4 04| V
VIH Input High Voltage 2.2 Vce | 2.2 Vec | V
+0.3 +0.3
ViL Input Low Voltage (Note 3) -3.0 08 [ -3.0 08| V
hix Input Leakage Current Ground < VIN < Vcc -10 +10 | -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | -10 +10 | pA
Icc2 Vcc Current, TTL Inactive (Note 7) 12 25 10 15 | mA
Icca Vcce Current, CMOS Standby | (Note 8) 80 300 40 | 150 | pA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 10 150 5 50 | pA
CiN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 5 5| pF
Court Output Capacitance Test Frequency = 1 MHz (Note 10) 7 7| pF
L6116-
Symbol Parameter Test Condition 25 20 15 | Unit
Icct vcc Current, Active (Note 6) 115 | 135 | 160 | mA

2-4

16K Static RAMs
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2K x 8 Static RAM (Low Power)

[ SWITCHING CHARACTERISTICS Over Operating Range

Reap CycLe Notes 5, 11, 12, 22, 23, 24 (ns)

L6116—
25 20 15

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

tavav Read Cycle Time 25 20 15

tavav | Address Valid to Output Valid (Notes 13, 14) 25 20 15
Vrt)-\g( N Address Change to Output Change 3 3 3

tclc;; *(ngEnable Low to Output Valid (Notes 13, 15) 25 20 15

tcLaz 7Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3

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

torav Output Enable Low to Output Valid o i 12 10

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

toraz | Output Enable High to Output High Z (Notes 20, 21) 10 | 8 5
N;Pu Input Transition to Power Up (Notes 10, 19) 0 0 0

trD Power Up to Power Down (Notes 10, 19) 25 20 20

tcHvL Chip Enable High to Data Retention (Note 10) 0 0 0
Reap CvcLe — Appress CONTROLLED Notes 13, 14

I tavav 1
ADDRESS i *
tavav |
DATA OUT PREVIOUS DATA VALID m DATA VALID
taxax 1
Y F N

Reap CvcLe — CE/OE ConTrOLLED Notes 13, 15

tavav Y
CE X ;}f
tcLav
_ toLaz tcHaz—=
OE N
toLav
oLaz tonaz —=— e
DATA OUT HIGH IMPEDANCE TTLILL SATAVALS ——{ IMPEDANCE
a— tPu + teD !
lcc _—____J‘ 50% 50% ‘L
DATA RETENTION Note 9
DATA RETENTION MODE .
j( 4
vce 45V 45V A Sav
= tcHVL le— tavav
Ce 7L AH v AN Vi SOOI

2-5

16K Static RAMs
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2K x 8 Static RAM (Low Power)

[ SWITCHING CHARACTERISTICS Over Operating Range

Ware CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)

25
Symbol Parameter Min | Max
tavav Write Cycle Time 20
tcLEw Chip Enable Low to End of Write Cycle 15 15 12
tavew Address Valid to Beginning of Write Cycle 0 0 0
tavew Address Valid to End of Write Cycle 15 15 12
teEwAx End of Write Cycle to Address Change 0 0 0
twLew | Write Enable Low to End of Write Cycle 15 15 12
tovew Data Valid to End of Write Cycle 10 10 7
tEWDX End of Write Cycle to Data Change 1 1 1
twHaz | Write Enable High to Output Low Z (Notes 20, 21) 0 0 0
twLaz Write Enable Low to Output High Z (Notes 20, 21) 7 7 5

CONTROLLED Notes 16, 17, 16, 19

t tavav
ADDRESS DI(
tcLEw
CE SN KL SN
tavew tEWAX —
wE AR tew ¥
tavew | tDVEW tewbx
DATAIN 4 DATA-IN VALID >
DATA OUT : ) ez HiGHMPEDANCE — MR —~
tru | trD |
Icc o K )L

WRITE Cvcie — CE CONTROLLED Nofes 16, 17,18, 19

f tAvAv ,
ADDRESS *
tavew toLEW
CE NI ¥
tavew teEwAX .‘
[FAANNNNNNRANARNNRRRRN WLEW N s
| tovew { tEWDX
DATAIN 3‘( DATA-IN VALID )1(
DATA OUT HIGH IMPEDANCE
tru + teD "
lcc J(——jl(

2-6
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2K x 8 Static RAM (Low Power)

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at -0.6 V.
A current in excess of 100 mA is required to
reach 2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vour < Vcc. The
device is disabled, i.e., CE = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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
are0to 3.0 V.

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

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

9. Data retention operation requires that
Vvcc never drop below 2.0 V. CE must be
2Vcc-0.2V. All other inputs must meet
VIN2Vcc-02Vor VINS0.2 V to ensure
full powerdown. For low power version (if
?_gplicable), this requirement applies only to
CFE and WE; there are no restrictions on data

and address.

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, for ex-
ample, 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. All three signals must be active to
initiate a write. Any signal can terminate a
write by going inactive. The address, data,
and control input setup and hold times
should be referenced to the signal that be-
comes active last or becomes inactive first.

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

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

19. Powerup from IccC2 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
active).

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

The device automatically powers down
from IcC1 to IcC2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

20. At any given temperature and voltage
condition, output disable time is less than
output enable time for any given device.
21. Transition is measured +200 mV from
steady state voltage with specified loading
in Fig. 1b. This parameter is sampled and
not 100% tested.

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

23. CE or WE must be inactive during ad-
dress transitions.

24. This product s 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.

Fiaure 1a.

R1 480Q
+5V

OQUTPUT O

30 pF R2

INCLUDING 2550

JIG AND
SCOPE

i

Ficure 1b.

R1 480Q
+5V

OUTPUT O

INCLUDING
JIG AND
SCOPE

5 pF Re
255Q

i

FIGURE 2.

+3.0V

GND
<3 ns

16K Static RAMs
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L6116

DEVICES INCORPORATED 2K x 8 Static RAM (Low Power)
ORDERING INFORMATION
24-pin — 0.3" wide 24-pin — 0.6" wide
A7 1 24[] Vce A7 1 2417 vee
As []2 23[] As As []2 23[] As
As []3 2211 A9 As []3 221 A9
As [J4 210 WE A4 []4 21[] WE
As []5 20[] OE As []s 20[] OE
A2 []6 19[0 Ao A2 []6 19[] Ao
A1 []J7 18] CE At Q7 18[] CE
Ao []8 171 vor Ao []8 17[1 107
0o [Jo  16[] 1Oe 1100 []9 16[] 1/Os
101 [J10  15[] 1/Os 1101 10 15[1 1/0s
oz [J11 14 104 1oz 11 141 1104
GND [J12 13 10s GND []12 131 103
Plastic DIP Ceramic DIP Plastic DIP Ceramic DIP
Speed (P2) (c1) (P1) (Ca)
0°C to +70°C — COMMERCIAL SCREENING
20 ns L6116PC20* L6116CC20* L6116NC20* L61161C20*
15 ns L6116PC15* L6116CC15* L6116NC15* L6116IC15*
~40°C to +85°C — CoMMERCIAL SCREENING
20 ns L6116PI120* L6116NI20*
15 ns L6116PI15* L6116NI15*
~55°C to +125°C — COMMERCIAL SCREENING
25 ns L6116CM25* L6116IM25*
20 ns L6116CM20* L6116IM20*
15 ns L6116CM15* L6116IM15*
-55°C to +125°C — MIL-STD-883 CompLIANT
25ns L6116CMB25* L6116IMB25*
20 ns L6116CMB20* L6116IMB20*
15 ns L6116CMB15* L6116IMB15*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L6116CMB15L)

16K Static RAMs
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L6116

DEVIGES INCORPORATED 2K x 8 Static RAM (Low Power)
ORDERING INFORMATION
24-pin — 0.3" wide 24-pin
A7 1 24 1 Vce .
A7 35— 1 24 % vcc
Ae 2 23 13 As As {52 23 == e
As 43 223 Ag As 83 22 === Ao
Ae T4 21 3 WE As —] 4 21 % WE
A3 5 203 OE As =5 20 —3— O
A2 6 19 |2 Ao A2 6 19 %— Ao
A1 7 18| CE A7 18 —%—— CE
Ao 18 17 |23 vor Ao —5—8 17 3% 1or
oo =9 16 |3 1os 0o ==4— 9 16 ==5— 106
o e == = S
1102 =111 14 |3 104 2 4
GND 12 1315 10s GND —5— 12 13 =% 103
Plastic SOJ Ceramic Flatpack
Speed (w1) (M1)
0°C to +70°C — CoMMERCIAL SCREENING
20 ns L6116WC20* L6116MC20*
15 ns L6116WC15* L6116MC15*
~40°C to +85°C — CoMMERCIAL SCREENING
20 ns L6116WI20*
15 ns L6116WI15*
~55°C to +125°C — CoMMERCIAL SCREENING
25ns L6116MM25*
20 ns L6116MM20*
15ns L6116MM15*
~55°C to +125°C — MIL-STD-883 CompLiANT ;
25ns L6116MMB25*
20 ns L6116MMB20*
15ns L6116MMB15*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L6116MMB15L)

16K Static RAMs
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L6116

DEVICES INCORPORATED

2K x 8 Static RAM (Low Power)

ORDERING INFORMATION
28-pin 32-pin
P, L O -
QOO OV
o <zzz2>2z2
< w o N O @ @
<LLL>I < 4 3 21 32
A6 . 9C As
A3 As Ag
A2 A4 NC
NC A3 WE
NC A2 T.OP OE
A1 At View Ato
Ao Ao CE
1/00 NC /07
1/00 /06
finfniefelafei 15 16 17 18 19
68628888 A Sl
= = = === = w0
© 68228388
==x5<%===x

Ceramic Leadless Chip Carrier

Ceramic Leadless Chip Carrier

Speed (K1)

| 0°Cto +70°C — CommeRciAL ScREENING . .
20 ns L6116KC20* L6116TC20*

15 ns L6116KC15* L6116TC15*

| ~40°C to +85°C — CoMMERCIAL SCREENING

20 ns

15ns

.| ~55°C to +125°C — CoMMERCIAL SCREENING L o
25 ns L6116KM25* L6116TM25*

20 ns L6116KM20* L6116TM20*

15 ns L6116KM15* L6116TM15*

~55°C t0 +125°C — MIL-STD-883 CompLaNT 0 o

25 ns L6116KMB25* L6116TMB25*

20 ns L6116KMB20* L6116TMB20*

15 ns L6116KMB15* L6116TMB15*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L6116KMB15L)

16K Static RAMs
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64K Static RAMs

OAK STATIC RAMS ...t s et es s seeses s ssaess e seseenene
L7C187 64K x 1, Separate I/O, 1 Chip Enable...........cccccoocuvricnnnn.
L7C162 16K x 4, Separate /O, 2 Chip Enables + Output Enable ..
L7C164 16K x 4, Common I/0, 1 Chip Enable .........ccccoccoeneunnee .

L7C166 16K x 4, Common I/0, 1 Chip Enable + Output Enable ...
L7C185 8K x 8, Common [/O, 2 Chip Enables + Output Enable ...

3-1
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DEVICES INCORPORATED

L7C187

64K x 1 Static RAM

| FEATURES |

| DESCRIPTION

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

O Auto-Powerdown™ Design

0 Advanced CMOS Technology

Q High Speed — to 12 ns maximum

U Low Power Operation
Active: 225 mW typical at 25 ns
Standby: 400 uW typical

U Data Retention at 2 V for Battery
Backup Operation

U Available 100% Screened to
MIL-STD-883, Class B

U Plug Compatible with IDT7187,
Cypress CY7C187

O Package Styles Available:
e 22-pin Plastic DIP
e 22-pin Ceramic DIP
* 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 four speeds with
maximum access times from 12 ns

to 25 ns.

Operation is from a single +5 V power
supply and all interface signals are
TTL compatible. Power consumption
is 225 mW (typical) at 25 ns. Dissipa-
tion drops to 60 mW (typical) when
the memory is deselected.

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
storage with a supply voltage as low

L7C187 BLock Diagram

Din l//
'—
(@]
w
Fow 8 2 256 x 256
ADDRESS @ MEMORY
2 ARRAY
@]
o
_ ] I
CE r
WE :_T_D COLUMN SELECT Dout
& COLUMN SENSE | |/

8

COLUMN ADDRESS

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 A15. Reading
from a designated location is accom-
plished by presenting an address and
driving CE LOW while WE remains
HIGH. The data in the addressed
memory location will then appear on
the Data Out pin within one access
time. The output pin stays in a high-
impedance state when CE is HIGH or
WE is LOW.

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

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.

64K Static RAMs
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ETEET L7C187
$ INCORPORATED 64K x 1 Static RAM
Maximum RATINGS Above which useful life may be impaired (Notes 1, 2)
StOrage tEMPEIALUTE ........coeeeeeciieeie ettt ettt st e b s e n e eean —65°C to +150°C
Operating ambient temperature .............c.cociviiviiiieiiiin e -55°C to +125°C
Vce supply voltage with respect 1o ground...........ccovvvviiiiiiiiiiiic -05Vto+7.0V
Input signal with respect to ground............ . 3.0Vto+7.0V
Signal applied to high impedance output..............c.ccociiiiiiiii -3.0Vto+7.0V
Output current into IOW OUIPULS ..ot e 25mA
LatCNUP CUITENE ...t ettt b ettt sae st b et s > 200 mA
OpeRATING CONDITIONS To mest specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vecc<55V
Active Operation, Industrial —40°C to +85°C 45V<Vcc<b5V
Active Operation, Military -55°C to +125°C 45V<Vcc<55V
Data Retention, Commercial 0°C to +70°C 20V<Vec<b5V
Data Retention, Industrial —40°C to +85°C 20V<Vccss5V
Data Retention, Military -55°C to +125°C 20V<Veccs55V
EvectricaL CHARACTERISTICS Over Operating Conditions (Note 5)
L7C187
I
Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc =45V, lIoH =-4.0 mA 24 Vv
VoL Output Low Voltage loL =8.0 mA 04| V
ViH Input High Voltage 2.2 vce | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08| V
hx Input Leakage Current Ground < VIN £ Vce -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | pA
Icc2 Vcce Current, TTL Inactive (Note 7) 12 25 | mA
Icc3 Vcce Current, CMOS Standby | (Note 8) 80 | 300 | pA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 10 | 150 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0V 5| pF
Cout Output Capacitance Test Frequency = 1 MHz (Note 10) 7| pF
L7C187-
Symbol Parameter Test Condition 25 20 15 | 12 | Unit
Icct Vce Current, Active (Note 6) 60 75 90 ‘ 110 | mA
| |

34

64K Static RAMs
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HeFrites L7C187
DEVICES INCORPORATED 64K x 1 Static RAM

[ SWITCHING CHARACTERISTICS Over Operating Range

Reap CvcLe Notes 5, 11, 12, 22, 23, 24 (ns)
L7C187-
25 20 15 12
Symbol Parameter Min | Max | Min | Max | Min | Max | Min Max |
tavav Read Cycle Time 25 20 15 12
tavav | Address Valid to Output Valid (Notes 13, 14) 25 | 20 115 12
ﬁtAxox ;dziress Changeilo Output Change S 3 - 3 34 o 3
“toiav | Chip Enable Low to Output Valid (Notes 13, 15) 25 | 20 15 12
ktCLQZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3
M!CHQZ Chip Enable High to Output High Z (Notes 20, 21) 10 8 i 8 5
Vﬁtpu Input Transition to Power Up (Notes 10, 19) 0 0 0 0
) iPD Power Up to Power Down (Notes 10, 19) i 25 20 20 20
}CHVL 7Chip Enable High to DataVRetention (Note 10) o ) 0 0 0 0 ]
Reap CvcLe — Appress CONTROLLED Notes 13, 14
t tavav |
ADDRESS * *
tavav 1
DATA OUT PREVIOUS DATA VALID WL DATA VALID
taxax 1
. tru 7|( teD Bk
Reap CvcLe — CE CoNTROLLED Notes 13, 15
tavav |
CE X {———
tcLav
tcLaz i tCHQZ—-] HIGH
DATA OUT HIGH IMPEDANCE LTI SATAVALD . IMPEDANCE
e— tPu t trD |
lcc J‘ 50% 50% ’L
Data ReTENTION Note 9
DATA RETENTION MODE }
vce + 45V 45V A sov
tCHVL —=1 ~— tAVAV
Ce 7 H AN / Vi RO NIRRT

3-5
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ESEET L7C187

DEVICES INCORPORATED

64K x 1 Static RAM

[ SWITCHING CHARACTERISTICS Over Operating Range

White CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)

L7C187- -
25 20 15 12
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Write Cycle Time 20 20 15 12
toew | Chip Enable Low to End of Write Cycle 15 15 12 | 10
tavew | Address Valid to Beginning of Write Cycle 0 0 o 0 i
tavew | Address Valid to End of Write Cycle N 15 15 12 10
tEWAX End of Write Cycle to Address &;ange 0 0 0 0
twiew | Wiite Enable Low to End of Write Cycle 15 15 12 | 10
tovew | Data Valid to End of Write Cycle - ) o 10 10 7 16
tEWDX End of Write Cycle to Daté Change - 0 o 0 0 0
[ twhaz | Write Enable High to Output Low Z (Notes 20, 21) - o0 Tol ol ol |
twLaz Write Enable Low to Output High Z (Notes 20, 21) 7 7 5 4
Wrie CvcLe — WE CoNTROLLED Notes 16, 17, 16, 19
I tavav !
ADDRESS D‘( )IQ
teLEw
CE Nk XN
tAvEwW tEWAX —
WE ~=a twLEW e
tavew I tovew tewbx
DATA IN { DATA-IN VALID S>>
DATA OUT < 3 e HiGH IMPEDANCE — WHQZ [y
tru | trD |
Icc tru = )1‘

Whrite CycLe — CE CONTROLLED Notes 16, 17, 18, 19

f tavav —
ADDRESS )l(
tavew tcLEw
CE x A
tAvEW tEWAX -—j
[ZAANNNNNNNNNNNN RN\ S tew K777 7777777777777
| tovew | tEwDX
DATA IN )k DATA-IN VALID J(
DATA OUT HIGH IMPEDANCE

tru t trD {
Icc 7!‘ 5L

3-6

64K Static RAMs

03/07/95-LDS.187-F



"IIII
(
b
(%
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DEVICES INCORPORATED

64K x 1 Static RAM

|NOTES

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at -0.6 V.
A current in excess of 100 mA is required to
reach 2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vout < Vcc. The
device is disabled, i.e., CE = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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 all address
and data inputs stable. The device is con-
tinuously disabled, i.e., CE = Vcc. 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
2Vcc-0.2V. All other inputs must meet
VIN2Vcc-02Vor VINS0.2V to ensure
full powerdown. For low power version (if
applicable), this requirement applies only to
C?and WE; there are no restrictions on data
and address.

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, for ex-
ample, 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. All three signals must be active to
initiate a write. Any signal can terminate a
write by going inactive. The address, data,
and control input setup and hold times
should be referenced to the signal that be-
comes active last or becomes inactive first.

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

18. If CE 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. Falling edge of CE.
b. Falling edge of WE (CE active).

c. Transition on any address line (CE
active).

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

The device automatically powers down
from IcC1 to ICC2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

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

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

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

23. CE or WE must be inactive during ad-
dress 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.

Ficure 1a.

Rt 480Q
+5V

OUTPUT O—

30 pF Rz

INCLUDING 255Q

JIG AND
SCOPE

—i—

Ficure 1b.

R1 480Q
+5V

OUTPUT &

INCLUDING
JIG AND
SCOPE

5 pF Re
255Q

-

Fiaure 2.

+3.0 V:

GND
<3 ns

64K Static RAMs
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L7C187

DEVICES INCORPORATED

64K x 1 Static RAM

ORDERING INFORMATION

22-pin — 0.3" wide

24-pin — 0.3" wide

Ao 1 243 vce
Ao 1 22[] Vee A2 231 A
a2 21 As re {3 220 A
A2 []3 200 A14 Az T4 213 A3
As [a 191 A Ac 5 20 3 An
Ac 5 18[] A As CJ6 19 |3 NC
As (6 171 An Ne 7 18| A
As 7 16[] Ao As 8 173 Ao
ol vis b
we dio 130 ow DCE' 410 153 As
GND [J11 12[J CE WE 11 1412 D
GND 12 13| CE
Plastic DIP Ceramic DIP Plastic SOJ
Speed (P8) (c3) (W1)
0°C to +70°C — CoMMERCIAL SCREENING
20 ns L7C187PC20 L7C187CC20 L7C187WC20
15 ns L7C187PC15 L7C187CC15 L7C187WC15
12 ns L7C187PC12 L7C187CC12 L7C187WC12
~40°C to +85°C — COMMERCIAL SCREENING
20 ns L7C187PI20 L7C187WI20
15 ns L7C187PI15 L7C187WI15
12 ns L7C187PI12 L7C187WI12
~55°C to +125°C — CoMMERCIAL SCREENING
25 ns L7C187CM25
20 ns L7C187CM20
15 ns L7C187CM15
-55°C to +125°C — MIL-STD-883 CompLiaNT
25ns L7C187CMB25
20 ns L7C187CMB20
15 ns L7C187CMB15
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L7C187

DEVICES INCORPORATED 64K X 1 Static RAM
ORDERING INFORMATION
22-pin
8 %)
12> <
A2
A3
A4
As T.OP
A6 View
A7
Dout
10 11 12
EELE
0]
Ceramic Leadless Chip Carrier
Speed (K4)
0°C to +70°C — COMMERCIAL SCREENING
20 ns L7C187KC20
15 ns L7C187KC15
12 ns L7C187KC12
~40°C to +85°C — CoMMERCIAL SCREENING
20 ns
15 ns
12 ns
~55°C to +125°C — COMMERCIAL SCREENING
25ns L7C187KM25
20 ns L7C187KM20
15 ns L7C187KM15
~55°C to +125°C — MIL-STD-883 CompLiaNT
25 ns L7C187KMB25
20 ns L7C187KMB20
15 ns L7C187KMB15

64K Static RAMs
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DEVICES INCORPORATED

L7C162

16K x 4 Static RAM

| FEATURES

|

| DESCRIPTION

O 16K x 4 Static RAM with Separate
/0 and High Impedance Write
Q0 Auto-Powerdown™ Design
0 Advanced CMOS Technology
Q High Speed — to 12 ns maximum
U Low Power Operation
Active: 325 mW typical at 25 ns
Standby: 400 pW typical
Q Data Retention at 2 V for Battery
Backup Operation
Q DESC SMD No. 5962-89712
Q Available 100% Screened to
MIL-STD-883, Class B
Q Plug Compatible with IDT 71982
and Cypress CY7C162
U Package Styles Available:
* 28-pin Plastic DIP
¢ 28-pin Ceramic DIP
¢ 28-pin Plastic SOJ
¢ 28-pin Ceramic LCC

The L7C162 is a high-performance,
low-power CMOS static RAM. The
storage cells are organized as 16,384
words by 4 bits per word. Data In and
Data Out are separate. This device is
available in four speeds with maxi-
mum access times from 12 ns to 25 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5 V
power supply. Power consumption is
325 mW (typical) at 25 ns. Dissipation
drops to 60 mW (typical) when the
memory is deselected.

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

L7C162 BrLock Diagram
-
(6]
row ® 0 256 x 64 x 4
ADDREOSS & _—l_]> MEMORY
2 ARRAY
@)
o
CE1 —¥
CEz —» COLUMN SELECT I > LR
WE —»f CONTROL I 2 COLUMN SENSE 030
OE
o | o b
13-0 /I
4

COLUMN ADDRESS

storage with a supply voltage as low
as 2 V. The L7C162 consumes only
30 uW (typical) at 3 V, allowing
effective battery backup operation.

The L7C162 provides asynchronous
(unclocked) operation with matching
access and cycle times. Two active-
low Chip Enables and a three-state
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. Reading
from a designated location is accom-
plished by presenting an address and
driving CE1, CE2, and OE 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 or CE1, CE2, or OE is HIGH.

Writing to an addressed location is
accomplished when the active-low
CE1, 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 protec-
tion are provided on-chip. The
L7C162 can withstand an injection
current of up to 200 mA on any pin
without damage.

64K Static RAMs
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L7C162

DEVICES INCORPORATED

16K x 4 Static RAM

Maximum RATINGS Above which useful life may be impaired (Notes 1, 2)

StOrage teMPEratUre ..........ccuiiviiiiiiii e —65°C to +150°C
Operating ambient temperature -55°C to +125°C
Vce supply voltage with respect to ground............oceeoviiiiiiieiiiiii -05Vto+7.0V
input signai with respect t0 GroUNT ...........ccuviuiiiiiiiie e -3.0Vto+7.0V
Signal applied to high impedance output ... -3.0Vto+7.0V
Output current into low outputs 25 mA
(=Y (o] a0 o I 01U =Y o | OO PR RO PRI > 200 mA
OPERATING CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vecc<55V
Active Operation, Industrial —40°C to +85°C 45V<Vec<55V
Active Operation, Military -55°C to +125°C 45V<Vecc<55V
Data Retention, Commercial 0°C to +70°C 20V<Veecs55V
Data Retention, Industrial —40°C to +85°C 20V<Veecsb5V
Data Retention, Military —55°C to +125°C 20V<Vecsbs5V
ELectricAL CHARACTERISTICS Over Operating Conditions (Note 5)
L7C162
Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc =45V, IoH =-4.0 mA 2.4 \"
VoL Output Low Voltage loL = 8.0 mA 04| V
ViH Input High Voltage 22 vce | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08} V
X Input Leakage Current Ground < VIN < Vce -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | YA
Icc2 Vce Current, TTL Inactive (Note 7) 12 25 [ mA
Iccs Vcc Current, CMOS Standby | (Note 8) 80 | 300 | pA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 10| 150 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 51| pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7| pF
L7C162-
Symbol Parameter Test Condition 25 [ 20 15 12 | Unit
T !
Icct TVCC Current, Active (Note 6) 100 | 120 | 140 | 165 | mA

3-12

64K Static RAMs

03/07/95-LDS.162-8



ECEEIT L7C162
DEVICES INCORPORATED 16K x 4 Static RAM

I SWITCHING CHARACTERISTICS Over Operating Range

Reap CvcLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C162—
25 20 15 12
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Read Cycle Time 25 20 15 12
tavav | Address Valid to Output Valid (Notes 13, 14) o 25 20 15 12
raxox Address éhange to Output Change o 3 3 5 3 .
T(;Lg/ Chip Enaﬁle Low to Output Valid (Notes 13, 15) 25 20 15 Eﬁ
_bthLoz Chip Ena;k;‘ﬁ); to Output Low Z (Notes 20;1} 3 3 ) 3 3
tcHaz Chip Enable High to Output High Z (Notes 20, 21) 10 8 5
toLav Output E;able Low to Output Valid o 12 T 10 6
B toLaz Output Enable Low to Output Low Z?ﬁé(es 20, 21) 0 0 0 0
towaz | Output Enable High to Output High Z (Notes 20, 21) i 10 8 5 5
P;;u Input Transition to Power Up (Notes 10, 179) 0 0 0 0
tPD Power Up to Power Down (Notes 10 T&)) N i 25 | 26 7 20 20
i TCHVL Chip Enable High to Data Retention (Note 10) 0 0 0 0 |
Reap CycLe — AppRress CONTROLLED Notes 13, 14
t tavav |
ADDRESS % *
tavav |
DATA OUT PREVIOUS DATA VALID m DATA VALID
taxax -
oo tru 71( trD )k
Reap CvcLe — CE/OE CONTROLLED Notes 13, 15
tavav |
- —
tcLav tcHaz
tcLaz 1
o T X% L
l=——— toLaz ———h'OLOV toHaz —= gy
DATA OUT HCH MPEDANCE e BATAVALD —|MPEDANCE
le—o tPU t tPD |
icc —)‘ 50% 50% )L
DAta RETENTION Note 9
DATA RETENTION MODE t
vce j(mv 45V H Y
f—— tcHvL e— tAVAV
CE 77 7 H AN / Vik SROOMONUONNANNNNANNTNNNS

64K Static RAMs
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LOGIT L7C162
DEVICES INCORPORATED 16K x 4 Static RAM

SWITCHING CHARACTERISTICS Over Operating Range

]

WRrite CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C162-
25 20 15 12
Symbol Parameter MiniMax Min | Max | Min | Max | Min | Max
tavav Write Cycle Time 20 ‘ 20 15 ] 12
tcLew Chip Enable Low to?ﬁ of Write Cycle o - ) 15ﬁ_ 15 12 | 10 N
tavow | Address Valid to Beginning of Write Cycle i 0 | 0 o | 0
tAVEW A?iarég\;;lld to End of Write Cycle B 15 15 12 T 10 T
tEWAX End of V\]riie Cycle to Address Change 0 0 0 0
twLew | Write Enable Low to End of Write Cycle_ o o 15 15 10
tovew Data Valid to End of Write 7Cyc|e 10 10 6 ]
lEWDX’ 7 _E:d of Write Cycle to Data Change B - 0 0 T 0 N
twiaz | Write Enable High to Output Low Z (Notes 20, 21) o 0 o | |
twLaz Write Enable Low to Output High Z (Notes 20, 21) o N 7 7 4
Weite CvcLe — WE CONTROLLED Notes 16, 17, 18, 19
I tavav ,
ADDRESS Dk )k
tcLEwW
CE Nk IV OGN IO IV VIO IP,
tAvEW tEWAX ——=1
WE o twLEW Y
tavew | tovew tEwDX
DATAIN —( DATA-IN VALID >>—>
DATA OUT ¢ 3 e HIGH IMPEDANCE '~ WWHAZ [y T
tru | trD i
Ice tru g ﬁk
‘Wheite CvcLe — CE CoNTROLLED Notes 16, 17, 18, 19
[ tavav il
ADDRESS *
tavew tcLEw
CE K A
tavew tEwAX J
7T SISO frew NTT77777777777777
I tovew { tEWDX
DATA IN DATA-IN VALID J(
DATA OUT HIGH IMPEDANCE
tru t trD |

64K Static RAMs
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L7C162

DEVICES INCORPORATED

w

16K x 4 Static RAM

|NOTES

|

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at-0.6 V.
A current in excess of 100 mA is required to
reach 2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < VouTt < VcC. The de-
vice is disabled, i.e., CE1 = Vcc, CE2 = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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, CE1 < Vi, CE2< Vi, WE< VIL. Input
pulse levels are 0 to 3.0 V.

7. Tested with outputs open and all address
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE1 > Vid4, CE2 > VIH.

8. Tested with outputs open and all ad-
dress and data inputs stable. The device
is continuously disabled, i.e., CE1 = Vcc,
CE2 = Vcc. Input levels are within 0.2 V
of Vcc or GND.

9. Data retention operation requires
that Vcc never drop below 2.0 V. CE1
must be >Vcc-0.2V or CE2 must be
2Vcc-0.2V. All other inputs must
meet VIN2VCC-0.2VorVINS0.2 Vto
ensure full powerdown. For low power
version (if applicable), this require-
ment applies only to CE1, CE2, and WE;
there are no restrictions on data and
address.

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, for ex-
ample, 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 low).

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

16. The internal write cycle of the memor
is defined by the overlap of CE1 and CE%
activeand WYE low. Allthreesignals mustbe
active to initiate a write. Any signal can
terminate a write by going inactive. The
address, data, and control input setup and
hold times should be referenced to the sig-
nal that becomes active last or becomes inac-
tive first.

17. If WE goes low before or concurrent
with the latter 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. Falling edge of CE2 (CE1 active) or the
falling edge of CE1 (CE2 active).

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

c. Transition on any address line (CEi1, CE2
active).

d. Transition on any data line (CE1, CE,
and WE active).

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

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

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

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

23. CEi1,CE2, or WE must beinactive during
address transitions.

24. This product s 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 VccC and ground planes di-
rectly up to the contactor fingers. A 0.01 pF
high frequency capacitor is also required
between VccC and ground. To avoid signal
reflections, proper terminations must be
used.

Fioure 1a.

R1 480Q
+5V

OUTPUT O-

R2

INCLUDING 2550

JIG AND
SCOPE

30 pF

1

Figure 1b.

R1 480Q
+5V

OUTPUT O

INCLUDING
JIG AND
SCOPE

5 pF Rz
255Q

i —

Fioure 2.

+3.0 V:

GND
<3 ns
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L7C162

DEVICES INCORPORATED

16K x 4 Static RAM

ORDERING INFORMATION

28-pin — 0.3" wide

28-pin — 0.3" wide

Ao 1 28[] vcc Ao 1 28 [ vce
A []2 270 A3 Al 2 273 Az
A2 []3 26[] A2 A2 3 26 [ A2
A3 []4 250 Ant Az CJ4 253 An
A4 []5 24{] A Ad 5 24 3 A
As []6 23[] A9 As ]6 23 [ A9
As [J7  22[] 13 As 7 221 I3
Az (8 21 k2 A7 .48 213 I2
As []9 20[] O3 As ]9 203 O3
o [j10 191 02 o =J10 19 |3 02
TR RS 13% 01 {11 18 |22 O1
CE1 [J12 17[] 0o CEn 12 173 Oo
OE [13 16[] WE OE {13 16 [ WE
GND [J14 15[ CE2 GND {14 15|32 CEz
Plastic DIP Ceramic DIP Plastic SOJ
Speed (P10) (C5) (W2)
0°C to +70°C - ComMERCIAL SCREENING
20 ns L7C162PC20 L7C162CC20 L7C162WC20
15 ns L7C162PC15 L7C162CC15 L7C162WC15
12 ns L7C162PC12 L7C162CC12 L7C162WC12
~40°C to +85°C — COMMERCIAL SCREENING
20 ns L7C162PI120 L7C162WI20
15ns L7C162PI15 L7C162WI15
12 ns L7C162PI112 L7C162WI12
~55°C to +125°C — COMMERCIAL SCREENING !
25 ns L7C162CM25
20 ns L7C162CM20
15 ns L7C162CM15
-55°C to +125°C — MIL-STD-883 CompLIANT
25 ns L7C162CMB25
20 ns L7C162CMB20
15 ns L7C162CMB15
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L7C162

16K x 4 Static RAM

DEVICES INCORPORATED
ORDERING INFORMATION
28-pin
Ceramic Leadless Chip Carrier
Speed (K5)
0°C t0 +70°C — COMMERCIAL SCREENING
20 ns L7C162KC20
15ns L7C162KC15
12 ns L7C162KC12
~40°C t0 +85°C — COMMERCIAL SCREENING
20 ns
15 ns
12 ns
~55°C to +125°C — COMMERCIAL SCREENING
25ns L7C162KM25
20 ns L7C162KM20
15 ns L7C162KM15
-55°C to +125°C — MIL-STD-883 CompLiaNT
25ns L7C162KMB25
20 ns L7C162KMB20
15 ns L7C162KMB15

64K Static RAMs
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DEVICES INCORPORATELD

L7C164/166

16K x 4 Static RAM

| FEATURES

| | DESCRIPTION

Q 16K x 4 Static RAM with Common
1/0
0 Auto-Powerdown™ Design
Q Advanced CMOS Technology
U High Speed — to 12 ns maximum
U Low Power Operation
Active: 325 mW typical at 25 ns
Standby: 400 pW typical
U Data Retention at 2 V for Battery
Backup Operation
Q DESC SMD No.
5962-89692 — L7C164
5962-89892 — L7C166
U Available 100% Screened to
MIL-STD-883, Class B
Q Plug Compatible with IDT 6198/
7188 and Cypress CY7C164/166
O Package Styles Available:
* 24-pin Plastic DIP
* 22/24-pin Ceramic DIP
¢ 24-pin Plastic SOJ
e 22/28-pin Ceramic LCC

The L7C164 and L7C166 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 signals
share I/O pins. The L7C164 has a
single active-low Chip Enable. The
L7C166 has a single Chip Enable and
an Output Enable. These devices are
available in four speeds with max-

imum access times from 12 ns to 25 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5 V
power supply. Power consumption is
325 mW (typical) at 25 ns. Dissipation
drops to 60 mW (typical) when the
memory is deselected.

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

L7C164/166 BLock Diagram
-
O
row & w 256 x 64 X 4
w
ADDRESS » :> MEMORY
z ARRAY
(@]
o
CE —» .
e COLUMN SELECT )
\{V_E_ —» CONTROL |—» & COLUMN SENSE 1/03-0
OF —f
(L7C166 only)
6
COLUMN ADDRESS

memory is deselected. In addition,
data may be retained in inactive
storage with a supply voltage as low
as2 V. The L7C164 and L7C166
consume only 30 uW (typical) at 3V,
allowing effective battery backup
operation.

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

Memory locations are specified on
address pins Ao through A13. For the
L7C164, reading from a designated
location is accomplished by pre-
senting an address and driving CE
LOW while WE remains HIGH. For
the L7C166, CE and OE must be 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 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 and L7C166 can withstand an
injection current of up to 200 mA on
any pin without damage.

64K Static RAMs
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=E£5555Ss L7C164/166
DEVICES INCORPORATED 16K X 4 Static RAM
Maximum RATINGS Above which useful life may be impaired (Notes 1, 2)
Storage temperature.................... ... =65°Cto +150°C
Operating ambient tEMPEratUre ............ccccvuiieirieriieceec e -55°C to +125°C
Vcce supply voltage with respect to ground............coccoiiiiiiiiiiiiiiie -05Vto+7.0V

NN\~ 7
o TOWU VO

N
AV

OPeRATING CONDITIONS To meet specified electrical and switching characteristics

Mode

Active Operation, Commercial

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

Temperature Range (Ambient)
0°C to +70°C
—40°C to +85°C
-55°C to +125°C
0°Cto +70°C
—40°C to +85°C
-55°C to +125°C

Supply Voltage
45V<Vecc<55V
45V<Vccs55V
45V<Vec<55V
20V<Veec<5h5V
20V<Vec<s5V
20V<Vec<55V

ELecTricAL CHARACTERISTICS Over Operating Conditions (Note 5)

L7C164/166
Symbol Parameter Test Condition E Typ Max | Unit
VoH [ Output High Voltage Vec =45V, IoH =-4.0 mA 2.4 \
\E | Output Low Voltage loL =8.0 mA - 04}V
*VIH Input High Voltage ) 2.2 Vee | V
+0.3
ViL Iﬁﬁut Low Voltage (Note ; o -3.0 Ji 0.8 V‘
lix Input Leakage Current o Ground < VIN < Vce o -10 O +10 | pA
loz Output L;aakage Current (Note 4) - o -10 O +10 | pA
locz | Voo Current, TTL Inactive | Note?) - 12| 25|mA
los | Vec Curent, CMOS Standby | (Note®) ] el a0 wa
Icca Vcce Current, Data Retention | Vcc = 3.0 V (Note 9) 17(;-7 150 | pA
CIN Input Caipaéitarrwce Ambient Temp =;5°C, VC;: =50V ] 7J: e 5| pF
Cout TOutput Capac;r;ce Test Frequency = 1 MHz (Note 10) 7| pF
L7C164/166-
Symbol Parameter Test Condition 7725 ‘—20_ ‘ 1_5 Mrr;llzg_Uni»tA
Icct “ Vcc Current, Active (Note 6) 10&% 120 i 140 | 165 | mA
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L7C164/166

DEVICES INCORPORATED

w

16K x 4 Static RAM

| SWITCHING CHARACTERISTICS Over Operating Range

Reap CycLe Notes 5, 11, 12, 22, 23, 24 (ns)

L7C164/166—
25 20 15 12
Symbol Parameter Min | Max | Min | Max Miﬁ Max | Min | Max
tavav Read Cycle Time 25 20 15 12
[ tavav | Address Valid to Output Valid (Notes 13, 14) | s 20 15 12
l»\;«)x Address Change to Output Change ‘ 3 3 3 1 3
tclav | Chip Enable Low to Output Valid (Notes 13, 15) 25 20| |15 12
tcloi vﬁ*Chip E;;blé Lc-)\;v fo Output Low Z (Notes 20, 21) ’ 3 3 3 1T 3
tEHZ)Z M*Chiip E—Z.n;bl.e. ngh to Output High Z (Notes 20, 21) 10 8 '8 5
totav LOutput Enable Low to Output Valid 12 ) 10 8 6 |
”tﬁoﬂmz' - E)utput Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0
| toHaz VOEtput Enable High to Outputrl-rliigh Z (Notes 20, 21) - 10 8 5 B 5 )
tru Input Transition to Power Up (@;;0. 19) N 0 0 0 0 ]
i {PD Power Up to Power Down (Notes 10, 19) 25 20 i ”20 - 23 i
tcHvL Chip Enable High to Data Retention (Note 10) 0 0 0 0
Reap CvcLe — Appress CONTROLLED Notes 13, 14
[ tavav y
ADDRESS % *
tavav |
DATA OUT PREVIOUS DATA VALID X)()(X)()(J( DATA VALID
taxax -+
o tru 7‘( trD 4(
Reap CvcLe — CE/OE CoNTROLLED Notes 13, 15
tavav '
& X 111———
tcLaz ey toHaz—
oE T | X 7lf
[e74 torav toHaz —=— gy
DATA OUT HIGH IMPEDANCE TTTIIL SATAVALD IMPEDANCE

le—o tPU t trD {
7)‘ 50% 50% )L

Icc

DAata RETENTION Note 9

vce

DATA RETENTION MODE t
i‘< 45V 45V H
I——— tcHvL l— tAavav ——l

22V

T 77777777777 Fvn N\ /

VK SROONNOMNNANNNNNNNN
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ESSEiT L7C164/166

DEVICES INCORPORATED

16K x 4 Static RAM

| SWITCHING CHARACTERISTICS Over Operating Range

Weie CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C164/166—
25 20 15 12
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Write Cycle Time 20 20 15 12
tcLEw Chip Enable Low to End of Write Cycle ) 15 15 12 10
tavew Address Valid to Beginning of Write Cycle o 0 0 | 0 0
tavew | Address Valid to End of Write Cycle 15 15 | 12 | 10
tEWAX End of Write Cycle to Addrgs; E)hange - 0 T k(V) ] 0 B
twiew | Write Enable Low to End of Write Cycle 15 15 12 10
tovew Data Valid to End of Write Cycle ) 10 10 7 6
tewpx End of Write Cycle to Data Change ] - 0 0 0 0
| twraz | Write Enable High to Output Low Z (Notes 20, 21) o | ol o 0
twLaz Write Enable Low to Output High “Z”(Notes 20, 21) 7 7 5 4
Whaire CvciLe — WE CoNnTROLLED Notes 16, 17, 18, 19
I tavav -
ADDRESS
# tcLEw %
CE Nk S
tAVEW tEWAX —=
WE I~k twLew e
tavew l tovew tewox
DATA IN { DATA-IN VALID > >
DATA OUT ¢ ) ez HIGH IMPEDANCE twhaz [y P —
tru | teD 1
Icc te A ‘L
White CvcLe — CE ConTROLLED Notes 16, 17, 18, 19
t tavav |
ADDRESS )l(
tavew tcLeEw
CE TN A
tavew tEWAX -—J
[ZEANNNNNNNNANRNRRNN Y trew NTTT7 777777777777
[ tovew { tEWDX
DATAIN J( DATA-IN VALID k
DATA OUT HIGH IMPEDANCE
tru + tro
. M

64K Static RAMs
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L7C164/166

DEVICES INCORPORATED

16K x 4 Static RAM

|NOTES

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at -0.6 V.
A current in excess of 100 mA is required to
reach 2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vour < Vcc. The
device is disabled, i.e., CE = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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 < Vi, WE < VIL. Input pulse levels
are0to 3.0 V.

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

8. Tested with outputs open and all address
and data inputs stable. The device is con-
tinuously disabled, i.e., CE = Vcc. 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
2Vcc-0.2V. All other inputs must meet
VIN2VcCc-02Vor VINS0.2V to ensure
full powerdown. For low power version (if
applicable), this requirement applies only to
CE and WE; there are no restrictions on data
and address.

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
i0H 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, for ex-
ample, 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. All three signals must be active to
initiate a write. Any signal can terminate a
write by going inactive. The address, data,
and control input setup and hold times
should be referenced to the signal that be-
comes active last or becomes inactive first.

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

18. If CE 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. Falling edge of CE.
b. Falling edge of WE (CE active).

c. Transition on any address line (CE
active).

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

The device automatically powers down
from Icc1 to IcC2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

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

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

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

23. CE or WE must be inactive during ad-
dress transitions.

24. This product s 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.

Ficure 1a.

R1 480Q
+5V

OUTPUT ©

R2

INCLUDING 2550

JIG AND
SCOPE

30 pF

=

Ficure 1b.

R1 480Q
+5V

OUTPUT O

INCLUDING
JIG AND
SCOPE

5 pF Re
255Q

—

| FiGuRE 2,
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L7C164/166

DEVICES INCORPORATED 16K x 4 Static RAM
L7C164 — ORDERING INFORMATION
22-pin — 0.3" wide 24-pin — 0.3" wide
\w Ao CJ1 24 [ Vce
Ao (1 22f] veo a2 2313 Ar
A1 []2 21 A13 = =
Az [J3  20[] Ar Az 4 21 |3 An
As [J4 19 A A4 45 20 |3 A1
As 5 181 Ao As 6 19 |3 Ao
As 6 171 A A 7 18 | Ne
As L7 16[] 10s A7 Cf8 17 |3 10s
o wels
s CE 10 15 |3 IO
CE [J10 13[] 100
GND [J11 121 WE NC 14 B /0o
GND {12 13| WE
Ceramic DIP Plastic SOJ
Speed (C3) (wW1)
0°C to +70°C — CoMMERCIAL SCREENING
20 ns L7C164CC20 L7C164WC20
15ns L7C164CC15 L7C164WC15
12 ns L7C164CC12 L7C164WC12
~40°C to +85°C — COMMERCIAL SCREENING
20 ns L7C164WI120
15 ns L7C164WI15
12 ns L7C164WI12
~55°C to +125°C — CoMMERCIAL SCREENING
25 ns L7C164CM25
20 ns L7C164CM20
15 ns L7C164CM15
—55°C to +125°C — MIL-STD-883 CompLIANT
25 ns L7C164CMB25
20 ns L7C164CMB20
15 ns L7C164CMB15
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e S L7C164/166
DEVICES INCORPORATED 16K X 4 Static RAM
L7C164 — ORDERING INFORMATION
22-pin
©o wn 8 <
<L > <
A7 A3
As A2
Ag A1
A0 . Ao
It View 1103
A12 1/02
A13 1/01
10 11 12
8ol s
gl 8
Ceramic Leadless Chip Carrier
Speed (K4)
0°C to +70°C — COMMERCIAL SCREENING
20 ns L7C164KC20
15 ns L7C164KC15
12 ns L7C164KC12
~40°C to +85°C — COMMERCIAL SCREENING
20 ns
15 ns
12 ns
-55°C to +125°C — CoMMERCIAL SCREENING
25 ns L7C164KM25
20 ns L7C164KM20
15 ns L7C164KM15
-55°C to +125°C — MIL-STD-883 CompLIANT
25 ns L7C164KMB25
20 ns L7C164KMB20
15 ns L7C164KMB15

64K Static RAMs
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L7C164/166

DEVICES INCORPORATED

16K x 4 Static RAM

L7C166 — ORDERING INFORMATION

24-pin — 0.3" wide

24-pin — 0.3" wide

Ao 1 24 Ve Ao 1 24 [ Vce
A1 2 23[] A3 A1 ]2 23 [ A3
A2 []3 22[] A2 A2 3 22 [ A2
A3 []4 210 An Az 44 21 [ An
As []5 200 Ao As 5 20 [ Aw
As []6 19[] Ao As 6 19 [ A9
As []7 18[] NC As ]7 18 3 NC
A7 []8 17|] 103 A7 ]8 17 [ /O3
As [Jo 160 102 As ]9 16 [ 1/O2
CE [J10 1500 101 CE 10 153 VOt
OE [J1t 14[] 1Oo OE {11 14 |3 100
GND [J12  13[] WE GND 12 13 [0 WE
Plastic DIP Ceramic DIP Plastic SOJ
Speed (P2) (C1) (W1)
| 0°C to +70°C — COMMERCIAL SCREENING o
20 ns L7C166PC20 L7C166CC20 L7C166WC20
15 ns L7C166PC15 L7C166CC15 L7C166WC15
12 ns L7C166PC12 L7C166CC12 L7C166WC12
_—40°C to +85°C — COMMERCIAL SCREENING o
20 ns L7C166PI120 L7C166WI20
15 ns L7C166PI15 L7C166WI15
12 ns L7C166PI12 L7C166WI12
~55°C 1o +125°C — CommeRciaL SCREENING
25ns L7C166CM25
20 ns L7C166CM20
15 ns L7C166CM15
~55°C to +125°C — MIL-STD-883 CowmpLiaNT
25 ns L7C166CMB25
20 ns L7C166CMB20
15 ns L7C166CMB15
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L7C164/166

DEVICES INCORPORATED 16K X 4 Static RAM
L7C166 — ORDERING INFORMATION
28-pin
NC
A13
A12
Top )4
View Ao
1/03
/02
1/01
Ceramic Leadless Chip Carrier
Speed (K5)
0°C to +70°C — CoMMERCIAL SCREENING
20 ns L7C166KC20
15 ns L7C166KC15
12 ns L7C166KC12
~40°C to +85°C — CoMMERCIAL SCREENING
20 ns
15 ns
12 ns
~55°C to +125°C — CoMMERCIAL SCREENING
25 ns L7C166KM25
20 ns L7C166KM20
15ns L7C166KM15
-55°C 10 +125°C — MIL-STD-883 CompLiaNT
25ns L7C166KMB25
20 ns L7C166KMB20
15 ns L7C166KMB15

64K Static RAMs
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DEVICES INCORPORATED

L7C185

8K x 8 Static RAM (Low Power)

| FEATURES

| | DESCRIPTION

0 8K x 8 Static RAM with Chip Select
Powerdown, Output Enable
0 Auto-Powerdown™ Design
U Advanced CMOS Technology
U High Speed — to 12 ns maximum
U Low Power Operation
Active:
425 mW typical at 25 ns
Standby (typical):
400pW (L7C185)
200 pW (L7C185-L)
O Data Retention at 2 V for Battery
Backup Operation
4 DESC SMD No. 5962-38294
QO Available 100% Screened to
MIL-STD-883, Class B
QO Plug Compatible with IDT7164,
Cypress CY7C185/186
0 Package Styles Available:
e 28-pin Plastic DIP
¢ 28-pin Ceramic DIP
* 28-pin Plastic SOJ
¢ 28-pin Ceramic Flatpack
¢ 28-pin Ceramic LCC
* 32-pin Ceramic LCC

The L7C185 is a high-performance,
low-power CMOS static RAM. The
storage circuitry is organized 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
four speeds with maximum access
times from 12 ns to 25 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption
for the L7C185 is 425 mW (typical) at
25 ns. Dissipation drops to 60 mW
(typical) for the L7C185 and 50 mW
(typical) for the L7C185-L when the
memory is deselected.

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
storage with a supply voltage as low

L7C185 BLock DiaGrAM

ROW
ADDRESS

-

%
ROW SELECT

256 x 32 x 8
MEMORY
ARRAY

{}

CONTROLI—»

SERER

COLUMN SELECT _M, /070

& COLUMN SENSE V1

¥

COLUMN ADDRESS

as2 V. The L7C185 and L7CL185-L
consume only 30 uW and 15 pW
(typical) respectively at 3 V, allowing
effective battery backup operation.

The L7C185 provides 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. Read-
ing from a designated location is
accomplished by presenting an
address and driving CE1 and OE
LOW, and CE2 and WE 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 CE1 or OE 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 can withstand an injection
current of up to 200 mA on any pin
without damage.

64K Static RAMs

03/06/95-LDS.185-D

K}




£ L7C185
DEVICES INCORPORATED 8K x 8 Static RAM (Low Power)
| Maxmum RaTiNgs Above which usetul life may be impaired (Notes 1, 2)
Storage temperature................. —65°C to +150°C
Operating ambient temperature -55°C to +125°C
Vcc supply voltage with respect 0 ground.............ccoocoiiiiiiiiiiiciinii e -05Vto+7.0V
input signai with respect 0 GroUNG ............c.cciiiiiiiiiiii e -3.0Vio+7.0V
Signal applied to high impedance OuUtpUL .............ccociiiiiiiiiii e -3.0Vto+7.0V

Output current into low outputs.
LatCRUP CUITENT ...ttt et e e et e st e e teesseesnneesreanaeen

OreraTiNG CONDITIONS To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vcc<b55V
Active Operation, Industrial —40°C to +85°C 45V<Vcc<55V
Active Operation, Military —55°C to +125°C 45V<Vccs55V
Data Retention, Commercial 0°C to +70°C 20V<vecc<s5V
Data Retention, Industrial —40°C to +85°C 20V<Vcc<b55V
Data Retention, Military -55°C to +125°C 20V<Vecs55V
ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) .
L7C185 L7C185-L
Symbol Parameter Test Condition Min | Typ | Max | Min | Typ | Max | Unit
VOH Output High Voltage Vcc =45V, IoH =—-4.0 mA 24 2.4 \
VoL Output Low Voltage loL =8.0 mA 0.4 04| V
ViH Input High Voltage 22 Vee | 22 Vce | V
+0.3 +0.3
ViL Input Low Voltage (Note 3) -3.0 0.8 | -3.0 08| V
hix Input Leakage Current Ground < VIN £ Vce -10 +10 | -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | -10 +10 | pA
Icc2 Vcc Current, TTL Inactive (Note 7) 12 25 10 15 | mA
Iccs Vcc Current, CMOS Standby | (Note 8) 80 | 300 40 | 150 | pA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 10 150 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 7| pF
L7C185-
Symbol Parameter Test Condition 25 20 | 15 12 | Unit
Icci | Vee Current, Active | (Note 6) 115 135 | 160 | 195 | mA

64K Static RAMs
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L7C185
DEVICES INCORPORATED 8K x 8 Static RAM (Low Power)

| SWITCHING CHARACTERISTICS Over Operating Range A

Reap CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) e
L7C185-
25 20 15 12
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Read Cycle Time 25 20 15 12
MtAVQV Address Valid to Output Valid (Notes 13, 14) 25 20 15 12
Lii:xox Address Change;;‘aai;ﬁt Change o 3 3 3 3
tcLav Chip Enable Low to Output Valid (Notes 13, 15) 25 20 15 12
tcLaz Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3
tcHaz Chip Enable High to Output High Z (Notes 20, 21) 10 8 8
i toLav Output Enable Low to Output Valid 12 10 8 6
toLaz Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0
toHaz Output Enable High to Output High Z (Notes 20, 21) 10 8 5 5
tru Input Transition to Power Up (Notes 10, 19) 0 0 0 0
tro Power Up to Power Down (Notes 10, 19) 25 20 20 20
V’;VCHVL Chip Enable High to Data Retention (Note 10) 0 0 0 0

Reap CvcLe — Appress CONTROLLED Notes 13, 14

[ tavav 1
ADDRESS )l( )IL
tavav |
DATA OUT PREVIOUS DATA VALID )I()()(X)()(J( DATA VALID

taxax |

o teu 7‘( trD )‘(

Reap CvcLe — CE/OE ControLLED Notes 13, 15

tavav

tcLav
_ tcLaz tcHQz —=
OE N
t
toLaz orav toHaz —=  LigH
DATA OUT SHAEEANE X< DATAVALD ——) MPEDANCE
e—o tPU + teD |
lcc ,_______J‘ 50% 50%31(
DATA RevenTion Note 9 _%
DATA RETENTION MODE t
vee jl( 45V 45V A Sav
[._ tcHvL Fe— tAvAvV ——I
Ce 7 /7777777 Fvn AN / ViH ROOMNNONONNNNNNNRNNNES

64K Static RAMs
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L7C185

DEVICES INCORPORATED

8K x 8 Static RAM (Low Power)

[ SWITCHING CHARACTERISTICS Over Operating Range

]

White CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C185- ]
25 20 15 12
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tAavav Write Cycle Time 20 20 15 12
tcLEw Chip Enable Low to End of Write Cycle 15 15 12 10
tavew | Address Valid to Beginning of Write Cycle 0 0 0 o | |
tavew Address Valid to End of Write Cycle - 15 15 12 B 10 o
teEwax End of Write Cycle to Address Change 0 0 0 T 0 o
twLew | Write Enable Low to End of Write Cycle 15 15 12 10
tovew Data Valid to End of Write Cycle ) - 10 10 7 6
tewbx End of Write Cycle to Data Change 0 0 0 0
twHaz Write Enable High to Output Low Z (Notes 20, 21) 0 0 0—4 ] 0__ T
twiaz | Write Enable Low to Output High Z (Notes 20, 21) 7 7 5 4
| Waite CvcLe — WE CONTROLLED Notes 16, 17, 18, 19
[ tavav 1
ADDRESS Dl( 3|€
teLEW
CE Nk . IOV I VIO,
tavew tEWAX —=
WE =% e K
tavew i tovew tewpx
DATA IN 4 DATA-IN VALID >
DATA OUT Y ) ez HiGHMPEDANCE W2 ——
tru | tro |
lcc tu A )L
Whrite CvcLe — CE ConTROLLED Notes 16, 17, 18, 19
[ tavav ]
ADDRESS )l(
tavew tcLEw
CE QL A
tavew tEWAX J
UEANNNNNN\ NN RN RRNNY e N7 777777777777
t tovew { tEWDX
DATA IN * DATA-IN VALID *
DATA OUT HIGH IMPEDANCE
tru t trD y
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L7C185

DEVICES INCORPORATED

8K x 8 Static RAM (Low Power)

[NOTES

l

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at -0.6 V.
A current in excess of 100 mA is required to
reach 2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < VouT < Vcc. The de-
vice is disabled, i.e., CE1 = Vcc, CE2 = GND.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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, CE1 < ViL, CE22 ViH, WE < VIL. Input
pulse levels are 0 to 3.0 V.

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

8. Tested with outputs open and all ad-
dress and data inputs stable. The deviceis
continuously disabled, i.e., CE1 = Vcc,
CE2 = GND. Input levels are within 0.2 V
of Vcc or GND.

9. Data retention operation requires that
Vvcc never drop below 2.0 V. CE1 must be
2Vcc-0.2V or CE2 must be <02 V. All
other inputs must meet VIN 2 Vcc - 0.2 Vor
VIN<0.2 V to ensure full powerdown. For
low power version (if applicable), this re-
uirement applies only to CEi, CE2, and
; there are no restrictions on data and
address.

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, for ex-
ample, 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 CE1 and CE2 transition
to active.

16. The internal write cycle of the memory
is defined by the overlap of CEi1 and CE2
activeand WElow. All three signals mustbe
active to initiate a write. Any signal can
terminate a write by going inactive. The
address, data, and control input setup and
hold times should be referenced to the sig-
nal that becomes active last or becomes inac-
tive first.

17. If WE goes low before or concurrent
with the latter 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 (CEi1 active) or the
falling edge of CE1 (CE2 active).

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

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

d. Transition on any data line (CE1, CE2,
and WE active).

The device automatically powers down
from IcC1 to Icc2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

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

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

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

23. CEi1,CE2, or WE mustbe inactive 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.

Ficure 1a.

R1 480Q
+5V

OUTPUT o

INCLUDING
JIG AND
SCOPE

R2
30 pF
P 255Q

i

Ficure 1b.

R1 480Q
+5V

OUTPUT O

INCLUDING
JIG AND
SCOPE

5pF R2
255Q

i
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L7C185

DEVICES INCORPORATED 8K x 8 Static RAM (Low Power)
ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.6" wide
Nne [t 28] veo ne g1 2811 Voo
Az [J2 270 WE Az ]2 271 WE
A7 []3 26|] CE2 A7 []3 26[] CE2
As []4 25[] As Ae (4 25[] As
As []5  24[] Ae As 5 24[] Ao
As []6 23[] A1t As []6 23[] An
As [7  22[] OE Az (47 22[] OF
A2 (8 210 Aw A2 []8 21[] At
A1 []9  20[] CE: A o 20[] CEi
Ao [J10 19[] vor7 Ao 10 19[] vor
oo 11 18[0 1Os Voo [11 18] 1/0s
o1 12 1700 vos o1 12 17{] 10os
1102 [J13  16[] 104 oz []13 16[] 1/0a
GND [14 15[ O3 GND []14 15[1 103
Plastic DIP Ceramic DIP Plastic DIP Ceramic DIP
Speed (P10) (C5) (P9) (ce)
0°C 1o +70°C — COMMERCIAL SCREENING
20 ns L7C185PC20* L7C185CC20* L7C185NC20* L7C185IC20*
15ns L7C185PC15* L7C185CC15* L7C185NC15* L7C185IC15*
12 ns L7C185PC12* L7C185CC12* L7C185NC12* L7C185IC12*
~40°C to +85°C — COMMERCIAL SCREENING
20 ns L7C185PI20* L7C185NI20*
15 ns L7C185PI15* L7C185NI15*
12 ns L7C185PI112* L7C185NI12*
~55°C to +125°C — COMMERCIAL SCREENING
25 ns L7C185CM25* L7C185IM25*
20 ns L7C185CM20* L7C185IM20*
15 ns L7C185CM15* L7C185IM15*
~55°C to +125°C — MIL-STD-883 ComPLIANT
25 ns L7C185CMB25* L7C185IMB25*
20 ns L7C185CMB20* L7C185IMB20*
15 ns L7C185CMB15* L7C185IMB15*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C185CMB15L)
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L7C185

DEVICES INCORPORATED :
8K x 8 Static RAM (Low Power)
ORDERING INFORMATION
28-pin — 0.3" wide 28-pin
NC 1 283 ( )
A 2 27 :I/TCEC NC =8—]1° 28 45— vcc
A3 265 ce Az 85— 2 27 F=5—— WE
7 2 A7 —=5—]3 26 = CcE2
As .4 251 As As —=5— 4 25 = s
As 45 24 13 Ao As 55 24 = Ao
As 6 23 [T A A =16 23 =~ An
As 7 223 OE Az —— 7 22 /% GE
A2 8 21 |3 A A2 —=—]8 21 === A0
A1 49 20 [ CEr A 9 20 %~ CE1
Ao 10 19 |3 wor Ao 5= 10 19 == vor
oo {11 18 |2 1Os Voo ‘:SE " e 2:’ voe
o1 vor = == uos
vo; = :i :; g :jgi /02 —¢—] 13 16 =5 1/04
GND {14 151 VO3 GND 35— 14 15 f=%— 10s
Plastic SOJ Ceramic Flatpack
Speed (W2) (M2)
0°C to +70°C — ComMERCIAL SCREENING
20 ns L7C185WC20* L7C185MC20*
15 ns L7C185WC15* L7C185MC15*
12 ns L7C185WC12* L7C185MC12*
~40°C t0 +85°C — CoMMERCIAL SCREENING
20 ns L7C185WI20*
15ns L7C185WI15*
12 ns L7C185WI12*
~55°C to +125°C — COMMERCIAL SCREENING
25 ns L7C185MM25*
20 ns L7C185MM20*
15 ns L7C185MM15*
~55°C 10 +125°C — MIL-STD-883 CompuANT i
25ns L7C185MMB25*
20 ns L7C185MMB20*
15 ns L7C185MMB15*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C185MMB15L)

64K Static RAMs
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L7C185

INCORPX .
DEVICES INCORPORATED 8K x 8 Static RAM (Low Power)
ORDERING INFORMATION
28-pin 32-pin
3 2 1 32 31
NC CE2 A6 B As
As As As Ag
A4 A9 A4 A1
A3 A1t A3 NC
A2 OE A2 TOP OE
A1 At0 Al View A10
Ao CEi Ao CE1
1/00 1107 NC /07
1/01 1/06 1/00 1/06
8628388 68622888
=5=== == ===
Ceramic Leadless Chip Carrier Ceramic Leadless Chip Carrier
Speed (K5) (K7)
| 0°C to +70°C — CoMMERCIAL SCREENING
20 ns L7C185KC20* L7C185TC20*
15 ns L7C185KC15* L7C185TC15*
12 ns L7C185KC12* L7C185TC12*
| —40°C to +85°C — CoMMERCIAL SCREENING
20 ns
15 ns
12 ns
=55°C to +125°C — CoMMERCIAL SCREENING
25ns L7C185KM25* L7C185TM25*
20 ns L7C185KM20* L7C185TM20*
15ns L7C185KM15* L7C185TM15*
~55°C to +125°C — MIL-STD-883 CompLIANT
25 ns L7C185KMB25* L7C185TMB25*
20 ns L7C185KMB20* L7C185TMB20*
15 ns L7C185KMB15* L7C185TMB15*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C185KMB15L)

64K Static RAMs

3-36

03/06/95-LDS.185-D



DEVICES INCORPORATED




DEVICES INCORPORATED




256K Static RAMs

256K STATIC RAMS ...t se e ese et e ee e s e e e sesase s e e sene s saeee s se e e eranerees 4-1
L7C197 256K x 1, Separate I/O, 1 Chip ENAbIe .........ccccccouiiiiiiiiiiiiicicere e 4-3
L7C194 64K x 4, Common I/O, T Chip ENAbIe .........cccoooeuiieiiiiiiicccicce e 4-11
L7C195 64K x 4, Common I/O, 1 Chip Enable + Output Enable ............ccccceovuunirvcinininininicicicceans 4-11
L7C199 32K x 8, Common I/O, 1 Chip Enable + Output Enable ............cccccccovvuvinininininiinieiensces 4-19
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[ﬁ)é VICES INCORPORATEL

L7C197

256K x 1 Static RAM

| FEATURES |

| DESCRIPTION

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

U Auto-Powerdown™ Design

U Advanced CMOS Technology

U High Speed — to 15 ns maximum

U Low Power Operation
Active: 165 mW typical at 35 ns
Standby: 5 mW typical

U Data Retention at 2 V for Battery
Backup Operation

U DESC SMD No. 5962-88544

Q Available 100% Screened to
MIL-STD-883, Class B

W Plug Compatible with IDT71257,
Cypress CY7C197

U Package Styles Available:
¢ 24-pin Plastic DIP
¢ 24-pin Ceramic DIP
* 24-pin Plastic SOJ
¢ 28-pin Ceramic LCC

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 four speeds with
maximum access times from 15 ns

to 35 ns.

Operation is from a single +5 V power
supply and all interface signals are
TTL compatible. Power consumption
is 165 mW (typical) at 35 ns. Dissipa-
tion drops to 50 mW (typical) when
the memory is deselected.

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
storage with a supply voltage as low

L7C197 BLock DiaGRAM
DiN ll/\/
—
(&)
row 10 E 1024 x 256
ADDRESS @ i> MEMORY
2 ARRAY
O
o
_ ] |
CE
WE COLUMN SELECT
WE & COLUMN SENSE Dour

8
COLUMN ADDRESS

as 2 V. The L7C197 consumes only
150 pW (typical) at 3 V, allowing
effective battery backup operation.

The L7C197 provides asynchronous
(unclocked) operation with matching
access and cycle times. An active-low
Chip Enable and a three-state output
simplify the connection of several
chips for increased capacity.

Memory locations are specified on ad-
dress pins Ao through A17. Reading
from a designated location is accom-
plished by presenting an address and
driving CE LOW while WE remains
HIGH. The data in the addressed
memory location will then appear on
the Data Out pin within one access
time. The output pin stays in a high-
impedance state when CE is HIGH or
WE is LOW.

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

Latchup and static discharge pro-
tection are provided on-chip. The
L7C197 can withstand an injection
current of up to 200 mA on any pin
without damage.

256K Static RAMs
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 Maximum RaTINGS Above which usetul life may be impaired (Notes 1, 2)
StOrage tEMPEIAtUIE .........c.ciiiiieieieei et —65°C to +150°C
Operating ambient tEMPETAtUIe ............cccvriviiieieiirie e -55°C to +125°C
Vcce supply voltage with respect to ground............cccooiviiiiiiiiini -05Vto+7.0V
Input signal with respect to ground ................ -30Vto+7.0V
Signal applied to high impedance output -3.0Vto+7.0V
Output current iNto JOW OULPULS ...........oiiiiiiiii e 25 mA
[0 o] g LU o X o[ (=T o | OO OO OO OOP RPN > 200 mA
OrPeRATING CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vcc<55V
Active Operation, Industrial —40°C to +85°C 45V<Vcc<55V
Active Operation, Military -55°C to +125°C 45V<Vcc<55V
Data Retention, Commercial 0°C to +70°C 20V<Vcc<55V
Data Retention, Industrial —40°C to +85°C 20V<Veoc<b5V
Data Retention, Military -55°C to +125°C 20V<Vecc<s55V
ELecTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) _
L7C197
Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc =45V, loH =—4.0 mA 2.4 \"
VoL Output Low Voltage loL = 8.0 mA 04| V
ViH Input High Voltage 2.2 Vee | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08| V
hx Input Leakage Current Ground < VIN € Vcc -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | pA
Icc2 Vcc Current, TTL Inactive (Note 7) 10 20 | mA
Iccs Vce Current, CMOS Standby | (Note 8) 1 3| mA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 50 | 200 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 51| pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7| pF
L7C197-
Symbol Parameter Test Condition 35 25 20 1 15 | Unit
H
Icct Vcc Current, Active ‘ (Note 6) 75 100 | 125 ‘ 160 | mA

256K Static RAMs

4-4 03/05/95-LDS.197-F



ESEET L7C197
DEVICES INCORPORATED 256K x 1 Static RAM

VITCHING CHARACTERISTICS Over Op

e - e — — —
ReaD CYCLE Notes s, 11,12,22,23,24(ns) P L
L7C197-
35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Read Cycle Time 35 25 20 15
tavav | Address Valid to Output Valid (Notes 13, 14) 35 25 20 15
taxax Address Change to Output Change 3 3 3 3
tclav | Chip Enable Low to Output Valid (Notes 13, 15) 35 25 20 15
tcLaz Chip Enable Low to Output Low Z (Notes 20, 21377 3 3 3 3
i tcHaz Chip Enable High to Output High Z (Notes 20, 21) 15 10 8 8
tru Input Transition to Power Up (Notes 10, 19) 0 0 0 0
*tPD Power Up to Power Down (Notes 10, 19) 35 25 20 20 n
i tcHvL Chip Enable High to Data Retenfi};n (Note 10) 0 0 0 0
Reap Crcie — Aobress CONTROLLED Notes 13, 14 J
t tavav |
ADDRESS )E )I(
tavav |
DATA OUT PREVIOUS DATA VALID M DATA VALID
taxax {
- tru 71‘ trD
tavav 1
CE —3( h_
tcLaz toray i tC”QZ‘-] HIGH
DATA OUT ot €< CCCCC DATA VALID —}MPEDANCE
le— tru " teD y
lcc 471% 50% )L
Dava ReTeNTION Note 9 L i i
DATA RETENTION MODE t
vce j( 4.5V 45V A s2v
l—— tcHVL e— tAVAV
Ce L H AN / Vi RO NN NN ANNANRNNTY

256K Static RAMs
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L7C197

DEVICES INCORPORATED

256K x 1 Static RAM

fSWﬂ'CHiNG CHARACTERISTICS Over Operating Range

]

Waite CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)

L7C197-
35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Write Cycle Time 25 20 20 15
tcLEW Chip Enable Low to End of Write Cycle 25 15 15 12
tavew Address Valid to Beginning of Write Cycle ) 0 0 0 0
tavew | Address Valid to End of Write Cycle i o 25 15 15 12
tEWAX End of Write Cycle to Address Change 0 0 0 0
twLew | Write Enable Low to Er{d of Writeﬁc;ge' 20 15 15 12
tovew Data Valid to End of Write Cycle 15 10 10 | 7 N
tEWDX End of Write Cycle to Data Change 0 0 0 0
twHaz Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0
twLaz Write Enable Low to Output High Z (Notes 20, 21) 10 7 7 5
Whrite CycLe — WE CONTROLLED Notes 16, 17, 18, 19
} tavav |
ADDRESS Dk J(
tcLEW
CE NNk K777 77 Z
tavew tEWAX —=i
WE I~ tWLEW ¥
tavew | tovew tewbx
DATAIN q DATA-IN VALID >
DATA OUT y }tWLQZ HiGHMPEDANCE —_ WHOZ—~
teu , trD |
Icc tru ¥ )L
White CvcLe — CE CoNTROLLED Notes 16, 17, 18, 19
I tavav |
ADDRESS )l(
tavew tcLEW
CE N H
tAvew teEwax ~—]
we SN oSSSSESESESSSSY tew PO II IV I IOV
t tovew { tEWDX
DATA IN é’é DATA-IN VALID §lF
DATA OUT HIGH IMPEDANCE
tru + trD |
icc ;l(—_ﬁ‘(

4-6
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L7C197

DEVICES INCORPORATED

256K x 1 Static RAM

[NOTES

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at 0.6 V.
A current in excess of 100 mA is required to
reach -2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vour < Vcc. The
device is disabled, i.e., CE = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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 all address
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 all address
and data inputs stable. The device is con-
tinuously disabled, i.e., CE = Vcc. Input
levels are within 0.2 V of Vcc or GND.

9. Data retention operation requires that
Vcc never drop below 2.0 V. must be
2Vcc-0.2V. All other inputs must meet
VIN 2 Vcc - 0.2V or VIN 0.2 V to ensure
full powerdown. For low power version (if
ggplicable), this requirement applies only to
CE and WE; there are no resirictions on data
and address.

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 pius 30 pF (Fig. ia), and input puise
levels of 0 to 3.0 V (Fig. 2).

12. Each parameter is shown as a minimum
or maximum value. Input requirements are
specified from the point of view of the exter-
nal system driving the chip. For example,
tAVEW is specified as a minimum since the
external system must supply at least that
much time to meet the worst-case require-
ments of all parts. Responses from the inter-
nal circuitry are specified from the point of
view of the device. Access time, for ex-
ample, 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. All three signals must be active to
initiate a write. Any signal can terminate a
write by going inactive. The address, data,
and control input setup and hold times
should be referenced to the signal that be-
comes active last or becomes inactive first.

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

18. If CE 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. Falling edge of CE.
b. Falling edge of WE (CE active).

c. Transition on any address line (CE
active).

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

The device automatically powers down
from IcC1 to Icc2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

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

21. Transition is measured *200 mV from
steady state voltage with specified loading
in Fig. 1b. This parameter is sampled 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 inactive during ad-
dress transitions.

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

Ficure 1a.

R1 480Q
+5V

QUTPUT o

30 pF R2

INCLUDING 2550

JIG AND
SCOPE

L

Ficure 1h.

R1 480Q
+5V

OUTPUT O—

INCLUDING
JIG AND
SCOPE

5 pF Re
2550

——

Fiure 2.

+3.0V

GND
<3 ns

256K Static RAMs
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L7C197

DEVICES INCORPORATED 256K x 1 Static RAM
ORDERING INFORMATION
24-pin — 0.3" wide 24-pin — 0.3" wide
\J
Ao []1 24[1 Vce Ao CJ1 24 Vee
A [2 23] A7 A1 ]2 233 Az
A2 []3  22[] At A2 ]3 22 [ At
A3 %4 210 A1s Az ]4 21 [ As
As [I5 20[] A4 As TJ5 20 [3 A
As []6 19|] A3 As ]6 19 [ A3
As []7 18] A2 As 7 18 |3 A
A7 [8 1710 A A7 58 17 [ An
As ]9  16[0 A0 As ]9 16 [ A1
Dout [J10 15[] Ae Dout 10 153 A9
WE {11 14[0 ow WE {11 14 | Dw
GND [J12 13[] CE GND 12 13| CE
Plastic DIP Ceramic DIP Plastic SOJ
Speed (P2) (c1) (W1)
0°C to +70°C — ComMERCIAL SCREENING
25 ns L7C197PC25 L7C197CC25 L7C197WC25
20 ns L7C197PC20 L7C197CC20 L7C197WC20
15ns L7C197PC15 L7C197CC15 L7C197WC15
—40°C to +85°C — COMMERCIAL SCREENING »
25 ns L7C197PI125 L7C197WI25
20 ns L7C197PI120 L7C197WI20
15ns L7C197PI15 L7C197WI15
~55°C to +125°C — ComMERCIAL SCREENING
35 ns L7C197CM35
25 ns L7C197CM25
20 ns L7C197CM20
~55°C to +125°C — MIL-STD-883 CompLIANT
35ns L7C197CMB35
25 ns L7C197CMB25
20 ns L7C197CMB20

4-8
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DEVICES INCORPORATED 256K x 1 static RAM
ORDERING INFORMATION
28-pin
NC
A3
A4
As
As
A7
As
Dout
NC
Ceramic Leadless Chip Carrier
Speed (KS)
0°C to +70°C — ComMeRCIAL SCREENING
25ns L7C197KC25
20 ns L7C197KC20
15 ns L7C197KC15
~40°C to +85°C — COMMERCIAL SCREENING
25ns
20 ns
15 ns
~55°C 10 +125°C — COMMERCIAL SCREENING
35ns L7C197KM35
25ns L7C197KM25
20 ns L7C197KM20
~55°C to +125°C — MIL-STD-883 CompLianT
35ns L7C197KMB35
25 ns L7C197KMB25
20 ns L7C197KMB20

256K Static RAMs
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DEVICES INCORPORATED

L7C194/195

64K x 4 Static RAM

FEATURES

| | DESCRIPTION

-

Q 64K x 4 Static RAM with Common
1/0
O Auto-Powerdown™ Design
O Advanced CMOS Technology
Q High Speed — to 15 ns maximum
U Low Power Operation
Active: 210 mW typical at 35 ns
Standby: 5 mW typical
U Data retention at 2 V for Battery
Backup Operation
0 DESC SMD No.
5962-88681 — L7C194
O Available 100% Screened to
MIL-STD-883, Class B
QO Plug Compatible with IDT 71258/
61298 and Cypress CY7C194/195
Q Package Styles Available:
* 24/28-pin Plastic DIP
¢ 24/28-pin Ceramic DIP
* 24/28-pin Plastic SOJ
¢ 28-pin Ceramic LCC

The L7C194 and L7C195 are high-
performance, low-power CMOS static
RAMs. The storage cells are organ-
ized as 65,536 words by 4 bits per
word. Data In and Data Out 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. These devices are
available in four speeds with max-

imum access times from 15 ns to 35 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5 V
power supply. Power consumption is
210 mW (typical) at 35 ns. Dissipation
drops to 50 mW (typical) when the
memory is deselected.

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

L7C194/195 BLock Diagram
-
O
RoW & w 256 x 256 X 4
ADDRESS & j‘> MEMORY
2 ARRAY
(o]
o
CE —» R
e COLUMN SELECT R
VE ———» CONTROL & COLUMN SENSE 1/03-0
OE —»
(L7C195 only)

8

COLUMN ADDRESS

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 L7C194 and L7C195
consume only 150 uW (typical) at 3V,
allowing effective battery backup
operation.

The L7C194 and L7C195 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 A0 through A15. For the
L7C194, reading from a designated
location is accomplished by presenting
an address and driving CE LOW
while WE E remains HIGH. For the
L7C195, CE and OE must be LOW.
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 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
protection are provided on-chip. The
L7C194 and L7C195 can withstand an
injection current of up to 200 mA on
any pin without damage.

256K Static RAMs
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£ £58=55° L7C194/195
DEVICES INCORPORATED 64K X 4 Static RAM
Maximum RATINGS Above which usetul life may be impaired (Notes 1, 2)
Storage temperature ..........ccceeeveiiiiiiiiiiieccee .. 65°Cto +150°C
Operating ambient temperature -55°C to +125°C
Vcce supply voltage with respect to ground...........ocevciiiiiiiiiiiinic -05Vto+7.0V
input signai with respect t0 ground ............c.ccoccccciiiiiinirmiiiiceccceee -3.0Vio+7.0V
Signal applied to high impedance output ...............ccooviiiiiiiic -3.0Vto+7.0V
Output current into low outputs
LatCRUD CUITENE ... et e e st
OpreraTING CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vcc<55V
Active Operation, Industrial —40°C to +85°C 45V<Vecc<55V
Active Operation, Military -55°C to +125°C 45V<Veccs55V
Data Retention, Commercial 0°C to +70°C 20Vv<Vcc<55V
Data Retention, Industrial —40°C to +85°C 20V<Vcec <55V
Data Retention, Military -55°C to +125°C 20vV<vVcecss55V
EvLectricaL CHARACTERISTICS Over Operating Conditions (Note 5)
L7C194/195
Symbol Parameter Test Condition Min | Typ | Max |Unit
VoH Output High Voltage Vcc =45V, IoH =—-4.0 mA 24 | \Y
VoL Output Low Voltage loL = 8.0 mA 04| V
ViH Input High Voltage 2.2 Vcec | V
+0.3
ViL Input Low Voltage (Note 3) -3.0 08| V
hix Input Leakage Current Ground < VIN < Vce -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | pA
Icc2 Vce Current, TTL Inactive (Note 7) k 10 20 | mA
lccs Vcc Current, CMOS Standby | (Note 8) i 1 3| mA
lcca Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) ‘ 50 | 200 | pA
- T
CiN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 5| pF
Cout | Output Capacitance Test Frequency = 1 MHz (Note 10) 7| pF
L7C194/195-
Symbol Parameter Test Condition 35 | 25 20 15 | Unit
lcct Vcc Current, Active (Note 6) 75 | 100 | 125 | 160 | mA

256K Static RAMs

4-12

03/06/95-LDS.194/5-B



L7C194/195
64K x 4 Static RAM

I,llll
' n
i
:illln

DEVICE!

(2

INCORPORATED

| SWITCHING CHARACTERISTICS Over OperatingRange |

Reap CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)

L7C194/195-

35 25 20 15

Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Read Cycle Time 35 25 20 15
tavav Address Valid to Output Valid (Notes 13, 14) 35 25 20 15
taxax Address Change to Output Change 3 3 3 3

| tclav | Chip Enable Low to Output Valid (Notes 13, 15) 35 25 20 15
tcLaz Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3

ﬁtcuoz Chip Enable High to Output High Z (Notes 20, 21) 15 10 8 8
toLav Output Enable Low to Output Valid 15 12 10 8
toLaz Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0
torHaz | Output Enable High to Output High Z (N(;tes 20, 21) B 107 1 10 8 5
tru Input Transition to Power Up (Notes 10, 19) 0 0 0 0 )

i trD Power Up to Power Down (Notes 10, 19) 35 25 20 20
tcHvL Chip Enable High to Data Retention (Note 10) 0 0 0 0

ReAp CvoLe — ApDRESS CONTROLLED Notes 13,14

i tavav i

ADDRESS
tavav |
DATA OUT PREVIOUS DATA VALID M DATA VALID
taxax |
tPu 1 trD ,
icc K X

Reap Cvcre — CE/OE ContROLLED Notes 13,15

tAvAav ,
CE — N ;lf‘__‘
toLaz torav tcHaz —
CE — | X ;L
0LQz forav tonaz —= e
DATA OUT HIGH IMPEDANCE TTTTLL SRRV IMPEDANCE
e—o tPU }
lcc ___—71[50%

Data RETENTION Note 9

DATA RETENTION MODE t
vce j( 45V 45V A 2V
r— tcHvL e— tAVAV
Ce 7L LK vm N TR AR N

4-13

256K Static RAMs

03/06/95-LDS.194/5-B



i_&_’v_‘-‘.-gg:;‘:— L7C194/195
DEVICES INCORPORATED 64K x 4 Static RAM

| SWITCHING CHARACTERISTICS Over Operating Range

|

Write CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C194/195-
35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tAavav Write Cycle Time 25 20 20 15
tCLEW Chip Enable Low to End of Write Cycle 25 15 15 - 12
| tavew | Address Valid to Beginning of Write Cycle - 0 0 0 o | |
tavew | Address Valid to End of Write Cycle - 25 15 15 12| |
tEwAX End of Write Cycle to Adldﬁress Changé. - o 0 0 0 0
twiew | Write Enable Low to End of Write Cycle o 26 15 15 12 T
tovew | Data Valid to End of Write Cycle 15 | 10| |10 7]
tewox | End of Write Cycle to Data Change - - 0 { 0 0 1 0
| t\;\;HQZ Writ;, Enable HlE;h to Output Low zmoles 20, 21) ) VO ] 0 0 T _—07‘7
7WLQZ Write Enable Low to Output High Z (Notes 20, 21) - ] 10 7 7 5
Warite CvcLe — WE CONTROLLED Notes 16, 17, 18, 19
| tavav |
ADDRESS j )‘(
tcLew
CE Nk 277777 p
tAvEW tEWAX —
WE o twLEwW ﬂ Ve
tavew | tovEW tEwDx
DATA IN { DATA-IN VALID >
DATA OUT < ~ e HiGHMPEDANGE —_ WHOZ——
tru | trD
Icc tru ¥ ;
Waite CycLe — CE ConTROLLED Notes 16, 17, 18, 19
[ tavav '
ADDRESS *
tavew tcLeEw
CE ﬂr K J
tAvEW tEWAX
7. SISy fEw NTTT7 7777777777777
t tovew 1 tEWDX
DATA IN )k DATA-IN VALID )l(
DATA OUT HIGH IMPEDANCE
tru t trD |
Icc ;l‘__-'—#

414
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64K x 4 Static RAM

|NOTES

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at-0.6 V.
A current in excess of 100 mA is required to
reach —2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vour € Vcc. The
device is disabled, i.e., CE = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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 2 VIH.

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

9. Data retention operation requires that
Vcc never drop below 2.0 V. must be
2Vcc-0.2V. All other inputs must meet
VIN 2 VcC - 0.2V or VIN 0.2V to ensure
full powerdown. For low power version (if
applicable), this requirement applies only to
CE and WE; there are no restrictions on data
and address.

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, for ex-
ample, 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. All three signals must be active to
initiate a write. Any signal can terminate a
write by going inactive. The address, data,
and control input setup and hold times
should be referenced to the signal that be-
comes active last or becomes inactive first.

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

18. 1f CE 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. Falling edge of CE.
b. Falling edge of WE (CE active).

c. Transition on any address line (CE
active).

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

The device automatically powers down
from IcC1 to IcC2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

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

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

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

23. CE or WE must be inactive 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 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.

Ficure 1a.

R1 480Q

-

30 pF

+5V

OuUTPUT

Rz

INCLUDING 2550

JIG AND
SCOPE

AR

[ —

Ficure 1b.

R1 480Q
+5V

OUTPUT O

INCLUDING
JIG AND
SCOPE

5 pF Re
2550

s

FiGuRE 2.

+3.0V

90%

GND
<3 ns
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L7C194/195

DEVICES INCORPORATED

64K x 4 Static RAM

L7C194 — ORDERING INFORMATION
24-pin — 0.3" wide 24-pin — 0.3" wide
Ao []1 24[] Vce Ao CJ1 24 [ Vce
A1 2 23[] Ass Al ]2 233 A
A2 []3 221 A1 A2 3 22 3 A4
A3 []4 21[] A3 A3 34 21 8 A3
As []5 20[] A2 A4 C]5 20 |3 A
As [J6  19[] Ant As C]6 19 [ An
As []7  18[] Ato As T]7 18 3 Ao
A7 []8 17[] VO3 A7 48 17 |3 /03
As [Jo 161 102 As ]9 16 [ 1102
As [J10 1500 Vo1 Ao 10 15 (3 1/O1
CE Q11 140 100 CE 11 14 [ /0o
GND [12 13[] WE GND {12 13| WE
Plastic DIP Ceramic DIP Plastic SOJ
Speed (P2) (c1) (W1)
| 0°C to +70°C — CoMMERCIAL SCREENING
25 ns L7C194PC25 L7C194CC25 L7C194WC25
20 ns L7C194PC20 L7C194CC20 L7C194WC20
15 ns L7C194PC15 L7C194CC15 L7C194WC15
—40°C 10 +85°C — COMMERCIAL SCREENING
25ns L7C194PI25 L7C194WI25
20 ns L7C194PI20 L7C194WI20
15 ns L7C194PI15 L7C194WI15
~55°C t0 +125°C — CoOMMERCIAL SCREENING
35ns L7C194CM35
25ns L7C194CM25
20 ns L7C194CM20
~55°C to +125°C — MIL-STD-883 CompuiaNT
35ns L7C194CMB35
25 ns L7C194CMB25
20 ns L7C194CMB20
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=555555- L7C194/195
DEVICES INCORPORATED 64K X 4 static RAM
L7C194 — ORDERING INFORMATION
28-pin
As As
Ag A4
A10 A3
A1 A2
A2 A1
A13 Ao
A4 /00
Ais 1101
CE /02
Ceramic Leadless Chip Carrier
Speed (K5)
0°C to +70°C — CoMMERCIAL SCREENING
25 ns L7C194KC25
20 ns L7C194KC20
15 ns L7C194KC15
1 —40°C to +86°C — CommerciaL Screenng
25ns
20 ns
15 ns
—55°C t0 +125°C — COMMERCIAL SCREENING
35ns L7C194KM35
25 ns L7C194KM25
20 ns L7C194KM20
~55°C to +125°C — MIL-STD-883 CompLIaNT
35ns L7C194KMB35
25 ns L7C194KMB25
20 ns L7C194KMB20

256K Static RAMs
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% L7C194/195
DEVICES INCORPORATED 64K x 4 Static RAM
L7C195 — ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.3" wide
ne 01 T 28f) vee NC 1 28 |9 vee
Ao []2 270 Ats Ao T2 27 [ A5
At 3  26[] A1 A1 43 26 [ Au
A2 []4 25[] A13 A2 ]4 253 A3
As []5  24[] A2 A3 5 24 [ A
As []6 23[] An A4 6 23 [ An
As (7 22[] Ao As 7 22 3 Aw
As []8 21[] NC As CJ8 21 [ NC
A7 o9 20[] NC A7 ]9 20 |3 NC
As [J10 19[] 103 As T]10 19 [ VO3
Ao [J11 18[] 102 As 11 18 3 I/O2
CE [J12 17[J vo1 CE 12 17 |2 1O1
OE [J13 16[] 100 OE 13 16 |2 1100
GND [J14 15[ WE GND {14 15 [ WE
Plastic DIP Ceramic DIP Plastic SOJ
Speed (P10) (C5) (W2)
| 0°C to +70°C — CoMMERCIAL SCREENING :
25 ns L7C195PC25 L7C195CC25 L7C195WC25
20 ns L7C195PC20 L7C195CC20 L7C195WC20
15 ns L7C195PC15 L7C195CC15 L7C195WC15
~40°C to +85°C — COMMERCIAL SCREENING -
25 ns L7C195PI25 L7C195WI25
20 ns L7C195PI120 L7C195WI20
15ns L7C195PI15 L7C195WI15
~55°C to +125°C — COMMERCIAL SCREENING
35 ns L7C195CM35
25 ns L7C195CM25
20 ns L7C195CM20
—55°C to +125°C — MIL-STD-883 CompLiaNT
35 ns L7C195CMB35
25 ns L7C195CMB25
20 ns L7C195CMB20

256K Static RAMs
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DEVICES INCORPORATED

L7C199

32K x 8 Static RAM (Low Power)

FEATURES

| | DESCRIPTION

0 32K x 8 Static RAM with Chip
Select Powerdown, Output Enable
O Auto-Powerdown™ Design
4 Advanced CMOS Technology
Q0 High Speed — to 15 ns maximum
0 Low Power Operation
Active:
350 mW typical at 35 ns
Standby (typical):
5 mW (L7C199)
0.5 mW (L7C199-L)
U Data Retention at 2 V for Battery
Backup Operation
4 DESC SMD No.
5962-88662 — L7C199
5962-88552 — L7C199-L
Q Available 100% Screened to
MIL-STD-883, Class B
Q Plug Compatible with IDT71256,
Cypress CY7C198/199
Q Package Styles Available:
¢ 28-pin Plastic DIP
¢ 28-pin Ceramic DIP
* 28-pin Plastic SOJ
* 28-pin Ceramic Flatpack
¢ 28-pin Ceramic LCC
¢ 32-pin Ceramic LCC

The L7C199 is a high-performance,
low-power CMOS static RAM. The
storage circuitry is organized as 32,768
words by 8 bits per word. The 8 Data
In and Data Out signals share /O
pins. These devices are available in
four speeds with maximum access
times from 15 ns to 35 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption
for the L7C199 is 350 mW (typical) at
35 ns. Dissipation drops to 50 mW
(typical) for the L7C199 and 25 mW
(typical) for the L7C199-L when the
memory is deselected.

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
storage with a supply voltage as low
as 2 V. The L7C199 and L7C199-L

L7C199 Brock Diacram

Vce GND

Ll

.
O
1o w 1024 x 32 x 8
—~— 4 ) MEMORY
ROW 2 ARRAY
ADDRESS e
CE ’ COLUMN SELECT 8/, bATA
WE ——> CONTROL =¥ 3 COLUMN SENSE
oF 110

COLUMN ADDRESS

o

consume only 150 uW and 30pW
(typical) respectively, at 3 V, allowing
effective battery backup operation.

The L7C199 provides 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 and OE 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
L7C199 can withstand an injection
current of up to 200 mA on any pin
without damage.

256K Static RAMs
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L7C199
32K x 8 Static RAM (Low Power)
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DEVICES INCORPORATED

Maximum RATINGS Above which useful life may be impaired (Notes 1,2)
Storage temperature.................... —65°C to +150°C
Operating ambient temperature -55°C to +125°C
Vce supply voltage with respect to ground.............cccciiieieeniiiicin -05Vto+7.0V
Input signal with resSpect to grouNd .............ooiiiiiieiiii -30Vto+7.0V
Signal applied to high impedance OuUtPUL ..............cccocooiiiiiiiiii e -3.0Vto+7.0V
Output current into low outputs
[ (ol g 10 o I oL (=Y | OO OO PSP
OreraTiNG CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vec<55V
Active Operation, Industrial —40°C to +85°C 45V<Vecc<55V
Active Operation, Military -55°C to +125°C 45V<Vcc<55V
Data Retention, Commercial 0°C to +70°C 20V<Vecsb5V
Data Retention, Industrial —40°C to +85°C 20V<vVeec<b55V
Data Retention, Military -55°C to +125°C 20V<Vecs55V
ELecTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) o
L7C199 L7C199-L
Symbol Parameter Test Condition Min | Typ | Max | Min | Typ | Max | Unit
VoH Output High Voltage Vcc =45V, loH=-4.0mA 24 2.4 \"
VoL Output Low Voltage loL =8.0 mA 0.4 04| V
ViH Input High Voltage 2.2 ‘ Vce | 2.2 vee | V
+0.3 +0.3
ViL Input Low Voltage (Note 3) -3.0 0.8 | -3.0 08| V
hx Input Leakage Current Ground < VIN £ Vce -10 +10 | -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | =10 | +10 | pA
Icc2 Vce Current, TTL Inactive (Note 7) 10 20 5 10 | mA
Icc3 Vce Current, CMOS Standby | (Note 8) 1 3 0.1 0.5 mA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 50 200 10 75| pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0V 5 51| pF
Court Output Capacitance Test Frequency = 1 MHz (Note 10) 7 7| pF
L7C199-
Symbol Parameter Test Condition 35 25 20 15 | Unit
lcc1 | Vec Current, Active (Note 6) 95 | 120 | 145 “ 180 | mA

4-20
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DEVIGES INCORPORATED 32K x 8 Static RAM (Low Power)
| SWITCHING CHARACTERISTICS OverOperating Range b |
ReAD CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C199-
35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tavav Read Cycle Time 35 25 20 15
[ tavav | Address Valid to Output Valid (Notes 13, 14) 35 25 20 15
taxax Address Change to Output Change 3 3 3 3
_IC‘LOV Chip Enable Low to Output Valid (Notes 13, 15) 35 25 20 15
tcLaz Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3
tcHaz Chip Enable High to Output High Z (Notes 20, 21) 15 10 8 8
»:OLQV Output Enable Low to Output Valid 15 12 10 8
toLaz Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0
toHaz Output Enable High to Output High Z (Notes 20, 21) 10 10 8 5
tru Input Transition to Power Up (Notes 10, 19) 0 0 0 0
tro Power Up to Power Down (Notes 10, 19) 35 25 20 20
tcHvL Chip Enable High to Data Retention (Note 10) 0 0 0 0
ReAp CvcLe — AppREss CONTROLLED Notes 13,14 i e

I tavav
ADDRESS )E )l(
tavav {
DATA OUT PREVIOUS DATA VALID m DATA VALID

taxax 1

o tru 71‘ trD *

ConTROLLED Notes 13, 15

tavav N
tcLav
_ tcLaz tcHQz —=
OE N
toLav
toLaz toHaz —=  ygn
DATA OUT HIGH IMPEDANCE <CCCCC DATA VALID pMPEDANCE
le— tPu } teD J
Icc __—___J‘( 50% 50% )L
DaTA RETENTION Note9
DATA RETENTION MODE t
i}< 74
vce 45V 4.5V A s2vV
tcHvL e— tAvAV
Ce 777777777 Fvn AN / Vi RO

256K Static RAMs
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e et L7C199

DEVICES INCORPORATED

32K x 8 Static RAM (Low Power)

| SWITCHING CHARACTERISTICS Over Operating Range

|

WRrime CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C199-
35 25 20 15
Symbol Parameter | Min | Max | Min | Max | Min | Max | Min | Max |
tavav Write Cycle Time 25 20 20 15
tcLEW Chip Enable Low to End of Write Cycle 25 15 15 T 12
tavew Address Valid to Beginning of Write Cycle 0 0 0 0
tAvEW Address Valid to End of Write Cycle 25 15 15 12
tEwAX End of Write Cycle to Address Change 0 0 0 0
twLew | Write Enable Low to End of Write Cycle 20 15 15 12
tovew Data Valid to End of Write Cycle 15 10 10 7
tewox | End of Write Cycle to Data Change 0 0 T %‘0‘ 1
twHaz | Write Enable High to Output Low Z (Notes .20, 21) 0 0 0 T ]
twLaz Write Enable Low to Output High Z (Notes 20, 21) 10 7 7 5
Waite CvcLe — WE CoNTROLLED Notes 16, 17, 18, 19
[ tavav |
ADDRESS D}( )lL
tcLEW
CE Nk . IOV IO II IO,
tAvEW tEWAX —=
WE SRR tWLEW ’a
tavew | tovew tEWDX
DATA IN 4 DATA-IN VALID >
DATA OUT y }IWLQZ HiGHMPEDANCE —_ WHQZ——
teu | trD {
lcc teu H >L
Waite CvcLe — CE CONTROLLED Notes 16, 17, 18, 19
I tavav |
ADDRESS 3[(
tavew tcLEw
CE NC K
tAvEW tEWAX .I
[N NNNNNNNNNNNNNRN e W77 7777777777777
I toveEw | tEWDX
DATAIN * DATA-IN VALID *
DATA OUT HIGH IMPEDANCE
tru t trD ]
lcc ;“__—ﬁlq

256K Static RAMs
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L7C199

DEVICES INCORPORATED

32K x 8 Static RAM (Low Power)

|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 beginning at -0.6 V.
A current in excess of 100 mA is required to
reach —2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vour < Vcc. The
device is disabled, i.e., CE = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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
are0to3.0 V.

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

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

9. Data retention operation requires that
Vvcc never drop below 2.0 V. must be
2VcC-0.2V. All other inputs must meet
VIN2Vcc-02Vor VINS0.2V to ensure
full powerdown. For low power version (if
applicable), this requirement applies only to
C%Jand WE; there are no restrictions on data
and address.

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,
EAVEW 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 ex-
ample, 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. All three signals must be active to
initiate a write. Any signal can terminate a
write by going inactive. The address, data,
and control input setup and hold times
should be referenced to the signal that be-
comes active last or becomes inactive first.

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

18. If CE 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. Falling edge of CE.
b. Falling edge of WE (CE active).

c. Transition on any address line (CE
active).

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

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

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

21. Transition is measured £200 mV from
steady state voltage with specified loading
in Fig. 1b. This parameter is sampled 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 inactive during ad-
dress 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 VccC 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.

Ficure 1a.

R1 480Q
+5V

OUTPUT O0—

30 pF Rz

INCLUDING 2550

JIG AND
SCOPE

.

Ficure 1b.

R1 480Q
+5V

OUTPUT O

5 pF R2
255Q

INCLUDING
JIG AND
SCOPE

e

Ficure 2.

+3.0V
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L7C199

DEVICES INCORPORATED

32K x 8 Static RAM (Low Power)

ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.6" wide
U
Ais [J1 28[] vce A 1 28] Vece
A2 [J2 271 WE Az (2 27[1 WE
A7 []3  26[] A A7 []3 26[] A3
As []4 25[] As As []4 25[] As
As [15 240 As As []5 24[] As
As [J6  23[] A A4 []6 23[] An
As [J7 2200 OE As []7 22[] OE
A2 [J8 210 Ao A2 []8 21[] Ao
At [Jo 200 CE A1 9 201 CE
Ao [J10  19[0 wO7 Ao []10 19[] 107
1100 [J11  18[] 1Oe /0o []11 18]] 1/0s
o1 (12 170 vos o1 [12 171 10s
1102 [J13  16[] 1Oa 102 {13 16[] 104
GND [J14 15[ 1Os GND []14 151 103
Plastic DIP Ceramic DIP Plastic DIP Ceramic DIP
Speed (P10) (C5) (P9) (Cs)
0°C to +70°C — COMMERCIAL SCREENING ,
25ns L7C199PC25* L7C199CC25* L7C199NC25* L7C199IC25*
20 ns L7C199PC20* L7C199CC20* L7C199NC20* L7C199I1C20*
15ns L7C199PC15* L7C199CC15* L7C199NC15* L7C199IC15*
~40°C 10 +85°C — COMMERCIAL SCREENING
25 ns L7C199PI25* L7C199NI25*
20 ns L7C199PI20* L7C199NI20*
15 ns L7C199PI15* L7C199NI15*
| ~55°C to +125°C — CoMMERCIAL SCREENING ,
35ns L7C199CM35* L7C199IM35*
25 ns L7C199CM25* L7C199IM25*
20 ns L7C199CM20* L7C199IM20*
-55°C to +125°C — MIL-STD-883 CompLIANT
35 ns L7C199CMB35* L7C199IMB35*
25 ns L7C199CMB25* L7C199IMB25*
20 ns L7C199CMB20* L7C199IMB20*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C199CMB20L)
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L7C199

DEVICES INCORPORATED

32K x 8 Static RAM (Low Power)

NG INFORMATION

28-pin — 0.3" wide 28-pin
P UEEE——
A 41 28 3 Ve Are 46— 1° 28 =% vec
A2 ]2 27 3 WE Az 36— 2 27 35— WE
A7 3 262 Az A7 3 26 35— A3
As CTJ4 25 As As 4 25 % As
As 5 24 3 Ao As 5 24 =5 A
As TJ6 23 |3 A1t A 35— 6 28 F=5— An
as 7 22 OF Az X7 22 % OE
Az 8 21 |3 Aw :2 l:‘z‘:g 5(1) 3:]"_“" 2—:50
== 1
21 E 9 20 i C/Jg Ao 10 19 —5— vor
0 4410 19 (3 107 1100 46— 11 18 === 10s
/0o 411 18 [ 1/Os 101 == 12 17 === vos
/101 412 17 |23 1/Os 102 —$—] 13 16 ==%— 1104
/02 413 16 [ /04 GND —=$— 14 15 ——%— 103
GND {14 15 |3 /O3 —
Plastic SOJ Ceramic Flatpack
Speed (wW2) (M2)
0°C to +70°C — CoMMERCIAL SCREENING
25ns L7C199WC25* L7C199MC25*
20 ns L7C199WC20* L7C199MC20*
15ns L7C199WC15* L7C199MC15*
| —40°C to +85°C — COMMERCIAL SCREENING
25 ns L7C199WI25*
20 ns L7C199WI20*
15 ns L7C199WI15*
| ~55°C to +125°C — CommercIAL SCREENING . .
35ns L7C199MM35*
25 ns L7C199MM25*
20 ns L7C199MM20*
~55°C to +125°C — MIL-STD-883 CompLiant L .
35ns L7C199MMB35*
25ns L7C199MMB25*
20 ns L7C199MMB20*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C199MMB20L)
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32K x 8 Static RAM (Low Power)

ORDERING INFORMATION

28-pin

As A13
As As
A4 Ag
A3 A1
A2 OE
A1 A10
Ao CE
1/00 1107
/01 1/06

32-pin

~ S TO 8|w o

<< <zZ>E
As As
As Ag
A4 A1
A3 NC
A2 OE
A1 A10
Ao CE
NC /07
1/00 /06

§86228¢8

Ceramic Leadless Chip Carrier Ceramic Leadless Chip Carrier
Speed (K5) (K7)
| 0°C to +70°C — CoMMERCIAL SCREENING ,

25 ns L7C199KC25* L7C199TC25*
20 ns L7C199KC20* L7C199TC20*
15 ns L7C199KC15* L7C199TC15*

~40°C to +85°C — COMMERCIAL SCREENING
25 ns
20 ns
15 ns

~55°C t0 +125°C — CoMMERCIAL SCREENING
35ns L7C199KM35* L7C199TM35*
25 ns L7C199KM25* L7C199TM25*
20 ns L7C199KM20* L7C199TM20"

-55°C to +125°C — MIL-STD-883 CowmpLiaNT
35 ns L7C199KMB35* L7C199TMB35*
25ns L7C199KMB25* L7C199TMB25*
20 ns L7C199KMB20* L7C199TMB20*

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C199KMB20L)

256K Static RAMs
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IM STATIC RAMS ...t ettt s e s s e ee e eees s
L7C106 256K x 4, Common I/0,1 Chip Enable + Output Enable .............ccccooviiiiiiiicccininecans
L7C108 128K x 8, Common I/O, 1 Chip Enable + Output Enable........

L7C109 128K x 8, Common I/O, 2 Chip Enables + Output Enable

5-1
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L7C106

256K x 4 Static RAM

| FEATURES

| | DESCRIPTION

0 256K x 4 Static RAM with Chip
Select Powerdown, Output Enable

W Auto-Powerdown™ Design

O Advanced CMOS Technology

W High Speed — to 17 ns maximum

O Low Power Operation
Active: 400 mW typical at 25 ns
Standby: 5 mW typical

U Data Retention at 2 V for Battery
Backup Operation

U Plug Compatible with Cypress
CY7C106

U Package Styles Available:
¢ 28-pin Plastic DIP
* 28-pin Sidebraze, Hermetic DIP
¢ 28-pin Plastic SOJ

The L7C106 is a high-performance,
low-power CMOS static RAM. The
storage circuitry is organized as 262,144
words by 4 bits per word. The 4 Data
In and Data Out signals share I/O pins.
The L7C106 has an active-low Chip
Enable and a separate Output Enable.
This device is available inthree speeds
with maximum access times from 17 ns
to 25 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5 V
power supply. Power consumption
is 400 mW (typical) at 25 ns. Dissipa-
tion drops to 50 mW (typical) when
the memory is deselected.

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

L7C106 BLock Diacram

=

ADDRESS

¥
ROW SELECT

512 x512x 4
MEMORY
ARRAY

{}

——»CONTROL—

AF S
mimlm

COLUMN SELECT
& COLUMN SENSE

1/03-0

¥

COLUMN ADDRESS

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 L7C106 consumes only
1.5 mW (typical), at3V, allowing
effective battery backup operation.

The L7C106 provides 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 A17. Reading
from a designated location is
accomplished by presenting an
address and driving CE and OE 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 protection
are provided on-chip. The L7C106 can
withstand an injection current of up to
200 mA on any pin without damage.

1M Static RAMs

03/08/95-1L.DS.106-D



i L7C106

DEVICES INCORPORATED

256K x 4 Static RAM

Maximum RATINGS Above which useful life may be impaired (Notes 1, 2)
StOrage tEMPEIAUIE .......coouiiieieiiieee et et —65°C to +150°C
Operating ambient teMpPerature .............cocoeieeiciiiiiiiiccns e -55°C to +125°C
Vcc supply voltage with respect to ground...........cocccveiiiiiiiiiniin i -05Vto+7.0V
Input signal with respect 1o ground ..............ccocciiiiiiiiiiiinie e -3.0Vto+7.0V
Signal applied to high impedance output ................cccciiiiiiiiiiie e, -3.0Vto+7.0V
Output current iNto TOW OULPULS .......ceiiiiiiiccii e 25 mA
LAtCRUP CUITENE ..ottt et b bt et s e et et et e et e e it e sbn e e bt e e neeeneetees > 200 mA
OreraTiNG CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vecsb5V
Active Operation, Industrial —40°C to +85°C 45V<Vecc<55V
Data Retention, Commercial 0°C to +70°C 20V<sVec<55V
Data Retention, Industrial —40°C to +85°C 20V<vVeec<s55V
ELectricaL CHARACTERISTICS Over Operating Conditions (Note 5)
L7C106
‘ -

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc =45V, IoH =—-4.0mA 2.4 \"
VoL Output Low Voltage loL=8.0mA 04| V
ViH Input High Voltage 2.2 vec | V

+0.3

ViL Input Low Voltage (Note 3) -3.0 08| V

hx Input Leakage Current GND < VIN < Vce -10 +10 | pA
loz Output Leakage Current (Note 4) -10 +10 | pA
lcc2 Vce Current, TTL Inactive (Note 7) 10 20 | mA

— —
lccs Vce Current, CMOS Standby | (Note 8) 1 4.0 | mA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 500 | 1000 | 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
L7C106-

Symbol Parameter Test Condition 25 20 17 | Unit

Icct Vcce Current, Active (Note 6) 100 | 125 | 145 | mA

1M Static RAMs
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L7C106

DEVICES INCORPORATED

256K x 4 Static RAM

| SWITCHING CHARACTERISTICS Over Operating Range

Reap CvcLe Notes 5, 11, 12, 22, 23, 24 (ns)

L7C106-
25 20 17
Syrﬁbol Parameter Min | Max | Min | Max | Min | Max
tavav Read Cycle Time 25 20 17
tavav Address Valid to Output Valid (Notes 13, 14) 25 20 17
~‘;04;# Address Change to Output Change 3 3 3
7tCLQV FChip Enable Low to Output Valid (Notes 13, 15) i 25 20 17
tcLaz Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3
i tcHaz Chip Enable High to Output High Z (Notes 20, 21) 10 8 8
I toLav Output Enable Low to Output Valid 10 10 9
toLaz Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0
toHaz Output Enable Hig;rté 6utput High Z (Notes 20, 21; S 10 7 BE g |
teu Input Transition to Power Up (Notes 10, 19) 0 0 0
trD Power Up to Power Down (Notes 10, 19) 25 20 17
tcHvL Chip Enable High to Data Retention (Note 10) 0 0 0
Reap CycLe — Appress CONTROLLED Notes 13, 14
tavav |
ADDRESS *
tavav |
DATA OUT PREVIOUS DATA VALID XXXXXX)l( DATA VALID
taxax T
o tru * trD Bk

Reap CycLe — CE/OE ContROLLED Notes 13, 15

tavav |
CE S :[f
tcLav
_ toLaz tcHaz —
OE 5(
toLav
toLaz toHaz —= g
DATA OUT HIGH IMPEDANCE TILILL SATAVALD IMPEDANCE
- tru t tPD |
lcc —_J 50% 50% 4(
DATA ReTENTION Note 9
DATA RETENTION MODE t
74
vce j‘t.SV 45V s2V
r— tcHvL le— tAVAV
Ce 7L H v \ / Vi SOOI

1M Static RAMs
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A A4 L7C106
DEVICES INCORPORATED 256K x 4 Statlc RAM
SWITCHING CHARACTERISTICS Over Operating Range J
Whrite CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C106-
25 20 17
Symbol Parameter "Min | Max | Min m«xrﬁﬁMin Max
tAavav Write Cycle Time 20 20 | 17
tcLEw Chip Enable Low to End of Write Cycle - 15 15 | 13
tavew Add;éss Valid to Beginning of Write Cyclé - O T 0 0
tavew | Address Vald to End of Write Cycle 15 15 13
tEWAX E;j'co{ Write Cycle to Address Change o o o 0 0 i 0
twLEw Write'EnabIe Low to End of Write Cycle B N 15 15 13
¥7!7I£)VEW Data Valid to End of Write Cycle o 10 1 9 8
tEWDX End of Wri&e Cycle to Data Change - ) 0 7 0 0
twhaz | Write Enable High to Output Low Z (Notes 20, 21) o 0 lol o]
twLaz Write Enable Lo}/v to Output P-Igr; Z (Notes 20, 21) 7 7 6 i
White CvcLe — WE CONTROLLED Notes 16, 17, 18, 19
I tavav {
ADDRESS j( )4(
tcLEw
CE NNk KL N
tAvEW tEWAX ——
WE PaRN twLEw VY
tavew I tovew tewpx
DATAIN { DATA-IN VALID >
DATA OUT ( 3 e HiGHMPEDANCE ' tWHZ—
tru | trD ]
Icc teu 4 )L
Waite CycLe — CE CoNTROLLED Notes 16, 17, 18, 19
[ tavav 1l
ADDRESS )k
tavew tcLEW
CE X A
tAVEW tewax J
ZZANNNNNNNRNRNNNRNNY tew AT 7777777777 7777
I tovew { tEWDX
DATAIN )k DATA-IN VALID )1(
DATA OUT HIGH IMPEDANCE
tru t trD
. J(;L

1M Static RAMs

5.6 03/08/95-LDS.106-D




a—
- -
-
— -

-
s -
-——-

1]
—

— -~

L7C106

DEVICES INCORPORATED

256K x 4 Static RAM

|NOTES

|

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at 0.6 V.
A current in excess of 100 mA is required to
reach 2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vour < Vcc. The
device is disabled, i.e., CE = Vcc.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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 all address
and data inputs changing at the maximum
read cycle rate. The device is continuously
disabled, i.e., CE > VIH.

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

9. Data retention operation requires that
Vcc never drop below 2.0 V. must be
2VcC-0.2V. All other inputs must meet
VIN2VcCc-02Vor VINL0.2V to ensure
full powerdown. For low power version (if
applicable), this requirement applies only to
C%Pand WE; there are no restrictions on data
and address.

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, for ex-
ample, 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. All three signals must be active to
initiate a write. Any signal can terminate a
write by going inactive. The address, data,
and control input setup and hold times
should be referenced to the signal that be-
comes active last or becomes inactive first.

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

18. 1f CE 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. Falling edge of CE.
b. Falling edge of WE (CE active).

c. Transition on any address line
active).

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

(CE

The device automatically powers down
from ICC1 to IcC2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

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

21. Transition is measured +200 mV from
steady state voltage with specified loading
in Fig. 1b. This parameter is sampled 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 inactive 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 cause a good part to be rejected as
faulty. Long high inductance leads that
cause supply bounce must be avoided by
bringing the VccC 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.

Ficure 1a.

R1 480Q
+5V

OUTPUT ©

30 pF R2

INCLUDING 2550

JIG AND
SCOPE

i —

Ficure 1b.

R1 480Q
+5V

OUTPUT O

INCLUDING
JIG AND
SCOPE

5 pF Re
255Q

s

FiGure 2.

+3.0V

GND
<3 ns

1M Static RAMs
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L7C106

DEVICES INCORPORATED 256K X 4 Static RAM
ORDERING INFORMATION
28-pin — 0.4" wide 28-pin — 0.4" wide
Ao []1 28[] vcc Ao 1 28 1 Vce
A1 ]2 270 A7 A1 ]2 27 B2 Ay
A2 [3 26[] Ats A2 3 26 [ At
A3 []4 2500 Ais A3 14 25 |1 As
As []5 24]] A4 As 5 24 3 A1
As []6 23[] A3 As 16 23 [ A3
As (7 22[] A2 As (17 22 [ A2
A7 []8 211 An A7 8 21 (3 An
As []9 20[] NC As ]9 20 3 NC
A9 [J10 19[] /O3 As TJ10 19 |33 103
Ao 11 18[1 1102 Ato 11 18 (3 1102
CE (12 171 101 CE 12 17 |3 o1
OE [13 161 1100 OE 13 16 [ 100
GND []14 15[ WE GND {14 15 3 WE
Plastic DIP Sidebraze Hermetic DIP Plastic SOJ
Speed (P11) (D11) (W7)
0°C to +70°C — COMMERCIAL SCREENING
25 ns L7C106PC25 L7C106DC25 L7C106WC25
20 ns L7C106PC20 L7C106DC20 L7C106WC20
17 ns L7C106PC17 L7C106DC17 L7C106WC17
~40°C to +85°C — COMMERCIAL SCREENING
25 ns L7C106PI25 L7C106WI25
20 ns L7C106PI20 L7C106WI20
17 ns L7C106PI17 L7C106WI17

5-8
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DEVICES INCORPORATEL

L7C108/109

128K x 8 Static RAM

| FEATURES

| | DESCRIPTION

U 128K x 8 Static RAM with Chip
Select Powerdown, Output Enable

U Auto-Powerdown™ Design
U Advanced CMOS Technology
QO High Speed — to 17 ns maximum
O Low Power Operation
Active: 550 mW typical at 25 ns
Standby: 5 mW typical

U Data Retention at 2 V for Battery
Backup Operation

QO DESC SMD No. 5962-89598

0 Available 100% Screened to
MIL-STD-883, Class B

Q Plug Compatible with Cypress
CY7C108/109, IDT71024/71B024,
Micron MT5C1008, Motorola
MCM®6226A/621.26A, Sony
CXK581020

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

The L7C108 and L7C109 are high-
performance, low-power CMOS static
RAMs. The storage circuitry is organ-
ized as 131,072 words by 8 bits per
word. The 8 Data In and Data Out
signals share I/O pins. The L7C108 has
a single active-low Chip Enable. The
L7C109 has two Chip Enables (one

active-low). These devices are available

inthree speeds with maximum access
times from 17 ns to 25 ns.

Inputs and outputs are TTL compat-
ible. Operation is from a single +5 V
power supply. Power consumption
is 550 mW (typical) at 25 ns. Dissipa-
tion drops to 50 mW (typical) when
the memory is deselected.

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
storage with a supply voltage as low
as 2'V. The L7C108 and L7C109

L7C108/109 Brock Diagram

-

¥
ROW SELECT

512 x 256 x 8

MEMORY
ARRAY

ﬁ

CONTROLI—¥

COLUMN SELECT 8
& COLUMN SENSE

1/07-0

(L7C109 only)

o

consume only 1.5 mW (typical), at 3 V,

allowing effective battery backup
operation.

The L7C108 and L7C109 provide
asynchronous (unclocked) operation
with matching access and cycle times.
The Chip Enables 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 A1e. For the
L7C108, reading from a designated

location is accomplished by presenting

an address and driving CE1 and OE
LOW while WE remains HIGH. For
the L7C109, CE1 and OE must be
LOW while CE2 and WE are 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 CE1 or OE is HIGH, or CE2

(L7C109) or WE is LOW.

Writing to an addressed location is
accomplished when the active-low
CE1 and WE inputs are both LOW,
and CE2 (L7C109) is HIGH. Any of

these signals may be used to terminate

the write operation. Data In and Data
Out signals have the same polarity.

Latchup and static discharge protection
are provided on-chip. The L7C108 and
L7C109 can withstand an injection
current of up to 200 mA on any pin
without damage.

i

COLUMN ADDRESS

1M Static RAMs

5-9 03/21/95-LDS.108/9-F




E=358s5 L7C108/109
DEVICES INCORPORATED 128K X 8 Static RAM
Maximum RATINGS Above which useful life may be impaired (Notes 1, 2)
StOrage tEMPEIALUIE ....c..eiiiieeiieieceie ettt —65°C to +150°C
Operating ambient teMPErature ............cccccceiiriiiii it -55°C to +125°C
Vce supply voltage with respect to ground.............cooviiiiiiiiniii e -05Vto+7.0V
Input signal with respect t0 ground .............cccoeiiiiiiiiiii e -30Vto+7.0V
Signal applied to high impedance OUtPUL ..............ccccoiiiriiiiii -30Vto+7.0V
Output current into IoW OUTPULS ........ooiiiiiiiiii e e 25mA
LALCHUD CUITENE ...ttt e ettt b e sra e sne e > 200 mA
OreRATING CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vccs55V
Active Operation, Industrial —40°C to +85°C 45V<Vcc<55V
Active Operation, Military -55°C to +125°C 45V<Vcc<55V
Data Retention, Commerecial 0°C to +70°C 20V<Vecc<55V
Data Retention, Industrial —40°C to +85°C 20V<veec<s55V
Data Retention, Military -55°C to +125°C 20V<veec<h55V
ELecTricAL CHARACTERISTICS Over Operating Conditions (Note 5)
L7C108/109
F
Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vecc =45V, loH=-4.0 mA 2.4 \
VoL Output Low Voltage loL = 8.0 mA 04| V
— S — ,Ar\_
ViH Input High Voltage 22 [ Vce | V
| +0.3
ViL Input Low Voltage (Note 3) -3.0 { [ 08| V
Iix Input Leakage Current GND < VIN < Vee -10 } ( +10 | pA
loz Output Leakage Current (Note 4) -10 ‘ +10 | pA
——— — - -
Icc2 Vce Current, TTL Inactive (Note 7) 10 20 | mA
[ofok) Vcc Current, CMOS Standby | (Note 8) 1 3.0 | mA
lcca Vcc Current, Data Retention { Vce = 3.0 V (Note 9) 500 | 1000 | pA
— — | - — 1 o
CiN Input Capacitance } Ambient Temp = 25°C, Vcc =5.0 V 5| pF
Cout Output Capacitance T Test Frequency = 1 MHz (Note 10) 7| pF
L7C108/109-
Symbol Parameter Test Condition 25 20 17 | Unit
Icct vcc Current, Active (Note 6) 145 | 180 | 210 | mA

5-10
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HEs-cH e L7C108/109
DEVICES INCORPORATED 128K x 8 Static RAM

| SWITCHING CHARACTERISTICS Over Operating Range

]

Reap CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)

L7C108/109-
25 20 17

Symbol Parameter hﬁi;u— lhax Min | Max | Min | Max

tavav Read Cycle Time 25 20 17

mlAvov Address Valid to Output Valid (Notes_; 5,?4) ) - T 25 I 20 17—
”iAXOX Add}ésg Change to Output C;a_ngzg o 3 B 3 3“
Wtcs.ov Chip Enable Low to Output Valid (Notes 13, 15) 25 ] 20 ' 17
] tcLaz Chip Enable Low to Output Low Z (Notes 20, 21) o 3 3 3

toraz | Chip Enable High to Output High Z (Notes 20, 21) - T s 8
ktOLQV Output Enable Low to Output Valid 10 10 9
*QVOLQZ Output Enable Low to Output LowAZ (Notes 20, ZT” ] b 0 T 0 ]
) ldHQz Output Enable Higﬁ Vto Output Hibgh Z (Notes éo, ;1) - o o ) 10 7 I 6 )
I tru Input Transition to Power Up (Notes 10, 19) o 0 0 OMH ]

tPDV Power Up to Power Down (Notes 10, 19) 25 20 17

) tcHvL Chip Enable High to Data Retention (Note 10) 0 0 | 0 )

Reap CvcLe — Aporess CONTROLLED Notes 13, 14

t tavav |
ADDRESS % &
tavav {
DATA OUT PREVIOUS DATA VALID XXXXXX)‘( DATA VALID
taxax -]
o tPu 7“ trD 3k

Reap CycLe — CE/OE ConTROLLED Notes 13, 15

tavav |
CE X ;[f
tcLav
_ toLaz tcHaz—=
OE
toLav
L toHaz —=  yiaH
DATA OUT HIGH IMPEDANCE TTITITLL S TAVALD IMPEDANCE
le—ro tPU t tPD 1
lcc ____}50% 5@1{
DatA RETENTION Note 9
DATA RETENTION MODE +
s
vce i}d.sv 45V 4 Sov
J—‘ tcHvL e— tAvAV
Ce 7K ~_ 7 Vi RO NN ANNANRNNNNS

1M Static RAMs
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DEVICES INCORPORATED

128K x 8 Static RAM

| SWITCHING CHARACTERISTICS Over Operating Range

|

Whrite CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C108/109—
25 20 17
Symbol Parameter Min | Max | Min | Max | Min | Max |
tavav Write Cycle Time 20 20 17
tclew | Chip Enable Low to End of Write Cycle 15 15 | 13
tavew Address Valid to Begir;n“i;l;bf Write Cycle- o N 0 0 0
tavew | Address Valid to End of Write Cycle B N B s 15 13 |
tewax . | End of Write Cycle to Address Change 0 1 0 i 0 (
twiew | Wiite Enable Low to End of Write Cycle 777__ ;_ 15 | 15 | : 13 |
tovew | Data Valid to End of Write Cycle 10 9 | 8
teEwDx End of Write Cycle to Daté Ehange B o o 0 0 0 N
| tWHOZi,»VVI'{te Enable Hléh to Output L;\;\IZ (Notes 20, 21) o - 0 O 1 0 -
twLaz J Write Enable Low to Output High Z (Notes 20, 21) o 7 7 6 N
White CvcLe — WE CoNTROLLED Notes 16, 17, 18, 19
I tavav {
ADDRESS DL ;(
tcLew
CE WL L7//// LS
tAVEW tEWAX —=
WE T twLEw W
tavew | tovew tewpx
DATAIN 4 DATA-IN VALID S>>
DATA OUT y }‘WLQZ HIGHMPEDANCE — _ WHQZ——
teu | teD |
1o tru ¥ )L
White CvciLe — CE ConTrOLLED Notes 16, 17, 18, 19
f tavav T
ADDRESS k
tavew tcLEw
CE e A J
tAvEW tEwAX
7. SISO e (77777 77777777777
| tovew j tEWDX
DATA IN % DATA-IN VALID J(
DATA OUT HIGH IMPEDANCE
tru t trD {

1M Static RAMs
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L7C108/109

DEVICES INCORPORATED

128K x 8 Static RAM

[NOTES

|

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

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

3. This product provides hard clamping of
transient undershoot. Input levels below
ground will be clamped beginning at -0.6 V.
A current in excess of 100 mA is required to
reach —2.0 V. The device can withstand in-
definite operation with inputs as low as -3 V
subject only to power dissipation and bond
wire fusing constraints.

4. Tested with GND < Vout < Vcc. The de-
vice is disabled, i.e., CE1 = Vcc, CE2 = GND.

5. A series of normalized curves is available
to supply the designer with typical DC and
AC parametric information for Logic Devices
Static RAMs. These curves may be used to
determine device characteristics at various
temperatures 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 < VIL, CE22 VIH, WE < VIL. Input
pulse levels are 0 to 3.0 V.

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

8. Tested with outputs open and all ad-
dress and data inputs stable. The device
is continuously disabled, i.e., CE1 = Vcc,
CE2 = GND. Input levels are within 0.2 V
of Vcc or GND.

9. Data retention operation requires that
vcc never drop below 2.0 V. CE1 must be
2VcCc—-0.2V or CE2 must be <02 V. All
other inputs must meet VIN>Vcc - 0.2 V or
VIN £0.2 V to ensure full powerdown. For
low power version (if applicable), this re-
uirement applies only to CE1, CE2, and
; there are no restrictions on data and
address.

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, for ex-
ample, 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 CE1 and CE2 transition
to active.

16. The internal write cycle of the memory
is defined by the overlap of CE1 and CE2
activeand Wé low. Allthree signals mustbe
active to initiate a write. Any signal can
terminate a write by going inactive. The
address, data, and control input setup and
hold times should be referenced to the sig-
nal that becomes active last or becomes inac-
tive first.

17. 1If WE goes low before or concurrent
with the latter 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 (CE1 active) or the
falling edge of CE1 (CE2 active).

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

c. Transition on any address line (CEi1, CE2
active).

d. Transition on any data line (CE1, CE2,
and WE active).

The device automatically powers down
from IccC1 to ICC2 after tPD has elapsed from
any of the prior conditions. This means that
power dissipation is dependent on only
cycle rate, and is not on Chip Select pulse
width.

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

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

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

23. CEi1,CE2, or WE mustbeinactiveduring
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.

Faure 1a.

R1 480Q
+5V

OUTPUT ©

30 pF Rz

INCLUDING 255Q

JIG AND
SCOPE

-

Figure 1b.

R1 480Q
+5V

OUTPUT O

5pF Rz
255Q

INCLUDING
JIG AND
SCOPE

i

Fiaune 2.

+3.0 V.
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L7C108/109

DEVICES INCORPORATED

128K x 8 Static RAM

L7C108 ORDERING INFORMATION

32-pin — 0.4" wide

32-pin

NC []1 32[] vcc NC 1 32 3 Vce
Ao []2 31[] At Ao ]2 31 [ A
A1 3 30[] NC A1 3 30 [ NC
A2 []4 29[] WE A2 4 29 [ WE
A3 (5 28[] As Az ]5 28 [ Ats
A4 []6 27|01 A1 As 6 27 |2 Au
As []7 26[1 A3 As 17 26 [ A3
As []8 25[] A2 As []8 25 [ A2
A7 [o 24[] OE A7 49 24 [0 OE
As []10 23[] An As []10 23 [ A
Ag 11 22[] CEx Ao 11 22 [ CE
Ao [12 211 vor Ao 412 21 (3 lO7
1100 []13 20[1 1/0e /00 413 20 |2 Oe
vor [14 191 1os yor {14 19 |3 1Os
oz 15 18[]1 1104 102 415 18 3 104
GND []16 170 103 GND ] 16 17 |2 /03
Plastic DIP Sidebraze Hermetic DIP Plastic SOJ (0.4" wide) Ceramic SOJ (0.440" wide)
Speed (P15) (D12) (W6) Y1
0°C to +70°C — COMMERCIAL SCREENING
25 ns L7C108PC25 L7C108DC25 L7C108WC25 L7C108YC25
20 ns L7C108PC20 L7C108DC20 L7C108WC20 L7C108YC20
17 ns L7C108PC17 L7C108DC17 L7C108WC17 L7C108YC17
~40°C to +85°C — COMMERCIAL SCREENING
25ns L7C108PI25 L7C108WI25
20 ns L7C108PI20 L7C108WI20
17 ns L7C108PI17 L7C108WI17
-55°C to +125°C — COMMERCIAL SCREENING
25 ns L7C108DM25 L7C108YM25
20 ns L7C108DM20 L7C108YM20
-55°C t0 +125°C — MIL-STD-883 CompuaNT
25 ns L7C108DMB25 L7C108YMB25
20 ns L7C108DMB20 L7C108YMB20

5-14

1M Static RAMs

03/21/95-LDS.108/9-F



5 S/
- e WA . amaw —
E 85855 L7C108/109
DEVICES INCORPORATED 1 28K X 8 Static RAM
L7C108 ORDERING INFORMATION
32-pin
§ - o O 8 L0
<< <Z2><c2Z
43 2513
A3 WE
As A1s
As Ata
As A13
A7 A12
As OE
A9 A1
At0 CE1
/00 1107
6828588
==g§====
Ceramic Leadless Chip Carrier
Speed (K10)
0°C to +70°C — COMMERCIAL SCREENING
25ns L7C108KC25
20 ns L7C108KC20
17 ns L7C108KC17
—40°C to +85°C — CoMMERCIAL SCREENING
25 ns
20 ns
17 ns
~55°C to +125°C — ComMERCIAL SCREENING
25 ns L7C108KM25
20 ns L7C108KM20
-55°C to +125°C — MIL-STD-883 CompLiaNT
25ns L7C108KMB25
20 ns L7C108KMB20
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L7C108/109

DEVICES INCORPORATED 128K x 8 Static RAM
L7C109 ORDERING INFORMATION
32-pin — 0.4" wide 32-pin
NC []1 32[] Vce NC 1 32 | vee
Ao []2 31[] A6 Ao ]2 31 [ Ate
A1 []3 30[] CE2 A1 3 30 [ CE2
A2 []4 291 WE A2 {4 29 [ WE
A3 []5 28[] Ais A3 15 28 [ Ats
As []6 270 A1 As 16 27 3 A
As []7 26[] A3 As 7 26 [ A3
As []8 25[1 A2 As C]8 25 [ A2
A7 (9 24[] OE A7 ]9 24 [0 OE
As []10 23[1 An As ]10 23 |3 At
Ag 11 22[] CEi As 11 22 3 CEi
A0 []12 211 o7 Ao 412 21 |3 Vo7
1100 [13 20[] 1/0e /0o 13 20 [ 1/Os
1101 [f14 191 1/Os /01 {14 19 |3 I/Os
1102 []15 18[] 1/0a 102 115 18 |3 /04
GND [}16 170 103 GND 16 17 |3 /O3
Plastic DIP Sidebraze Hermetic DIP Plastic SOJ (0.4" wide) Ceramic SOJ (0.440" wide)
Speed (P15) (D12) W6 (Y1)
0°C to +70°C — COMMERCIAL SCREENING ;
25 ns L7C109PC25 L7C109DC25 L7C109WC25 L7C109YC25
20 ns L7C109PC20 L7C109DC20 L7C109WC20 L7C109YC20
17 ns L7C109PC17 L7C109DC17 L7C109WC17 L7C109YC17
~40°C to +85°C — COMMERCIAL SCREENING
25 ns L7C109PI25 L7C109WI25
20 ns L7C109PI120 L7C109WI20
17 ns L7C109PI17 L7C109WI17
~55°C to +125°C — COMMERCIAL SCREENING
25 ns L7C109DM25 L7C109YM25
20 ns L7C109DM20 L7C109YM20
~55°C to +125°C — MIL-STD-883 CompLIANT
25 ns L7C109DMB25 L7C109YMB25
20 ns L7C109DMB20 L7C109YMB20

1M Static RAMs
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L7C108/109

DEVICES INCORPORATED 128K X 8 Static RAM
L7C109 ORDERING INFORMATION
32-pin
Q o N
222828286
A3 WE
A4 Ats
As Ata
As A13
A7 A2
As OE
Ag A11
A10 CE1
1/00 /07
68283886
=S=§====
Ceramic Leadless Chip Carrier
Speed (K10)
| 0°C to +70°C — ComMERCIAL SCREENING
25ns L7C109KC25
20 ns L7C109KC20
17 ns L7C109KC17
=40°C to +85°C — CoMMERCIAL SCREENING
25 ns
20 ns
17 ns
~55°C to +125°C — CommERCIAL SCREENING
25 ns L7C109KM25
20 ns L7C109KM20
-55°C to +125°C — MIL-STD-883 CompLiaNT
25 ns L7C109KMB25
20 ns L7C109KMB20

1M Static RAMs
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L7C174

8K x 8 Cache-Tag Static RAM

FEATURES

| | DESCRIPTION

Q 8K x 8 CMOS Static RAM with 8-bit
Tag Comparison Logic

Q High Speed Address-to-MATCH
— 12 ns maximum

Q High Speed Flash Clear

O High Speed Read Access Time
— 12 ns maximum

U Low Power Operation
Active: 300 mW typical at 35 ns
Standby: 500 pW typical

QO Data Retention at 2 V for Battery
Backup Operation

Q Available 100% Screened to
MIL-STD-883, Class B

Q Plug Compatible with IDT7174,
IDT71B74, MK48H74

Q Package Styles Available:
e 28-pin Plastic DIP
¢ 28-pin Ceramic DIP
¢ 28-pin Plastic SOJ
¢ 32-pin Ceramic LCC

The L7C174 is a high-performance,
low power CMOS static RAM opti-
mized for use as the address tag
comparator in high speed cache
memory systems. One L7C174 can be
used to map 8K cache lines into a

1 megabyte address space by compar-
ing 20 address bits organized as
13-line address bits and 7-page
address bits.

The storage circuitry is organized as
8192 words by 8 bits per word and
includes an 8-bit data comparator
with MATCH output. The 8-bit data
is input/output on shared I/0 pins
and comparison is performed between
8-bit incoming data and accessed
memory locations. Also provided is a
high speed CLEAR control which
clears all memory locations to zero
when activated. This allows all
address tag bits to be cleared when
powering on or when flushing the
cache.

L7C174 BrLock Diacram
ROW 8 | row | 256 x 32 x 8
ADDRESS "| seLECT L —— MEMORY
| ARRAY

{X

8 COLUMN SELECT

v

& COLUMN SENSE

8
1/07-0 «#—4—¢

o}

COLUMN
ADDRESS

MATCH

=1

(OPEN DRAIN)

6-3

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
being 300 mW (typical) at 35 ns.
Dissipation drops to 500 uW (typical)
when the memory is deselected
(Enable is high).

The L7C174 consumes only 30 uW
(typical) at 3 V allowing effective
battery backup operation. For mini-
mal power consumption, data may be
retained in inactive storage with a
supply voltage aslow as 2 V.

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 I/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. A
low on the MATCH output indicates a
data mismatch.

Memory locations are specified on
address pins Ao through A12 with
functions defined in the Truth Table.

During CLEAR, the state of the [/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 on any pin
without damage.

Special Architecture Static RAMs
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L7C174

8K x 8 Cache-Tag Static RAM

Truth TABLE ‘ Maximum RATINGS
WE | CE | OE | CLEAR | MATCH | VO | FUNCTION Above which useful life may be impaired (Notes 1, 2)
X X X L H — Reset all bits to low Storage temperature .............cccccoevvciiciicnnenen, -65°C to +150°C
X H X H H High-Z | Deselect chip Operating ambient temperature ~55°C to +125°C
Vcce supply voltage with
H L H H L DiN | No MATCH Sl AR Ar i e
respect 1o groung ............. -05VIO+/0V
H L H H H DN | MATCH Input signal with respect to ground ..............c.c...... -3.0Vto+7.0V
H L L H H Dout | Read Slgnal applied to high
impedance output.............ccccvviiinniiciee, -3.0Vto+7.0V
L L X H H DIN | Write Output current into low outputs 25 mA
X = Don't Care; L = ViL; H = ViH Latchup current

OpreraTING CONDITIONS To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vccs55V
Active Operation, Industrial —40°C to +85°C 45V<Vcc<55V
Active Operation, Military —55°C to +125°C 45V<Vccss55V
Data Retention, Commercial 0°C to +70°C 20V<Vecg5s55YV
Data Retention, Industrial -40°C to +85°C 20Vv<vVcc<55V
Data Retention, Military -55°C to +125°C 20V<Vccs55V
ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5)
L7C174
Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage (Note 11) | Vcc = 4.5V, loH = —4.0 mA (all except MATCH pin) 2.4 \"
VoL Output Low Voltage (Note 11) | loL = 8.0 mA (all except MATCH pin) 04| V
loL = 18.0 mA (MATCH pin) 04| V
VIH Input High Voltage 2.2 veec | V
+0.3
WiL Input Low Voltage (Note 3) -3.0 08| V
hx Input Leakage Current Ground < VIN £ Vcc -10 +10 | pA
loz Output Leakage Current Ground < VouT < Vcc, OE = Vec (except MATCH pin) -10 +10 | pA
Icc3 Vce Current, CMOS Standby | (Note 8) 100 | 500 | pA
Icca Vcc Current, Data Retention Vce = 3.0 V (Note 9) 10 | 200 | pA
CIN Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 5| pF
A
Cout Output Capacitance Test Frequency = 1 MHz (Note 10) i 7| pF
L7C174-
Symbol Parameter Test Condition 35 25 20 15 12 | Unit
Icct Vcc Current, Active (Note 6) 90 115 | 140 | 165 | 195 | mA

64
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DEVICES INCORPORATED

8K x 8 Cache-Tag Static RAM

| SWITCHING CHARACTERISTICS Over Operating Range

MATCH ano CLEAR CvcLe Notes 5, 11, 12, 22, 23, 24 (ns)

L7C174-
35 25 20 15 12

Symbol Parameter Min | Max | Min M‘a“x Min | Max | Min | Max | Min | Max

tavav MATCH Cycle Time 35 25 20 15 12
E’L Address Valid to MATCH Valid B 30 22 20 15 12

tAxMx Address Change to MATCH Change 3 3 3 3 3

tcimy Chip Enable Low to MATCH Valid 20 15 10 10 8
| tcumn | Chip Enable High to MATCH High 3 3 3 3 3
| toumH | Output Enable Low to MATCH High 3 3 3 3 3
[ twiwn | Write Enable Low to MATCH High 3 3 3 3 3

toewd | CLEAR Low to MATCH High 0 |25 |0 |2 |0 15| 0 |12]o0]10

tovmv Data Valid to MATCH Valid 20 15 15 13 10

toxmx Data Change to MATCH Change 0 0 0 0 0
| tcic. | CLEAR Cycle Time R | es 55 45 35 30

tcieH | CLEAR Pulse Width 20 15 15 12 12

tcuix CLEAR Low to Inputs Don't Care 0 0 0 0 0

tcLR CLEAR Low to Inputs Recognized 70 60 50 50 45
MATCH CrcLe Note 19

[ tavav | tAxMX
ADDRESS * *
tavmv
ce ek ;{f_
temy tCHMH ——=
OF L LS

t toLMH —=

We T 7777777777777 sf\
- tWLMH ————=
CLEAR
tcimH &
DATA VALID READ DATA-OUT )ﬂTATCH DATA-IN } ................
tovmv | toxmx
MATCH k4 MATCH VALID P4
CLEAR CvycLe Note 25
teLeL |
tcur
le— toLeH Aj{
CLEAR N i
N I‘—*——
tcuix
OE, WE X X XXX KX XX XX XXX XK
tru
Icc \
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8K x 8 Cache-Tag Static RAM

SWITCHING CHARACTERISTICS Over Operating Range |

Reap CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C174- B e
35 25 20 15 12
Symbol Parameter 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 (Notes 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 (Notes 13, 15) 15 12 10 8 8
tcLaz Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3 3
tcHaz Chip Enable High to Output High Z (Notes 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 (Notes 20, 21) 0 0 0 0
toHaz Output Enable High to Output High Z (Notes 20, 21) 12 10 8 5 5
tru Input Transition to Power Up (Notes 10, 19) 0 0 0 0 0
trD Power Up to Power Down (Notes 10, 19) 35 25 20 20 20
tCHVL Chip Enable High to Data Retention (Note 10) 0 0 0 0 0
Reap CvcLe — AppRress CONTROLLED Notes 13, 14
[ tavav ]
ADDRESS )l( ék
tavav ]
DATA OUT PREVIOUS DATA VALID M DATA VALID
taxax |
tru t trD |
lcc Jl( )l(
Reap CycLe — CE/OE CONTROLLED Notes 13, 15
tavav ]
CE BN ;t
tcLav
. toLaz tcHaz —
OE N 7[i
toLav
toLaz toHaz —=1 g
DATA OUT FIGH WPEDANGE TTTT< BATAVALD |IMPEDANCE
l—o tPU + trD i
lcc __71‘ 50% 50% )‘k
Data RETENTION Note 9
DATA RETENTION MODE t
g
vce 4)}(4,5v 4.5V A sV
[«— tcHvL — tAVAV ——|
Ce 7/ /77 AN Vir ROV

Special Architecture Static RAMs
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8K x 8 Cache-Tag Static RAM

[ SWITCHING CHARACTERISTICS Over Operating Range

White CYCLE Notes 5, 11, 12, 22, 23, 24 (ns)
L7C174-
35 25 20 15 12
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
tavav Write Cycle Time 25 20 20 15 12
tctew | Chip Enable Low to End of Write Cycle 25 15 | 15 12 10
tavew NTddress Valid to Beginning of Write Cycle ) - 0 0 ) 0 0 0
tavew | Address Valid to End of Write Cycle 25 s |5 | |12 10
| tewax | End of Write Cycle to Address Change 0 o | [ o 0 0
htwusw Write Enable Low to End of Write Cycle 20 15 15 12 10
»toi\A/Ew Data Valid to End of Write Cycle 15 10 10 7 6
i tewbx End of Write Cycle to Data Change 0 0 0 0 0 R
twHQz Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0 0
twLaz Write Enable Low to Output High Z (Notes 20, 21) 10 7 7 5 4
White CycLe — WE ConTROLLED Notes 16, 17, 18, 19
f— tavav |
ADDRESS Dl( )‘(
tcLEW
CEANVNR HT7777 777777777772
tavew tEWAX —=1
WE DN\ WLEW A
tavew | tDVEW teEwDx
DATA IN < DATA-IN VALID >>>
DATA OUT : 3 ez HIGH IMPEDANCE —_ tWHOZ Iy P —
tru | trD i
Icc tru A )1(
White CvcLe — CE ConTROLLED Notes 16, 17, 18, 19
\ tavav
ADDRESS )k
tavew tcLew
CE NC K
tAvEW tEWAX J
ZANNNN NN\ NN NANNNRNN§ e NTTT777 7777777777
= tovew —et= = tEWDX
DATA IN )‘( DATA-IN VALID
DATA OUT HIGH IMPEDANCE
tru t tro {

6-7

Special Architecture Static RAMs

04/12/95-LDS.174-J



ESEET L7C174

DEVICES INCORPORATED

8K x 8 Cache-Tag Static RAM

|NOTES

1. MaximumRatingsindicatestressspecifi-
cationsonly. Functionaloperationofthese
productsatvaluesbeyond thoseindicated
in the Operating Conditions table is not
implied. Exposuretomaximumrating con-
ditionsforextended periodsmayaffectre-
liability of thetested device.

2. Theproductsdescribedbythisspecifica-
tionincludeinternalcircuitry designed to
protectthechipfromdamagingsubstrate
injection currents and accumulations of
staticcharge. Nevertheless,conventional
precautions should be observed during
storage, handling,anduseof thesecircuits
inordertoavoidexposuretoexcessiveelec-
tricalstressvalues.

3. Thisproductprovideshard clampingof
transient undershoot. Input levels below
groundwillbeclampedbeginningat-0.6 V.
Acurrentinexcessof 100  mAisrequiredto
reach-2.0 V.Thedevicecanwithstandin-
definiteoperationwithinputsaslowas-3 ~ V
subjectonlytopowerdissipationandbond
wirefusingconstraints.

4. Duration of the output short circuit
shouldnotexceed30seconds.

5. Aseriesofnormalized curvesisavailable
tosupply thedesigner with typical DCand
ACparametricinformationforLogicDevices
StaticRAMSs. Thesecurvesmaybeusedto
determinedevicecharacteristicsatvarious
temperaturesandvoltagelevels.

6. Testedwithalladdressanddatainputs
changingatthemaximumcyclerate. The
deviceiscontinuouslyenabled forwriting,
i.e., CE < VIL, WE < VIL Input pulselevels
are0to3.0V.

7. Testedwithoutputsopenandalladdress
and datainputschangingatthemaximum
readcyclerate. Thedeviceiscontinuously
disabled,i.e.,CE @& VIH

8. Testedwithoutputsopenandalladdress
anddatainputsstable. Thedeviceiscon-
tinuously disabled, i.e, CE = VccC Input
levelsarewithin0.2 Vof VccorGND.

9. Dataretentionoperationrequiresthat
Vccneverdropbelow2.0 V. CEmustbe
® Vce-0.2 V. Allotherinputsmustmeet
VIN®Vcc-0.2 Vor VINS0.2 Vtoensure
fullpowerdown. Forlow powerversion (if
aé)éalicable),tl‘u'srequirementappliesonlyto

and WE;therearenorestrictionsondata
andaddress.

10. Theseparametersareguaranteedbut
not100%tested.

11.  Testconditionsassumeinputtransition
timesoflessthan3  ns,referencelevelsof
1.5 V,outputloadingforspecified IoLand

IoHplus30 pF(Figs.laand 1c),andinput
pulselevelsofOto 3.0 V(Fig.2).

12.  Eachparameterisshownasaminimum
ormaximumvalue. Inputrequirementsare
specified fromthepointof viewoftheexter-
nalsystemdriving thechip. Forexample,
t AVEWisspecifiedasaminimumsincethe
externalsystemmustsupplyatleastthat
muchtimetomeettheworst-caserequire-
mentsofallparts. Responsesfromtheinter-
nalcircuitryarespecified fromthe pointof
view of the device. Access time, for ex-
ample, is specified as a maximum since
worst-caseoperationofany devicealways
providesdatawithinthattime.

13. "'WEishighforthereadcycle.

14. Thechipiscontinuously selected(
low).

CE

15.  Alladdress lines are valid prior-to or
coincident-withthe CEtransitiontoactive.

16. Theinternalwritecycleofthememory
isdefinedbytheoverlapof =~ CEactiveand
WEIlow. Allthreesignalsmustbeactiveto
initiateawrite. Anysignalcanterminatea
writeby goinginactive. Theaddress,data,
and control input setup and hold times
shouldbereferenced tothesignalthatbe-
comesactivelastorbecomesinactivefirst.

17. IfWE goes low before or concurrent
withthelatterof ~CEgoingactive,theoutput
remainsinahighimpedancestate.

18. IfCEgoesinactivebeforeorconcurrent
withWEgoinghigh, theoutputremainsin
ahighimpedancestate.

19. Powerupfrom Icc2to ICC1 occursasa
resultofany of thefollowing conditions:

a Fallingedgeof CE.
b. Fallingedgeof WE(CEactive).

¢ Transition onany address line (CE
active).

d. Transitiononanydataline(CE,andWE
active).

The device automatically powers down
from IcCi to Icc2after tPDhaselapsedfrom
anyofthepriorconditions. Thismeansthat
power dissipation is dependent on only
cyclerate,andisnoton ChipSelect pulse
width.

20. Atanygiventemperatureandvoltage
condition,outputdisabletimeislessthan
outputenabletimeforany givendevice.

21. Transitionismeasured +200 mVfrom
steady statevoltagewithspecifiedloading
inFig.1b. This parameterissampled and
not100%tested.
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22, Alladdresstimingsarereferencedfrom
thelastvalidaddresslinetothefirsttransi-
tioningaddressline.

23. "CEor WEmustbeinactiveduringad-
dresstransitions.

24. Thisproductisaveryhighspeeddevice
and care must be taken during testing in
ordertorealize valid testinformation. In-
adequateattentiontosetupsand proce-
durescancauseagood parttoberejectedas
faulty. Long high inductance leads that
causesupplybouncemustbeavoided by
bringing the Vccand ground planes di-
rectlyuptothecontactorfingers. A0.01 uF
high frequency capacitor is also required
between Vccandground. Toavoidsignal
reflections, proper terminations mustbe

FiGure 1a.

R1 480Q

+5V

OUTPUT

R2

INCLUDING
JIG AND 255Q
SCOPE
Ficure 1b.
R1 480Q
+5V
OUTPUT O l
INCLUDING 5pF Re
JIG AND 255Q
SCOPE
Ficure 1c.
R1 200Q
+5V
L7C174
MATCH
PIN
INCLUDING 30 pF
JIG AND
SCOPE
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L7C174

DEVICES INCORPORATED 8K x 8 Cache-Tag Static RAM
ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.6" wide
- J JR— A4
CLEAR []1 28[] Vvce CLEAR []1 28[] Vce
A2 [J2 27[] WE Az []2 27[] WE
A7 []3  26|] MATCH A7 []3 26[] MATCH
As (4  25[] As As []4 25[] As
As []5  24[] A9 As []5 24[] A9
As [16  23[] At As []6 23[] An
As 7 22[] GE As 7 22[] OE
A2 [(J8  21[] Ao A2 []8 21[] A
a1 [Je 2000 CE A1 [o9 20[] CE
Ao [J10 19[] vO7 Ao []10 19[] o7
0o [J11  18[] 1/Os 1100 [}11 18[] 1/0s
o1 12 171 1os vor 12 1700 vOos
oz [J13  16[] 104 1102 [}13 16 1Oa
GND Q14 15[] 103 GND []14 15[ 1103
Plastic DIP Ceramic DIP Plastic DIP Ceramic DIP
Speed (P10) (C5) (P9) (C6)
0°C to +70°C — CoMMERCIAL SCREENING
25 ns L7C174PC25 —_ L7C174NC25 —
20 ns L7C174PC20 L7C174CC20 L7C174NC20 L7C174I1C20
15 ns L7C174PC15 L7C174CC15 L7C174NC15 L7C174IC15
12 ns L7C174PC12 L7C174CC12 L7C174NC12 L7C1741C12
~40°C to +85°C — CoMMERCIAL SCREENING
25 ns L7C174PI25 L7C174NI25
20 ns L7C174PI120 L7C174NI20
15ns L7C174PI15 L7C174NI15
12 ns L7C174PI12 L7C174NI12
~55°C 10 +125°C — CoMMERCIAL SCREENING
25 ns L7C174CM25 L7C174IM25
20 ns L7C174CM20 L7C174IM20
15ns L7C174CM15 L7C174IM15
~55°C to +125°C — MIL-STD-883 CoMPLIANT
25 ns L7C174CMB25 L7C174IMB25
20 ns L7C174CMB20 L7C174IMB20
15 ns L7C174CMB15 L7C174IMB15
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L7C174

DEVICES INCORPORATED 8K x 8 Cache-Tag Static RAM
ORDERING INFORMATION
28-pin — 0.3" wide 32-pin
| T
< O
CLEAR {1 28 vee Loaldo 8|Lu g
A12 2 271 WE < <loz>Iz=
A7 |3 261 MATCH Y 5 5T 55
As L {4 25| 1 s As e As
As 5 24 Ag As A9
A4 6 23 [ Ant A4 A1
A3 7 22| OF A3 NC
A2 T8 21|71 At A2 TOp OE
A1 9 20 CE A1 View A10
Ao L |10 19 |1 vor Ao CE
/0o 111 18 |1 1/0s NC /07
o1 12 17 1/0s 1/00 /06
/02 =113 16 1/0a 14 15 16 17 18
GND ({14 15 1/0: - o < o
[ ’ 56822838
=SXgZ==¢
Plastic SOJ Ceramic Leadless Chip Carrier
Speed (W2) (K7)
0°C to +70°C — COMMERCIAL SCREENING
35 ns L7C174WC35 —_
25 ns L7C174WC25 —
20 ns L7C174WC20 L7C174KC20
15ns L7C174WC15 L7C174KC15
12 ns L7C174WC12 L7C174KC12
~40°C to +85°C — COMMERCIAL SCREENING
35 ns L7C174WI35
25 ns L7C174WI25
20 ns L7C174WI120
15ns L7C174WI15
12 ns L7C174WI12
~55°C t0 +125°C — COMMERCIAL SCREENING
25 ns L7C174KM25
20 ns L7C174KM20
15 ns L7C174KM15
~55°C to +125°C — MIL-STD-883 CoMPLIANT
25 ns L7C174KMB25
20 ns L7C174KMB20
15ns L7C174KMB15

6-10

Special Architecture Static RAMs

04/12/95-LDS.174-J



FIFO Products

DEVICES INCORPORATED




n ]
G
G
_...__

DEVICES INCORPORATED




FIFO Products

FIFO PIOAUCLS .............oooovooeeeeeieieiemmiinseseec s seesssssssss e esssisssss s st 7-1
L8C201 512 X 9, ASYNCRTONOUS .......ooiiiici bbb 7-3
L8C202 TK X 9, ASYNCRTONOUS ...ttt 7-3
L8C203 2K X 9, ASYNCATONOUS ......cvriiinieicieiniiciieteie ettt ettt 7-3
L8C204 AK X9, ASYNCRIONOUS ...t bbb s 7-3
L8C211 512 X 9, SYNCATONOUS ..ottt 7-23
L8C221 TK X 9, SYNCATONOUS ...ttt 7-23
L8C231 2K X9, SYNCATONOUS ..o e 7-23
L8C241 AK X 9, SYNCRIONOUS ....c.coiiiiiiicicce ettt 7-23

71




DEVICES INCORPORATED




DEVICES INCORPORATED

L8C201/202/203/204
512/1K/2K/4K x 9-bit Asynchronous FIFO

| FEATURES

| | DESCRIPTION

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

U Advanced CMOS Technology

U High Speed — to 10 ns Access Time

U Asynchronous and Simultaneous
Read and Write

U Fully Expandable by both Word
Depth and/or Bit Width

U Empty and Full Warning Flags

U Half-Full Flag Capability

O Auto Retransmit Capability

4 Plug Compatible with IDT720x,
Cypress CY7C4x, and Samsung
KM75C0x

U Package Styles Available:
e 28-pin Plastic DIP
¢ 32-pin Plastic LCC

The L8C201, L8C202, L8C203, and
L8C204 are dual-port First-In/First-
Out (FIFO) memories. The FIFO
memory products are organized as:

L8C201 — 512 x 9-bit

L8C202 — 1024 x 9-bit

L8C203 — 2048 x 9-bit

L8C204 — 4096 x 9-bit
Each device 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. Three additional pins
are also provided to allow for unlimited
expansion in both word size and depth.
Depth Expansion does not result in a
flow-through penalty. Multiple devices
are connected with the data and control
signals in parallel. The active device is
determined by the Expansion In (XI)
and Expansion Out (XO) signals which
are daisy chained from device to
device.

L8C201/202/203/204 BLock Diacram
DATA INPUTS
Ds-0
9
ITTTTITTT
v
W WRITE <
CONTROL 5
ﬁ] .
' RAM ARRAY
512 x 9-bit
WRITE K :99_ ot READ
POINTER 2K x 9-bit POINTER
4K x 9-bit
.
.
0
.
[TTTIT
.
THREE-STATE
BUFFERS
DATA OUTPUTS
A READ Qeo
CONTROL
‘I RESET RS
- LOGIC FLAT
FLAG - =
(NeYClo R E— — E—E
—————4——]EXPANSION|#———
Xl — LOGIC ————» XO/HF

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.
Read occurs when Read (R) goes
LOW. The nine data outputs go to the
high impedance state when R is
HIGH. Retransmit (RT) capability
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 expansion
modes. In the depth expansion
configuration, thi_spin provides the
Expansion Out (XO) information
which is used to tell the next FIFO that
it will be activated.

These 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
applications requiring asychronous
and simultaneous read /writes in
multiprocessing and rate buffer
applications.

FIFO Products
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L8C201/202/203/204

DEVICES INCORPORATED

SIGNAL DEFINITIONS
Inputs
RS — Reset

Reset is accomplished whenever the
Reset (RS) input is taken to a LOW
state. During reset, both internal read
and write pointers are set to the first
location. A reset is required after
power-up 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 change
until tSHWL after the rising edge of
RS. Hall-Full Flag (HF) will be reset to
high after Reset (RS).

W — Write Enable

A write 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
sequentially 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
begin. 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.

R — Read Enable

A read cycle is initiated on the falling
edge of the Read Enable (R) provided
the Empty Flag (EF) is not set. The
data is accessed on a First-In/First-
Out basis, independent of any ongo-
ing write operation. After Read
Enable (R) goes HIGH, the Data
Outputs (Ds-0) 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

512/1K/2K/4K x 9-bit Asynchronous FIFO

“final” read cycle but inhibiting
further read operations with the data
outputs remaining in a high imped-
ance state. Once a valid write operat-
ing has been accomplished, the Empty
Flag (EF) will go HIGH after tWHEH
and a valid read can then begin.
When the FIFO is empty, the internal
read pointer is blocked from R so
external changes in R will not affect
the FIFO.

FL/RT — First Load/Retransmit

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 Retransmit 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), depend-
ing on the relative locations of the read
and write pointers. The retransmit
feature is not compatible with the
Depth Expansion Mode.

XI — Expansion In

This input is a dual-purpose pin.
Expansion In (X) is grounded to
indicate an operation in the single
device mode. Expansion In (XI) is
connected to Expansion Out (XO) of
the previous device in the Depth
Expansion or Daisy Chain Mode.

D8-0 — Data Input

Data input signals for 9-bit wide data.
Data has setup and hold time require-
ments with respect to the rising edge
of W.

Outputs
FF — Full Flag

The Full Flag (FF) will go LOW,
inhibiting further write operations,
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 LCF201, 1024
writes for the L8C202, 2048 writes for
the L8C203, and 4096 writes for the
L8C204.

EF — Empty Flag

The Empty Flag (EP) will go LOW,
inhibiting further read operations,
when the read pointer is equal to the
write pointer, indicating that the
device is empty.

XO/HF — Expansion Out/Half-Full Flag

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 operation.

In the Depth Expansion Mode,
Expansion In (XI) 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 location of memory.

Q8-0 — Data Output

Data outputs for 9-bit wide data. This
data is in a high impedance condition
whenever Read Enable (R) is in a
HIGH state or the device is empty.

FIFO Products
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LECGIC L8C201/202/203/204
PEVICES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO
OPERATING MODES 4. External logic is needed to generate not be incremented when R is LOW.

Single Device Mode

A single FIFO may be used when the
application requirements are for the
number of words in a single device.
The FIFOs are in a Single Device
Configuration when the Expansion 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 monitoring 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) Mode

The FIFOs can easily be adapted to
applications where the requirements
are for greater than the number of
words in a single device. Any depth
can be attained by adding additional
FIFOs. The FIFOs operates in the
Depth Expansion configuration when
the following 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 connect-
ing back to the first.

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 avail-
able in the Depth Expansion Mode.

Bidirectional Mode

Applications which require data
buffering between two systems (each
system capable of read and write
operations) can be achieved by pairing
FIFOs. Care must be taken to assure
that the appropriate flag is monitored
by each system (i.e., FF is monitored
on the device when W is used; EF is
monitored on the device when R is
used). Both Depth Expansion and
Width Expansion may be used in this
mode.

Data Flow-Through Modes

Two types of flow-through modes are
permitted: a read flow-through and
write flow-through mode. For the
read flow-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 tWHEH + 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 (tAHQZ)
ns. The EF line would have a pulse
showing temporary de-assertion and
then would be asserted. During the
period of time that R is LOW, more
words can be written to the FIFO (the
subsequent writes after the first write-
edge will de-assert the Empty Flag).
However, the same word (written on
the first write-edge) presented to the
output bus as the read pointer, would

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 mini-
mum value for tRLEL and tWLFL.
These pulses may be slightly different
during some operating conditions and
lot variations.

FIFO Products
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E35555S L8C201/202/203/204
DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO
Maximum RATINGS Above which useful life may be impaired (Notes 1, 2)
StOrage tEMPEIALUIE .......oveieieiiiiee et -65°C to +150°C
Operating ambient teMPErature ...........c.coueciniiiiniiiciic s -55°C to +125°C
Vce supply voltage with respect to ground............ccooovveiiiiiiiiiiii -05Vto+7.0V
Input signal with reSpect t0 groUNd .............ccocciriiiiiiiiiiic e -0.5Vto+7.0V
Signal applied to high impedance output ... -30Vto+7.0V
Output current into IOW OULPUES ..........oueiiiiiiiii e 25 mA
OreraTING CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vcc<55V
Active Operation, Industrial —40°C to +85°C 45V<Vccs55V
ELecTricAL CHARACTERISTICS Over Operating Conditions (Note 5)
L8C201/202/203/204|
Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc =45V, loH=-2.0mA 24 \
VoL Output Low Voltage Vcc=4.5V, loL=8.0mA 04| V
ViH Input High Voltage 20 Vee | V
+0.3
ViL Input Low Voltage (Note 3) -0.5 08| V
hx Input Leakage Current Ground < VIN £ Vcc -1 +1 | pA
loz Output Leakage Current R = ViH, GND < Vour < Vce -10 +10 | pA
Icca Vcce Current, TTL Inactive All Inputs = ViH MIN (Note 6) I 15 | mA
Iccs Vce Current, CMOS Standby | All Inputs = Vcc (Note 12) 5| mA
CIN Input Capacitance | Ambient Temp = 25°C, Vcc =45V 5| pF
CouT | Output Capacitance ‘ Test Frequency = 1 MHz (Note 9) 7| pF
I
L8C201/202/203/204-
Symbol Parameter Test Condition 25 15 12 10 | Unit
Icci Vcc Current, Active ( (Note 5) 100 | 120 | 150 | 180 | mA

FIFO Products

7-6 03/07/95-L.DS.8C201/2/3/4-D




L8C201/202/203/204

DEVIGES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO
SWITCHING CHARACTERISTICS Over Operating Range |
AsyncHRoNOUS AND RESET TIMING (ns)

L8C201/202/203/204—
25 15 12 10
Symbol Parameter “Min | Max | Min | Max | Min | Max | Min | Max
tRLRL Read Cycle Time (MHz) 35 25 20 15

) tRLQV Read Low to Output Valid (Access Time) o o o » Fizg 15 12 10

[ tRuRL | Read High to Read Low (Notes 8,9) 10 10 8 5
tRLRH Read Low to End of Read Cycle (Notes 8, 9) 7 - 25_ o 15 h 712 10
trRHQV Read High to Output Valid - 5 5 5 5

| triaz | Read High to Output High Z (Note 14) o 20 15 15 15
twiwL | Write Cycle Time (Note 9) ) 35 25 20 15
twiwH | Write Low to Write High (Notes 8, 9) o 25 15 12 10
twhwl | Write High to End of Write Cycle (Notes 8,9) N ' 10 10 | 8 5
tovwH Data Valid to Write High (Notes 8, 9) 15 10 8 8
twHox | Write High to Data Change (Notes 8, 9) 0 0 0 0

WQSLSH Reset Cycle Timé_}Notes 9, 10) ' 25 15 12 10
tstwL Reset Low to Write Low (Notes 9, 10) 35 25 20 15
twHsH Write High to Reset High (Notes 9, 10) 25 15 12 10
tRHSH Read High to Reset High (Notes 9, 10) 25 15 12 10
tsHwL Reset High to Write Low (Notes 9, 10) 10 10 8 5
tsLEL Reset Low to Empty Flag Low 25 15 12 10
tstiH | Reset Low to Half-Full Flag High o 25 15 12 10

| tsiri | Reset Low to Full Flag High 25 15 12 10
Asyncuronous Reap AND WRITE OPERATION

tRLRL + tRLRH
A Vs
t——— tRHQZ
Qs-0 DATA-OUT VALID DATA-OUT VALID A)a———————_
twLwL |
twLwH 1 twHWL.
W N
tovwH twHDX
Dso
Reser TiminG
e tsiwe
R‘§ ———xﬁ 7[———_
B J‘ TWHSH 1SHWL ——=
W ZZ Z H S
| tRKSH
RZZ Z.
tSLEL
EF SN NN AN AN ~N &
tSLHH, tSLFH
HF, FF 4 Z. L L LLLLLTH

FIFO Products
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L8C201/202/203/204

INCORPORATED

%2

DEVICE

512/1K/2K/4K x 9-bit Asynchronous FIFO

[ SWITCHING CHARACTERISTICS Over Operating Range

|

FuLL/EmpTty FLAG AND RETRANSMIT TIMING (ns)
~ L8C201/202/203/204~
25 15 12 10
Symbol Parameter Min | Max | Min | Max | Min | Max ‘Min [ Max
tRLQV Read Low to Output Valid (Access Time) 25 15 12 10
tRLEL Read Low to Empty Flag Low 25 15 12 10
tRHFH Read High to Full Flag High 25 15 12 10
twHeH | Write High to Empty Flag High 25 15 12 10
twLFL Write Low to Full Flag Low 25 15 12 10
triaL Retransmit Cycle Time 35 25 20 15
tTLTH Retransmit Low to End of Retransmit Cycle (Notes 8, 9, 10) 25 15 12 10
tAHTH Read/Write High to Retransmit High (Notes 8, 9, 10) 25 15 12 10
tTHAL Retransmit High to Read/Write Low (Note 9) 10 10 8 5
FuLL FLag From Last WRITE T0 FirsT READ
LAST WRITE IGNORED FIRST READ ADDITIONAL | ADDITIONAL
WRITE READS WRITES
R N N\
w a L\ AN
twLFL tRHFH
EF ;I;
Empry Frac From Last Reap 1o First White
LAST READ IGNORED FIRST WRITE ADDITIONAL | FIRST READ
READ . WRITES
w ql
R X / \ /
tRLEL tWHEH
EF 1 :L
tRLQV
o XX XX
P KX XX SRR XXX
RETRANSMIT
tTLAL
tTLtH
RT x A
tAHTH tTHAL |
WR LTSN ‘L
HF, EF, FF XX IR IR IXNA FLAG VALID
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L8C201/202/203/204

(7]

DEVICES IN

ICORPORATED

512/1K/2K/4K x 9-bit Asynchronous FIFO

| SWITCHING CHARACTERISTICS Over Operating Range

FuLL/HaLe-FuLlL/Empty FLag TiMING (ns)

L8C201/202/203/204—
25 5 12 10
Symbol Parameter Min | Max | Min hMax Min | Max | Min | Max
tRHFH Read High to Full Flag High 25 15 12 10
tEHRH Read Pulse Width After Empty Flag High 25 15 12 10
tRHHH Read High to Half-Full Flag High 25 15 12 10
twHen | Write High to Empty Flag High 25 15 12 10
twiHL Write Low to Half-Full Flag Low 25 15 12 10
tFHWH Write Pulse Width After Full Flag High (Note 9) 25 15 12 10
Empry FLag TiMiNG
’ - il
tWHEH
EF K

[=— tEHRH
GBS :L

FuLL Fiag Tiing
W AN I
tRHFH
EF P

[— tFHWH
AN NN.Y J‘

HALF-FULL OR LESS

HaLr-FuLL FLag Timing
HALF-FULL OR LESS MORE THAN
HALF-FULL
w D 4
R
[e—— tWLHL
HF ;L

N

=—— tRHHH i]
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L8C201/202/203/204

512/1K/2K/4K x 9-bit Asynchronous FIFO

DEVICES INCORPORATED

rSWITCHING CHARACTERISTICS Over Operating Range

|

ExpaANSION TIMING (ns)
L8C201/202/203/204—
25 15 12 10
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
taLoL Read/Write to Expansion Out Low (Note 11) 25 15 12 12
tAHOH Read/Write to Expansion Out High (Note 11) \ 25 15 12 12
a S i S S N
txxi | Expansion In Pulse Width (Notes 9, 11) 25 | 15 12 10
txHxL | Expansion In High to Expansion In Low (Notes 9, 11) 10 10 10 L 10
tALXL Read/Write Low to Expansion In Low (Notes 9, 11) 15 12 8 [ 8
Expansion Out
WRITE TO
LAST PHYSICAL
W LOCATION
READ FROM
LAST PHYSICAL
& LOCATION
tALoL tAHOH )y taLoL taHOH
X0 C(
ExpansioN In
tXLXH t tXHXL
Xi 5( Jl )( /
WRITE TO
X FIRST PHYSICAL
w LOCATION /S
READ FROM
AL = FIRST PHYSICAL
R LOCATION

FIFO Products
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ECGET L8C201/202/203/204
DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO

SWITCHING CHARACTERISTICS Over Operating Range

FLow-THROUGH TIMING (ns)
L8C201/202/203/204—
25 15 12 10
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tRLEL Read Low to Empty Flag Low 25 15 12 10
| teven | Read Pulse Width After Empty Flag High 25 15 | 12 10
| twhen | Write High to Empty Flag High T 25 15 12 10
| taav Read Low to Output Valid I 25 15 BT 10
| trern | Read High to Full Flag High 25 15 | | 12 10
»}WLFL Write Low to Full Flag Low o 25 47A1757 I “12 10
trHwH | Write Pulse Width After Full Flag High 25 15 12 10
tovwH | Data Valid to Write High 15 10 8 8
Wf\;H-DX Write High to Data Changve- 0 0 0 0

Reap Dara FLow-TrurouGH Mobpe

DATA IN X
w A N
tEHRH |
CANNNNNNNNN ;L
I=— tRLEL
EF A ]x
F— tWHFH —= tRLQV
DATA OUT <XX§ DATA-OUT VALID —

White Data FLow-THrougH Mobe

R N
tFHWH
TANNMNNARRRR S
1—— tRHFH ——s~—— tWLFL
- %;L
tovwH twHDX
DATA IN DATA-IN VALID >
le——=+ tRLQV
DATA OUT XX XXX

FIFO Products
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H o= L8C201/202/203/204
DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO

Fiaure 1. FIFO Memory (DeptH Expansion) BLock Diacram

I

w »| xo0 |« R
FFEF
Ds-0 2 L8C20X |—> —» Q30
> Xi FL Vce

<
Ol
4
?
m
<
o
—
<

FULL<—<_7_\: FFoEF
¥ | L8C20X |

-
A

Y

»| x|

3l
(o]

FF EF
¥ 3! L8C20X

=
||}—I

—» Xl

TasLe 1. ReseT AND RETRANSMIT  (SivaLe Device ConriguraTion/WipTH Expansion Mope)

INPUTS INTERNAL STATUS OUTPUTS
MODE RS | RT | Xi Read Pointer Write Pointer EF | FF | HF
Reset 0 X 0 Location Zero Location Zero 0 1 1
Retransmit 1 0 0 Location Zero Unchanged X X X
Read/Write 1 1 0 Increment Increment X X X

TaBLE 2. Reser AND FIRsT LoAD TRUTH TABLE  (DeprH Expansion/Compounp Expansion Mope)

INPUTS INTERNAL STATUS OUTPUTS
MODE RS | RT | Xi Read Pointer Write Pointer EF FF
Reset First Device 0 0 (1) Location Zero Location Zero 0 1
Reset All Others 0 1 (1) Location Zero Disabled Location Zero Disabled 0 1
Read/Write 1 2 | (1) X X X X

(1) See Figure 1 (Depth Expansion Block Diagram)
(2) Unchanged

FIFO Products

7-12 03/07/95~LDS.8C201/2/3/4-D




"Illl
(W)
e

l:ll
(o)

L8C201/202/203/204

DEVICES INCORPORATED

w

512/1K/2K/4K x 9-bit Asynchronous FIFO

|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 beginning at-0.6 V.
A current in excess of 100 mA is required to
reach 2 V. The device can withstand in-
definite operation with inputs as low as-3 V
subject only to power dissipation and bond
wire fusing constraints.

4. “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.

5. Tested with outputs open and data in-
puts changing at the specified read and
write cycle rate. The device is neither full or
empty for the test.

6. Tested with outputs open in the worst
static iﬂrut control signal combination (i.e.,
W, R, X1, FL, and RS).

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

8. Test conditions assume input transition
times of 5 ns or less, referencelevelsof 1.5 V,
output loading for specified IoL and IOH
plus 30 pF (Fig. 2a), and input pulse levels of
0t0 3.0V (Fig. 3).

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,
tRLRH 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 ex-
ample, is specified as a maximum since
worst-case operation of any device always
provides data within that time.

10. When cascading devices, the reset pulse
width must be increased to equal tsLsH +
tSLHH.

11. It is not recommended that Logic De-
vices and other vendor parts be cascaded
together. The parts are designed to be pin-
for-pin compatible but temperature and
voltage compensation may vary from ven-
dor to vendor. Logic Devices can only guar-
antee the cascading of Logic Devices parts to
other Logic Devices parts.

12. Tested with output open and RS = FL

=XI=R=W = Vcc.

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

14. Transition is measured +200 mV from
steady state voltage with specified loading
in Fig. 2b. This parameter is sampled and
not 100% tested.

15. This productis a very high speed device
and care must be taken during testing in
order to realize valid test information. Inad-
equate attention to setups and procedures
can cause a good part to be rejected as faulty.
Long high-inductance leads that cause sup-
ply bounce must be avoided by bringing the
Vcc and ground planes directly 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.

Ficune 2a.

+5V

OUTPUT o

R1 480Q

INCLUDING

JIG AND
SCOPE

R2
30pPF 2850

e

Fiaure 2b.

+5V

OUTPUT O

R1 480Q

INCLUDING

JIG AND
SCOPE

5pF Re
2550

b

Fioure 3.

+3.0V

GND
<3 ns

90%
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L8C201/202/203/204

DEVICE!

w

INCORPORATED

512/1K/2K/4K x 9-bit Asynchronous FIFO

L8C201 ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.6" wide
— < — A\
W 1 28[] vcc W 1 28] vee
Ds []2 27[] Da Ds []2 27[] Da
Ds []3 26[] Ds Ds []3 26[] Ds
D2 []4 25[] De D2 []4 25[] De
D1 Qs 2401 D7 D1 5 241 D7
Do [|6 23[] FLRT Do 6 23[] FLRT
Xi 7 2201 RS Xi 7 22[1 RS
FF [J8 2100 EF FF [s 21[] EF
Qo [J9 20[] XOHF Q [9 20[] XO/HF
Qr [J1o 190 a7 Q1 [J10 1900 a7
Q 11 18] Qs Q2 [J11 18] Qs
Qs Q12 17 s Qs 12 1700 Qs
Qs [13 160 Q4 Qs []13 161 Q4
GND 14 150 R GND []14 1500 R
Plastic DIP Plastic DIP
Speed (P10) (P9)
0°C to +70°C — CoMMERCIAL SCREENING
25 ns L8C201PC25 L8C201NC25
15 ns L8C201PC15 L8C201NC15
12 ns L8C201PC12 L8C201NC12
10 ns L8C201PC10 L8C201NC10
—40°C to +85°C — CoMMERCIAL SCREENING
25 ns L8C201PI25 L8C201NI25
15 ns L8C201PI15 L8C201NI15
12 ns L8C201PI12 L8C201NI12
10 ns L8C201PI10 L8C201NI10

FIFO Products
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L8C201/202/203/204

DEVICE

w

INCORPORATED

512/1K/2K/4K x 9-bit Asynchronous FIFO

L8C201 ORDERING INFORMATION

32-pin

o © Ogv\n
cadlgzs>aad

CEEEEEER
D2 [}s ° 29[] Ds
D1 [Je 28[] D7
Do [7 27 NC
Xl s 26[] FURT
FF o T.Op 25[] RS
Qo [}10 View 241 EF
ar g1 23[] XO/HF
NC [J12 22f1 a7
Q2 []13 21[] Qs
14 15 16 17 18 19 20

§8829T38
(o]

Plastic J-Lead Chip Carrier

Speed
0°C to +70°C — CoMMERCIAL SCREENING
25 ns L8C201JC25
15 ns L8C201JC15
12 ns L8C201JC12
10 ns L8C201JC10

~40°C to +85°C — CoMMERCIAL SCREENING

25ns
15 ns
12 ns
10 ns

L8C201JI125
L8C201JI15
L8C201JI12
L8C201JI10

7-15
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L8C201/202/203/204

DEVIGES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO
L8C202 ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.6" wide
— A4 _ T
w 1 28[] Vcc w 28] vee
Ds [J2  27[] Da Ds []2 27[] Da
Ds 3 26[] Ds D3 []3 26[] Ds
D2 [J4 25[] De D2 4 2501 De
D1 5 24[] D7 D1 []5 241 D7
Do [J6  23[] FURT Do []6 23[] FRT
X [07 22[0 RS X 07 22[] RS
FF [J8 21[J EF FF [8 21[] EF
Q [J9 20[] XOmHF Qo []9 20[] XO/HF
Qi [J1o 19 a7 Qr 1o 190 a7
Q2 [J11 18 Qe Q2 [11 18[] Qs
Qs 12 170 as Qs [J12 1700 Qs
Qs [J13 16[] Qs Qs []13 160 Q4
GND [J14 150 R GND []14 15[1 R
Plastic DIP Plastic DIP
Speed (P10) (P9)
0°C to +70°C — CoMMERCIAL SCREENING
25 ns L8C202PC25 L8C202NC25
15 ns L8C202PC15 L8C202NC15
12 ns L8C202PC12 L8C202NC12
10 ns L8C202PC10 L8C202NC10
~40°C to +85°C — COMMERCIAL SCREENING
25 ns L8C202PI25 L8C202NI25
15 ns L8C202PI15 L8C202NI15
12 ns L8C202PI112 L8C202NI12
10 ns L8C202PI10 L8C202NI10

7-16
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Ee58555s L8C201/202/203/204
DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO
L8C202 ORDERING INFORMATION
32-pin
88228s8
4 3 2 1323130
D2 []s ° 29[] Ds
D1 [se 28[] D7
Do 7 270 NC
Xi s 26[] FLRT
FF [o T_Op 25[]1 RS
Qo }10 View 24]] EF
Qi g1 23[] XO/HF
NC []12 22[] Q7
Q: [J13 21f] Qs
14 15 16 17 18 19 20
889936
(O]
Plastic J-Lead Chip Carrier
Speed (J6)
0°C to +70°C — CommeRciAL SCREENING
25 ns L8C202JC25
15ns L8C202JC15
12 ns L8C202JC12
10 ns L8C202JC10
~40°C to +85°C — CoMMERCIAL SCREENING 1
25 ns L8C202J125
15ns L8C202J115
12 ns L8C202J112
10 ns L8C202Ji110

FIFO Products
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L8C201/202/203/204

DEVIGES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO
L8C203 ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.6" wide
_ A4 - A\
w 1 28[] Vvcc w1 28[] Vvce
Ds []2 27]] Da Ds []2 27[] Da
D3 []3 26[] Ds D3 [}3 26[] Ds
D2 []4 25]] De D2 [J4 25[] Ds
D1 [05 240 D7 D1 [}5 24[] D7
Do [J6 23[] FURT Do []6 23[] FURT
X 7 2200 RS X []7 221 RS
FF [s 21[J EF FF [s 21[] EF
Q [o 2000 XomHF Q (]9 20[1 XO/HF
Qi 1o 190 a7 Qi 10 19[] Q7
Q2 11 18[] Qs Q 1 18] Qs
Qs 12 170 @s Qs [J12 1700 Qs
as [J13 160 Q¢ Qs [}13 161 Q4
GND [J14 150 R GND []14 150 R
Plastic DIP Plastic DIP
Speed (P10) (P9)
0°C to +70°C — COMMERCIAL SCREENING ~
25 ns L8C203PC25 L8C203NC25
15 ns L8C203PC15 L8C203NC15
12 ns L8C203PC12 L8C203NC12
10 ns L8C203PC10 L8C203NC10
~40°C to +85°C — CoMMERCIAL SCREENING
25 ns L8C203PI25 L8C203NI25
15ns L8C203PI15 L8C203NI15
12 ns L8C203PI12 L8C203NI12
10 ns L8C203PI10 L8C203NI10

7-18
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L8C201/202/203/204

DEVICES INCORPORATED

512/1K/2K/4K x 9-bit Asynchronous FIFO

L8C203 ORDERING INFORMATION

32-pin

0 019 Q8 v w0
oalgz>a48a0

4 3 2 1323130
D2 s ° 29[] Ds
D1 [J6 28t| D7
Do [}7 2700 NC
Xl (s 261 FURT
FF o T_Op 25[1 RS
o ] View 24]] EF
Qi 11 23[1 XO/HF
NC 12 22[] Q7
Q2 []13 211 Qs

14 15 16 17 18 19 20

Plastic J-Lead Chip Carrier

Speed (J6)
| 0°C to +70°C — CommERCIAL SCREENING
25 ns L8C203JC25
15ns L8C203JC15
12ns L8C203JC12
10 ns L8C203JC10

~40°C to +85°C — COMMERCIAL SCREENING

25 ns
15 ns
12 ns
10 ns

L8C203J125
L8C203JI15
L8C203JI12
L8C203JI10

FIFO Products
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L8C201/202/203/204

DEVICES INCORPORATED

512/1K/2K/4K x 9-bit Asynchronous FIFO

L8C204 ORDERING INFORMATION
28-pin — 0.3" wide 28-pin — 0.6" wide
i \J — U
w 1 28[] Vvcc w1 28[] Vce
Ds []2 2700 Da Ds []2 27[] Da
Ds [J3 26[] Ds D3 (3 26[] Ds
D2 [}4 25[] De D2 []4 25[] De
D1§5 24[] D7 D1 5 24[] D7
Do []6 23[] FURT Do []6 23[1 FLRT
X (7 2200 RS X 7 22[] RS
FF [J8 21[] EF FF [s 21[] EF
Qo [J9 20[] XO/HF Q [9 20|] XO/HF
Qr o 19 a7 Qr [J1o 19[] Q7
Q 11 1800 «e Q Q1 18f] Qs
a3 [J12 1700 s Qs [J12 1700 Qs
Qs [J13 160 Q4 Qs 13 160 Qa4
GND Q14 150 R GND []14 150 R
Plastic DIP Plastic DIP
Speed (P10) (P9)
0°C to +70°C — COMMERCIAL SCREENING
25 ns L8C204PC25 L8C204NC25
15 ns L8C204PC15 L8C204NC15
12 ns L8C204PC12 L8C204NC12
10 ns L8C204PC10 L8C204NC10
-40°C to +85°C — CoMMERCIAL SCREENING
25 ns L8C204PI125 L8C204NI25
15ns L8C204PI115 L8C204NI15
12 ns L8C204PI112 L8C204NI112
10 ns L8C204PI110 L8C204NI10

7-20
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£=5 L8C201/202/203/204
DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Asynchronous FIFO
L8C204 ORDERING INFORMATION
32-pin
38228458
43 2 1323130
D2 [5 ° 291 Ds
D1 [e 28[] D7
Do {7 27 NC
Xi []s 26[] FLRT
FF [o T_0p 251 RS
Qo 1o View 24[] EF
Qr 11 23[] XO/HF
NC [J12 22[] Q7
Q2 [J13 21[] Qs
14 15 16 17 18 19 20
88 % Qer 348
Plastic J-Lead Chip Carrier
Speed (J6)
0°C to +70°C — CommEenciAL SCREENING
25 ns L8C204JC25
15ns L8C204JC15
12 ns L8C204JC12
10 ns L8C204JC10
~40°C to +85°C — COMMERCIAL SCREENING
25 ns L8C204J125
15 ns L8C204JI15
12 ns L8C204J112
10 ns L8C204J110

FIFO Products
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DEVICES INCORPORATED

L8C211/221/231/241

512/1K/2K/4K x 9-bit Synchronous FIFO

| FEATURES

| | DESCRIPTION

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

Q Write and Read Clocks can be
synchronous or asynchronous

Q Advanced CMOS Technology
U High Speed — to 15 ns Cycle Time
U Empty and Full Warning Flags

U Programmable Almost-Empty and
Almost-Full Warning Flags
U Plug Compatible with IDT722x1

The L8C211, L8C221, L8C231, and
L8C241 are synchronous dual-port

First-In/First-Out (FIFO) memories.

The FIFO memory products are
organized as:

L8C211 — 512 x 9-bit
L8C221 — 1024 x 9-bit
L8C231 — 2048 x 9-bit
L8C241 — 4096 x 9-bit

Each device utilizes a special algo-

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. Data present at the input port is
written to the FIFO if the Write Clock
is pulsed when the device is enabled
for writing. Data is read from the

FIFO if the Read Clock is pulsed when

the device is enabled for reading.
Multiple FIFOs can be connected
together to expand the word width

W Package Styles Available:

« 32-pin Plastic LCC, J-Lead rithm that loads and empties data on a

first-in / first-out basis. Full and
Empty Flags are provided to prevent
data overflow and underflow. Pro-
grammable Almost Full and Almost
Empty Flags are provided and may be
programmed to trigger at any position

and depth.

These 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

in the memory array.

margin to allow the use of the devices
without external bus drivers.

L8C211/221/231/241 Brock Diacram
DATA INPUTS
as RESET Ds-0
LOGIC g/f
WEN!1 ¢ ¢
INPUT OFFSET =
WEN2 l¢—— 1D
WCLK ‘ > REGISTER REGISTER
WRITE [TITTTTT
CONTROL <
.
.
P‘gImER RAM ARRAY
512 x 9-bit
1K x 9-bit
READ 2K x 9-bit
POINTER 4K x 9-bit
.
.
D
READ <
CONTROL ITTITTITITT
\ i
REN1 ! + +
REN2 OUTPUT FLAG
ROLK REGISTER LOGIC
OE
9
\
DATA SUTPUTS EF PAE FF PAF
8-0
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ESF8S5s- L8C211/221/231/241

DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO

SIGNAL DEFINITIONS WEN1 — Write Enable 1 WEN2/LD — Write Enable 2/Load

Power If the FIFO is configured to allow The function of this signal is defined

Vee and GND loading of the offset registers, WEN1is during reset. If during reset WEN2/
an iD

+5 V power supply. All pins must be
connected.

Clocks
WCLK — Write Clock

Data present on D8-0 is written into
the FIFO on the rising edge of WCLK
when the FIFO is configured for
writing. The Full Flag (FF) and the
Programmable Almost-Full Flag (PAF)
are synchronized to the rising edge of
WCLK.

RCLK — Read Clock

Data is read from the FIFO and
presented on the output port (Q8-0)
after tD has elapsed from the rising
edge of RCLK if the FIFO is config-
ured for reading and if the output port
is enabled. The Empty Flag (EF) and
the Programmable Almost- Empty Flag
(PAE) are synchronized to the rising
edge of RCLK. The Write and Read
Clocks can be tied together and driven
by the same external clock or they
may be controlled by seperate external
clocks.

Inputs
RS — Reset

A reset occurs when RS is set LOW. A
reset is required after power-up before
a write operation can take place.
During reset, the internal read and
write pointers are set to the first
physical location, the output register is
initialized to zero, the offset registers
are initialized to their default values
(0007H), the Empty Flag (EF) and
Programmable Almost-Empty Flag
(PAE) are set LOW, the Full Flag (FF)

and Programmable Almost- Full Flag
(PAF) are set HIGH, and the WEN2/
LD signal is configured.

the only write enable. If WEN1 is
LOW, data on Ds-0 is written to the
FIFO on the rising edge of WCLK. If
WEN1 and LD are LOW, data on D8-0
is written to the programmable offset
registers as defined in the WEN2/LD
section. If the FIFO is configured to
have two write enables, data on D8-0 is
written to the FIFO on the rising edge
of WCLK if WENT1 is LOW and WEN2
is HIGH. When the FIFO is full,

WENI is ignored except when loading
the offset registers.

LD is HIGH, this signal functions as a
second write enable (WEN2). WEN2 is
used when depth expansion is needed
(see Depth Expansion Mode Section).
If during reset WEN2/LD is LOW, this
signal functions as an offset register
load /read control. When WEN2/LD
is configured to be a write enable, data
on D8-0 is written to the FIFO on the
rising edge of WCLK if WEN1 is LOW
and WEN2 is HIGH. When the FIFO
is full, WEN2 is ignored.

Ficure 1. OFrseT REGISTERS
L8C211 OFFSET REGISTERS
8|7|6|5|4(3|2|1]0
PAE LSB X |E7|E6|Es5|Ea|E3|E2|E1]|Eo0
PAE MSB X[ X[ X|X|X]|X]|X]| X |Es
PAF LSB X |F7|Fe|Fs|Fa|F3|F2|F1|Fo
PAF MSB X| X | X|X|X]|X|X| X|Fs
L8C221 OFFSET REGISTERS
8|7 |6|5|4[3|2|1]0
PAE LSB X |E7 |E6 | E5 | E4 | E3|E2| E1|Eo
PAE MSB X{X| X[ X|X|X| X |Eo|Es
PAF LSB X |F7|Fe|Fs|Fa|F3|F2|F1]|Fo
PAF MSB XX | X|X]|X|X| X|Fo|Fs
L8C231 OFFSET REGISTERS
8|7|6|5|4|3|2|1]|0
PAE LSB X |E7|E6 |Es | E4 | E3| E2| E1]| Eo
PAE MSB X{X|X|X]| X | X |E10| Eo|Es
PAF LSB X |F7|Fe|Fs|Fa|F3|F2|F1]|Fo
PAF MSB X| X | X|X|X]| X |Fio| Fo|Fs
L8C241 OFFSET REGISTERS
8|7 |6|5|4(3]|2]1]0
PAE LSB X |E7|E6|E5| E4 | E3| E2| E1]| E0
PAE MSB X | X | X | X | X |E11|E10| E9 | Es
PAF LSB X |F7|Fe|Fs|Fa|F3|F2]|Ft1]Fo
PAF MSB X | X | X | X| X [Fi1|{F10| Fo | F8
Eo/Fo are the least significant bits.
X = Don't Care.

FIFO Products
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When WEN2/LD is configured to be
an offset register load /read control, it
is possible to write to or read from the
offset registers. The values stored in
the offset registers determine how the
Programmable Almost-Empty (PAE)
and Programmable Almost-Full (PAF)
Flags operate (see PAE and PAF
sections). There are four 9-bit offset
registers. Two are used to control the
Programmable Almost-Empty Flag
and two are used to control the
Programmable Almost-Full Flag (see
Figure 1). Data on D8-0 is written to
an offset register on the rising edge of
WCLK if LD and WEN1 are LOW.
After reset, data is written to the offset
registers in the following order: PAE
LSB, PAE MSB, PAF LSB, PAF MSB.
After the PAF MSB register has been
loaded, the sequence repeats starting
with the PAE LSB register. If register
loading is stopped, the next register in
sequence will be loaded when the next
register write occurs. If LD, REN1,
and REN2 are LOW, data is read from
an offset register and presented on Q8-0
(if the output port is enabled) after tD
has elapsed from the rising edge of
RCLK. The offset registers are read in
the same order they are written to. It
is not possible to read from and write
to the offset registers at the same time.

REN1, REN2 — Read Enables 1 and 2

Data is read from the FIFO and pre-
sented on Q8-0 after tD has _el_aEed from
the rising edge of RCLK if REN1 and
REN2 are LOW and if the output port is
enabled. If either Read Enable goes
HIGH, the last value loaded in the
output register will remain unchanged.
The Read Enable signals are ignored
when the FIFO is empty.

D8-0 — Data Input

Dg-0 is the 9-bit registered data input
port.

512/1K/2K/4K x 9-bit Synchronous FIFO

OE — Output Enable

When OE is LOW, the output port
(Q8-0) is enabled for output. When
OE is HIGH, Q8-0 is placed in a high-
impedance state. The flag outputs are
not affected by OE.

Outputs
Q8-0 — Data Output

Q8-0 is the 9-bit registered data output
port.

FF — Full Flag

The Full Flag goes LOW when the
FIFO is full of data. When FF is LOW,
the FIFO can not be written to. The
Full Flag is synchronized to the rising
edge of WCLK.

EF — Empty Flag

The Empty Flag goes LOW when the
read pointer is equal to the write
pointer, indicating that the FIFO is
empty. When EF is LOW, read opera-
tions can not be performed. The
Empty Flag is synchronized to the
rising edge of RCLK.

PAF — Programmable Almost-Full Flag

PAF goes LOW when the write pointer
is (Full - N) locations ahead of the
read pointer. N is the value stored in
the PAF offset register and has a
default value of 7. PAF is synchro-
nized to the rising edge of WCLK.

PAE — Programmable Almost-Empty Flag

PAE goes HIGH when the write
pointer is (N + 1) locations ahead of
the read pointer. N is the value stored
in the PAE offset register and has a
default value of 7. PAE is synchro-
nized to the rising edge of RCLK.

OPERATING MODES
Single Device Mode

A single FIFO may be used when the
application requirements are for the
number of words in a single device.

Width Expansion Mode

Word width may be increased simply
by connecting the corresponding input
control signals of multiple devices.
Any word width can be attained by
adding the appropriate number of
FIFOs. Status flags can be monitored
from any one of the devices.

Depth Expansion Mode

The FIFOs can easily be adapted to
applications where the requirements
are for greater than the number of
words in a single device. If the FIFOs
are configured to use WEN2 and
external logic s used to direct the flow
of data into the cascaded FIFOs, depth
expansion can be accomplished.

7-25
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512/1K/2K/4K x 9-bit Synchronous FIFO

Maximum RATINGS Above which useful life may be impaired (Notes 1, 2)

StOrage tEMPEIAUIE .......cc.eiiiiiiiiet ettt —55°C to +125°C
Operating ambient temperature ... 0°Cto +70°C
Vcce supply voltage with respect to ground . —-05Vto+7.0V
Input signal with respect t0 ground ............cccoooiiiii it -05Vto+7.0V
Signal applied to high impedance output ...............c.ccciiiiiiiiii e -05Vto+7.0V
Output current iNt0 TOW OULPULS ........coiiiiiiiiii et 50 mA
OreraTING CONDITIONS To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°Cto +70°C 45V<Vcc<55V
Active Operation, Industrial -40°C to +85°C 45V<Vec<hs5V

ELecTricAL CHARACTERISTICS Over Operating Conditions

L8C211/221/231/241
Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc=4.5V, loH =-2.0 mA 2.4 \
VoL Output Low Voltage Vce = 45V, loL=8.0mA 04|V
ViH Input Higr; Voltage 7 7 2.0 Vv
ViL 7 Input Low Voltége 7 08| V
hix Input Leékage Current Ground < VIN < Vce —1 +1 | pA
loz Output Leakage Current Ground < Vout < Vcc -10 +10 | pA
loo1 | Voo Current, Active 1 o % | ma
CN | Input Capacitance | Ambient Temp = 25°C, VCG = 45 V N 10| oF
| COUT j artput Capacitance ) Test Frequency = 1 MHz 10 | pF

FIFO Products
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£ §58=557 L8C211/221/231/241
DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO
[SW!TGHING CHARACTERISTICS Over Operating Range ~ |
Reser TiMiING Notes 3, 4, 5 (ns)
L8C211/221/231/241—
50 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tRs Reset Pulse Width 50 25 20 15
tnss hﬁesetﬁSﬁtyp Tlr:ne T“SO ) 25 20} ) 15 ]
tasr | Resetto Flag and Output Valid T s | e e 15

Reser Timing

tRS

Rs — N
RS N i

tRsS
REN1 \L

REN2

— tRSF
EF
PAE

_FF s
PAF

trss |

WEN1

WEN2/LD

tRSF

Qs-0*

“after reset, Q8-0 will be LOW if OE = 0 and in HIGH IMPEDANCE if OE=1.

FIFO Products
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DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO
SWITCHING CHARACTERISTICS Over Operating Range ‘ ]
Whrite CycLe TIMING Notes 3, 4, 6 (ns)
: L8C211/221/231/241- |
50 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max |
tcye Cycle Time 50 25 20 15
tw | Clock Pulse Width HIGH . 20 10 8 I
twL | Clock Pulse Width LOW 2ol |1 e s
tos | Data Setup Time S S ] o 6 | |5 | | a|
tow Data Hold Time 7 - 1 1 1 1
tens Enable Setup Time 10 6 5 4
tENH Enable Hold 'f'ime 1 N 1 _1 1
twrF Write Clock to Full Flag D 25 » 15 12 10
tskew1 | Skew Time Between Read and Write Clocks for Empty and Full Flags 15 10 ) —BMQ 6

Whaite CycLe TimiNG

tcyc

1

tPWH tPwL
WCLK ,/—ﬂ—_//—\
tDS —<— tDH

tENS —=1=— tENH

WEN1

WEN2

twFF { twFF
) |
tSKEW1 —=
RCLK m

FIFO Products
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512/1K/2K/4K x 9-bit Synchronous FIFO

| SWITCHING CHARACTERISTICS Over Operating Range

Reap CycLe TMING Notes 3, 4, 9 (ns) : ;
L8C211/221/231/241-
50 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tcve Cycle Time 50 25 20 15
tPwH Clock Pulse Width HIGH 20 10 8 6
trwi Clock Pulse Width LOW 20 10 8 6
to Output Delay 3 25 3 15 2 12 2 10
tENs Enable Setup Time 10 6 5 4
tENH Enable Hold Time 1 1 1 1
toe Output Enable to Output Valid 3 25 3 13 3 10 3 8
to.z Output Enable to Output in Low Impedance (Notes 7, 8) 0 0 0 0
toHz Output Enable to Output in High Impedance (Notes 7, 8) 3 25 3 13 3 10 3
tREF Read Clock to Empty Flag 25 15 12 10
tskew1 | Skew Time Between Read and Write Clocks for Empty and Full Flags 15 10 8 6
Reap CycLe Timing
tcve
tPWH t tPwL
RCLK ;/i/‘ N\
tENS —1=— tENH
REN1
REN2
tREF | tREF {
2 X
to |
HIGH IMPEDANCE N HIGH IMPEDANCE
Qs-0 P
f=— toz —jXXX .
toE | toHz
o X ¥
tSKEW1 —=]
WCLK

FIFO Products

7-29

03/03/95-LDS.8C211/21/31/41-A



L8C211/221/231/241

DEVICES INCORPORATED

w

512/1K/2K/4K x 9-bit Synchronous FIFO

SWITCHING CHARACTERISTICS Over Operating Range - I

First Data WoRrp anD EmMpTY FLAG TIMING Notes 3, 4 (ns)

L8C211/221/231/241~
50 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max Awhrllirr'rii\llg;
tcyc Cycle Time 50 25 20 15
twn | Clock Pulse Width HIGH 20 0] | 6 |
“tewL | Clock Pulse Width LOW 20| |10 s |6 |
© | OuputDelay 3l |3 ]5] 2 [12]|2]10
tos ”DE éétup Time o 10Ai_ ] 6 I 5 ) 4
| ton | Data Hold Time - 1 R 1
| toe | Output Enable to Output Valid 3253|133 10]|3 | 8
toLz OutpLTEnable to Output in Low Impedance (Notes 7, 8) - o ) 0 1 0 ) 0 T 0
trer | Read Clock to Empty Flag ) 25 15 12| 10
tskew: | Skew Time Between Read and Wite Clocks for Empty and Full Flags 151 |10 8 6

First Data Worb ano Empry FLac Timing

I tcve
WCLK
tos tFRL*
WEN1
—=| SKEW1 |=—
WEN2
— tDH
tDS f=—
Ds-0

REN1

XXX KKKKHK _orrre KKKKK _omin XKKKX oxe XKKKX owra XXX
ST NI NI S D e N2 NI e

REN2

l=— tREF
EF

——tD —

HIGH IMPEDANCE

— toE
OE )[i
toLz

Qs-0

*latency timing is only relevant when the Empty Flag is LOW.
when tSKEW1 is less than minimum specification, tFRL = tCYC + tSKEW1.
when tSKEW1 is greater than minimum specification, tFRL = 2(tCYC) + tSKEW1.

FIFO Products
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o o L8C211/221/231/241
DEVIGES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO
| SWITCHING CHARACTERISTICS Over Operating Range ]
FuLL FLag TimiNg  Notes 3, 4 (ns) :
L8C211/221/231/241-
50 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tcve Cycle Time 50 25 20 15
trwH Clock Pulse Width HIGH 20 10 8 6
tPwL Clock Pulse Width LOW 20 10 8 6
to Output Delay 3 25 3 15 2 12 2 10
tos Data Setup Time 10 6 5 4
toH Data Hold Time 1 1 1 1
tens Enable Setup Time 10 6 5 4
tENH Enable Hold Time 1 1 1 1
twrF Write Clock to Full Flag 25 15 12 10
tskew1 | Skew Time Between Read and Write Clocks for Empty and Full Flags 15 10 8 6
Furt FLag Timing
WOLK T A N

—| tSKEW1 [=— —" tSKEW1 [=—
WEN!1

ﬁ
WEN2 /
— tDH —=1 tDH

DS |=— tDS [=—
Ds-0
e tWFF e tWFF = tWFF = tWFF
FF

RCLK \ . \ mmn
e [ A\l e [N
REN1
REN2
F—tD ——= —tD ——=
OE
Qs-0 X >|<

FIFO Products
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DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO

[ SWITCHING CHARACTERISTICS Over Operating Range

ProgrammaBLE ALmosT-EmMPTY/FuLL FLAG TIMING Notes 3, 4 (ns)

L8C211/221/231/241-

50 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max
tcye Cycle Time 50 25 20 15
tw | Clock Pulse Width HIGH 20 10 8 6 | |
trwiL Clock Pulse Width LOW 20 10 8 6
tens Enable Setup Time 7 - 10 6 5 | 4
tENH Enable Hold Time o 1 1 1
tPAF | Write Clock to Programmable Almost-Full Flag | 25 15 12 10
tPAE Read Clock to Programmable Almost-Empty Flag | 25 15 12 10
tskew2 | Skew Time Between Read/Write Clocks for Almost-Empty/Full Flags 30 20 18 15

ProgrammaBLE ALmosT-EmpTy FLAG Note 10

WCLK

—
tENS

WEN1

WEN2

PAE

RCLK

REN1
REN2

*PAE is synchronized to the rising edge of RCLK, but in this case the PAE transition takes place in the next clock cycle.

ProgrammaBLE ALmosT-FuLL FLag Note 11

WCLK

WEN1

WEN2

= tPAF* l-— tPAF
PAF

—=| tSKEW2 |=—

RCLK
tENH
REN2

*PAF is synchronized to the rising edge of WCLK, but in this case the PAF transition takes place in the next clock cycle.

FIFO Products
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512/1K/2K/4K x 9-bit Synchronous FIFO

| SWITCHING CHARACTERISTICS Over Operating

]

Range

Whaite/Reap Orrser RecisTer TIMING Notes 3, 4 (ns)

L8C211/221/231/241-
50 25 20 15

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

tcve Cycle Time 50 25 20 15

twn | Clock Pulse Width HGH 20 10 8 6

tPwL Clock Pulse Width LOW 20 10 8 6

to Output Delay ' 3 |25 |3 |15 |2 |12 ]2 |10
i tos Data Setup Time 10 6 5 4

to | DataHold Tme 1 1 1 1
L!ENS Enable Setup Time 10 6 5 4

tENH Enable Hold Time 1 1 1 1

toe Output Enable to Output Valid 3 | 25| 3 | 13| 3 |10 3]s

toE Output Enable to Output in Low Impedance (Notes 7, 8) 0 0 0

Wamre Orrser ReaisTer i

tcyc —=

—
tENS

XX O XXX XXXXX

to

tOE —

toLz —=

FIFO Products
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512/1K/2K/4K x 9-bit Synchronous FIFO

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. Test conditions assume input transition
times of 5 ns or less, reference levelsof 1.5V,
and input pulse levels of 0 to 3.0 V (Fig. 2).

4. 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,
tDs 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 ex-
ample, is specified as a maximum since
worst-case operation of any device always
provides data within that time.

5. The Read and Write Clocks can be free-
running during reset.

6. tSKEW1 is the minimum time between the
rising edge of RCLK and the rising edge of
WCLK for a Full Flag transition to occur in
that clock cycle. If tSKEW1 is not satisfied, a
Full Flag transition may not occur until the
next rising WCLK edge.

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

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

9. tSKEW1 is the minimum time between the
rising edge of WCLK and the rising edge of
RCLK for an Empty Flag transition to occur
in that clock cycle. If tSKEW1 is not satisfied,
an Empty Flag transition may not occur
until the next rising RCLK edge.

10. tSKEw2 is the minimum time between the
rising edge of WCLK and the rising edge of
RCLK to guarantee that the Programmable
Almost-Empty Flag will make a transition
to HIGH during that clock cycle. Iftskew2is
not satisfied, the Programmable Almost-
Empty Flag may not make the transition to
HIGH until the next rising edge of RCLK.

11. tsKEW?2 is the minimum time between the
rising edge of RCLK and the rising edge of
WCLK to guarantee that the Programmable
Almost-Full Flag will make a transition to
HIGH during that clock cycle. If tsKEw2 is
not satisfied, the Programmable Almost-
Full Flag may not make the transition to
HIGH until the next rising edge of WCLK.

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 ven-
dor to vendor. Logic Devices can only guar-
antee the cascading of Logic Devices parts to
other Logic Devices parts.

13. This productis a very high speed device
and care must be taken during testing in
order to realize valid test information. Inad-
equate attention to setups and procedures
can cause a good part to be rejected as faulty.
Long high-inductance leads that cause sup-
ply bounce must be avoided by bringing the
Vcc and ground planes directly 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 2.

+3.0 V—+ o
90% 90%

10% { 10%
GND
<3 ns <3 ns

FIFO Products

03/03/95-LDS.8C211/21/31/41-A



"Im
(
|
(

L8C211/221/231/241

DEVICES INCORPORATED

512/1K/2K/4K x 9-bit Synchronous FIFO

32-pin

| L8C211 ORDERING INFORMATION

<+ 0

N o © N ®
[aaalalysiialya)

/ 4 3 2 1323130

D1 s ° 20[1 RS
Do [J6 281 WEN1
PAF 7 27[] WCLK
PAE []8 26{] WEN2, LD
GND o T_Op 25[] Vce
RENy []10 View 24]1 Qs
RCLK [J11 23[] Q7
REN:z []12 22[] Qs
OE (13 210 as

\_14 15 16 17 18 19 20 J

Gl 866886

Plastic J-Lead Chip Carrier

(J6)

L8C211JC50
25 ns L8C211JC25
20 ns L8C211JC20
15 ns L8C211JC15

~40°C to +85°C — CoMMERCIAL SCREENING ,

50 ns L8C211J150
25 ns L8C211J125
20 ns L8C211J120
15 ns L8C211J115

FIFO Products
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ESF5855ss L8C211/221/231/241
DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO
L8C221 ORDERING INFORMATION
32-pin
A838888
/ 4 3 2 1 323130 J—
D1 []5 ° 29[1 RS
Do [J6 28[] WEN1
PAF [}7 27[1 weLk
PAE []s 26[] WENz, LD
GND []o T_0p 251 vee
REN: [J10 View 241 Qs
RCLK []11 23[] Q7
RElz 012 2200 Qs
OE 13 21[] Qs
\__14 15 16 17 18 19 20 )
Gt 65888
Plastic J-Lead Chip Carrier
Speed (J6)
= | 0°C to +70°C — ComMERCIAL SCREENING
50 ns L8C221JC50
25ns L8C221JC25
20 ns \ L8C221JC20
15 ns L8C221JC15
~40°C to +85°C — CoMMERCIAL SCREENING
50 ns L8C221J150
25 ns L8C221JI125
20 ns L8C221J120
15 ns L8C221JI15

FIFO Products
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DEVIGES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO

prm—

| L8C231 ORDERING INFORMATION

32-pin

D1
Do
PAF
PAE
GND
REN:
RCLK
REN2
OE

29[1 RS

[] WEN:

[] wCLK

[l WENz, LD
25[] Vcc

1 Qs

N a7

1 Qs

210 Qs

Plastic J-Lead Chip Carrier

Speed (J6)
50 ns L8C231JC50
25ns L8C231JC25
20 ns L8C231JC20
15ns L8C231JC15
_ | =40°C to +85°C — CommenciaL ScreeminG |
50 ns L8C231JI50
25 ns L8C231J125
20 ns L8C231J120
15 ns L8C231J115

FIFO Products
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DEVICES INCORPORATED 512/1K/2K/4K x 9-bit Synchronous FIFO
'L8C241 ORDERING INFORMATION
32-pin
8838888
/ 4 3 2 1323130 J—
D1 s ° 29[] RS
Do [6 28[1 WEN:1
PAF [J7 27[] WCLK
PAE []8 26[] WEN2, LD
GND [}9 T,0p 25[] Vce
Ren o View  afjas
RCLK [J11 23[1 Q7
RENz []12 22[] Qe
OE 13 21[] Qs
\_14 15 16 17 18 19 20 )
[t 65883
Plastic J-Lead Chip Carrier
Speed (J6)
] 0°C to +70°C — CoMMERCIAL SCREENING L
50 ns L8C241JC50
25 ns L8C241JC25
20 ns L8C241JC20
15 ner, L8C241JC15
| —40°C to +85°C — COMMERCIAL SCREENING
50 ns L8C241J150
25ns L8C241J125
20 ns L8C2414120
15 ns L8C241JI115

FIFO Products
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Quality and Reliability

oL

Copies of the LOGIC Devices “Quality Assurance Program Manual” and
“Reliability Manual” may be obtained from LOGIC Devices by contacting
our applications group at (408) 737-3346 between 8:00 AM and 6:00 PM
Pacific time, Monday through Friday.
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Technology and Design Features

TECHNOLOGY AND DESIGN FEATURES
Latchup and ESD Protection ..............ccccocveununernirneucinnnererennenn.
Power Dissipation in LOGIC Devices PrOQUCES ............c.couuiuiiiicieiieieiicee it sss s sssssssssssssssssees
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Latchup is a destructive phenomenon
which was once common in CMOS
circuits but has now been largely
eliminated by improved circuit design
techniques. Latchup takes place
because of the existence in CMOS of an
inherent PNPN or NPNP structure
between VCC and ground. Either of
these two can form a pair of transistors
connected so as to form a positive
feedback loop, with the collector of one
transistor driving the base of the other.
The result is a low-impedance path
from VCC to ground, which cannot be
interrupted except by the removal of
power. This condition can be destruc-
tive if the area involved is sufficiently
large to dissipate excessive power. One
example of the formation of such a
structure is shown in Figure 1. The
equivalent circuit is shown in Figure 2.

As shown in Figure 1, the N+ regions
which form the source and drain of an
N-channel MOS transistor also act as
the emitters of a parasitic NPN
transistor. The P-well forms the base
region and the N-substrate is the
collector. The current gain of this
transistor is relatively high because it
is formed vertically and therefore the
base width is quite small. This is
especially true of fine-geometry
CMOS processes which tend to have
very shallow wells to reduce sidewall
capacitance. The P+ region in the well
is called a “well tap” and is present to
form a low-resistance connection
between the well and ground. The
source region cannot serve this
function because it forms a diode
between the N+ source and the P-well.

Also shown in Figure 1 is an addi-
tional parasitic PNP transistor. The
source and drain regions of the P-
channel MOS device form the emit-
ters, the N-substrate is the base, and
the P-well is the collector. This

transistor is a PNP, and generally has
a beta () much less than 1 since it is
formed laterally and the gate region is
relatively large. Like the vertical
NPN, it can have multiple emitters.
The N+ region tied to VCC in the
substrate functions similarly to the
well tap discussed above.

Note that the base of the NPN and the
collector of the PNP are a common
region (the P-well), and similarly the
base of the PNP and the collector of the
NPN are common (the N-substrate).
Thus, the PNPN structure necessary for
latchup is formed. Also, due to the the
physical distance between the well and
substrate taps and the base regions
which they attempt to contact, a small
resistance exists between the base
regions and their respective well taps,
denoted RS (substrate) and Rw (well).

Latchup begins when a perturbation
causes one of the bipolar transistors to
turn on. An example would be
excursion of the output pad below
ground or above VCC due to transmis-
sion-line ringing. If the pad goes
more than 0.7 V below ground, the
NPN will turn on since its base is at
approximately ground potential. The
NPN'’s collector current will cause a
voltage drop across Rs, the bulk
substrate resistance. This voltage
drop turns on the PNP.

The PNP transistor’s collector current
forces a similar voltage drop across
Rw, the well resistance. This raises
the base voltage of the NPN above
ground and can cause the NPN to
continue to conduct even after the
output pad returns to a normai
voltage range. In this case, the current
path shifts to the grounded emitter.

Note that any effect which can cause
a transient turn-on of either transis-
tor can cause the latchup process.

Common causes include:

1. Ringing of unprotected I/O pins
outside the ground to VCC region.

2. Radiation-induced carriers gener-
ated in the base of the bipolar
transistors.

3. Hot-powerup of the device, with
inputs driven HIGH before VCC is
applied.

4. Electrostatic discharge.

PROTECTING AGAINST LATCHUP

Latchup, while once a severe problem
for CMOS, is now a relatively well-
understood phenomenon. In order for
latchup to occur, the product of the
current gains of the two parasitic
transistors must exceed 1. Thus, the
primary means for avoiding latchup
is the insertion of structures known

as “guard rings” around all MOS
transistors (and other structures)
likely to be subjected to latchup-
causing transients. This includes
output buffer transistors and any
devices which form a part of the ESD
protection network. These guard
rings absorb current which would
otherwise drive the base of the lateral
device, and thus dramatically reduce
its gain.

Since external electrical perturbations
are the dominant cause of latchup in
non-radiation environments, protect-
ing the “periphery” of the chip is most
important. Therefore, since guard
rings require a lot of area, they are
generally used only in critical areas
such as those mentioned above.

As an additional protective measure,
strict rules are enforced in the layout
regarding the positioning of the
substrate and well taps. They are
spaced closely together throughout

Technology and Design Features
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Ficure 1. Panasitic TRANSISTOR STRUCTURES IN PAraLLEL CMOS
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Rw
TV N
P-Well
Rs
VW
T the die, reducing the values of Rsand  extreme conditions such as driving
o Rw. This makes it more difficult to multiple inputs HIGH with a low-
EauvaLent Circurr For Latcrup Path develop the base drive necessary to impedance source during powerup
regenerate the latchup condition. of the device.
Vcc
Measurement of susceptibility to
latchup is done by connecting a ELECTROSTATIC DISCHARGE
current source to an input or output  Input protection structures on CMOS
of the device under test. By increas-  devices are used to protect against
Rs ing the current forced to flow into the  damage to the gate oxides of input
pin and noting the point at which transistors when accumulated static
latchup occurs, a measure of the charge is discharged through a device.
device’s ability to resist latchup- This charge can often reach potentials
inducing carrier injection is obtained.  of several thousand volts. The input
Note that depending on the device, protection network is designed to
the current source may require a shunt this charge safely to ground or
rather large voltage compliance in VCC, bypassing the delicate MOS
order to provide an adequate test. transistors.
While early CMOS devices had a Several features are required of a good
Rw latchup trigger current of a few tens  input protection network. Since static
of milliamps, most current LOGIC discharge pulses exhibit very fast rise-
Devices products typically can times, it must have a very fast turn-on
1 withstand more than 1 amp without time. It must be capable of carrying
- latching. As a result, latchup is no large instantaneous currents without
longer a practical concern, except for  damage. It must prevent the voltage

Technology and Design Features
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at the circuit input from rising above
approximately 10 V during the time
when the several-thousand-volt
discharge is shunted to ground. It
must not create appreciable delay for
fast edges which are within the 0-5V
input range. And finally, it must be
well protected against latchup caused
by inputs which are driven beyond
the supply rails, injecting current into
the substrate. Much research and
experimentation has been devoted to
optimizing the tradeoffs between
these conflicting goals.

All LOGIC Devices products employ
one of the three input protection
structures shown in Figure 3. Most
devices currently use the Type 1 input
protection. This structure is designed
to absorb very high static discharge
energies and will draw substantial
current from the input pin if driven
beyond either supply rail. Hence, it
provides a “hard” clamp. Besides its

shoot energy, preventing oscillation of
an unterminated input back above the
0.8 V VIL MAX level. This makes the
circuit ideal for noisy environments
and ill-behaved signals. This input
structure may not be driven to a high
level without power applied to the
device, however. To do so would
result in current flowing through the
diode connected to the device’s VcC
rail, and supplying power to the entire
board or system backward through
the device VCC pin. This may over-
stress the bond wire or device metalli-
zation, resulting in failure.

The Type 2 structure employs a series
resistor prior to the two clamp diodes.
This results in a “soft” clamping effect.
This structure will withstand the
transient application of voltages outside
the supply rails for brief periods
without drawing excessive current. In
contrast to the Type 1 structure, this
circuit will provide only a modest

more tolerant of power-up sequences
which cause the inputs to be driven
before VCC is applied. In the course of
routine product upgrades, devices
employing this structure are being
redesigned to use a Type 1 input
protection.

The Type 3 structure uses a large area
N-channel transistor (part of an open-
drain output buffer) to protect the
input. The drain-well junction of this
device serves the function of a diode
connected between the input and
ground, protecting against negative
excursions of the input. The ava-
lanche breakdown of the output
device serves to protect against
positive pulses, giving the effect of a
zener diode between the input and
ground. This circuit is used only for
inputs which are designed to have
their inputs driven without power
applied. The lack of a diode to VccC
prevents sourcing of power from the

advantages for static protection, this reduction of the energy in an under- inputs to the VCC supply.
clamp can effectively reduce under- shoot pulse. However, it is somewhat
Type 2 Type 3

9-5
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In calculating the power dissipation of
LOGIC Devices products, attention
must be given to a number of formerly
second-order effects which were
generally ignored when dealing with
bipolar and NMOS technologies. By far
the dominant contributor to power
dissipation in most CMOS devices is
the effective current path from the
supply to ground, created by the
repetitive charging and discharging of
the load capacitance. This is distinct
from DC loading effects, which may
also consume power. The power
dissipated in the load capacitance is
proportional to CV2F, where C is the
load capacitance, V is the voltage
swing, and F is the switching fre-
quency. This mechanism can fre-
quently contribute 80% or more of the
total device dissipation of a truly
complementary device operating at a
high clock rate.

The second contributor to the power
dissipation of a CMOS device is the
DC current path between VCC and
ground present in the input level
translators. These circuits are voltage
amplifiers which are designed to
convert worst case 0.8-2.0 V TTL-
compatible input levels to 0 and 5 V
internal levels. With 2.0 V applied to
the input of most level translator
circuits, about 1 mA will flow from
the power supply to ground. A
floating input will at best have similar
results, and may result in oscillations
which can dissipate orders of magni-
tude more power and cause malfunc-
tioning of the device.

The power dissipation of input level
translators exhibits a strong peak at
about 1.4 V but is reduced substan-
tially when the input voltage exceeds
3.0 V (see Figure 1). Fortunately, this
voltage is easy to achieve in practice,
even for bipolar devices with TTL I/O

structures. These generally will input voltage levels transition through
produce a VOH of at least 3.5 Vif not  the linear region. In practice, the

fully loaded. As a result, dissipation internal voltage waveforms are

in the input structures is usually characterized by high edge rates and
negligible compared to other sources.  rail-to-rail swings. For this reason, the
latter source of dissipation is usually
negligible, unless NMOS or other non-
complementary logic design tech-
niques have been used.

Two further sources of power dissipa-
tion in CMOS come from the core
logic. The sources of internal power
dissipation are the same as those
discussed for external nodes, namely ~ The capacitance of typical internal
repetitive charging of the parasitic nodes in CMOS logic circuits are a
load capacitances on each gate output, few femtofarads. However, there can
and the power drawn due to a direct be thousands, or tens of thousands
current path to ground when gate of such nodes. As a result, the core

FiGure 1.
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power dissipation is strongly depend-
ent on the average rate at which these
nodes switch (the “F” in CV?F).
Fortunately, for most complex logic
circuits, with non-pathological exter-
nal stimuius only a smaii fraction of
the logic nodes switch on any given
cycle. For this reason, internal power
is generally quite small for these
device types. Exceptions include
devices containing long shift registers
or other structures which can exhibit
high duty cycles on most internal
nodes. These devices can dissipate
significant power in the core logic if
stimulated with alternating data
patterns and clocked at a high rate.

To summarize, of the several contribu-
tors to power dissipation, the CV?F
power of the outputs is usually
dominant. Because output loading is
system-dependent, it is not possible

for the manufacturer to accurately
predict total power dissipation in
actual use. As a result, LOGIC
Devices extrapolates measured power
dissipation values to a zero-load
environment and publishes the
resulting value. This value includes
the effects of worst-case input and
power-supply voltages, temperature,
and stimulus pattern, but not CV?F.
This value is weakly frequency
dependent, and the frequency at
which it is measured is published in
the device data sheet. The maximum
value is for worst-case pattern, and
the typical is for a more random
pattern and is therefore more repre-
sentative of what would be experi-
enced in actual practice.

A good estimate of total power
dissipation in a particular system
under worst-case conditions can be

9-8

obtained by adding the calculated
output power to the typical published
figure. The output power is given by:

NCV2F
4

where:

N = the number of device outputs
(divided by 2 to account for the
assumption that on average, half
of the outputs switch on any
given cycle)

C = the output load capacitance, per
pin, given in Farads

V = the power supply voltage

F = the clock frequency (divided by 2
to account for the fact that a
registered output can at most
switch at only half the clock rate).

A less pessimistic estimate, appropri-
ate for complex devices when reason-
able input voltage levels and non-
pathological patterns can be expected,
would neglect the published value
and use only the calculated value as
given above.
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PACKAGE INFORMATION ......oooiiiite ettt 10-1
LOGIC Devices/MIL-STD-1835 Package Code Cross-Reference ... 10-3
Thermal CONSIAETAIONS .......c..c.cuuiuiiiiiiiiiiiiciiici ettt s e s e s s e a bbb 10-5
Package Marking GUIAE ...........cccuiiiiiiiiiiiiiic bbb 10-7

Mechanical Drawings
Ceramic DIP (Ordering Code: C, ) .......ccccooooiiiiiiiiiiiii e 10-10
Cl1 24-pin, 0.3" wide
C2 20-pin, 0.3" wide
C3 22-pin, 0.3" wide
C4 24-pin, 0.6" wide
C5 28-pin, 0.3" wide....
Cé 28-pin, 0.6" wide ...
Cc7 16-pin, 0.3" wide ...
C8 18-pin, 0.3" wide
C9 32-pin, 0.6" wide
C10 28-pin, 0.4" wide
C11 40-pin, 0.6" wide
Sidebraze, Hermetic DIP (Ordering Code: D, H)
D1 24-pin, 0.6" wide ...
D2 24-pin, 0.3" wide ...
D3 40-PIN, 06" WIAE ...ttt s
D4 64-pin, 0.9" Wide, CAVILY UP ..oviiiiiiiiiit s
D5 48-PIN, 06" WIAE .....ooviiriiiiitiie it
D6 64-pin, 0.9" wide, CAVILY AOWI ...
D7 20-pin, 0.3" wide ........ccccvveee.
D8 22-pin, 0.3" wide ...
D9 28-pin, 0.6" wide ...
D10 28-PiN, 0.3" WHE ..ot s
D11 28-PIn, 04" WIAE ..o
D12 32PN, 04" WIAE oo
Ceramic PGA (Ordering €ode: G) ..ot bbb
G1 68-pin, cavity up.......... .
G2 68-pin, cavity down ...
G3 84-pin ...oovvriiien.
G4 T20-PII 1o s
Plastic J-Lead Chip Carrier (Ordering Code: J) ....ccocooiiiiiiiiiiiiiiiiii s
J1 44-pin, 0.690" x 0.690"
]2 68-pin, 0.990" x 0.990"
J3 84-pin, 1.190" x 1.190"
J4 28-pin, 0.490" x 0.490"
]5 52-pin, 0.790" x 0.790"
J6 32-pin, 0.490" x 0.590"
]7 20-pin, 0.390" x 0.390"
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Ceramic Leadless Chip Carrier (Ordering Code: K, T) .........cccocouiiiiiiiiininiiiiiiciccneteeeees st 10-28
K1 28-pin, 0.450" x 0.450" .......cccvvemimrciercieienacnne.
K2 44-pin, 0.650" x 0.650" ...
K3 68-pin, 0.950" x 0.950" ...
K4 22-pin, 0.290" x 0.490"
K5 28-pin, 0.350" x 0.550"
K6 20-pin, 0.290" x 0.425"
K7 32-pin, 0.450" x 0.550"
K8 20-pin, 0.350" x 0.350"
K9 48-pin, 0.550" x 0.550"
K10 32-pin, 0.450" x 0.700"
Ceramic Flatpack (Ordering Code:
M1 24-piN ..o
M2 28-PII 1ottt A et Rttt s st aeenetenees
Plastic DIP (Ordering Code: P, N) ........coooooiiiiiiiic ettt ees
P1 24-pin, 0.6" wide
P2 24-pin, 0.3" wide
P3 40-pin, 0.6" wide
P4 64-pin, 0.9" wide
P5 48-pin, 0.6" wide
P6 20-pin, 0.3" wide
P7 32-pin, 0.3" wide
P8 22-pin, 0.3" wide
P9 28-pin, 0.6" wide
P10 28-pin, 0.3" wide
P11 28-pin, 0.4" wide
P12 16-pin, 0.3" wide
P13 18-pin, 0.3" wide
P14 32-pin, 0.6" wide
P15 32-pin, 0.4" wide
Plastic Quad Flatpack (Ordering Code: Q) ........cccooiiiuiiiiiiiiiinieiniiee ettt nse s seeen 10-42
Q1 T20-PII o e 10-42
Q2 TOO-PIN 1o bbbt et en 10-43
Plastic SOJ (Ordering Code: W)... 10-44
Wi 24-pin, 0.3" Wide ....cccooviiiiicccc s 10-44
w2 28-pin, 0.3" WIde ....cvvieiiicirecercn s .. 10-44
W3 20-PinN, 0.3" WAAE .o aeen 10-45
W4 16-PiN, 0.3" WAAE ..o 10-45
W5 18PN, 0.3" WIAE ...t ettt 10-46
Weé B2-PiN, 04" WIAE ..o bbb een 10-46
w7 28-pin, 0.4" wide.......... 10-47
Ceramic SOJ (Ordering Code: Y) .... ...10-48
Y1 32-PinN, 0.440" WIAE ..ottt 10-48
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MIL-STD-1835 MIL-STD-1835
DESCRIPTION PACKAGE DESIGNATOR | DIMENSION REFERENCE
24-pin, 0.3" wide GDIP3-T24 D-9
20-pin, 0.3" wide GDIP1-T20 D-8
22-pin, 0.3" wide N/A N/A
24-pin, 0.6" wide GDIP1-T24 D-3
28-pin, 0.3" wide GDIP4-T28 D-15
28-pin, 0.6" wide GDIP1-T28 D-10
16-pin, 0.3" wide GDIP1-T16 D-2
18-pin, 0.3" wide GDIP1-T18 D-6
32-pin, 0.6" wide GDIP1-T32 D-16
28-pin, 0.4" wide N/A N/A
40-pin, 0.6" wide GDIP1-T40 D-5
24-pin, 0.6" wide CDIP2-T24 D-3
24-pin, 0.3" wide CDIP4-T24 D-9
40-pin, 0.6" wide CDIP2-T40 D-5
D4 64-pin, 0.9" wide, cavity up CDIP1-Té64 D-13
D5 48-pin, 0.6” wide CDIP2-T48 D-14
D6 64-pin, 0.9" wide, cavity down CDIP1-T64 D-13
D7 20-pin, 0.3" wide CDIP2-T20 D-8
D8 22-pin, 0.3" wide N/A N/A
D9 28-pin, 0.6" wide CDIP2-T28 D-10
D10 28-pin, 0.3" wide CDIP3-T28 D-15
D11 28-pin, 0.4" wide N/A N/A
D12 32-pin, 0.4" wide N/A N/A
G1 68-pin, cavity up CMGA3-P68 P-AC
G2 68-pin, cavity down CMGA3-P68 P-AC
G3 84-pin CMGA15-P84 P-BC
G4 120-pin CMGA3-P121 P-AC
CERAMIC LEADLESS CHIP CARRIER :
K1 28-pin, 0.450" x 0.450" CQCC1-N28 C-4
K2 44-pin, 0.650" x 0.650" CQCC1-N44 C-5
K3 68-pin, 0.950" x 0.950" CQCC1-N68 Cc-7
K4 22-pin, 0.290" x 0.490" N/A N/A
K5 28-pin, 0.350" x 0.550" CQCC4-N28 C-11A
K6 20-pin, 0.290" x 0.425" CQCC3-N20 C-13
K7 32-pin, 0.450" x 0.550" CQCC1-N32 C-12
K8 20-pin, 0.350" x 0.350" CQCC1-N20 C-2
K9 48-pin, 0.550" x 0.550" N/A N/A
K10 32-pin, 0.450" x 0.700" N/A N/A
CERAMIC FLATPACK .
M1 24-pin GDFP2-F24 F-6
M2 28-pin GDFP2-F28 F-11
CERAMIC S0OJ
Y1 32-pin, 0.440" wide N/A N/A
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Thermal Considerations

The temperature at which a semi-
conductor device operates is one of
the primary determinants of its
reliability. This temperature is often
referred to as the “junction tempera-
ture”, although this term is more
appropriate for bipolar than MOS
technologies. Heat dissipated in the
device during operation escapes
through a path consisting of one or
more series thermal impedances
terminating in the surrounding air
(see Figure. 1).

The presence of this nonzero thermal
impedance causes the temperature of
the device to rise above that of the air.
Each of the components of the overall
thermal impedance causes a rise in
temperature which is linearly depen-
dent on the power dissipated in the
device. The coefficient is called 8, and
has the units °C/W. The 8 value for
each thermal impedance represents
the amount of temperature rise across
the impedance as a function of the
power dissipation. Usually, 8 is given
a subscript indicating the two points
between which the impedance is

measured. Thus the junction tem-
perature of an operating device is
given by:

Tj:TAMB+ (Pd *6),)
where:

T. = junction temperature of the

device, °C,

= ambient air temperature, in°C

AMB
Pd = power dissipation of the
device, in W,
6, = sum of all thermal imped-

ances between the die and
the ambient air, in °C/W.

The thermal impedance of a given
device is dependent on several factors.
The package type is the predominant
effect; ceramic packages have much
lower thermal impedances than
plastic, and packages with large
surface areas tend to dissipate heat
faster. Another factor which is be-
yond the control of the device manu-
facturer but which is nonetheless
important is the temperature and flow
rate of the cooling air. Secondary

effects include the size of the die, the
method of attaching the die to the
package, and the organization of high
power dissipation elements on the die.

Because all LOGIC Devices products
are built with low-power CMOS
technology, thermal impedance is less
of a concern than it would be for
higher power technologies. As an
example, consider a typical NMOS
multiplier similar to the LMU16,
packaged in a 64-pin plastic DIP.
Assuming 1 W power dissipation and
9, , of 50°C/W, the actual die tem-
perature would be 50°C above the
surrounding air. By contrast, the
LOGIC Devices LMU16 has a typical
power dissipation of only 60 mW. This
device in the same package would
operate at only 3° above the ambient
air temperature. Since operating
temperature has an exponential
relationship to device failure rate (see
Quality and Reliability Manuals), the
reduction of die temperature available
with LOGIC Devices low-power
CMOS translates to a marked increase
in expected reliability.

Figure 1.

DIE

AMBIENT AIR

TTTTTTTTTTT T T o o T T TviT

Package Information

10-5



(G
Iy
Gl
9]
_.==

DEVICES INCORPORATED




DEVICES INCORPORATED

Package Marking Guide

Manufacture’s logo (designator)

| Pin 1 mark (optional if there is a notch, tab, etc.)
® MIL-STD-883 compliant indicator

LOGIC C

LOGIC Devices Inc. part number prefix

Device number

Package code

‘ Temperature range

L7C108C M B 20 L

‘— Low power designator (optional)
Speed

Screening

Fab location code
| Die stepping (revision)

‘ ESD class
Lead finish (A = solder dip; C = gold)

Fabrication date code (year, quarter)

l————; Date code (year, week)
USA 1234 /‘\ 9410

Sublot

Quality Assurance job number

Country of origin (may be imprinted on package)

NOTE: Package marking may occur on top and bottom of package due to space limitations
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Q Ceramic Dual In-line Package

Q Sidebraze, Hermetic Dual In-line Package
Q Ceramic Pin Grid Array

Q Plastic J-Lead Chip Carrier

Q Ceramic Leadless Chip Carrier

QO Ceramic Flatpack

Q Plastic Dual In-line Package

Q Plastic Quad Flatpack

O Plastic Small Outline J-Lead

A Ceramic Small Outline J-Lead
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Cenamc DIP (Oroering Cope: C, ).

C1 — 24-pin, 0.3" wide
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C3 — 22-pin, 0.3" wide
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Mechanical Drawings
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Mechanical Drawings
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Mechanical Drawings
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Mechanical Drawings
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Mechanical Drawings
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Mechanical Drawings
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PuasTic DIP (Orpering Cobe: P, N)
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Cenamic SOJ (Onbering Cope: Y)
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DSP PRODUCTS
SPEED (ns) | POWER

PARTNO. | PRODUCT DESCRIPTION COM. MIL. | (mW) PACKAGE AVAILABILITY
VIDEO IMAGING PRODUCTS
LF2242 12/16-bit Half-Band Digital Filter 15 25 350 44-lead PLCC
LF2246 11 x 10-bit Image Filter 25 25 250 120-pin PGA, 120-pin PQFP
LF2247 11 x 10-bit Image Filter w/Coe-File | 25 25 250 120-pin PGA, 120-pin PQFP
LF2249 12 x 12-bit Digital Mixer 25 33 250 120-pin PGA, 120-pin PQFP
LF2250 12 x 10-bit Matrix Multiplier 25 25 400 120-pin PGA, 120-pin PQFP
LF2272 Colorspace Converter (3 x 12-bits) 25 25 400 120-pin PGA
LF43168 Dual 8-Tap FIR Filter 20 25 — 84-pin PGA/PLCC
LF43881 8 x 8-bit Digital Filter 33 40 400 84-pin PGA /PLCC, 100-pin PQFP
LF43891 9 x 9-bit Digtial Filter 33 40 400 84-pin PGA/PLCC, 100-pin PQFP
LF48212 12 x 12-bit Alpha Mixer 20 TBA — 68-lead PLCC, 68-pin PQFP
LF48410 1024 x 24-bit Video Histogramer 20 TBA TBA 84-lead PLCC
LF48908 Two Dimensional Convolver 25 25 — 84-pin PGA /PLCC, 100-pin PQFP
LF9501 1280 x 10-bit Frame Buffer 20 TBA 300 44-lead PLCC
LF9502 2048 x 10-bit Frame Buffer 20 TBA 300 44-lead PLCC
ARITHMETIC LOGIC UNITS :
L4C381 16-bit Cascadable ALU 15 20 75 68-lead LCC/PLCC, 68-pin PGA
BARREL SHIFTERS SEeon )
LSH32 32-bit Barrel Shifter 20 30 50 68-lead LCC/PLCC, 68-pin PGA
LSH33 32-bit Barrel Shifter w/Registers 20 30 50 68-lead LCC/PLCC, 68-pin PGA
L10C23 64 x 1 Digital Correlator 20 20 125 24-pin DIP, 28-lead LCC
LMUO08 8 x 8-bit, Signed 35 45 40 40-pin DIP, 44-lead LCC/PLCC
LMUSU 8 x 8-bit, Unsigned 35 45 40 40-pin DIP, 44-lead LCC/PLCC
LMU12 12 x 12-bit 35 45 60 64-pin DIP. 68-pin PGA
LMU112 12 x 12-bit, Reduced Pinout 50 55 50 48-pin DIP, 52-lead PLCC
LMU16 16 x 16-bit 45 55 60 64-pin DIP, 68-pin PGA
LMU216 16 x 16-bit, Surface Mount 45 55 60 68-lead LCC/PLCC
LMU217 16 x 16-bit, Microprog., Surf. Mount | 45 55 60 68-lead LCC/PLCC
LMU18 16 x 16-bit, 32 Outputs 35 45 125 84-pin PGA, 84-lead PLCC

Product Listing
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DEVICES INCORPORATED

DSP PRODUCTS (CONTINUED)
SPEED (ns) | POWER
PART NO. | PRODUCT DESCRIPTION COM. MIL. (nW) PACKAGE AVAILABILITY
MULTIPLIER-ACCUMULATORS e -
LMA1009 12 x 12-bit 45 55 60 64-pin DIP, 68-pin PGA
LMA2009 12 x 12-bit, Surface Mount 45 55 60 68-lead LCC/PLCC
LMA1010 16 x 16-bit 45 55 60 64-pin DIP, 68-pin PGA
LMA2010 16 x 16-bit, Surface Mount 45 55 60 68-lead LCC/PLCC
MULTIPLIER-SUMMERS .
LMS12 12 x 12 + 26-bit, FIR 40 50 75 84-pin PGA, 84-lead PLCC
| PIPELINE REGISTERS L L
L29C520 4 x 8-bit Multilevel (1-4 Stages) 14 16 50 24-pin DIP/FP, 28-lead LCC/PLCC
L29C521 4 x 8-bit Multilevel (1-4 Stages) 14 16 50 24-pin DIP/FP, 28-lead LCC/PLCC
LPR520 4 x 16-bit Multilevel (1-4 Stages) 15 18 50 40-pin DIP, 44-lead LCC/PLCC
LPR200 8 x 16-bit Multilevel (1-8 Stages) 10 12 50 48-pin DIP, 52-lead LCC/PLCC
LPR201 7 x 16-bit Multilevel (1-7 Stages) 10 12 50 48-pin DIP, 52-lead LCC/PLCC
L29C525 16 x 8-bit Dual 8-Deep (1-16 Stages) | 15 20 50 28-pin DIP/FP, 28-lead PLCC
L10C11 4/8-bit Var. Length (3-18 Stages) 15 20 50 24-pin DIP, 28-lead PLCC
L21C11 4/8-bit Var. Length (2-18 Stages) 15 20 50 24-pin DIP, 28-lead PLCC
LRF07 8 x 8-bit Register File (3-Port) 20 25 50 40-pin DIP, 44-lead LCC
E ,  PE ALPRODUCTS
SPEED (ns) | POWER
PART NO. | PRODUCT DESCRIPTION COM. MIL. | (mW) PACKAGE AVAILABILITY
L5380 SCSI Bus Controller 4Mb/s — 50 40-pin DIP, 44-lead PLCC
L53C80 SCSI Bus Controller 4Mb/s 2 Mb/s 50 48-pin DIP, 44-lead LCC/PLCC

11-4
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L6116

L7C187
L7C162
L7C164
L7C166
L7C185

L7C197
L7C194
L7C195
L7C199

L7C106
L7C108

L7C109

L7174

L8C201
L8C202
L8C203
L8C204
L8C211
L8C221
L8C231
L8C241

64K x 1, Separate I/O
16K x 4, Separate 1/O
16K x 4, Common I/O

8K x 8, Common I/O

256K x 1, Separate I/O
64K x 4, Common I/O

256K x 4, Common I/0
1CE+OE
128K x 8, Common I/0,
1CE + OE
128K x 8, Common I/0O,
2CE +OE

8K x 8, Cache-Tag

512 x 9, Asynchronous
1K x 9, Asynchronous
2K x 9, Asynchronous
4K x 9, Asynchronous
512 x 9, Synchronous
1K x 9, Synchronous
2K x 9, Synchronous
4K x 9, Synchronous

PRODUCT DESCRIPTION

2K x 8, Common I/O + OE

15

12
12
12

16K x 4, Common I/O + OE| 12

12

15
15

64K x4, Common I/O+OE | 15
32K x 8, Common I/O +OE | 15

17

17

17

10
10
10
10
15
15
15
15

SPEED (ns)
COM. MIL

15

15
15
15
15
15

20

20
20
20

20

20

15
15
15
15
20
20
20
20

250

135
210
210
210
320

165
210
210
490

400

550

550

90
90
90
90
90
90
90
90

22-pin DIP, 24-pin SOJ
28-pin DIP/SOJ/LCC
22-pin DIP, 24-pin SOJ
24-pin DIP/SO], 28-lead LCC
28-pin DIP/FP/SQJ, 28/32-lead LCC

PACKAGE AVAILABILITY

24-pin DIP/SOJ, 28/32-lead LCC

100
100
100
100

50

50

50

24-pin DIP/SOJ, 28-lead LCC

24-pin DIP/SQJ, 28-lead LCC

28-pin DIP/SOJ

28-pin DIP/FP/SOJ, 28/32-lead LCC

28-pin DIP/SOJ

32-pin DIP/SOJ, 32-lead LCC

32-pin DIP/SOY, 32-lead LCC

28-pin DIP/SOJ, 32-lead LCC

28-pin DIP, 32-lead PLCC
28-pin DIP, 32-lead PLCC
28-pin DIP, 32-lead PLCC
28-pin DIP, 32-lead PLCC
32-lead PLCC
32-lead PLCC
32-lead PLCC
32-lead PLCC
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(2]

DESC SMD PRODUCTS (LISTED BY LOGIC DEVICES PART NUMBER)
PART NO. DESC SMD NUMBER AVAILABILITY PRODUCT DESCRIPTION
DSP PRODUCTS
L10C23 5962-89711 Released ‘ 64 x 1 Digital Correlator
L.29C520 5962-91762 Released ‘ 4 x 8-bit Multilevel Pipeline Register
L29C521 5962-91762 Released | 4 x 8-bit Multilevel Pipeline Register
L29C525 5962-91696 Released J 16 x 8-bit Dual 8-Deep Pipeline Register
L29C818 5962-90515 Released | 8-bit Serial Scan Shadow Register
L4C381 5962-89959 Released | 16-bit Cascadable ALU
LF2250 5962-93260 Released | 12 x 10-bit Matrix Multiplier
LF43168 TBA Future Dual 8-Tap FIR Filter
LF43891 5962-92097 Released 9 x 9-bit Digital Filter
LF48410 TBA Future 1024 x 24-bit Video Histogrammer
LF48908 5962-93007 Released Two Dimensional Convolver
LMA1009 5962-90996 Released 12 x 12-bit Multiplier-Accumlator
LMA2009 5962-90996 Released 12 x 12-bit Multiplier-Accumlator
LMA1010 5962-88733 Released 16 x 16-bit Multiplier-Accumlator
LMA2010 5962-88733 Released 16 x 16-bit Multiplier-Accumlator
LMS12 5962-94608 Released 12 x 12 + 26-bit Multiplier-Summer, FIR
LMU08 5962-88739 Released 8 x 8-bit Parallel Multiplier
LMUSU 5962-88739 Released 8 x 8-bit Parallel Multiplier
LMU16 5962-86873 Released 16 x 16-bit Parallel Multiplier
LMU216 5962-86873 Released 16 x 16-bit Parallel Multiplier
LMU217 5962-87686 Released {16 x 16-bit Parallel Multiplier
LMU18 5962-94523 Released [ 16 x 16-bit Parallel Multiplier w/32 outputs
LPR520 5962-89716 Released 4 x 16-bit Multilevel Pipeline Register
LSH32 5962-89717 Released 32-bit Barrel Shifter

1

PERIPHERAL PRODUCTS
L53C80 5962-90548 Released SCSI Bus Controller
MEMORY PRODUCTS
L6116 5962-84036 Released il 2K x 8 Static RAM
L6116 5962-89690 Released | 2K x 8 Static RAM
L6116 5962-88740 Released ‘ 2K x 8 Static RAM, Low Power
L7C108 5962-89598 Released | 128K x 8 Static RAM
L7C109 5962-89598 Released ‘ 128K x 8 Static RAM
L7C162 5962-89712 Released | 16K x 4 Static RAM
L7C185 5962-38294 Released 8K x 8 Static RAM
L7C194 5962-88681 Released 64K x 4 Static RAM
L7C195 5962-89524 Released | 64K x 4 Static RAM
L7C199 5962-88552 Released | 32K x 8 Static RAM, Low Power
L7C199 5962-88662 Released | 32K x 8 Static RAM
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DESC SMD PRODUCTS (LISTED BY SMD NUMBER)

DESC SMD NO. LOGIC PART NO. AVAILABILITY PRODUCT DESCRIPTION
DSP PRODUCTS
5962-86873 LMU16/LMU216 Released 16 x 16-bit Parallel Multiplier
5962-87686 LMU17/LMU217 Released 16 x 16-bit Parallel Multiplier
5962-88733 LMA1010/LMA2010 Released 16 x 16-bit Multiplier-Accumlator
5962-88739 LMU08/8U Released 8 x 8-bit Parallel Multiplier
5962-89711 L10C23 Released 64 x 1 Digital Correlator
5962-89716 LPR520/LPR521 Released 4 x 16-bit Multilevel Pipeline Register
5962-89717 LSH32 Released 32-bit Barrel Shifter
5962-89959 L4C381 Released 16-bit Cascadable ALU
5962-90515 L29C818 Released 8-bit Serial Scan Shadow Register
5962-90996 LMA1009/LMA2009 Released 12 x 12-bit Multiplier-Accumlator
5962-91696 L29C525 Released 16 x 8-bit Dual 8-Deep Pipeline Register
5962-91762 L29C520/1.29C521 Released 4 x 8-bit Multilevel Pipeline Register
5962-92097 LF43891 Released 9 x 9-bit Digital Filter
5962-93007 LF48908 Released Two Dimensional Convolver
5962-93260 LF2250 Released 12 x 10-bit Matrix Multiplier
5962-94523 LMU18 Released 16 x 16-bit Parallel Multiplier w/32 outputs
PERIPHERAL PRODUCTS
5962-90548 L53C80 Released SCSI Bus Controller
MEMORY PRODUCTS
5962-38294 L7C185 Released 8K x 8 Static RAM
5962-84036 L6116 Released 2K x 8 Static RAM
5962-88552 L7C199 Released 32K x 8 Static RAM, Low Power
5962-88662 L7C199 Released 32K x 8 Static RAM
5962-88681 L7C194 Released 64K x 4 Static RAM
5962-88740 L6116 Released 2K x 8 Static RAM, Low Power
5962-89524 L7C195 Released 64K x 4 Static RAM
5962-89598 L7C108/L7C109 Released 128K x 8 Static RAM
5962-89690 L6116 Released 2K x 8 Static RAM
5962-89712 L7C162 Released 16K x 4 Static RAM
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Ordering Information
16K Static RAMs
64K Static RAMs

256K Static RAMs

1M Static RAMs

Special Architecture Static RAMs
FIFO Products

Quality and Reliability
Technology and Design Features
Package Information
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CORPORATE HEADQUARTERS

WESTERN REGIONAL OFFICE

628 East Evelyn Avenue
Sunnyvale, California 94086

TEL: (408) 737-3300
FAX: (408) 733-7690

REGIONAL OFFICES
SOUTH-EASTERN

9700 Koger Blvd., Suite 204
St. Petersburg, FL. 33702

TEL: (813) 579-9992
FAX: (813) 576-5643

NORTH-EASTERN
112 Meister Ave.
Somerville, N] 08876

TEL: (908) 707-0033
FAX: (908) 707-8574

(800) 851-0767 (Toll free — outside California)
(800) 233-2518 (Toll free — inside California)

Applications Hotline: (408) 737-3346
Literature Request E-Mail Address: litreq@logicd.mhs.compuserve.com

Cage Number: 65896

NORTH AMERICAN SALES REPRESENTATIVES

ALABAMA
ELECTRAMARK
Huntsville, AL
(205) 533-2677

ARIZONA
LUSCOMBE ENGINEERING
Scottsdale, AZ
(602) 949-9333

ARKANSAS
COMPTECH
Irving, TX
(214) 751-1181

CALIFORNIA (NORTHERN)
PROMERGE
Santa Clara, CA
(408) 748-2970

CALIFORNIA (SAN DIEGO)
EARLE ASSOCIATES
San Diego, CA
(619) 278-5441

CALIFORNIA (SOUTHERN —
LA, ORANGE, VENTURA CO.)
WESTREP
Anaheim, CA
(714) 527-2822

CANADA
JRL ASSOCIATES
Scarborough, Ontario
(416) 439-6965

JRL ASSOCIATES
LaSalle, Quebec
(514) 366-3706

COLORADO
AKI
Denver, CO
(303) 756-0700

CONNECTICUT
NRG-LINDCO
Fairfield, CT
(203) 384-1112

FLORIDA
DYNE-A-MARK
Maitland, FL
(407) 660-1661

GEORGIA
ELECTRAMARK
Norcross, GA
(404) 446-7915

IDAHO (NORTHERN)
WESTERN TECHNICAL SALES
Spokane, WA
(509) 922-7600

IDAHO (SOUTHERN)
FIRST SOURCE
Sandy, UT
(801) 943-6894

ILLINOIS (NORTH)
GASSNER & CLARK
Elgin, IL
(708) 695-9540

ILLINOIS (SOUTH)
MIDTEC ASSOCIATES
St. Louis, MO
(314) 275-8666

INDIANA

APPLIED DATA MANAGEMENT

Cincinnati, OH
(513) 579-8108

IOWA
MIDTEC ASSOCIATES
Lenexa, KS
(913) 541-0505

KANSAS
MIDTEC ASSOCIATES
Lenexa, KS
(913) 541-0505

KENTUCKY
APPLIED DATA MANAGEMENT
Cincinnati, OH
(513) 579-8108

LOUISIANA
COMPTECH
Irving, TX
(214) 751-1181

MAINE
A/D SALES
Tewksbury, MA
(508) 851-5400

MARYLAND
DGR
Sutherville, MD
(410) 583-1360

MASSACHUSETTS
A/D SALES
Tewksbury, MA
(508) 851-5400
MICHIGAN
APPLIED DATA MANAGEMENT

Woodhaven, MI
(313) 675-6327

MINNESOTA
COMPREHENSIVE TECHNICAL SALES
Eden Prairie, MN
(612) 941-7181

MISSISSIPPI
ELECTRAMARK
Huntsville, AL
(205) 533-2677

Sales Offices
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NORTH AMERICAN SALES REPRESENTATIVES

MISSOURI (EAST)
MIDTEC ASSOCIATES
St. Louis, MO
(314) 275-8666

MISSOURI (WEST)
MIDTEC ASSOCIATES
Lenexa, KS
(913) 541-0505

NEBRASKA
MIDTEC ASSOCIATES
Lenexa, KS
(913) 541-0505

NEVADA (LAS VEGAS AREA)
LUSCOMBE ENGINEERING
Scottsdale, AZ
(602) 949-9333

NEVADA (NORTHERN)
PROMERGE
Santa Clara, CA
(408) 748-2970

NEW HAMPSHIRE
A/D SALES
Tewksbury, MA
(508) 851-5400

NEW JERSEY (NORTH)
NORTHEAST COMPONENTS CO.
Ramsey, NJ
(201) 825-0233

NEW JERSEY (SOUTH)
TAI CORPORATION
Moorestown, NJ
(609) 778-5353

NEW MEXICO
LUSCOMBE ENGINEERING
Scottsdale, AZ
(602) 949-9333

NEW YORK (METRO)
NORTHEAST COMPONENTS CO.
Ramsey, NJ
(201) 825-0233

NEW YORK (UPSTATE — BINGHAMTON)

FOSTER & WAGER, INC.
Vestal, NY
(607) 748-5963

NEW YORK (UPSTATE — BUFFALO)
FOSTER & WAGER, INC.
East Amherst, NY
(716) 688-7864

NEW YORK (UPSTATE — SYRACUSE)
FOSTER & WAGER, INC.
Liverpool, NY
(315) 457-7954

NEW YORK (UPSTATE)
FOSTER & WAGER, INC.
Rochester, NY
(716) 385-7744

NORTH CAROLINA
BENCHMARK TECHNICAL SALES
Raleigh, NC
(919) 850-0633

OHIO (NORTHERN)
APPLIED DATA MANAGEMENT
Eastlake, OH
(216) 946-6812

OHIO (SOUTHERN)
APPLIED DATA MANAGEMENT
Cincinnati, OH
(513) 579-8108

OKLAHOMA
COMPTECH
Catoosa, OK
(918) 266-1966

OREGON
WESTERN TECHNICAL SALES
Beaverton, OR
(503) 644-8860

PENNSYLVANIA (EASTERN)
TAI CORPORATION
Moorestown, NJ
(609) 778-5353

PENNSYLVANIA (WESTERN)
APPLIED DATA MANAGEMENT
Cincinnati, OH
(513) 579-8108

PUERTO RICO
A/D SALES
Tewksbury, MA
(508) 851-5400

RHODE ISLAND
A/D SALES
Tewksbury, MA
(508) 851-5400

SOUTH CAROLINA
BENCHMARK TECHNICAL SALES
Raleigh, NC
(919) 850-0633

TENNESSEE (EAST)
ELECTRAMARK
Norcross, GA
(404) 446-7915

TENNESSEE (WEST)
ELECTRAMARK
Huntsville, AL
(205) 533-2677

TEXAS
COMPTECH
Austin, TX
(512) 343-0300

COMPTECH
Brownsville, TX
(210) 504-9693

COMPTECH
El Paso, TX
(915) 566-1022

COMPTECH
Houston, TX
(713) 781-7420

COMPTECH
Irving, TX
(214) 751-1181

UTAH
FIRST SOURCE
Sandy, UT
(801) 943-6894

VERMONT
A/D SALES
Tewksbury, MA
(508) 851-5400

VIRGINIA
DGR
Sutherville, MD
(410) 583-1360

WASHINGTON
WESTERN TECHNICAL SALES
Bellevue, WA
(206) 641-3900

WESTERN TECHNICAL SALES
Spokane, WA
(509) 922-7600

WISCONSIN (EAST)
GASSNER & CLARK
Elgin, IL
(708) 695-9540
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DEVICES INCORPORATED
NORTH AMERICAN DISTRIBUTORS
ALABAMA CALIFORNIA (SOUTHERN — CONT.) GEORGIA

ALL AMERICAN
Huntsville, AL
(205) 837-1555

JAN DEVICES
Huntsville, AL
(205) 252-2493

PIONEER TECHNOLOGIES
Huntsville, AL
(205) 837-9300

ARIZONA

JAN DEVICES
Phoenix, AZ
(602) 870-1190

CALIFORNIA (NORTHERN)

ALL AMERICAN
San Jose, CA
(408) 441-1300

BELL MICROPRODUCTS
San Jose, CA
(408) 451-9400

MILGRAY ELECTRONICS
San Jose, CA
(408) 456-0900

PIONEER TECHNOLOGIES
San Jose, CA
(408) 954-9100

WESTERN MICROTECHNOLOGY
Saratoga, CA
(408) 725-1660

CALIFORNIA (SAN DIEGO)

ALL AMERICAN
San Diego, CA
(619) 458-5850

WESTERN MICROTECHNOLOGY
San Diego, CA
(619) 453-8430

MILGRAY ELECTRONICS
Camarillo, CA
(805) 484-4055

MILGRAY ELECTRONICS
Irvine, CA
(714) 753-1282

WESTERN MICROTECHNOLOGY

Agoura Hills, CA
(818) 707-0731

WESTERN MICROTECHNOLOGY

Irvine, CA
(714) 450-0300

CANADA
MILGRAY ELECTRONICS
Mississauga, Ontario
(416) 678-0958

MILGRAY ELECTRONICS
Pointe Claire, Quebec
(514) 426-5900

CONNECTICUT
MILGRAY ELECTRONICS
Milford, CT
(203) 878-5538

DELAWARE
MILGRAY ELECTRONICS
Marlton, NJ
(609) 983-5010

FLORIDA
ALL AMERICAN
Sunrise, FL
(305) 572-7999

ALL AMERICAN
Miami, FL
(305) 621-8282

MILGRAY ELECTRONICS
Lake Mary, FL

JAN DEVICES
Atlanta, GA
(404) 371-1376

MILGRAY ELECTRONICS
Norcross, GA
(404) 446-9777

PIONEER TECHNOLOGIES
Duluth, GA
(404) 623-1003

ILLINOIS

ALL AMERICAN
Lisle, IL
(708) 852-7707

MILGRAY ELECTRONICS
Palatine, IL
(708) 202-1900

INDIANA

MILGRAY ELECTRONICS
Indianapolis, IN
(317) 781-9997

KANSAS

MILGRAY ELECTRONICS
Overland Park, KS
(913) 236-8800

MARYLAND

ALL AMERICAN
Rockville, MD
(301) 251-1205

JAN DEVICES
Berlin, MD
(410) 208-0500

MILGRAY ELECTRONICS
Columbia, MD
(410) 730-6119

PIONEER TECHNOLOGIES
Gaithersburg, MD
(301) 840-8900

CALIFORNIA (SOUTHERN) (407) 321-2555
ALL AMERICAN

Torrance, CA FLORIDA (FT. LAUDERDALE)

(310) 320-0240

BELL MICROPRODUCTS
Irvine, CA
(714) 963-0667

BELL MICROPRODUCTS
Westlake Village, CA
(805) 496-2606

JAN DEVICES
Reseda, CA
(818) 757-2000

PIONEER TECHNOLOGIES

Deerfield Beach, FL
(305) 428-8877

FLORIDA (ORLANDO)

PIONEER TECHNOLOGIES

Altamonte Springs, FL
(407) 834-9090

Gaithersburg, MD
(301) 921-0660
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DEVICES INCORPORATED

MASSACHUSETTS
ALL AMERICAN
Bedford, MA
(617) 275-8888

BELL MICROPRODUCTS
Wilmington, MA
(508) 658-0222

JAN DEVICES
Melrose, MA
(617) 662-3901

MILGRAY ELECTRONICS
Wilmington, MA
(508) 657-6900

WESTERN MICROTECHNOLOGY
Burlington, MA
(617) 273-2800

MINNESOTA
ALL AMERICAN
Eden Prairie, MN
(612) 944-2151

BELL MICROPRODUCTS
Edina, MN
(612) 933-3236

NEW JERSEY (NORTH)
WESTERN MICROTECHNOLOGY
Marlton, NJ
(609) 596-7775

NEW JERSEY (SOUTH)
BELL MICROPRODUCTS
Parsippany, NJ
(201) 402-5959

MILGRAY ELECTRONICS
Parsippany, NJ
(201) 335-1766

NORTH AMERICAN DISTRIBUTORS

NEW YORK (METRO)
ALL AMERICAN
Hauppauge, NY
(516) 434-9000

MAST DISTRIBUTORS
Ronkonkoma, NY
(516) 471-4422

MILGRAY ELECTRONICS
Farmingdale, NY
(516) 391-3000

NEW YORK (UPSTATE)
MILGRAY ELECTRONICS
Pittsford, NY
(716) 381-9700

NORTH CAROLINA
MILGRAY ELECTRONICS
Raleigh, NC
(919) 790-8094

PIONEER TECHNOLOGIES
Morrisville, NC
(919) 460-1530

OHIO
MILGRAY ELECTRONICS
Cleveland, OH
(216) 447-1520

OREGON
ALL AMERICAN
Beaverton, OR
(503) 531-3333

JAN DEVICES
Lake Oswego, OR
(503) 636-9559

WESTERN MICROTECHNOLOGY
Beaverton, OR
(503) 629-2082

PENNSYLVANIA
PIONEER TECHNOLOGIES
Horsham, PA
(215) 674-4000

PUERTO RICO

MILGRAY ELECTRONICS
Canovanas, Puerto Rico
(809) 876-8200

TEXAS

ALL AMERICAN
Richardson, TX
(214) 231-5300

BELL MICROPRODUCTS
Richardson, TX
(214) 783-4191

JAN DEVICES
Austin, TX
(512) 335-6241

MILGRAY ELECTRONICS
Dallas, TX
(214) 248-1603

MILGRAY ELECTRONICS
Stafford, TX
(713) 240-5360

UTAH

ALL AMERICAN
Salt Lake City, UT
(801) 261-4210

MILGRAY ELECTRONICS
Murray, UT
(801) 261-2999

VIRGINIA

BELL MICROPRODUCTS
Chantilly, VA
(703) 803-1020

WASHINGTON

BELL MICROPRODUCTS
Redmond, WA
(206) 861-5710

JAN DEVICES
Redmond, WA
(206) 869-5412

WESTERN MICROTECHNOLOGY
Bellevue, WA
(206) 453-1699
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