


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DM54S189(A), DM74S189(A) Switching Time Waveforms
Enable and Disable Time from Chip-Enable

W
CHIP ENABLE \
INPUT (NOTE 3) &sv /F 15V
w
[ tczL —* * —] torz
T N ;
Vou L 05V
[ tczn —* 11
Vou
WAVEFORM 2 e T
(NOTE 1)
<5V V4 “';V I
1 tchz

TL/D/9232-2

Access Time from Address Inputs

v

p ——— e —————

4
1.5V

ADDRESS
INPUTS P
(NOTE 2) W= —

OUTPUT 1.5V 15V

TL/D/9232-3
Write Cycle

e tasw —==1 [=—tanw

v - ————— —— — — —
ADDRESS \: 7 N
INPUTS \l-SV \l.sv

[V g

v
DATA
INPUTS

[T p— SR

v
CHIP ENABLE \
INPUT

o

v
READMRITE N

INPUT
o

[ tosw ==

QSV

=1.5V
WAVEFORM 1
(NOTE 1)

Voo

WAVEFORM2 Voy
(S1 OPEN,
$2 CLOSED)
(NOTE 1) ~1.5V

TL/D/9232-4
FIGURE 1

Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with internal conditions
such that the output is high except when disabled.

Note 2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high.
Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high.
Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t; < 2.5 ns, t; < 2.5 ns, PRR < 1 MHz and Zgyt = = 509.
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DM54S189/DM74S189/DM54S189A/DM74S189A

Block Diagram

ADDRESS
INPUTS

AC Test Circuits

1 _—
A — m—
15 — ——
— — 64-BIT MEMORY
ADDRESS [~ | 10F16 [ MATRIX
14 | BUFFERS Jemeed DECODERS |rmmmed ORGANIZED
— — 16x4
13 - _—
D me— —
| —
CHIP ENABLE (CE)
WRITE AND SENSE
3 AMPLIFIER CONTROL
READ/WRITE (R/W) meme()
Q
m:__.] T
D2 m
DATAINPUTS § |
12
D4
5 7 9| 1"
Yi. Y2 Y3 VY4
OUTPUTS
FIGURE 3

DM545189(A)/DM74S189(A)

Ve
TEST
POINT
R

FROM
OUTPUT
UNDER
TEST

Cy includes probe and jig capacitance.

All diodes are 1N3064.

TL/D/9232-6
FIGURE 4

TL/D/9232-5
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National
Semiconductor

DM74S289

64-Bit (16 x 4) Open-Collector RAM TRI-STATE® RAM

General Description

These 64-bit active-element memories are monolithic
Schottky-clamped transistor-transistor logic (TTL) arrays or-
ganized as 16 words of 4 bits each. They are fully decoded
and feature a chip-enable input to simplify decoding re-
quired to achieve the desired system organization. The
memories feature PNP input transistors that reduce the low
level input current requirement to a maximum of —25 mA,
only one-eighth that of a DM74S standard load factor. The
chip-enable circuitry is implemented with minimal delay
times to compensate for added system decoding.

Write Cycle: The complement of the information at the data
input is written into the selected location when both the
chip-enable input and the read/write input are low. While
the read/write input is low, the outputs are in the high-
impedance state. When a number of the DM74S289

outputs are bus connected, this high-impedance state will
neither load nor drive the bus line, but it will allow the bus
line to be driven by another active output or a passive pull-
up if desired.

Read Cycle: The stored information (complement of infor-
mation applied at the data inputs during the write cycle) is
available at the outputs when the read/write input is high
and the chip-enable is low. When the chip-enable is high,
the outputs will be in the high-impedance state.

Features

m Commercial address access time 25 ns

m Features open-collector output

® Compatible with most TTL circuits

® Chip-enable input simplifies system decoding

Connection Diagram

Dual-In-Line Package

SELECT INPUTS DATA
INPUT  OUTPUT

DATA
INPUT  OUTPUT

Vee Y4 Y3
I 16 15 14 13 12 l 11 10 9
1 2 3 4 5 6 7 8
SELECT CHIP  READ/ DATA OUTPUT DATA OUTPUT GND

INPUTA ENABLE WRITE  INPUT Y1 INPUT Y2
1 2

TL/D/9693-1
Top View

Order Number DM74S289J or DM74S289N
See NS Package Number J16A or N16E

Truth Table
Inputs
Function Chip- | Read/ Output
Enable | Write
ComplamentotData)| | | U | Haimpedance
Read L H Stored Data
Inhibit H X High-Impedance

H = High Level, L = Low Level, X = Don't Care
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DM74S289

Absolute Maximum Ratings (ote 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units

please contact the National Semiconductor Sales Supply Voltage (Vcg)

Office/Distributors for availability and specifications. DM74S289 4,75 5.25 \

Supply Voltage, Ve 7.0V Temperature (Ta)

Input Voltage 5.5V DM74S289 +70 °C

Output Voltage 5.5V

Storage Temperature Range —65°C to +150°C

Lead Temperature (Soldering 10 Sec.) +300°C

DM74S289 Electrical Characteristics

Over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
Vi High Level Input Voltage 2 \i
ViL Low Level Input Voltage 0.8 \
VoH High Level Output Voltage Vce = Min loH = —6.5mA 2.4 3.2 \
lcex High Level Output Current Vce = Min Vo = 2.4V 40 A

VoH = 5.5V 100
VoL Low Level Output Voltage Vce = Min, lgL = 16 mA 0.45 \
4 High Level Input Current Ve = Max, V) = 2.7V 25 pA
Iy High Lt.evel Input Current Vce = Max, V) = 5.5V 1.0 mA
at Maximum Voltage

IiL Low Level Input Current Vce = Max, V| = 0.45V —250 pA
Icc Supply Current (Note 4) Vcc = Max 75 110 mA
Vic Input Clamp Voltage Vee = Min, || = —18 mA —-1.2 Vv
CiN Input Capacitance Vec = 5V, VIN = 2V, Ta = 25°C, 1 MHz 4.0 pF
Co Output Capacitance Veec =5V, Vo = 2V, — 6.0 pF

Ta = 25°C, 1 MHz, Output “Off”
DM74S289 Switching Characteristics
Over recommended operating ranges of Ta and Vgg unless otherwise noted
DM74S289
Symbol Parameter Conditions Typ Units
Min (Note 2) Max
tAA Access Time from Address g" = SgO%F, 25 35 ns
tcHL g’ﬁz:'gn.';g;: from Rll:; = eoog' 12 17 ns
(Figure 4)
twHL Enable Time from Sense Recovefy Time 12 25 ns
Read/Write from Read/Write

toLH Disable Time from Chip-Enable 12 20 ns
twLH Disable Time from Read/Write 13 25 ns
twp Width of Enable Pulse (Read/Write Low) 25 ns
tAsw Setup Time (Figure 2) Address to Read/Write 0 ns
tosw Data to Read/Write 25 ns
tcsw Chip-Enable to Read/Write 0 ns
tAHW Hold Time (Figure 2) Address from Read/Write 0 ns
toHw Data from Read/Write 0 ns
toHw Chip-Enable from Read/Write 0 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed Except for “Operating Temperature Range
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DM545189 and across the 0°C to —70°C range
for the DM745189/288. All typicals are given for Vgc = 5.0V and T = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as

as max or min on absolute value basis.
Note 4: Icc is measured with all inputs grounded, and the outputs open.

gative, all voltag

d to ground unless otherwise noted. All values shown
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DM74S289 Switching Time Waveforms

Enable and Disable Time from Chip-Enable

CHIP ENABLE v
INPUT 5'; 15V 15v
(NOTE 3) o
L——'CHL ten
15V

WAVEFORM 1

(NOTE 1) 1.5V

TL/D/9693-2

Access Time from Address Inputs

ADDRESS —_————————
INPUTS
(NOTE 2)
taa
ouTPUT 15V 1.5V
Vo
TL/D/9693-3
Write Cycle
[ tagy —==1 [— ta W —>|
v pm e - — e ——
ADDRESS \7 /ey N ov
INPUTS E .
[ —— N | N
v
DATA
INPUTS 1.5V
[1 |7 SR S a—— | SO
q—!csw‘
v
CHIP ENABLE N\ Y/
1.5V 1.5V
INPUT
w . /
e ———— [w‘,——
v
READWRITE N\ /
i N5V 7 1.5V
ov
|
,-_ i _—’l |——twho
Vou T
WAVEFORM 1
(NOTE 1) v /‘4"’ 1.5V
oL ,
TL/D/9693-4

FIGURE 2
Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled.
Note 2: When measuring delay times from address inputs, the chip-enable is low and the read/write input is high.
Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high.
Note 4: Input waveforms are supplied by pulse generators having the following characteristics t; < 2.5 ns, t < 2.5 ns. PRR < 1 MHz and Zpoyt = 50Q.
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DM745289

Block Diagram

ADDRESS
INPUTS

AC Test Circuit

1 — _—
A s ——
pon—
15 e —
B e — 64-BIT MEMORY
ADDRESS [ 10F 16 — MATRIX
14 BUFFERS |Jewawed DECODERS |frumesd ORGANIZED
[ : 16x4
13 _— —_—
D s et
. 2 : )
CHIP ENABLE (CE) ==}
WRITE AND SENSE
3 AMPLIFIER CONTROL
READ/WRITE (R/W)
D1 _L__l T (?
02 fn
DATA INPUTS 3
12
D4
5 7 9 I n
Y1 Y2 Y3 Y4
OUTPUTS
FIGURE 3
Vee
Ry
FROM
OUTPUT
UNDER
TEST

TL/D/9693-6

TL/D/9693-5
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National
Semiconductor

93L415A 1024 x 1-Bit
Static Random Access Memory

vGiviee

General Description Features
The 93L415A is a 1024-bit read write Random Access M New design to replace old 93415/93L415
Memory (RAM), organized 1024 words by one bit. It is de-  ® Improved ESD thresholds
signed for high speed cache, control and buffer storage ap-  m Alpha hard without die coat
plications. The device includes full on-chip decoding, sepa- @ Commercial address access time
rate Data input and non-inverting Data output, as well as an 93L415A 25 ns max
active LOW Chip Select line. m Features open collector output
B Power dissipation decreases with increasing

temperature
Connection Diagram
16-Pin DIP
— N\
tS—1 16 |=Vee
A0=—2 15D
Al=—13 14 = WE
A2—14 13f=A9
A3=—5 12f—A8
Ad—6 11p=A7
0—7 10f—A6
GND=-18 9f—=AS
TL/D/10003~1
Top View

Order Number 93L415ADC or 93L415APC
See NS Package Number J16A* and N16E*

Optional Processing QR = Burn-in
*For most current package information, contact product marketing.

Logic Symbol
g Pin Names
1 15 14 Cs Chip Select Input
é I 6 Active LOW
2 :?CS D W A0-A9 Address Inputs
g._ ﬁ% WE Write Enable Input
6 — A4 Active LOW
9= AS 93L415A
10 —3 A6 D Data Input
11—t A7
12 4 A8 o} Data Output
13 =1 A9
0
7
TL/D/10003-3
Vcg = Pin 16
GND = Pin8
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93L415A

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Above which the useful life may be impaired

Guaranteed Operating Ranges

Supply Voltage (Vcg)

Commercial 5.0V £5%
Case Temperature (Tg)

Commercial 0°Cto +75°C

Storage Temperature —65°Cto +150°C
Supply Voltage Range —0.5Vto +7.0v
Input Voltage (DC) (Note 1) —0.5VtoVge
Input Current (DC) —12mAto +5.0 mA
Voltage Applied to Outputs

(Note 2) —0.5Vto 5.5V
Lead Temperature (Soldering, 10 sec.) 300°C
Maximum Junction Temperature (T ;) +175°C
Output Current +20 mA

DC Characteristics over operating temperature ranges (Note 3)

Symbol Parameter Conditions Min Typ Max Units
VoL Output LOW Voltage Vce = Min, lpL. = 16 mA 0.45 v
ViH Input HIGH Voltgge Guaranteed Input HIGH Voltage 21

for All Inputs (Notes 4, 5, & 6) .
viL Input LOW Voltage Guaranteed Input LOW Voltage 08 v

) for All Inputs (Notes 4, 5, & 6) :
i Input LOW Current Vece = Max, Viy = 0.4V —180 —300 rA
H Input HIGH Current Vee = Max, Viy = 4.5V 1.0 40 rA
B Input Breakdown Current Vee = Max, VN = Voo 1.0 mA
Vic Input Diode Clamp Voltage Vce = Max, iy = —10 mA -1.0 —-1.5 v
Icex Output Leakage Current Vce = Max, Voyt = 4.5V 1.0 100 pA
Icc Power Supply Current Vcc = Max, All Inputs = GND
. 65 mA
Output is Open
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AC Electrical Characteristics (Note 6) vec = 5.0 5%, GND = 0V, Tg = 0°Cto + 75°C

VSi1€6

Symbol | Parameter Conditions Min Max Units
READ TIMING
tacs Chip Select Access Time Figures 15 ns
trcs Chip Select Recovery Time 3a, 3b 15 ns
tAA Address Access Time (Note 7) 25 ns
WRITE TIMING
tw Write Pulse Width to Guarantee 20 ns
Writing (Note 8)
twsp Data Setup Time Prior to Write 5 ns
twHD Data Hold Time after Write 5 ns
twsa adx:ts:(ziuepe';lme Prior Figure 4 5 ‘ ns
twHA Address Hold Time after Write 5 ns
twscs Chip Select Setup Time Prior to Write 5 ns
twHcs Chip Select Hold Time after Write 5 ns
tws Write Enable to Output Disable 15 ns
twr Write Recovery Time 15 ns

Note 1: Either input voltage limit or input current limit sufficient to protect the inputs.

Note 2: Output current limit required.

Note 3: Typical values are at Vgc = 5.0V, Tc = +25°C and maximum loading.

Note 4: Tested under static condition only.

Note 5: Functional testing done at input levels V| = 0.45V (Vo Max) and V|y = 2.4V (Von Min).

Note 6: AC testing done at input levels Vi = 3V, V| = OV.

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.
Note 8: t measured at twsa = Min. tysa measured at ty = Min.




93L415A

Logic Diagram

AQ et
Al e
ADDRESS o WORD .
A2—  DECODER " ORVER P SZx3ZARRAY
AT e
A4 ——i
A _.D._ 0
A
SENSE AMPS — OGO— e
&
WRITE DRIVERS ( E
— Ll 33
(b
ADDRESS
DECODER
A5 A6 A7 A8 A9
TL/D/10003-2
(A0 through A9). To assure a valid write, data setup (twsp),
Truth Table address setup (twsa), data hold (twHp), and address hold
Inputs Outputs (twHa) times must be met. When WE is held HIGH and the
— — Mode chip selected, data is read from the addressed location and
cs WE o o presented at the output O.
H X X H Not Selected An open collector output is provided to allow maximum flexi-
L L L H Write “0” bility in output connection. In many applications such as
L L H H Write *“1” memory expansion, the outputs of many 93L415As can be
tied together. In other applications the wired-OR is not used.
L H X Dout Read

H = HIGH Voltage Level: 2.4V
= LOW Voltage Level: 0.45V
X = Don’t Care (HIGH or LOW)

Functional Description

The 93L415A is a fully decoded 1024-bit read/write Ran-
dom Access Memory organized 1024 words by one bit. Bit
selection is achieved by means of a 10-bit address A0
through A9.

One Chip Select input is provided for easy memory array
expansion of up to 2048 bits without the need for external
decoding. For larger memories, the fast chip select access
time permits direct address decoding without an increase in
overall memory access time.

The read and write functions of the 93L415A are controlled
by the state of the active low chip select (CS) input. The
write function is controlled by the active low write enable
(WE) input. With CS held low and WE held low, the data (D)
is written into the memory location specified by addresses

In either case an external pull-up resistor of R value must
be used to provide a HIGH at the output when the chip is
deselected. Any R\ value within the range specified below
may be used.

Vec (Max) <R < Ve (Min) — Vo
loL— FO(1.6) = =~ n(icex) + FO (0.04)
RL is in kQ

n = number of wired-OR outputs tied together

FO = number of TTL Unit Loads (UL) driven

Icex = Memory Output Leakage Current

Von = Required Output HIGH Level at Output Node

loL = Output LOW Current

The minimum Ry value is limited by the output current sink-
ing ability. The maximum Ry_ value is determined by the out-
put and input leakage current which must be supplied to
hold the output at Vop.

One Unit Load = 40 pA HIGH/1.6 mA LOW.

FOmax = 5 UL.




Functional Description (continued)

L£:18 At

Ve ¥ 90%
30V,
3000 PP 10%
J_ GND 3ns 3ns
93L415A b3 .
< 6000 T30 pF o
3.0 Vpp
1 ! 90%
= GND L_
TL/D/10003-4 L— 3ns 3ns
*Includes jig and probe capacitance TL/D/10003-5
FIGURE 1. AC Test Circuit FIGURE 2. AC Test Input Levels
CHIP SELECT 1.5V ADDRESS 1.5V

t
tacs tres M
DATA OUTPUT 1.5V
DATA OUTPUT 0.5V

TL/D/10003-7

TL/D/10003-6
a. Read Mode Propagation Delay from Chip Select

FIGURE 3. Read Mode Timing

b. Read Mode Propagation Delay
from Address Valid

CHIP SELECT 15 Y
ADDRESS Y sv ) 4
Y
DATA INPUT 1.5V
L L L D T X X Seedocccncececeeee
1,
h
WRITE ENABLE p £
twhp
twsp
le— twHa—>1
—twsa—] twhes
DATA OUTPUT 0.5v 1.5V

TL/D/10003-8
FIGURE 4. Write Mode Timing

Note 1: Timing Diagram represents one solution which results in an optimium cycle time. Timing may be changed to
fit various applications as long as the worst case limits are not violated.

Note 2: Input voltage levels for worst case AC test are 3.0V/0V.
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93L422A

National
Semiconductor

93L422A

256 x 4-Bit Static Random Access Memory

General Description

The 93L422A is a 1024-bit read/write Random Access
Memory (RAM) organized 256 words by four bits. It is de-
signed for high speed cache, control and buffer storage ap-
plications. The device includes full on-chip decoding, sepa-
rate Data input and non-inverting Data output, as well as
two Chip Select Lines.

Features

m New design to replace old 93422/93L422
m Improved ESD thresholds

| Alpha hard without die coat

B Commercial address access time
93L422A

m Fully TTL compatible
m Features TRI-STATE® outputs

m Power dissipation decreases with increasing tempera-
ture

25 ns

Connection Diagram

22-Pin DIP Pin Names
o S Ly A0-A7 Address Inputs
A2—2 21f=A4 D0-D3 Data Inputs
. 0w (e Chip Select Input (Active LOW)
A0—14 19 }~Csi
A5—5 18}-oF CS2 Chip Select Input (Active HIGH)
A6—16 17}—=cs2 WE Write Enable Input (Active LOW)
A7—7 16 }~03 — K
R 1503 OE Output Enable Input (Active LOW)
po—{9 14 =02 00-03 Data Outputs
00~{10 13 |=D2
p1=—{11 12}=01
TL/D/9996-1
Top View
Order Number 93L422ADC or 93L422APC
See NS Package Number J22A* or N22A*
Optional Processing QR = Burn-In
*For most current package information, contact product marketing
Logic Symbol
19 17 (22) (9) (11)(15)(17)
(zt)@w)z i 1|1
CS WE DO DI D2 D3
4) 4—20
(3) 3—]a1
(2) 2—]a2
(1) 1=—fA3
93L422A
(23) 21— A4
(5) 5=—=A5
(6) 66— A6
7 7—{a7
OE 00 01 02 03
18 10 12 14 16
(20)(10)(14)(16)(18) TL/D/0896-3
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Absolute Maximum Ratings
Above which the useful life may be impaired

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C

Guaranteed Operating Ranges
Supply Voltage (Vcg) 5.0V £5%
Case Temperature (Tg) 0°Cto +75°C

Supply Voltage Range —0.5Vto +7.0V
Input Voltage (DC) (Note 1) —0.5Vto Ve
Input Current (DC) —12mAto +5.0 mA
Voltage Applied to Outputs (Note 2) —0.5Vto +5.5V
Lead Temperature (Soldering, 10 sec.) 300°C
Maximum Junction Temperature (T) +175°C
Output Current +20 mA

DC Characteristics over operating temperature ranges (Note 3)

Symbol Parameter Conditions Min Typ Max Units
VoL Output LOW Voltage Vce = Min, lgp. = 8mA 0.3 0.45 \"
ViH Input HIGH Voltage Guaranteed Input HIGH Voltage 51

for All Inputs (Notes 4, 5 & 6)
ViL Input LOW Voltage Guaranteed Input LOW Voltage 08

for All Inputs (Notes 4, 5 & 6)
Vou Output HIGH Voltage Vee = Min, loy = —5.2V 2.4 \Y%
I Input LOW Current Vcc = Max, Vi = 0.4V —150 —300 nA
I Input HIGH Current Ve = Max, Vi = 4.5V 1.0 40 nA
liHB Input Breakdown Current Vce = Max, ViN = Voo 1.0 mA
Vic Input Diode Clamp Voltage Vce = Max, iy = —10 mA -1.0 -1.5 Vv
lozH Output Current (HIGH 2) Vce = Max, Vout = 2.4V 50 nA
lozL Vec = Max, Voyt = 0.5V —50 pA
los O}ltpl:lt Current Short Vcc = Max (Note 7) —10 —70 mA

Circuit to Ground

Icc Power Supply Current Vcc = Max, All Outputs Open, 80 mA

All Inputs = GND

5-21
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93L422A

AC Electrical Characteristics (Note 6) Voo = 5.0V £5%, GND = 0V, Tg = 0°C to +75°C

Symbol | Parameter Conditions Min Max Units
READ TIMING
tacs Chip Select Access Time 20 ns
tzrcs Chip Select to High Z Figures 20 ns
taos Output Enable Access Time 3a, 3b, 3¢ 20 ns
tzros Output Enable to HIGH Z 20 ns
taa Address Access Time (Note 8) 25 ns
WRITE TIMING
tw Write Pulse Width to Guarantee Writing 20 ns
(Note 9)
twsp Data Setup Time prior to Write ns
twHD Data Hold Time after Write ns
twsa ?ﬁ;f;? Setup Time prior to Write ' Figure 4 5 ns
twHA Address Hold Time after Write ns
twscs Chip Select Setup Time prior to Write ns
twHcs Chip Select Hold Time after Write ns
tzws Write Enable to Output Disable 20 ns
twr Write Recovery Time 20 ns

Note 1: Either input voltage limit or input current limit sufficlent to protecting inputs.
Note 2: Output current limit required.
Note 3: Typical values are at Vgc = 5.0V, tc = +25°C and maximum loading.
Note 4: Static condition only.
Note 5: Functional testing done at input levels Vj_ = 0.45V (VoL Max) and Vi = 2.4V (Vo Min).
Note 6: AC testing done at input levels V|y = 3V, V| = 0V,
Note 7: Short circuit to ground not to exceed one second; ground only one output at a time.
Note 8: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.
Note 9: ty measured at twga = Min. twsa measured at tyy = Min. ’




Logic Diagram

DO D1 D2 D3 WE
L1114 ﬂ::‘ocj

cs2
esi

INPUT DATA
CONTROL
! | OF
AQ ——]
—,]
Al —]
ROW 32x32 OUTPUT ot
A= orrer MEMORY DATA
A3 ARRAY CONTROL |02
e 03
Ad o
COLUMN
SELECT
A5 A6 A7
TL/D/9996-2
Truth Table
Inputs Outputs
OE Cs1 cs2 WE TRI-STATE Mode
X H X X HIGH Z Not Selected
X X L X HIGH Z Not Selected
L L H H Dout READ
X L H L HIGH Z WRITE
H X X X HIGHZ Output Disabled

H = HIGH Voltage Level 2.4V
L = LOW Voltage Level 0.45V
X = Don't Care HIGH or LOW
HIGH Z = High-Impedance

Functional Description

The 93L422A is a fully decoded 1024-bit Random Access
Memory organized 256 words by four bits. Word selection is
achieved by means of an 8-bit address A0O-A7.

Two Chip Select inputs, inverting and non-inverting, are pro-
vided for logic flexibility. For larger memories, the fast chip
select access time permits the decoding of the chip selects
from the address without increasing address access time.
The read and write operations are controlled by the state of
the active LOW Write Enable WE input. When WE is held

LOW and the chip is selected, the data at D0-D3 is written
into the address location. Since the write function is level-
triggered, data must be held stable for at least twsp (Min)
Plus tw (Min) PIUS twHD (Min) to insure a valid write. To read,
WE is held high, the chip is selected, and the data is trans-
ferred to the outputs (O0-03).

The 93L422A has TRI-STATE outputs which provide active
pull-ups when enabled and high output impedance when
disabled. This allows optimization of word expansion in bus
organized systems.
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93L422A

Functional Description (continued)

Load A ) Load B
Vee GND
6000 6000
00=03 00=03
<
93L422A :: 1.2k0 T 15%pF 93L422A < 1.2k T 15¢pF
L : .
TL/D/9996-4 TL/D/9996-5

*Includes jig and probe capacitance

Note: Load A is used for all production testing.
FIGURE 1. AC Test Output Load

i } \_90%
30V
PP 10%
GND 3ns 3ns
7|‘1oz
30V
| PP 90%

oND 3ns —’I L—-3 ns

TL/D/9996-6
FIGURE 2. AC Test Input Levels
" ADDRESS 1.5V
'
DATA OUTPUTS %.sv
TL/D/9996-7

3a. Read Mode Propagation Delay from Address

esi
CHIP SELECTS 1.5V OUTPUT ENABLE 1.5V
cs2
Yaes tzres | o taos tzpos | =
HGH Zemmemen HIGH Z HOHZeoweooa HIGH Z
LOAD A 1.5V / °“fv LOAD A 1.5V / °'i5V
DATA OUTPUTS 1 DATA OUTPUTS 1
N T . N
LOAD B 1.5V oty ‘ LOAD B 1.5v oby
HEHZeomoon= HIGH Z HGHZ eweeee= ) HIGH Z
TL/D/9996-8 TL/D/9996-9
3b. Read Mode Propagation Delay from Chip Select 3c. Read Mode Propagation Delay from Output Enable

FIGURE 3. Read Mode Testing
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Functional Description (continued)

veeriee

CHIP SELECTS
Cst,Cs2

ADDRESS
A0= A7 1.5V ><

DATA IN
D0-D3 1.5V

1.5V

+———ty——

WRITE ENABLE Xi 1.5V 7

twsp

/

twhp

——tysa—= twha
twscs twhes

— | tzws f— QWR

0.5V
LOAD B ¥ \ 15V
DATA OUTPUTS ===HIGH Zs===

00-03 eee G Zo===
LOADA__ ¥ [ 1.5¢
0.5V

__r_7

FIGURE 4. Write Mode Timing

Note 1: Timing Diagram represents one solution which results in an optimium cycle time. Timing may be changed to fit various applications as long as the worst
case limits are not violated.

Note 2: Input voltage levels for worst case AC test are 3.0V-0V.

TL/D/9996-10
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93L425A

National
Semiconductor

93L425A

1024 x 1-Bit Static Random Access Memory

General Description

The 93L425A is a 1024-bit read write Random Access
Memory (RAM), organized 1024 words by one bit. It is de-
signed for high speed cache control and buffer storage ap-
plications. The device includes full on-chip decoding, sepa-
rate Data input and non-inverting Data output, as well as an
active LOW Chip Select line.

Features

m New design to replace old 93425/93L425

m Improved ESD thresholds

B Alpha hard without die coat

®m Commercial address access time
93L425A

m Features TRI-STATE® output

m Power dissipation decreases with increasing tempera-
ture

25 ns max

Connection Diagram

16-Pin DIP
— /
cS—{1 16 f=Vee
AO—{2 15D
AM=—13 14 p=WE
A2—4 13 =A9
A3—5 12—A8
Ad—6 11p=A7
0—7 10 = A6
GND—18 9I—AS
TL/D/10004-1
Top View

Order Number 93L425ADC or 93L425APC
See NS Package Number J16A* or N16E*

Optional Processing QR = Burn-In
*For most current package information, contact product marketing.

Logic Symbol
b T}
s D WE
2—4A0
3—] A1
4—a2
5—]as
6—]A4 93L425A
9—]as
10— A6
11— A7
Vcc = Pin 16
GND = Ping  12=—]A8
13=—4A9 0
7

TL/D/10004-3

Pin Names
CS Chip Select (Active LOW)
AO-A9 Address Inputs
WE Wirite Enable Input (Active LOW)
D Data Input
(0] Data Output
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Absolute Maximum Ratings

Above which the useful life may be impaired

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Guaranteed Operating Ranges

Supply Voltage (Vco)
Commercial

Case Temperature (Tg)
Commercial

Storage Temperature —65°C to +150°C
Supply Voltage Range —0.5Vto +7.0V
Input Voltage (DC) (Note 1) —0.5Vto Vcg
Input Current (DC) —12mAto +5.0 mA
Voltage Applied to Outputs

(Note 2) —0.5Vto 5.5V
Lead Temperature (Soldering, 10 sec.) 300°C
Maximum Junction Temperature (T ) +175°C
Output Current +20 mA

DC Characteristics over operating temperature ranges (Note 3)

5.0V £5%

0°Cto +75°C

Symbol Parameter Conditions Min Typ Max Units
VoH Output HIGH Voltage Vee = Min, loy = —5.2mA 2.4 \"
VoL Output LOW Voltage Vcc = Min, gL = 16 mA 0.45 \
ViH Input HIGH Voltage Guaranteed Input HIGH Voltage 24 v
for All Inputs (Notes 4, 5, & 6)
ViL Input LOW Voltage Guaranteed Input LOW Voltage 08 v
for All Inputs (Notes 4, 5, & 6)
IiL Input LOW Current Ve = Max, Vi = 0.4V —-180 —300 RA
i Input HIGH Current Vce = Max, VN = 4.5V 1.0 40 RA
IHB Input Breakdown Current Vce = Max, ViN = Voo 1.0 mA
Vic Input Diode Clamp Voltage Vce = Max, iy = —10mA -1.0 -1.5 \
lozH Output Current (HIGH 2) Vce = Max, Vout = 2.4V 50 HA
lozL Vce = Max, Voyt = 0.5V -50 pA
los Output Current Short Circuit Vcc = Max (Note 7) _100 mA
to Ground (Note 7)
Ilcc Power Supply Current Vce = Max, All Inputs = GND, 65 mA
Output Open
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93L425A

AC Electrical Characteristics (Note6) voc = 5.0 5%, GND = 0V, Tg = 0°Cto + 75°C

Symbol | Parameter Conditions Min Max Units
READ TIMING
tacs Chip Select Access Time Figures 15 ns
tzrcs Chip Select to HIGH Z 3a, 3b 15 ns
tAA Address Access Time (Note 8) 25 ns
WRITE TIMING
tw Write Pulse Width to Guarantee 20 ns
Writing (Note 9)
twsp Data Setup Time Prior to Write 5 ns
twHD Data Hold Time after Write 5 ns
twsa C,dxreitses(ieottuepg'l)'lme Prior Figure 4 5 ns
twHA Address Hold Time after Write ns
twscs Chip Select Setup Time Prior to Write ns
twHcs Chip Select Hold Time after Write 5 ns
tzws Write Enable to Output Disable 15 ns
twr Write Recovery Time 15 ns

Note 1: Either input voltage limit or input current limit is sufficient to protect the inputs.
Note 2: Output current limit required. R
Note 3: Typical values are at Vgg = 5.0V, Tc = +25°C and maximum loading.
Note 4: Static condition only.

Note 5: Functional testing done at input levels Vi = 0.45V (Vo Max) and V|y = 2.4V (Von Min).

Note 6: AC testing done at input levels Vi = 3V, V). = 0V.
Note 7: Short circuit to ground not to exceed one second.

Note 8: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.
Note 9: tyy measured at twsa = Min. tysa measured at ty = Min.
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Logic Diagram

32x32
ARRAY

T 3

SENSE AMPS
AND
WRITE
DRIVERS

T

ADDRESS
DECODER

WORD
DRIVER

ADDRESS
DECODER

1] AN
AOATAZASAS  ASAGAT ABA9

Functional Description

The 93L425A is a fully decoded 1024-bit read write Random
Access Memory organized 1024 words by one bit. Bit selec-
tion is achieved by means of a 10-bit address A0O-A9.

One Chip Select (CS) input is provided for easy memory
array expansion of up to 2048 bits without the need for ex-
ternal decoding. For larger memories the fast chip select
access time permits direct address decoding without an in-
crease in overall memory access time.

The read and write functions of the 93L425A are controlled
by the state of the active LOW Write Enable WE input.
When WE is held LOW and the chip is selected, the data at
D is written into the location specified by the binary address
present at A0 through A9. Since the write function is level
triggered, data must be held stable at the data input for at
least twsp(min) PIUS tw(min) PIUS twHD(min) to insure a valid
write. When WE is held HIGH and the chip selected, data is
read from the addressed location and presented at the out-
put O.

?Cﬂ

TL/D/10004-2

The 93L425A has a three-state output which provides an
active pull-up or pull-down when enabled and a high imped-
ance (HIGH Z) state when disabled. The active pull-up pro-
vides drive capability for high capacitive loads while the high
impedance state allows optimization of word expansion in
bus organized systems.

Truth Table
_ ln;ﬂs Outputs Mode
S WE D (o]
H H X HIGH Z Not Selected
L L L HIGH Z Write 0
L L H HIGH Z Write 1
L H X Dout Read
H = HIGH Voitage Level: 2.4V
L = LOW Voltage Level: 0.45V
X = Don’t Care HIGH or LOW
HIGH Z = High-Impedance
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93L425A

93L425A

AA

3 6000 Tso-pr

LOAD A -
TL/D/10004-4

GND

3000
0

93L425A]

>
3 6000 TSO‘pF
>

LOAD B -
TL/D/10004-5
Note: Load A is used for all production testing.
*Includes jig and probe capacitance.
FIGURE 1. AC Test Output Load

T J 90
3.0 Vo
GND 3ns 3ns
S.O‘V” 4
GND

0%
0%

%
1
1
0%
3ns ——l L—S ns
, TL/D/10004-8
FIGURE 2. AC Test Input Levels

CHIP SELECT {/
em HGHZ = d e == ewHGH Z==
LOAD A . 1.5V Z 0'&5"

DATA OUTPUT

taes }

LOAD B 1.5V : 0.$5V
®=HIGH Z=-

cee HHZ »mo==
TL/D/10004-6

e~ tres

3a. Read Mode Propagation Delay from Chip Select

ADDRESS 1.5V

DATA OUTPUTS 1.5V

TL/D/10004-7
3b. Read Mode Propagation Delay from Address

FIGURE 3. Read Mode Timing
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CHIP SELECT 1.5v

ADDRESS 1.5V

DATA INPUT 1.5V

<——(w-—->

WRITE ENABLE . X: 1.5V 7£

twsp twhp
t,

WSA twha
tyscs ————= twrcs

—] | tzws ‘——‘WR

0.5V
LoAD B § R 15V
ccacHlGH Zeww=

meeHGH Zee==
LOADA__§ [ 1.5V
0.5V

TL/D/10004-9

Note 1: Timing Diagram represents one solution which results in an optimum cycle time Timing may be changed to fit various applications as long as the worst
case limits are not violated.

Note 2: Input voltage levels for worst case AC test are 3.0V-0V.

FIGURE 4. Write Mode Timing

DATA OUTPUT
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93479

National
Semiconductor

93479

256 x 9-Bit Static Random Access Memory

General Description

The 93479 is a 2304-bit read/write Random Access Memo-
ry (RAM), organized as 256 words by nine bits per word. It is
ideally suited for scratchpad, small buffer and other applica-
tions where the number of required words is small and
where the number of required bits per word is relatively
large. The ninth bit can be used to provide parity for 8-bit
word systems.

Features

m Commercial address time
93479—45 ns max
93479A—35 ns max

‘m Military address access time

93479—60 ns max
93479A—45 ns max
m Common data input/output
m Features TRI-STATE® output

Connection Diagrams

22-Pin Ceramic DIP

-/
DQ8~—1 22f=Vee
DQ7~2 21}—a7
DA~ 3 20 |—-A6
D5~ 4 19|45
DQ4~15 - 18-Ad
DQ3~6 17f=A3
DQ2~{7 16 |—A2
DQ1=—48 15—=A1
DQ0—{9 14 =A0
OE~—{10 13|—CS
GND~—{ 11 12 = WE
TL/D/9675-1
Top View

Order Number 93479DC, 93479ADC,
93479DMQB or 93479ADMQB
See NS Package Number J22A*
*For most current package information, contact product marketing.
Optional Processing QR = Burn In

Pin Names
AO-A7 Address Inputs
DQO0-DQ8 Data Input Outputs
OE Output Enable Input (Active LOW)
WE Write Enable Input (Active LOW)
Cs Chip Select Input (Active LOW)
NC No Connect

GND = Pin 11

28-Pin LCC
£ 888 8xyg
| I T |
4 3 2 1 28 27 26
a5 —{5 25|~ A6
Do4 —{6 24|45
a3 =7 23~ 4
pQz—{8 Top 22— A3
pa1—{9 21}~ a2
pao —{10 20 = A1
Ne =] 11 19f~NC
12 13 14 15 16 17 18
LU
sHgEBRSE
TL/D/9675-3
Top View

Order Number 93479LMQB or 93479ALMQB
See NS Package Number E28A*

*For most current package information, contact product marketing.
Optional Processing QR = Burn In
Logic Symbol
10 13 12

OE CS WE

93479

Voo = Pin22

TL/D/9675-2
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Absolute Maximum Ratings
Above which the useful life may be impaired

Storage Temperature —65°Cto +150°C
Supply Voltage Range —0.5Vto +7.0V
Input Voltage (DC) (Notes 1, 2) —0.5V to Vg (RAMs)

—1.5V to V¢ (PROMs)
Voltage Applied to Outputs

(Notes 2, 3) —0.5V to +5.5V (RAMs)

(Output HIGH) —1.5V to +5.5V (PROMs)
Lead Temperature

(Soldering, 10 seconds) 300°C
Maximum Junction

Temperature (T,) +175°C
Output Current +20 mA
Input Current (DC) —12mAto +5.0 mA

Guaranteed Operating Ranges

Supply Voltage (Vce)
Commercial 5.0V £5%
Military 5.0V £10%
Case Temperature (Tg)
Commercial 0°Cto +75°C
Military —55°Cto +125°C

Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

Note 2: Output current limit required.

Note 3: Typical values are at Vgc = 5.0V. Tg = +25°C and maximum loading.

Note 4: Static condition only.

Note 5: Functional testing done at input levels Vi = VoL (Max) (0.45V), Vi4 = VoH (Min) (2.4V).

Note 6: AC testing done at input levels Vi = 3V, V) = 0V.
Note 7: Short circuit to ground not to exceed one second.

Note 8: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.

Note 9: tyy measured at tysa = Min. tysa measured at ty = Min.
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93479

Logic Diagram

AQ—— — ¢—§72
Al —> X N P
A2 _ DECODE M MEMORY CELL MATRIX
A3=—>| ADDRESS AA 1 OF 32 H 32x8x9=2304
A4—P| BUFFER LY
AS—H AR Y
A6— :> 8,
DECODE »] COLUMN SELECT (1 OF 8)
A7 = 10F 8
—) WE-CS R
:’SE —»]  controL P READ/WRITE CIRCUITS
Gi—a| Lo —= D,N. Doyt BUFFERS
OE-CS-WE

Functional Description

The 93479 is a fully decoded 2304-bit random access mem-
ory organized 256 words by nine bits. Word selection is
achieved by means of an 8-bit address AO-A7.

The Chip Select input provides for memory array expansion.
For larger memories the fast chip select access time per-
mits decoding without an increase in overall memory access
time.

The read and write operations are controlled by the state of
the active LOW Write Enable (WE) input. With WE held
LOW, the chip selected and the output disabled, the data at
DQO0-DQ8 is written into the addressed location. Since the
write function is level triggered, data must be held stable for
at least tWSD(m.n) plus twHD(min) to insure a valid write. To
read, WE is held HIGH, the chip selected and the output
enabled. Non-inverted data is then presented at the outputs
DQo-DQs8.

DQO—<¢—>}
DQ1 —<¢—>{

N
[=}
(=]

The 93479 has TRI-STATE outputs which provide an active
pull-up or pull-down when enabled and a high impedance
(HIGH Z) state when disabled. The active pull-ups provide
drive capability for high capacitive loads while the high im-
pedance state allows optimization of word expansion in bus
organized systems.

DQ3—4—P)|
DQ4—<¢—>
DQ5—<4—>]
DQ6—<¢—>
DQ7—4¢—1
DQ8—<¢—P

TL/D/9675-4

Truth Table
Inputs Data In/Out Mode
cs | oF | WE DQO0-DQ8
X H X HIGH Z Output Disabled
H X X HIGH Z R W Disabled
L L H Data Out Read
L H L Data In Write

H = HIGH Voltage Level 2.4V

L = LOW Voltage Level 0.5V

X = Don't Care HIGH or LOW
HIGH Z = High Impedance State
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DC Electrical Characteristics over operating temperature ranges (Note 3)

Symbol Parameter Conditions Min Typ Max Units
VoL Output LOW Voltage Vce = Min, lgL. = 8.0 mA 0.5 \
VoH Output HIGH Voltage Vce = Min, loy = —5.2 mA 2.4 Vv
ViH Input HIGH Voltage Guaranteed Input HIGH Voltage 21 v
for All Inputs (Notes 4, 5 & 6) ’
ViL Input LOW Voltage Guaranteed Input LOW Voltage 0.8 v
for All Inputs (Notes 4, 5 & 6) :
IR Input LOW Current Vcc = Max, Viy = 0.4V —250 —400 RA
hH Input HIGH Current Vce = Max, Vi = 4.5V 1.0 40 pA
[IT¥7:) Input Breakdown Current Vee = Max, VN = Veo 1.0 mA
lozn Output Current (HIGH Z) Vce = Max, Vout = 2.4V 50 pA
lozL Vee = Max, Voyt = 0.5V —50 —400 pA
Ve Input Diode Clamp Voltage Vee = Max, Viy = —10mA -1.0 -1.5 v
los Output Current Ve = Max, (Note 7) —70 mA
Short Circuit to Ground
Icc Power Supply Current Commercial Vec = Max 185 mA
Military All Inputs GND 200
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93479

Commercial

AC Electrical Characteristics (Note 6) Ve = 5.0V £5%, GND = 0V, Tg = 0°C to +75°C

Symbol Parameter Conditions A Std Units
Min Max Min Max
READ TIMING
tacs Chip Select Access Time 25 25 ns
tzrcs Chip Select to HIGH Z 25 25 ns
taos Output Enable Access Time (Figures 3a, 3b, 3d) 25 25 ns
tzrRos Output Enable to HIGH Z 25 25 ns
taAA Address Access Time (Note 8) 35 45 ns
WRITE TIMING
tw Write Pulse Width to Guarantee Writing 25 25 ns
(Note 9)
tso Output Enable Setup Time 5 5 ns
tho Data Enable Hold Time 5 5 ns
twsp Data Setup Time Prior to Write . 25 25 ns
twHD Data Hold Time after Write (Figure 4) 5 5 ns
twsa Address Setup Time Prior to Write
5 5 ns
(Note 9)
twHA Address Hold Time after Write 5 5 ns
twscs Chip Select Setup Time Prior to Write 5 5 ns
twHcs Chip Select Hold Time after Write 5 5 ns
Military
AC Electrical Characteristics (Note 6)Vgc = 5.0V £10%. GND = 0V. Tg = —55°C to +125°C
Symbol Parameter Conditions A Std Units
Min Max Min Max
READ TIMING
tacs Chip Select Access Time 30 40 ns
tzrcs Chip Select to HIGH Z 30 40 ns
taos Output Enable Access Time (Figures 3a, 3b, 3d) 30 40 ns
tzros Output Enable to HIGH Z 30 40 ns
taA Address Access Time (Note 8) 45 60 ns
WRITE TIMING
tw Write Pulse Width to Guarantee Writing 40 40 ns
(Note 9)
tso Output Enable Setup Time 5 5 ns
tHo Data Enable Hold Time 5 5 , ns
twsbp Data Setup Time Prior to Write 50 50 ns
twHD Data Hold Time after Write (Figure 4) 10 10 ns
twsa Address Setup Time Prior to Write 10 10 ns
(Note 9) '
tWHA Address Hold Time after Write 10 10 ns
twscs Chip Select Setup Time Prior to Write 10 10 ns
twHcs Chip Select Hold Time after Write 10 10 ns
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60002

WA~

DQO - DQ8
93479 | 212000 :‘r‘tswr S'O'VPP 0%
1 10%
LoD A - TL/D/9675-5 GND 3ns 3ns
0QO - D8

10%
3 | Sia a:.wr L’».O‘Vpp S0
= GND L_
*Includes jig and probe capacitam‘!ea TL/D/9675-6 L—S ns

3ns
Note: Load A is used for all production testing.

TL/D/9675-7
FIGURE 1. AC Test Load Output Load FIGURE 2. AC Test Input Levels

CHIP SELECT /
eeecH(HZewoo= ewHIGH Z=-
0.5V
LOAD A 50% /Ty
7
p
LOAD B 50% : O.SF v
emecl(H Iorromocvcnacncas eaHiGH Z=-
le-tzRcs >
TL/D/9675-8
a. Read Mode Propagation Delay from Chip Select to Output
ADDRESS 507
taa
DATA OUTPUTS 50%

. TL/D/9675-9
b. Read Mode Propagation Delay from Address to Output

FIGURE 3. Read Mode Timing

5-37

6.b€6




93479

*These timing p

OUTPUT ENABLE

LOAD A
DATA OUTPUTS

LOAD B

taos

/

= =HIGH 2=~
f 0.5V

]

507

ceo HGHZ e ===

Y

-tzros->

; 0.5v
®=HIGH Z=~

TL/D/9675-10

c. Read Mode Propagation Delay from Output Enable
FIGURE 3. Read Mode Timing (Continued)

OUTPUT ENABLE 50%
tsp®
CHIP SELECT 50%
twscs —
ADDRESS INPUTS 50%
QWSA — A
consnccccacnccaeal(HZe ewHiGH Z=*
DATA INPUTS LOAD A DATA IN
cncccccnccacscealCHZ= 4 e=HIGH Z=-
F twsp { twrp

WRITE ENABLE 50%s

A\

/s0%

are only

y to gi

High Z state during the entire write cycle.

FIGURE 4. Write Mode Timing

TL/D/9675-11

Note 1: Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst
case limits are not violated.

Note 2: Input voltage levels for worst case AC test are 3.0/0.0V.
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National
Semiconductor

MM54C89/MNI74C89 64-Bit TRI-STATE®
Random Access Read/Write Memory

General Description

The MM54C89/MM74C89 is a 16-word by 4-bit random ac-  Read Operation: The complement of the information which
cess read/write memory. Inputs to the memory consist of ~ was written into the memory is non-destructively read out at
four address lines, four data input lines, a write enable line  the four outputs. This is accomplished by selecting the de-
and a memory enable line. The four binary address inputs  sired address and bringing memory enable low and write
are decoded internally to select each of the 16 possible  enable high.

word locations. An internal address register latches the ad-  when the device is writing or disabled the output assumes a
dress information on the positive to negative transition of  TRI.STATE (Hi-z) condition.

the memory enable input. The four TRI-STATE data output

lines working in conjunction with the memory enable input Features

provide for easy memory expansion.

. X @ Wide supply voltage range 3.0V to 15V

Address Opgration: Add!'ess mpqt; must be stable tsa pri- Guaranteed noise margin. 1.0V
or to the positive to negative transition of memory enable. It a High noise i it 0.45 V
is thus not necessary to hold address information stable for Igh noise immunity .45 Ve (typ.)
more than ty, after the memory is enabled (positive to neg- = Low power fan out of 2
ative transition of memory enable). TTL compatibilty driving 74L
Note: The timing is different than the DM7489 in that a positive to negative O Low power consumption 100 nW/ package (typ.)

transition of the memory enable must occur for the memory to be O Fast access time 130 ns (typ.) at Vgg = 10V

selected. o TRI-STATE output
Write Operation: Information present at the data inputs is
written into the memory at the selected address by bringing
write “enable and memory enabie low.
Logic and Connection Diagrams

_DATA__ _DATA _ DATA _DATA _ DATA

_DATA_
IMPUY' UU"IIT 1 INPIH 2 OIITFIITZ IN'U"! HIIYPIITj INPI.I"O oUTPUTA

Dual-In-Line Package

ADDRESS inpuT A =L} U 1 vee
HEFURY ERRRTE - L nooRess ipuT 8
WRITE _, ] WRITE ENABIE - 1'% aooness wput c
EnABLE D" A A
I READMWRITE l CIRCUITRY I DATA INPUT 1 =l b= ADDRESS INPUT D
MEMORY 5 12
ENAGLE | DATA BUTPUT 1 — = DATA INPUT 4
— 1 l I 1 1 1 I i i i oaTA mpuT2 = L. 6ATA 0UTFUT 4
INPUT A =- b a | ] DATA GUTPUT 21 L paTA mpuT 3
L1 a —>| | | | ano=4 - oRTA DUTRUT
) | | |
INPUT B > o 0 b} | | | Top View TL/F/5888-2
—
S > | |
sesonen [~ | i | Order Number MM54C89
]
INPUT € > b oa ] | or MM74C89
e =
—
) | | !
INPUT B e > I l l
> ] ] ]

TL/F/5888-1
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MM54C89/MM74C89

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Voltage at any Pin —0.3VtoVgg +0.3V
Operating Temperature Range
MM54C89
MM74C89

Storage Temperature Range (Tg)

—55°Cto +125°C
—40°Cto +85°C

—65°C to +150°C

Power Dissipation (Pp)
Dual-In-Line
Small Outline
Operating Vcc Range
Absolute Maximum Vg

Lead Temperature (T()
(Soldering, 10 seconds)

700 mwW
500 mW

3.0Vto 15V

18V

260°C

DC Electrical Characteristics min/Max limits apply across temperature range, unless otherwise noted

Symbol | Parameter | Conditions | Min | Typ [ Max | Units
CMOS TO CMOS
VINQ) Logical “1” Input Voltage Vg = 5.0V 3.5 \"
Veg = 10V 8.0 Vv
Vino) Logical “0” Input Voltage Vee = 5.0V 1.5 v
Voe = 10V 2.0 Vv
Vout(1) Logical “1” Output Voltage Voc = 5.0V,lp = —10 pA 4.5 \"
Vee = 10V, lp = —10 pA 9.0 \
VouT(0) Logical “0” Output Voltage Vec = 5.0V,lp = +10 pA 0.5 \'
Ve = 10V, lp = +10 pA 1.0 \'
lINg) Logical “1” Input Current Voo = 15V, Vin = 15V —0.005 1.0 pA
ling) Logical “0” Input Current Voo = 15V, Vin = OV -1.0 —0.005 pA
loz Output Current in High Voo = 15V, V = 15V 0.005 1.0 pA
Impedance State Voe = 15V, Vo = OV -1.0 —0.005 pA
lcc Supply Current Voo = 15V 0.05 300 pA
CMOS/LPTTL INTERFACE
ViNQ1) Logical ““1” Input Voltage 54C, Voo = 4.5V Ve — 1.5 \
74C, Voo = 4.75V Vec— 1.5 Vv
ViNe) Logical “0” Input Voltage 54C, Ve = 4.5V 0.8 \
74C, Voo = 4.75V ’ 0.8 \
VouTt(1) Logical “1” Output Voltage 54C, Vcg = 4.5V, lp = —360 pA 2.4 \"
74C, Voo = 4.75V, g = —360 pA 24 \'
VouT(o) Logical ““0"” Output Voltage 54C, Vog = 4.5V, lp = +360 pA 0.4 Vv
74C, Voo = 4.75V, I = +360 pA 0.4 \Y
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)
ISouRcE Output Source Current Vce = 5.0V, Voyt = 0V _ _
(P-Channel) T = 25°C 1.75 8.3 mA
ISOURCE Output Source Current Vee = 10V, Voyt = OV —80 _15 mA
(P-Channel) Ta = 25°C :
ISINK Output Sink Current Vce = 5.0V, Vout = Vee
(N-Channel) Ta = 25°C 1.75 3.6 mA
ISINK Output Sink Current Vee = 10V, Vout = Voo
(N-Channel) Ta = 25°C 8.0 18 mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Range” they are not
meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’ provides conditions for actual device operation.

AC Electrical Characteristics* 1, = 25°c, CL = 50 pF, unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tod Propagation Delay from Vee = 5V 270 500 ns
Memory Enable Vee = 10V 100 220 ns
tacc Access Time from Vee = 5V 350 650 ns
Address Input Ve = 10V 130 280 ns
tsa Address Setup Time Vee = 5V 150 ns
Vee = 10V 60 ns
tHA Address Hold Time Vee = 5V 60 ns
Vee = 10V 40 ns
tME Memory Enable Pulse Width Vee = 5V 400 250 ns
Vce = 10V 150 90 ns
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AC Electrical Characteristics* Ta = 25°C, C = 50 pF, unless otherwise noted (Continued)

Symbol Parameter Conditions Min Typ Max Units
tsp Write Enable Setup Vce = 5V 0 ns
Time for a Read Ve = 10V 0 ns
tws Write Enable Setup Vee = 5V tME ns
Time for a Write Vcc = 10V tME ns
twe Write Enable Pulse Width Vec =5V, tws =0 300 160 ns
Voc = 10V, tws = 0 100 60 ns
tHD Data Input Hold Time Vee = 5V 50 ns
Voo = 10V 25 ns
tsp Data Input Setup Voe = 5V 50 ns
Vee = 10V 25 ns
t1H, ton Propagation Delay from a Logical Vee = 5V, CL = 5pF, R = 10k 180 300 ns
1" or Logical ““0” to the High Ve = 10V, CL = 5 pF, R = 10k —85 120 ns
Impedance State from
Memory Enable
t1H, ton Propagation Delay from a Logical Vece = 50V, G = 5pF, R = 10k 180 300 ns
“1” or Logical “0” to the High Vece = 10V, CL = 5 pF, R = 10k 85 120 ns
Impedance State from
Write Enable
CIN Input Capacity Any Input (Note 2) 5 pF
Cout Output Capacity Any Output (Note 2) 6.5 pF
Cpp Power Dissipation Capacity (Note 3) 230 pF
*AC P are gl d by DC co d testing.

Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note,

AN-90.

AC Electrical Characteristics* Guaranteed across the specified temperature range, G = 50 pF

MM54C89 MM74C89
Parameter Conditions Ta = —55°Cto +125°C Ta = —40°C to +85°C Units
Min Max Min Max
tpD Vee = 5V 700 600 ns
Vee = 10V 310 265 ns
Vee = 15V 250 210 ns
tacc Vece = 5V 910 780 ns
Vee = 10V 400 345 ns
Vee = 15V 320 270 ns
tsA Ve = 5V 210 180 ns
Vee = 10V 90 80 ns
Vee = 15V 70 60 ns
tHA Ve = 5V 80 70 ns
Vee = 10V 55 50 ns
Voo = 15V 45 40 ns
tME Ve = 5V 560 480 ns
Vee = 10V 210 180 ns
Vec = 15V 170 150 ns
twe Ve =5V 420 360 ns
Vee = 10V 140 120 ns
Vcec = 15V 110 100 ns
tHD Ve = 5V 70 60 ns
Ve = 10V 35 30 ns
Vec = 15V 30 25 ns
*AC P. are g d by DC co d testing.
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MM54C89/MM74C89

AC Electrical Characteristics*
Guaranteed across the specified temperature range, C| = 50 pF (Continued)

MM54C89 MM74C89
Parameter Conditions Ta = —55°Cto +125°C Ta = —40°C to +85°C Units
Min Max Min Max
tsp Vec = 5V 70 60 ns
Vge = 10V 35 30 ns
Veoe = 15V 30 25 ns
tH, toH Vee = 5V 420 360 ns
Vec = 10V, C = 5pF 170 145 ns
Voc = 15V, R = 10k 135 115 ns
*AC Parameters are guaranteed by DC correlated testing.
Truth Table
ME WE Operation Condition of Outputs
L L Write TRI-STATE
L H Read Complement of Selected Word
H L Inhibit, Storage TRI-STATE
H H Inhibit, Storage TRI-STATE
AC Test Circuits
toH tiH
Vee
DATR
uPuT
o 10k 5.0 pF
P!
o | i I
Is.upr . TL/F/5888-3
- TL/F/5888-4
Switching Time Waveforms
: ton tiH
Vee Vee
WMEMORY 0.5Vec %V 05 Ve
‘ ov o .
o tH  f—— +
Vou Vou 0.1 Vee
DATA '
oI i N
0.1 Vee
* ov
TL/F/5888-6
TL/F/5888-5
Read Cycle Write Cycle
3 | fo——— twe ———
Vee —
WEWORY Y N
\I ENABLE 0 /! N\
tgA —ot— tya
—k Tk
ADDRESS
, INPUT .
tws [ Wt
Veo
WRITE
:NABLI
0
o
F(‘u’% o TRISTATE CONDITION J et . X
TL/F/5888-7 TL/F/5888-8

5-42




Switching Time Waveforms (continued)

Read Modify Write Cycle

Vee
MEMORY 4
ENABLE 0 /

N

154 —»t=— tya

Vee
ADDRESS
INPUT

tod
TRI-STATE CONDITION

Vee

DATAOUT

TRI-STATE CONDITION j

T tace ———"] o == ——

twe

Vee
WRITE
ENABLE

——-’ tso |-— two

Vee
DATA
IN

A

Note: t; = 60 ns
tt=10ns

TL/F/5888-9

5-43

680VLININ/68IVSININ




MM54C200/MM74C200

National
Semiconductor

MM54C200/MM74C200 256-Bit TRI-STATE®

Random Access Read/Write

General Description

The MM54C200/MM74C200 is a 256-bit random access
read/write memory. Inputs consist of eight address lines
and three chip enables. The eight binary address inputs are
decoded internally to select each of the 256 locations. The
internal address register, latches, and address information
are on the positive to negative edge of CEz. The TRI-
STATE data output line, working in conjunction with CE or
CE; inputs, provides for easy memory expansion.

Address Operation: Address inputs must be stable tga pri-
or to the positive to negative transition of CEg. It is therefore
unnecessary to hold address information stable for more
than typ after the memory is enabled (positive to negative
transition).

Note: The timing is diﬁeient from the DM74200 in that a positive to negative

transition of the CE3 must occur for the memory to be selected.

Read Operation: The data is read out by selecting the
proper address and bringing CE3 low and WE high.

Memory

Holding either CE4, CEj, or CEj at a high level forces the
output into TRI-STATE. When used in bus-organized sys-
tems, CE4, or CEp, a TRI-STATE control provides for fast
access times by not totally disabling the chip.

Write Operation: Data is written into the memory with CE3
low and WE low. The state of CE4 or CE, has no effect on
the write cycle. The output assumes TRI-STATE with WE
low. )

Features

m Wide supply voltage range 3V to 15V

m Guaranteed noise margin 1V

| High noise immunity 0.45 Vg (typ.)

| TTL compatibility Fan out of 1
driving standard TTL

m Low power 500 nW (typ.)

| Internal address register

Logic and Connection Diagrams

ADDRESS  ADD

RESS  ADDRESS ~ ADDRESS

INPUT D INPUTC INPUT B INPUT A
TRISTATE
DATA
50T . .
G ¢ O
a
v v 2 Dual-In-Line Package
WRITE B
ENABLE e
READ
DATA » white X-DECODER 1 U 16
L] CIRCUITRY AT A F—Vee
> ADDRESS 2 15 ADDRESS
3 INPUT B InpUT €
= 3 14 ADDRESS
CE>: &= [ INPUT H
c‘s,—“ 12 parain
(33 : >o — 5 12 WRITE
’ CEs =] [~ EnaBLE
moomess_______ 1 o R DATA 8] | 11_ADDRESS
INPUT E ouT INPUT G
[ ADDRESS 7 110 ADDRESS
Y-DECODER EM A RAY INPUT D INPUT F
8 9_ADDRESS
ADDRESS > ND — L
INPUT Qo 6 INPUT E
c @
ADDRESS TL/F/5903-2
INPUTH I Top View
6 @
© Order Number MM54C200 or
ADDRE! >
INPUTY L MM74C200
6 @
TL/F/5903-1
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=
Absolute Maximum Ratings note 1) 3
If Military/Aerospace specified devices are required, Power Dissipation (Pp) 8
please contact the National Semiconductor Sales Dual-In-Line 700 mW g
Office/Distributors for availability and specifications. Small Outline 500 mW g
Voltage at Any Pin —0.3Vto Vo +0.3V Operating Vg Range 3Vto 15V =
Operating Temperature Range (Ta) Absolute Maximum V¢ 18V E
MM54G200 —55°Cto +125°C Lead Temperature (T() 3
MM74C200 —40°Cto +85°C (Soldering, 10 seconds) 260°C | N>
Storage Temperature Range (Tg) —65°C to +150°C S
DC Electrical Characteristics min/Max limits apply across temperature range unless otherwise noted
Symbol l Parameter | Conditions Min Typ [ Max | Units
CMOS TO CMOS
ViNQ1) Logical “1” Input Voltage Vee = 5V 35 \
Vge = 10V 8 \"
Vino) Logical “0” Input Voltage Vee = 5V 1.5 \"
Voo = 10V 2 v
Vout() Logical “1” Output Voltage Vec=5V,lp=—10 pA 4.5 \"
Vec=10V, lg=—10 pA 9 \"
Vourt(0) Logical ““0” Output Voltage Vec=5V,lp=+10 pA 0.5 \"
Vec=10V, lp=+10 pA 1 \"
lINQ1) Logical “1” Input Current Vec=15V, V|y=15V 0.005 1 RA
liNO) Logical “0” Input Current Vec=15V, V|N=0V -1 —0.005 rA
Icc Supply Current Voe = 15V 0.1 600 pA
CMOS/TTL INTERFACE
ViNe) Logical “1” Input Voltage 54C Vg = 4.5V Vec—1.5 Vv
74C Ve = 4.75V Vec—1.5 Vv
ViN©) Logical ““0” Input Voltage 54C Voo = 4.5V 0.8 \"
74C Vo = 4.75V 0.8 \
Vour(1) Logical “1”” Output Voltage 54C Vgc=4.5V,lp=—1.6 mA 24 Vv
74C Vgc=4.75V,lp=—1.6 mA 24 \"
VouT(o) Logical “0” Output Voltage 54C Voo = 4.5V, lp=1.6 mA 04 v
74C Vgg = 4.75V,lp=1.6 mA ’
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)
ISOURCE Output Source Current Vee=5V, Vout=0V -4 -6 mA
(P-Channel) Ta=25°C -1.8 mA
ISOURCE Output Source Current Vec=10V, Voyr=0V —-16 —25 mA
(P-Channel) Tao=25°C -15 mA
ISINK Output Sink Current Veec=5V, Vout=Vce 5 8 mA
(N-Channel) Ta=25°C
Isink Output Sink Current Vee=10V, Vout=Vce
(N-Channel) Ta=25°C 20 80 mA
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.
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AC Electrical Characteristics™ T4 = 25°C, 6, = 50 pF, unless otherwise specified

MM54C200/MM74C200

Symbol Parameter Conditions Min Typ Max Units
tacc Access Time from Address Vee = 5V 450 900 ns
Vee = 10V . ’ 200 400 ns
tpd Propagation Delay from CE3 : Vee = 5V 360 700 ns
Vge = 10V 120 300 ns
tpCE1 ﬁropagation Delay from CE or CEp Voo =5V . 250 700 ns
Vge = 10V 85 200 ns
tsa Address Setup Time Vee = 5V 200 80 ns
Ve = 10V 100 30 ns
tHA Address Hold Time Vee = 5V 50 15 ns
Vge = 10V 25 5.0 ns
twe Write Enable Pulse Width Vee = 5V 300 160 ns
Vge = 10V 150 70 ns
tce CEj3 Pulse Widths Vee = 5V 400 200 ns
Vge = 10V 160 80 ns
CiN Input Capacity Any Input (Note 2) 5.0 pF
Cout Output Capacity in TRI-STATE (Note 2) 9.0 pF
Cpp Power Dissipation Capacity (Note 3) . 400 pF

AC Electrical Characteristics* c, = s0pF

MM54C200 MM74C200
Symbol Parameter Conditions Ta=—55°Cto +125°C Ta=—40°C to +85°C Units
Min Max Min Max

tacc Access Time from Address Voo = 5V 1200 1100 ns
Vee = 10V 520 480 ns.
tod Propagation Delay from CE3 Vee = 5V 950 850 ns
Vee = 10V 400 360 ns
tpdCET Propagation Delay from Vee = 5V 650 600 ns
CE; or CEp Vee = 10V 300 275 ns
tsa Address Setup Time Vee = 5V 250 250 ns
Vee = 10V 120 120 ns
tHA Address Hold Time Voo = 5V 100 100 ns
Ve = 10V 50 50 ns
twe Write Enable Pulse Width Voo = 5V 450 400 ns
Vce = 10V 225 200 ns
tce Disable Pulse Width | Vec=5V 500 460 ns
Ve = 10V 250 230 ns
tHD Data Hold Time Vce = 5V 50 50 ns
Vee = 10V 25 25 ns

*AC Parameters are guaranteed by DC correlated testing.

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range™
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpp determines the no load AC power consumption of any CMOS devics. For complete explanation see 54C/74C Family Characteristics application note,
AN-90.
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Switching Time Waveforms

Read and Write Cycles Using CE3 (CE{ = CE3 = logic 0)

B Y . .
s XX S‘( )

L

002J¥ZININ/002OVSININ

TT

DATA

e —— Vv
DATA =—"tacc ce
out TRISTATE

ov

— —— ——
TRI-STATE
TL/F/5903-3

Read and Write Cycles Using CE3 and CE (or CEp)

TE, ORCE, Vee

S w

[ ——'\\ | l . \\ \:Ic

o L
ADDRESS = - | - Yee
X D G

|-——— twe ———, Vee
WRITE
ENABLE |

ov

Vee
DATA
N
"

- o
S T A
OATA |[ TRISTATE
o .
o

TRI-STATE

TL/F/5903-4

Note: Used for fast access time in bused systems.
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MM54C910/MM74C910

National
Semiconductor

MM54C910/MM74C910 256 Bit TRI-STATE®
Random Access Read/Write Memory

General Description

The MM54C910/MM74C910 is a 64 word by 4-bit random
access memory. Inputs consist of six address lines, four
data input lines, a WE, and a ME line. The six address lines
are internally decoded to select one of the 64 word loca-
tions. An internal address register latches the address infor-
mation on the positive to negative transition of ME. The
TRI-STATE outputs allow for easy memory expansion.

Address Operation: Address inputs must be stable (tga)
prior to the positive to negative transition of ME, and (ta)
after the positive to negative transition of ME. The address
register holds the information and stable address inputs are
not needed at any other time.

Write Operation: Data is written into memory at the select-
ed address if WE goes low while ME is low. WE must be
held low for twg and data must remain stable typ after WE
returns high.

Read Operation: Data is nondestructively read from a
memory location by an address operation with WE held
high.

Outputs are in the TRI-STATE (Hi-Z) condition when the
device is writing or disabled.

Features

m Supply voltage range 3.0V to 5.5V
| High noise immunity 0.45Vcc (typ.)
B TTL compatible fan out 1 TTL load

m Input address register

u Low power consumption 250 nW/package (typ.)
(chip enabled or disabled)
m Fast access time 250 ns (typ.) at 5.0V
m TRI-STATE outputs

m High voltage inputs

Logic Diagrams

DINT DOUT1 DIN2 DOUT2 DIN3 DOUT3 DING DOUTS

TRISTATE = MiE+ WE

i

WRITE
ENABLE
MEMORY
ENABLE nunmmi CIRCUITRY
( —l L1 1 L1 L Input Protection
A 0]
Vee
' o—
¢ O—
ADDRESS [
INPUTS ADDRESS MEMORY
DECODER ARRAY
° TL/F/5914-2
-
L | o_

TL/F/5914-1
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=
Absolute Maximum Ratings (ote 1) Operating Conditions &
If Military/Aerospace specified devices are required, Min Max Units 3
please contact the National Semiconductor Sales Supply Voltage (Vce) ot
Office/Distributors for availability and specifications. MM54C910 4.5 5.5 v e
Voltage at Any Output Pin —0.3Vto Vg +0.3V T MM74?91 O(T ) 475 5.25 v =
. _ emperature (Tp =
Voltage ét /l.\nyfnput Pin 0.3Vto +15V MMB54C910 _55 +125 oc z
Power Dissipation MM74C910 —40  +85 °C o
Dual-In-Line 700 mW ©
Small Outline 500 mW >
Operating Vcc Range 3.0Vto 5.5V
Standby Vo Range 1.5Vto 5.5V
Absolute Maximum (Vgg) 6.0V
Lead Temperature (T))
(Soldering, 10 sec.) 260°C
DC Electrical Characteristics
Min/Max limits apply accross the temperature and power supply range indicated
Symbol Parameter Conditions Min Typ Max Units
ViNg) Logical “1” Input Voltage Full Range Ve — 1.5 Vv
Vin(o) Logical “0” Input Voltage Full Range 0.8 \
IING1) Logical *“1” Input Current ViN = 15V 0.005 2.0 HA
ViN = 5V 0.005 1.0 RA
lIN() Logical “0” Input Current ViN = 0V -1.0 —0.005 rA
VouT() Logical “1" Output Voltage lo = —150 pA Vcc — 0.5 \"
lo = —400 pA 2.4 \"
VouT(0) Logical “0” Output Voltage lo=16mA 0.4 \"
loz Output Current in High Vo = 5V 0.005 1.0 HA
Impedance State Vo = 0V -1.0 —0.005 pA
lcc Supply Current Voo = 5V 5.0 300 rA
AC Electrical Characteristics* 14 = 25°C, vec = 5.0V, G = 50 pF
Symbol Parameter Min Typ Max Units
tacc Access Time from Address 250 500 ns
tod Propagation Delay from ME 180 360 ns
tsa Address Input Set-Up Time 140 70 ns
tHA Address Input Hold Time 20 10 ns
tME Memory Enable Pulse Width 200 100 ns
tME Memory Enable Pulse Width 400 200 ns
tsp Data Input Set-Up Time 0 ns
tHD Data Input Hold Time 30 15 ns
tWe Write Enable Pulse Width 140 70 ns
t1H, toH Delay to TRI-STATE (Note 4) 100 200 ns
CAPACITANCE
Cin Input Capacity '
Any Input (Note 2) 5.0 PF
Cout Output Capacity 0.0 oF
Any Output (Note 2)
Cpp Power Dissipation Capacity
(Note 3) 350 PF
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MM54C910/MM74C910

AC Electrical Characteristics™ (continued)T, = 25°C, Voo = 5.0, CL = 50 pF

MM54C910 MM74C910

Ta = —55°Cto +125°C Ta = —40°Cto +85°C
Symbol Parameter Vee = 4.5V 10 5.5V Vee = 4.75V t0 5.25V Units
Min Max Min Max
tacc Access Time from Address 860 700 ns
tpd1, tpdo Propagation Delay from ME 660 540 ns
tsa Address Input Set-Up Time 200 160 ns
tHA Address Input Hold Time 20 20 ns
tvE Memory Enable Pulse Width 280 260 " ns
VE Memory Enable Pulse Width 750 600 ns
tsp Data Input Set-Up Time 0 0 ns
tHD Data Input Hold Time 50 50 ns
twe Wiite Enable Pulse Width 200 180 ns
t4H, toH Delay to TRI-STATE (Note 4) 200 200 ns
*AC P are g d by DC testing.

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics application note
AN-90.

Note 4: See AC test circuits for ty, toH.

Typical Performance Characteristics  Truth Table

Typical Access Time vs ME WE Operation Outputs
- Ambient Temperature L L Write TRI-STATE
400 L H Read Data
50 - = H L Inhibit, Store TRI-STATE
7w P H H Inhibit, Store TRI-STATE
= sv -~
g™ A6
g ==
8 150
<
100
50
]
-6 ~25 5 35 65 95 125
FREE AIR TEMPERATURE (°C)
TL/F/5914-4
AC Test Circuits
toH tiH
Vee Vee
QE-T D02 003
R R, Ry [N o Sh
Doz D03 = ]___-_ I L
Co v v, €L
j_._ 3 o :_E- QET LI 17}
AL R Ry Co [ R
001 D04 — — I —

I I b TL/F/5914-6

TL/F/5914-5
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AC Test Circuits (continued)

Switching Time Waveforms

T
I
T

All Other AC Tests

| D02 D03

Co
I

Co
1

Read Cycle
(See Note 1)

TL/F/5914-7

I WE
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I

X

tacc
7
oATE ¢ .
ouT TRI-STATE® CONDITION /
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Write Cycle
(See Note 1)
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MM54C910/MM74C910

Switching Time Waveforms (continued)

Read Modify Write Cycle
(See Note 1)
™ME
“lbb
MEMORY / N|
ENABLE N
tsA ————\IHA
ADDRESS Yoo
e LATCHED ADDRESS
v . ol TRI STATE® couumou
___Vee AcC -
DATA ! 4
out 0 TRISTATE® CONDITION _ j
Vee
WRITE
ENABLE
0
Vee
DATA
IN
TL/F/5914-10
ton tH
Vee Vec—, ‘
mE 05Vee ME 0.5Vce
0 0
—| -ty HH o
. === TRISTATE® oara 6T X Bivge
out LL ouT
PYE—, 0 ‘= TRISTATE®
; TL/F/6914-12
0.1Vee
TL/F/5914-11 )
Note 1: MEMORY ENABLE must be brought high for tyg nar onds b 1 every add change.
Note 2: t, = t; = 20 ns for all inputs.
Connection Diagram
Dual-In-Line Package
WRITE MEMORY
Vcc DOUT3 DIN3 DIN4 DOUTA ENABLE ENABLE AC AD
18 17 16 15 1 13 12 " Iw
Order Number MM54C910 or MM74C910
1 2 3 4 5§ 6 7 8 9
DOUT2 DIN2Z DINT DOUTT AB  AA AF AE GND
TL/F/5914-3
Top View
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National
Semiconductor

MM54C989/MM74C989

64-Bit (16 x 4) TRI-STATE® RAM

General Description

The MM54C989/MM74C989 is a 16-word by 4-bit random
access read/write memory. Inputs to the memory consist of
4 address lines, 4 data input lines. a write enable line and a
memory enable line. The 4 binary address inputs are decod-
ed internally to select each of the 16 possible word loca-
tions. An internal address register latches the address infor-
mation on the positive to negative transition of the memory
enable input. The 4 TRI-STATE data output lines working in
conjunction with the memory enable input provides for easy
memory expansion.

Address Operation: Address inputs must be stable tga pri-
or to the positive to negative transition of memory enable. It
is thus not necessary to hold address information stable for
more than tya after the memory is enabled (positive to neg-
ative transition of memory enable).

Note: The timing is different than the DM7489 in that a positive to negative

transition of the memory enable must occur for the memory to be
selected.

Write Operation: Information present at the data inputs is
written into the memory at the selected address by bringing
write enable and memory enable low.

Read Operation: The complement of the information which
was written into the memory is non-destructively read out at
the 4 outputs. This is accomplished by selecting the desired
address and bringing memory enable low and write enable
high.

When the device is writing or disabled the output assumes a
TRI-STATE (Hi-Z) condition.

Features

m Wide supply voltage range 3.0V to 5.5V

m Guaranteed noise margin 1.0v

| High noise immunity 0.45 Vg (typ.)

m Low power TTL Fan out of 2
compatibility driving 74L

W Input address register

B Low power consumption 250 nW/package (typ.)
@Vge = 5V

m Fast access time 140 ns (typ.) at Vg = 5V

m TRI-STATE output

Logic and Connection Diagrams

DATA_ O DATA

DATA DATA

ATA ATA DATA DATA
INPUT 1 QUTPUT T INPUT 2 DUTPUT Z INPUT 3 DUTPUT 3 INPUT & OUTPUT 4

Dual-In-Line Package
ADDRESS _1 U 18
INPUT A =] i
T — = e
M_._Dc » I | | WAITE 3 14 ADDRESS
ENAILE I READMWRITE I CIRCUITRY ' ENABLE INPUT ©
MEWORY . DATA 4| 13 ADDRESS
ENABLE 1 d ] | | INPUT 1 INPUT D
— 1 TITTITIT Oe-my i
DATA _5 | |11 BATA
INPUT A > o o R | | | INPUT 2 OUTPUT4
| | | | DATA | 110 0ATA
o 1 OUTPUT 2 INPUT 3
‘ | | | GND = 3 UATA
—] OUTPUT3
INPUTB b 0 @ —| | | |
e @ _.' | | | ' TL/F/5925-2
MEMORY
decooen | ARRAY | Top View
INPUT € —p—rd » | | | Order Number
[ —» | | | MM54C989 or MM74C989
)] | | |
IHPUT B =P [] a
— | | |
o L ] ] |

TL/F/5925-1
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MM54C989/MM74C989

Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Supply Voltage (Vo)
Office/Distributors for availability and specifications. MM54C989 4.7 5.5 v
Voltage at Any Pin —0.3Vto Vg + 0.3V T MM74?989(T ) 475 5.25 v
o emperature (Ta,
o aspetr R e
Small Outline 500 mW MM74C089 —40 +8s C
Absolute Maximum Vg 7.0V Operating Vcc Range 3.0Vto 5.5V
Lead Temperature (T|) Standby Ve Range 1.5V to 5.5V
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics mmsacose/mm7acose
Min/Max limits apply across the temperature and power supply range indicated
Symbol Parameter Conditions Min Typ Max Units
ViNQ@) Logical “1"” Input Voltage Vec— 1.6 \
ViN©) Logical “0"” Input Voltage 0.8 \
IIN(t) Logical “1” Input Current ViN = 5V 0.005 1 BA
liNGo) Logical “0” Input Current ViN = 0V -1 —0.005 - pA
Vout(1) Logical *“1” Output Voltage lo = —360 nA 2.4 \
' lo = —150 pA Voc — 0.5 \'
VouT() Logical “0” Output Voltage lo = 360 pA 0.4
loz Output Current in High Impedance State Vo =5V 0.005 1 MA
o Vo = 0V -1 —0.005 pA
- e == _
lcc Supply Current Active (Note 1) ME _OV, 0.05 150 A
Voo = 5V
lcc Supply Current (Stand-By) ME = 5V 3 pA
Note 1*: MEMORY ENABLE must be brought high for tyg ns between every address change.
AC Electrical Characteristics™ mmsscoss/mmz4cese
Ta = 25°C, Vog = 5V, C = 50 pF
Symbol Parameter Min Typ Max Units
tacc Access Time from Address 140 500 ns
tpp Propagation Delay from ME 110 360 ns
tsa Address Input Set-Up Time 140 30 ns
tHA Address Input Hold Time 20 15 ns
tME Memory Enable Pulse Width 200 80 ns
tvE Memory Enable Pulse Width 400 100 ns
tsp Data Input Set-Up Time 0 ns
tHD Data Input Hold Time 30 20 ns
tWE Write Enable Pulse Width 140 70 ns
t4H, toH Delay to TRI-STATE, C|_ = 5 pF, R = 10k, (Note 4) 100 200 ns
CAPACITANCE
CiN ' Input Capacity, Any Input, (Note 2) 5 pF
Cout Output Capacity, Any Output, (Note 2) 8 pF
CeD Power Dissipation Capacity, (Note 3) 350 pF

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.
Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics Application

Note, AN-90.
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AC Electrical Characteristics™ (continued)

MM54C989: Tp = —55°C to +125°C, Veg = 4.5V to 5.5V, G = 50 pF
MM74C989: Tp = —40°C to +85°C, Vg = 4.75V to 5.5V, G = 50 pF

6860V.NIN/6860VSININ

Symbol Parameter MMS4C989 MM74C989 Units
Min Max Min Max
tacc Access Time from Address 500 620 ns
tpD1, tPDO Propagation Delay from ME 350 430 ns
tsa Address Input Set-Up Time 150 140 ns
tHA Address Input Hold Time 50 60 ns
tME Memory Enable Pulse Width 250 310 ns
tVE Memory Enable Pulse Width 520 400 ns
tsp Data Input Set-Up Time 0 0 ns
tHD Data Input Hold Time 60 50 ns
twe Write Enable Pulse Width 220 180 ns
t4H, toH Delay to TRI-STATE, (Note 4) 200 200 ns
*AC Parameters are guaranteed by DC correlated testing.
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be d. Except for “Operating T Range”

they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’ provndes condmons for actual device
operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics Application
Note, AN-90.

Note 4: See AC test circuit for typ, ton.

Truth Table
ME WE Operation Condition of Outputs
L L Write TRI-STATE
L H Read Complement of Selected Word
H L Inhibit, Storage - TRI-STATE
H H Inhibit, Storage TRI-STATE
AC Test Circuits
toH tiH All Other AC Tests
Vee
10 10K 5.0 pF 50pF
AT T T
oUTPUT = =
I RO ) -T"/F/ms" = TL/F/5925-5

TL/F/5925-3
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MM54C989/MM74C989

Switching Time Waveforms
Read Cycle (Note 1)*

"e L] |
- 4 \__)/_

Write Cycle (Note 1)*

VR N

57—t tHA
Vi .
cc
INPUT
0

ADDRESS
we
Veo
WRITE
ENABLI
g— N\
15D Ho
DATA "4 DATA Vee
ar TRISTATE® CONDITION J ouT .
TL/F/5925-6 TL/F/5025-7
Read-Modify-Write Cycle (Note 1)* toH
ME Vee
Ve 3 05Vge
WEWORY / \| 0
ENRBLE N ton
1SA—=1=—tHA o e = TRISTATE®
\/ oot
ADDRESS LATCHED ADDRESS o
INPUT )
4 0.1Vge
70 TRISTATE® CONDITION TL/F/5925-9
Vee I tace - - -
DATA
outT TRISTATE® CONDITION J
{ c—— - o - - —— t1H
WE Vee -
Vee WE 05Vee
WRITE
L e 4——
LT e
tHD I !
v Vee 1 oivee

vee
DATA
N

"5 L

0 ———— === TRISTATE®

TL/F/5925-10
TL/F/5925-8

Note 1*: MEMORY ENABLE must be brought high for tyg ns between every address change.

Note 2: t, = t; = 20 ns for all inputs.
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National
Semiconductor

NMC2147H 4096 x 1-Bit Static RAM

General Description Features

The NMC2147H is a 4096-word by 1-bit static random ac- @ All inputs and outputs directly TTL compatible
cess memory fabricated using N-channel silicon-gate tech- ~ m Static operation—no clocks or refreshing required
nology. All internal circuits are fully static and therefore re-  m Automatic power-down

quire no clocks or refreshing for operation. The dataisread @ High-speed—down to 35 ns access time

out nondestructively and has the same polarity as the input g TRI.STATE® output for bus interface

data.

The separate chip select input automatically switches the
part to its low power standby mode when it goes high.

The output is held in a high impedance state during write to
simplify common 1/0 applications.

H.VIZONN

B Separate Data In and Data Out pins

m Single +5V supply

® Standard 18-pin dual-in-line package

B Available in MIL-STD-883 class B screening

Block Diagram* Logic Symbol*
18
w3 ] o
9
4—OVss
3 L]
MO_E pouseier MENDRY ARRAY DIN(D) pom
- o_m A . 64 COLUMNS —
moE n
1 e o o |
1 7 TL/D/5257-2
Dyn (D) COLUMN 1/0 CIRCUITS Dgyt (@
1) 10 COLUMN SELECT
2 o & [T1 Connection Diagram*
) ) j? ) Dual-In-Line Package
12 13 14 15 18 17
Al A0 A9 AB A7 A6 el U 118 ec
TL/D/5257-1 a2 17
A2 —J 2 A7
inN *
e ddress Inoute Order Number NMC2147HJ-1, -t L
laniald , P NMC2147HJ-2, NMC2147HJ-3, o 10 0
WEW)  Write Enable or NMC2147HJ-3L : o
CS(S) Chip Select See NS Package Number J18A A5 =] — A0
Din (D) Dataln bour @Y 12 014
Dout (Q) Data Out we - 1L oy 0
Vee Power (5V) ] 10_
- LI
Vss Ground v we

TL/D/5257-3
Top View

*The symbols in parentheses are proposed industry standard.
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NMC2147H

Absolute Maximum Ratings Truth Table*
:Ie'::ietargérll\t:;sptah? ;Z:Icol:llzld ;:r‘::::?n:t:zt;:qtg;f:s, cs @ DIN | DouT Mode Power
Office/Distributors for availability and specifications. G| W | O @
Voltage on Any Pin Relative to VSS —3.5Vto +7V H X X Hi-Z Not Selected | Standby
Storage Temperature Range —65°C to +150°C L L H Hi-Z Write 1 Active
Power Dissipation 1.2W L L L Hi-Z Write 0 Active
DC Output Current 20 mA L H X bout Read Active
Bias Temperature Range —65°Cto +135°C
Lead Temperature (Soldering, 10 sec.) 300°C
DC Electrical Characteristics 1A = 0:Cto +70°C, VCC = 5V + 10% (Notes 1 and 2)
NMC2147H-1
Symbol Parameter Conditions NMC2147H-3L NMC2147H-2 NMC2147H | ypjts
NMC2147H-3
Min Max Min Max Min | Max
K] input Load Current | VIN = 0V to 5.5V, VCC = Max 10 10 10 | pA
(All Input Pins)
[ILo| Output Leakage CS = VIH, VOUT = GND to 4.5V, 50 50 50 | pA
Current VCC = Max
VIL Input Low Voltage -3.0 0.8 —-3.0 0.8 -3.0 | 0.8 \'
VIH Input High Voltage 2.0 6.0 2.0 6.0 2.0 6.0 Vv
VOL Output Low Voltage | IOL = 8.0 mA 0.4 0.4 0.4 \
VOH Output High Voltage | IOH = —4.0 mA 24 2.4 2.4 \
ICC Power Supply VIN = 5.5V, TA = 0°C, 125 180 160 | mA
Current Output Open
ISB Standby Current VCC = Min to Max, CS = VIH 20 30 20 mA
IPO Peak Power-On VCC = V8S to VCC Min, 30 40 30 mA
Current CS = Lower of VCC or VIH Min
Capacitance 7a = 25:C, f = 1 MHz (Note 3)
Symbol Parameter Conditions Min Max Units
CIN Address/Control Capacitance VIN = 0V 5 pF
CouT Output Capacitance VOUT = oV 6 pF

Note 1: The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
Note 2: These circuits require 500 us time delay after VCC reaches the specified minimum limit to ensure proper orientation after power-on. This allows the

internally generated substrate bias to reach its functional level.
Note 3: This parameter is guaranteed by periodic testing.

AC Test Conditions

Input Test Levels GND to 3.0V
Input Rise and Fall Times 5ns
Input Timing Reference Level 1.5V
Output Timing Reference Level (H-1) 1.5V
Output Timing Reference Level 0.8V and 2.0V

(H-2, H-3, H-3L)
Output Load See Figure 1

*Symbols in parentheses are proposed industry standard.

oout 5V
510Q
30 pF
3009 (INCLUDING
SCOPE AND
FIXTURE)
= TL/D/5257-4
FIGURE 1. Output Load
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=
Read Cycle AC Electrical Characteristics 1A = 0°Cto 70°C, VGG = 5V +10% (Note 1) %
N
—h
Symbol NMC2147H-1 | NMC2147H-2 | NMC2147H-3 | o tazn bt
NMC2147H-3L
Parameter Units | =
Alternate | Standard Min Max Min Max Min Max Min | Max
trc TAVAV Read Cycle Time 35 45 55 70 ns
tAA TAVQV | Address Access Time 35 45 55 70 ns
tacs TSLQv Chip Select Access Time 35 45 55 70 ns
(Notes 4)
iz TSLAX Chip Select to Output Active 5 5 10 10 ns
(Note 5)
thz TSHQZ | Chip Deselect to Output
TRI-STATE (Note 5) 0 30 0 30 0 30 0 30 ns
toH TAXQX | Output Hold from Address 5 5 5 5 ns
Change
tpu TSLIH Chip Select to Power-Up 0 0 0 0 ns
tpD TSHIL Chip Deselect to Power-Down 20 20 20 30 ns
Max Access/Current NMC2147H-1 NMC2147H-2 NMC2147H-3 NMC2147H-3L NMC2147H
Access (TAVQV—ns) 35 45 55 55 70
Active Current (ICC—mA) 180 180 180 125 160
Standby Current (ISB—mA) 30 30 30 20 20
Read Cycle Waveforms*
Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH)
(TAdW) |
ADDRESS ;( X
tAA ]
(TAavav) |
DATA OUT PREVIOUS DATA VALID DATA VALID
toH
= (raxax)
TL/D/5257-5
Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 4)
tRC
(TAVAV)
CHIP SELECT 5( 7‘
| etz
(TSHaz)
DATA OUT DATA VALID T
— (s~
icc
sur!lc.e 50%
TL/D/5257-6
Note 4: Addresses must be valid coincident with or prior to the chip select transition from high to low.
Note 5: Measured +50 mV from steady state voltage. This parameter is sampled and not 100% tested.
*The symbols in parentheses are proposed industry standard.
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NMC2147H

Write Cycle AC Electrical Characteristics ta = o°c to 70°C, vCC = 5V +10% (Note 1)

NMC2147H-3
Symbol NMC2147H-1 | NMC2147H-2 NMC2147H
Y Parameter NMC2147H-3L Units
Alternate | Standard Min | Max | Min | Max Min Max | Min | Max
twe TAVAV | Write Cycle Time 35 45 55 70 ns
tcw TSLWH | Chip Select to End of Write 35 45 45 55 ns
taw TAVWH | Address Valid to End of Write| 35 45 45 55 ns
tas TAVSL | Address Set-Up Time
TAVWL 0 0 0 0 ns
twp TWLWH [ Write Pulse Width 20 25 25 40 ns
twr TWHAX | Write Recovery Time 0 0 | 10 15 ns
tow TDVWH | Data Set-Up Time 20 25 25 30 ns
tDH TWHDX | Data Hold Time 10 10 10 10 ns
twz TWLQZ | Write Enable to Output
TRI-STATE (Note 5) 0 20 0 25 0 25 0 35 ns
tow TWHQX | Output Active from End
of Write (Note 5) 0 0 0 0 ns

Write Cycle Waveforms™ (ote6)
Write Cycle 1 (Write Enable Limited)

we
(TAVAV)

ADDRESS )(

!

tow
(TSLWH)

A

z

HIPSELECT
A R
tAS 1 wp
(TAVWL) (TWLWH)
TEENABLE Sk % J_r
tow t
(TOVWH) inpx)
DATA IN B X_ DATA IN VALID X
! 1
—] tow
L— (rv'ﬂﬁz» (TWHOX).
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

TL/D/5257-7
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Write Cycle Waveforms™ (note 6)
Write Cycle 2 (Chip Select Limited)

| twe
(TAVAV)
ADDRESS X
| rsEm)
ta!
mwsﬁ" -
CHIP SELECT /
rr;W:m
WA
(r;mvu.) (TWHAX) ™|
WRITEENABLE %
tow tpy
(TOVWH) (TWHDX)
7
DATAIN DATA IN VALID
| |
- twz
(TWLGZ) |
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

TL/D/5257-8

Note 6: The output remains TRI-STATE if the CS and WE go high simultaneously. WE or TS or both must be high during the address transitions to prevent an

erroneous write.
*The symbols in parentheses are proposed industry standard.
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NMC2148H

National
Semiconductor

NMC2148H 1024 x 4-Bit Static RAM

General Description Features

The NMC2148H ig a 1024-yvord by 4-bit static random ac-  m All inputs and outputs directly TTL combaﬁble
cess memory fabricated using N-channel silicon-gate tech-  w Static operation—no clocks or refreshing required
nology. All internal circuits are fully static and therefore re- g A tomatic power-down

quire no clocks or refreshing for operation. The data is read B High-speed—down to 45 ns access time

g::anondestrucuvely and has the same polarity as the input m TRI-STATE® output for bus interface

The éeparate chip select input automatically switches the m Common data I/O pins

part to its low power standby mode when it goes high. Com- m Single +5V supply

mon input/output pins are provided. B Standard 18-pin dual-in-line package
Block Diagram* Logic Symbol*
1 |
" °—|>‘_—— (0a1)
- =t AD
a5 oz_.x <+«2ovee ™
—14 woz|
. —20vss — A3 (0Q2)
m x MEMORY ARRAY —*
ROW 1 AS
" O‘L—X b oL — 4 3l
— (0a3)
mot— P _
wot—— B

won &'—‘j— — I — : TL/D/7404-3
— COLUMN 1/0 CIRCUITS |
n3 _ 12 NO
(0a3) O wour COLUMN SELECT . .
| OATA Connection Diagram*
o2 13 CONTROL
0a2) © j-— % % % % —.ﬁ Dual-In-Line Package
4 5 6 7
(Dllg‘) o 3— A3 A A a2 E 6 — U = vee
AS —2' -|—7- A7
' prpel S a
- a4 15
A3 === = A9
5 14
“ Ab— — :’:&n
— 0 5t
mool—p 1y s =
8 11 1/04
TL/D/7404-1 s _9 ; (Das)
R vss — — WE(E)
AO_AS Pin '1‘:":;; nouts Order Number NMC2148HJ-L,
- = N p NMC2148HJ-3L, NMC2148HJ, TL/D/7404-2
WEW) Write Enable NMC2148HJ-2 or NMC2148HJ-3 Top View
CS () Chip Select See NS Package Number J18A
1/01-1/04  Data Input/Output
(DQ1-DQ4)
VCC Power (5V)
VSSs Ground

*Symbols in parentheses are proposed industry standard.
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Absoclute Maximum Ratings Truth Table
If Military/Aerospace specified devices are required, —= [R—
please contact the National Semiconductor Sales cs WE I/0 Mode Power
Office/Distributors for availability and specifications. H X Hi-Z Standby Standby
Voltage at Any Pin with Respect to VSS —3.5Vto +7V L L H Write 1 Active
Storate Temperature —65°C to +150°C L L L Write 0 Active
Temperature with Bias —10°Cto +85°C L H DouT Read Active
DC Output Current 20 mA
Power Dissipation 1.2W
Lead Temperature (Soldering, 10 sec.) 300°C
DC Electrical Characteristics TA = 0°Cto +70°C, VCC = 5V + 10% (Notes 1 and 2)
NMC2148H-L N"M"'c‘;";l‘;?:_'z
Symbol Parameter Conditions NMC2148H-3L NMC2148H-3 Units
Min Max Min Max
i Input Load Current VIN = 0V to 5.5V, 10 10 MA
(All input Pins) VCC = Max
Lol Output Leakage Current CS = VIH, VOUT = GND to 4.5V, 50 50 pA
VCC = Max
VIL Input Low Voltage —-25 0.8 —-25 0.8 v
VIH Input High Voltage 2.1 6.0 21 6.0 \
VOL Output Low Voltage IOL = 8.0 mA 0.4 0.4 \"
VOH Output High Voltage IOH = —4.0mA 2.4 2.4 \"
ICC Power Supply Current VIN = 5.5V, TA = 0°C, 125 180 mA
Output Open
ISB Standby Current VCC = Min to Max, CS = VIH 20 30 mA
IPO Peak Power-On Current VCC = VSS to VCC Min, 30 40 mA
CS = Lower of VCC or VIH Min
[los| Output Short Circuit Current | VOUT = GND to VCC 250 250 mA
Capacitance Ta = 25:C, f = 1.0 MHz (Note 3)
Symbol Parameter Conditions Min Max Units
CIN Address/Control Capacitance VIN = 0V 5 pF
Cl/0 Input/Output Capacitance VI/O = oV 7 pF
Note 1: The operating ambi p range is gt d with air flow ding 400 linear feet per minute.

Note 2: These circuits require 500 ps time delay after VCC reaches the specified minimum limit to ensure proper operation after power-on. This allows the
internally generated substrate bias to reach its functional level.

Note 3: This parameter is guaranteed by periodic testing.

AC Test Conditions

Input Test Levels GND to 3.0V
Input Rise and Fall Times 5ns
Input Timing Reference Level 1.5V
Output Timing Reference Levels 0.8V and 2.0V

Output Load

See Figure 1

DouT SV
o
4800
[
P o 30 pF
2550 (INCLUDING SCOPE
T AND FIXTURE)
- TL/D/7404-4
FIGURE 1. Output Load
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NMC2148H

Read Cycle AC Electrical Characteristics A = o°Cto +70°C, vcC = 5V £10% (Note 1)

vep 10 == e e

SUPPLY 58 7@

Note 4: Addresses must be valid coincident with or prior to the chip select transition from high to low.

Note 5: Chip deselected longer than 55 ns.
Note 6: Chip deselected less than 55 ns.

Note 7: Measured +50 mV from steady state voltage. This parameter is sampled and not 100% tested.

*The symbols in parentheses are proposed industry standard.

NMC2148H-3 NMC2148H
Symbol parameter NMC2148H-2 | \MC2148H-3L | NMC2148H-L | Units
Alternate | Standard Min Max Min Max Min Max
trc TAVAV Read Cycle Time 45 55 70 ns
taA TAVQV | Address Access Time 45 55 70 ns
tacs1 TSLQV1 | Chip Select Access Time (Notes 4 and 5) 45 55 70 ns
tacs2 TLSQV2 | Chip Select Access Time (Notes 4 and 6) 55 65 80 ns
tLz TSLQX Chip Select to Output Active (Note 7) 20 20 20 ns
thz TSHQZ [ Chip Deselect to Output TRI-STATE (Note 7) 0 20 0 20 20 ns
toH TAXQX | Output Hold from Address Change ns
tpu TSLIH Chip Select to Power-Up ns
tpp TSHIL Chip Deselect to Power-Down 30 30 30 ns
Max Access/Current NMC2148H-2 NMC2148H-3 NMC2148H NMC2148H-3L NMC2148H-L
Access (TAVQV—ns) 45 55 70 55 70
Active Current ((CC—mA) 180 180 180 125 125
Standby Current (ISB—mA) 30 30 30 20 20
Read Cycle Waveforms*
Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH)
tRC -l
(TAVAV)
ADDRESS 3( *
AR |
(Tavav) .
DATA OUT PREVIOUS DATA VALID DATA VALID
ton
(TAXQX)
TL/D/7404-5
Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 4$
TRC
(TAVAV)
CHIP SELECT 1 S( 7l
tACS e | e tHZ
(TsLav) (TsHaz)
DATA OUT WIGH MPEDANCE "3§§§§§§§§:‘ : DATA VALID T
“—"— ‘(;guu)

D
== (TsHIL) —
50%

TL/D/7404-6
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Write Cycle AC Electrical Characteristics Ta = o"cto +70°C, vcC = 5V £10% (Note 1)

H8¥ 12NN

Symbol parameter NC2148H2 | e oot | NMCZAABHAL |units

Alternate | Standard Min | Max | Min Max Min | Max

twc TAVAV | Write Cycle Time 45 55 70 ns
tew TSLWH | Chip Select to End of Write 40 50 65 ns
taw TAVWH | Address Valid to End of Write 40 50 65 ns
tas TAVSL | Address Set-Up Time 0 0 0 ns

TAVWL

twe TWLWH | Write Pulse Width 35 40 50 ns
twr TWHAX | Write Recovery Time 5 5 5 ns
tow TDVWH | Data Set-Up Time 20 20 25 ns
tDH TWHDX | Data Hold Time 0 0 0 ns
twz TWLQZ | Write Enable to Output TRI-STATE (Note 7) 0 15 0 20 0 25 ns
tow TWHQX | Output Active from End of Write (Note 7) 0 0 0 ns

Write Cycle Waveforms™ (Note 8)
Write Cycle 1 (Write Enable Limited)

twe
(TAVAV)

ADDRESS )(

ttw
(TSLWH)
CHIP SELECT &

taw tWR |
(TAVWH) (TWHAX)
tas | twp
(TAVWL) (TWLWH)
WRI NABLE 3& jL
| ow 1t
(TDVWH) (%‘JHDX)
DATAIN DATAIN VALID
] tow
‘_(w‘ﬂﬁzy (TWHQX)

HIGH IMPEDANCE

DATA OUT DATA UNDEFINED

TL/D/7404-7
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NMC2148H

Write Cycle Waveforms* (Note 8) (Continued)

Write Cycle 2 (Chip Select Limited)

| twe
(TAVAV)
ADDRESS %
| tcw
n (TSLWH)
(TAVSB" -
CHIPSELECT
(AW
typ tWR
(TWLWL) (TWHAX) ™™
WRITE ENABLE "%
tow tpy
(TDVWH) (TWHDX)
DATAIN DATA IN VALID
U 1
- _twz
(TWLGZ) ")
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

TL/D/7404-8

Note 8: The output remains TRI-STATE if the CS and WE go high simulataneously. WE or TS or both must be high during the address transitions to prevent an

erroneous write.

*Symbols in parentheses are proposed industry standard.
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National
Semiconductor

DM755S68/DM85S68/DM75S68A/DM85S68A
16 x 4 Edge Triggered Registers

General Description

These Schottky memories are addressable “D” register
files. Any of its 16 four-bit words may be asynchronously
read or may be written into on the next clock transition. An
input terminal is provided to enable or disable the synchro-
nous writing of the input data into the location specified by
the address terminals. An output disable terminal operates
only as a TRI-STATE® output control terminal. The address-
able register data may be latched at the outputs and re-
tained as long as the output store terminal is held in a low
state. This memory storage condition is independent of the
state of the output disable terminal.

All input terminals are high impedance at all times, and all
outputs have low impedance active drive logic states and
the high impedance TRI-STATE condition.

Features

m On-chip output register

m PNP inputs reduce input loading

m Edge triggered write

B High speed—20 ns typ

m All parameters guaranteed over temperature
m TRI-STATE output

m Schottky-clamped for high speed

m Optimized for register stack applications

m Typical power dissipation—350 mW

Logic and Block Diagram

(I!ATA mvum

(WRITE ENABLE)

o

(WRITE tLBCK INPUT)

EDGE TRIGGERED WRITE

Al

TITIII]

A WORD 1

16 x 4 MEMORY CELL ARRAY

o

13

ZIIYY L

1ouTPUT
STORE)

e

2
0o

I

(OUTPUT
DISABLE)}

]

7 l 10 & "
(OUTPUTS) "

Pin Names
Ag-A3 Address Inputs
D1-Dg Data Inputs
01-04 Data Outputs
WE Write Enable
CLK Write Clock Input
1 (o] Output Store
oD Output Disable
Op|We|CLK|Os| MODE OUTPUTS
0| X | X | O |OutputStore |DataFrom Last
Addressed Location
X 0 | 7| X |Write Data Dependent on State
of OD and OS
Read Data Data Stored in
Addressed Location
1 Output Store | High Impedance State
1] X | X | 1 |OutputDisable|High Inpedance State
0 = Low Level
1 = High Level
X = Don’t Care

TL/F/9233-1
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DM75568/DM85568/DM75S68A/DM85S68A

Absolute Maximum Ratings (note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Supply Voltage, Vcc
Office/Distributors for availability and specifications. DM85S68/DM85S68A 4.75 5.25 \"
Supply Voltage 7.0V DM75S68/DM75S68A 45 5.5 \
Input Voltage ‘ S5V Tegnﬁg?stgzgﬁassew 0 70 °C
Output Voltage 5.5V DM75S68/DM75S68A  —55  +125 G
Storage Temperature Range —65°Cto +150°C
Temperature (Soldering, 10 sec.) 300°C
Electrical Characteristics
over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
ViH High Level Input Voltage 2 \"
ViL Low Level Input Voltage ) 0.8 Vv
VoH High Level Output Voltage Vce = Min loH = —2.0 mA, | 24 Vv
DM75S68/DM75S68A
loy = —5.2mA, 2.4 \'
DM85S68/DM85S68A
VoL Low Level Output Voltage Vee = Min, DM75S68/DM75S68A 0.5 v
loL=16mA | pyvgsSes/DME5SE8A 0.45 v
[T7] High Level Input Current Vce = Max, Vi = 2.4V 25 pA
1 High Level Input Current Vee = Max, Vg = 5.5V
N 50 pA
at Maximum Voltage
i Low Level Input Current Vce = Max, Clock Input —500 pA
ViL = 0.5V All Others —250 | pA
los Short Circuit Output Current Vce = Max, VoL = 0V _20 _55 mA
(Note 4)
lcc Supply Current Ve = Max 70 100 mA
Vic Input Clamp Voltage Vee = Min, iy = —18 mA -1.2 \"
loz TRI-STATE Output Current Veo= Max . Vo = 2.4V +40 MA
Vo = 0.5V —40 pA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2. Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DM75568/DM75S68A and across the 0°C to
+70°C range for the DM85S68/DM85S68A. All typicals are given for Voc = 5.0V and T = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.
Note 4: Only one output at a time should be shorted.

Switching Characteristics over recommended operating range of T and Vg unless otherwise noted

Symbol Parameter DM75S68 DM85S68 DM75S68A DMB85S68A Units
Min | Max | Min | Max | Min | Max [ Min | Max
tzH Output Enable to High Level 40 35 40 35 ns
tz2L Output Enable to Low Level 30 24 30 24 ns
tHz Output Disable Time from High Level 35 15 35 15 ns
tiz Output Disable Time from Low Level 35 18 35 18 ns
taa Access Time | Address to Output ' 55 40 45 24 ns
tosa Output Store to Output 35 30 35 20 ns
tcA Clock to Output 50 40 50 35 ns
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Switching Characteristics
over recommended operating range of T4 and Vgg unless otherwise noted (Continued)

Symbol parameter DM75S68 DM85S68 DM75S68A | DM85S68A Units
Min [ Max | Min | Max { Min | Max | Min | Max
tasc Set-Up Time | Address to Clock 25 15 25 15 ns
tpsc Data to Clock 15 5 15 5 ns
tasos Address to Output Store 40 30 40 10 ns
twesc Write Enable Set-Up Time 10 5 10 5 ns
tossc Store before Write 15 10 15 10 ns
taHC Hold Time Address from Clock 15 10 15 10 ns
toHC Data from Clock 20 15 20 15 ns
tAHOS Address from Output Store 10 5 10 2 ns
tweHC Write Enable Hold Time 20 15 20 10 ns

Connection Diagram

Dual-In-Line Package

1
02—4
2
D1 =

3
AQ ——

[
A2 —

]
A3 =

6
Al =

01

024

9
GND ==

|\

— Vce

17
— D3

16
— D4

15___
1
b— CLK

13 —
— 0S
= 00

- 04

10
r—os

TL/F/9233-2
Top View

Order Number DM75S68J, DM85S68J,
DM85S68N, DM75S68AJ,
DM85S68AJ or DM85S68AN
See NS Package
Number J18A or N18A
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DM75S68/DM85S68/DM75S68A/DM85S68A

AC Test Circuit and Switching Time Waveforms

ADDRESS
INPUT

DATA
INPUT

OUTPUT
STORE

WRITE
ENABLE

WRITE
CLOCK

DATA
INPUT

WRITE
CLOCK

QUTPUTS

DM75568/
DMB5S88/
DM76S68A/
DMB5SB8A

OUTPUT

&

Write Cycle

I
T

Clock Set-Up and Hold Time

L5V\,-

———

1.5V

S——
ewen

‘..w
-1 -

|~ tOHC =]

tossC —e=|

71T TN

15V

PR —— §

tWESC —|

1.5V

WEHC —I<———>

TL/L/9233~-4

Clock to Output Access

—

R 4

1.5V %
L—'CA-—

——
1.sv*
————— — ——— o o

TL/L/9233-5

5.0v
400
01
[ CL = 5.0 pFfor tyz, ti 2
! CL = 30 pF for all others
Cy includes probe and jig capacitance
P4 All diodes are 1N3064
> 1.0k
i»
TL/L/9233-3
Read Cycle

Address to Output Access Time
[ ——————————

ADDRESS
INPUT '-5‘:/

L—xu_.

R

QUTPUTS 15V *
[ ——

TL/L/9233-6
Output Store Access, Set-Up and Hold Time

ADDRESS -:;\,-_yl sv
weurs 15V :

<t”(os>‘

0uTPUT

STORE 1.5V

'Asos-“'—l l““oﬁ_"
- Y
ouTPUTS 15V %

15V
Output Disable and Enable Time

1.5V

TL/L/9233-~7

ouTPUT
visaste SV 15V
<-ll.z’l [tz —-' i
15V | t
1 0.5V
0.5V
[Tp—
ouTPUT

Vo sm—

tHz L.—lzu—b

TL/L/9233-8

Note: Input waveforms supplied by pulse generator having the following characteristics: V=3.0V, tg<2.5 ns, PRR<1.0 MHz and Zgyt = 50M.
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National
Semiconductor

STAR™ Surface Mount
Tape-and-Reel Specification

General Description

Tape-and-Reel is a new method for shipment of surface
mount devices. This approach simplifies the handling of
semiconductors for automated circuit board assembly sys-
tems. A Tape-and-Reel holds hundreds-to-thousands of
surface mount devices (as compared with less than 100
devices in a rail), so that pick-and-place machines have to
be reloaded less frequently. This savings in labor will further
reduce manufacturing costs for automated circuit board as-
sembly.

Features

® Conductive PVC material redeuces static charge build-
up

m Fully meets proposed EIA standard RS-481A (taping of
surface-mounted components for automatic placing)

PRELIMINARY

SEMICONDUCTOR TAPE-AND-REEL SYSTEM

m Fully compatible with National’s surface mount package
types

m Variable code density code 39 bar code label for Auto-
mated Inventory Management availability

m Mechanical samples of surface mount packages avail-
able in Tape-and-Reel for automated assembly process
development

= Single Tape-and-Reel holds hundreds-to-thousands of
surface mount semiconductors for additional labor sav-
ings

m Conductive cover Tape-and-Reel availability

m Reels individually packed

Tape-and-Reel Diagram

ARBOR HOLE

(FOR MOUNTING REEL
ON PICK-AND-PLACE
MACHINE|

LABEL
(IDENTIFIES
DEVICE CONTENTS)

REEL
(CARRIES
TAPE DURING
SHIPPING AND
COMPONENT
FEEDING)

COVER TAPE
(SECURES DEVICE
IN CAVITY)

\
SPROCKET HOLES
(GUIDE TAPE IN
PICK-AND-PLACE
MACHINE)

*MADE OF CONDUCTIVE PVC MATERIAL

TL/HH/8352-1
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STAR

Tape-and-ReeI Overview

TAPE FORMAT AND DEVICE ORIENTATION

< TRAILER
[ SECTION

DIRECTION
OF FEED

CARRIER SECTION

0000000000

00000000000000000QO000QQ00D00CO0000000000

HUB
END

27

* EMPTY
CAVITIES

© UNSEALED
COVER TAPE

* EMPTY
CAVITIES

T
 FILLED CAVITIES
* SEALED COVER TAPE,

T
* EMPTY
\ CAVITIES

* SEALED
COVER TAPE /

/

7 \ * Soven e

o o o o

|

OPTION1 OPTION 2

SO0T-23
DEVICES

o o ¢ o 0 0 O
noonn
PIN1
ORIENTATION B
d h
[+ h
7]
\=1%1=2"1°]
50-1C PCC-IC
DEVICES DEVICES

T
* EMPTY
CAVITIES
* UNSEALED
COVER TAPE

TL/HH/8352-2

Page Page
Small Outline Transistor SOT-23 (High Profile) 3 Plastic Chip Carrier IC (PLCC-IC) PLCC-20 1
SOT-23 (Low Profile) 3 PLCC-28 12
Small Outline IC (SO-IC) SO-8 (Narrow) 4 PLCC-44 13
S0O-14 (Narrow) 5 PLCC-68 14
SO-14 (Wide) 6 PLCC-84 15
S0-16 (Narrow) 7
S0-16 (Wide) 8
S0-20 (Wide) 9
S0-24 (Wide) 10
MATERIALS
¢ Cavity Tape: Conductive PVC (less than 105 0/Sq) ® Reel: 1. Solid 80 pt. Fibreboard (standard)

e Cover Tape:

Polyester

1. Conductive Cover available

2. Conductive Fibreboard available
3. Conductive Plastic (PVC) available

LABEL

Human and machine readable label is provided on reel. A variable (C.P.l.) density code 39 is available. NSC STD Label (7.6

C.P.L).

Field

Lot Number

Date Code

Revision Level
National Part No. I.D.
Quantity

Fields are separated by at least one blank space.

Future Tape-and-Reel packs will also include a smaller-size
bar code label (high-density code 39) at the beginning of the
tape. (This tape label is not available on current production.)

National Semiconductor will also offer additional labels containing information per your specific specification.

Example:
LoT
NUMBER

LOT: EPL39363K027 D/cC:

NSPN:TMM74yHCO2M /63

NATIONAL SEMICONDUCTOR PART NUI

DATE
CODE

MBLYY R:

L

QTyY:

|EIIIIIIIIIllllillllllllllllllllflllll L

. REVISION
NUMBER

TL/HH/8352-3
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SOT-23 (High Profile), SOT-23 (Low Profile) >
TAPE FORMAT
Tape Section # Cavitles Cavity Status | Cover Tape Status
Leader 5 (min) Empty Unsealed
(Start End) 5 (min) Empty Sealed
Direction Carrier T*2500 (High) Filled Sealed
of 1 %3000 (Low) Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
*These quantities represent 7” Reel Quantity availability.
110,000 For 13” Reel.
TAPE DIMENSIONS
g
0.0610.002 0.079 £0.002 TP .02
1.55+0.05 2x0.05 0.069+0.004 0.3
[_ 1750
Do d o i
—] 0.315:+0.012
! 803
Ollo||l O \
lJ 105*0 mu
@ I’ANGEMT PDINYS
0.157 +0.004 0.04720.002
401 12+0.05
3. a 01 | o
@wmsu:r POINTS !\ B Max
—_ oo (L.181)
_E" 03 (30)
oo f
a2 MAXIMUM ALLOWABLE
BEND RADIUS
TL/HH/8352-4
REEL DIMENSIONS
0.059 0.567
*‘ I’T X e
0.7 0.512 +0.002
! 2. 132005
2\ 1.969 J_ ]
iV 50 T
; \——FULL RADIUS
033118 _.l I‘_
8.4%
TL/HH/8352-5




STAR

S0-8 (Narrow)
TAPE FORMAT
Tape Section # Cavities Cavity Status Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T [ Garrier 2500 Filled Sealed
Feed -
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
SEL0 |
©0.059 0,002 0.79:0.002 1yp (0.012)
1.5+0.05 2+0.05 0.069+ 0.004 0.3)
17501 8° MAX
T T
Obo o0 0o —
0.2170.002 =
552005 | 0.472+0.02 0.211+0.004
(0] QO (@) 1 12203 53501
b (0.87) @ TANGENT POINTS
< 9 —
\ ©0.059 + 0.002
SRS Typ
0.315:x0.004 192005 0.0830.004 —‘_‘
801 2101
0.258+ 0.004 ] ‘
6.55+0.1
@ TANGENT POINTS 8° MAX
JUALL
7y S S
ooy | I T
2.1 (0.3) MAXIMUM ALLOWABLE
BEND RADIUS
TL/HH/8352-6
REEL DIMENSIONS
| L0059 0728y,
15 8.0 MAX k_
0.512+0.002
132005
(13.00) 1.969 1 ]
(330) 50 I

FULL RADIUS

0.488°%
12

-

TL/HH/8352-7




SO-14 (Narrow)
TAPE FORMAT
Tape Section # Cavities | Cavity Status | Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T [ carrier 2500 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157 = 0.004
4x01 VP
©0.61 0.002 . 0.79+0.002 0.069+0.004 oo |
155=0.05 2+0.05 17501 0.3
OO0 O O0O0 O Fr
o T 4
0.295 +0.002
I 752005 I i
0.630 = 0.012 ﬂ»ﬂﬂ; l:‘-l:ﬂd
o Q o 803 @TANGENT POINTS
\ (0.266 +0.002)
{6.75 = 0.05) i A
AN
\ 0.061=0.002
0.315 004 155005 0.083+0.004
801 21201
0.262+0.004
6.65=0.1 ~g° max
@ TANGENT POINTS 0.012 {1.575)
03 (40)
0.083 +0.004 I
21=01) MAXIMUM ALLOWABLE
BENDRADIUS
TL/HH/8352-8
REEL DIMENSIONS
0.059 0.882
“' I'— 5 E0 e
0.7%5 0.512:0.002
2 13+0.05
13.00 (’ \,\)—— 1968 1 [
(330) N 50 f [
FULL RADIUS
0.646°54 l
%47

TL/HH/8352-9
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STAR

SO-14 (Wide)

TAPE FORMAT
Tape Section # Cavities | Cavity Status | Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T [ carrier 1000 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157 = 0.004
401 v
X X 0.79 + 0.002 0.069:+0.004 (0.012)
oiE ™ | Tra ™ Cimsod oﬂ: i
° MAX

?odooooooo

l
ooog——‘—r

0.295 +0.002

"

75+0.05
0.630+0.012  0.380+0.004
le) o) %203 9.65+0.1
@ TANGENT POINTS
0.266) e
(6.75) L______.
VA ) {
0.061+0.002 / 0.472 +0.004 0.18 +0.004
152005 7 701 3201 "
0.435+0.004
0501 .
@ TANGENT POINTS 8° Max (0579) g
(40)
018 o ‘ 0.012) g
[E] 0.3 MAXIMUM ALLOWABLE
. BEND RADIUS
TL/HH/8352-10
REEL DIMENSIONS
0.059 0.882
_" I~— 15 mMAX—' [
0.785 0.512.:+0.002
20.2 13+0.05
13.00 (o] 1963 1
(330) A 50 T
FULL RADIUS
0.646'1 %
16.4%

TL/HH/8352-11
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SO-16 (Narrow) >
TAPE FORMAT
Tape Section # Cavities Cavity Status Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T | carrier 2500 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157 + 0.004
4+01 TYP
90.61:+0.002 — | |e—_ 07920002 0.069 = 0.004 a mz
1.55+0.05 2+0.05 v 17501 e
OO 00 O 0Of0 ; L
0.295 + 0.002 f §
| 7.5+0.05
0.630 +0.012 0.411+0.004
@) (@) @) 1603 045201
@YANGENT POINTS
\ (0.266 + 0.002)
(6.75 = 0.05)
\ 0.061 = 0.002
0315 004 1552003 0083+ 0.004
8201 21+01
0.262 + 0.004 —
5.65501 | - 8° MAX
@ TANGENT POINTS — l’a“;—z 1’7‘%1
0.083 =+ 0.004)
(21+0.1) MAXIMUM ALLOWABLE
BEND RADIUS
TL/HH/8352-12
REEL DIMENSIONS
ol | 0.058 0.882, . |
15 22.4 "X k_
ﬂll 13+0.05
(300 (o) — im0 |
(330) W e - 50
| f
FULL RADIUS
0.6463 %
16.47 " I *
TL/HH/8352-13




STAR

SO-16 (Wide)
TAPE FORMAT
Tape Section # Cavities | Cavity Status Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of Carrier 1000 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157 = 0.004 (0.012)
=01 P 0.3
0.61 + 0.002 o e 07920002  0069:0.004
® 5500 " 22005 175201
/ l ° MAX
§oo’oooooooooo{——7— \L
0.295 +0.002
7'5”'?530:0012 0.430 +0.004
o o R o TN
1 @ TANGENT POINTS
/D (0.266) g
(6.75) l
b 7 ] §
0.0610.002 / 0.472:+0.004 0.118:+0.004
155005 " R0l 3201
0.435+0.004
05201 .
@ TANGENT POINTS 8° MAX %&1 REF
; l (0.012)
1‘l(;l)’l ReF —— 0 MAXIMUM ALLOWABLE
BEND RADIUS
(SEENOTE 3)
TL/HH/8352-14
REEL DIMENSIONS
0.059 0.882
- —I s 2| [
0.795 0.512+0.002
202 13005
(13.00) FgRNY 1969 N
330) N 50 T i
FULL RADIUS
0.646°1%t | |___
16.47

TL/HH/8352-15
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S0-20 (Wide)
TAPE FORMAT
Tape Section # Cavities Cavity Status Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T Carrier 1000 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157 +0.004 n
401 3
0.06120.002 [ ©.012)
1552005 0.79:£0.002 0.069:+0.004 03
72005 " 1750
$ooooooooo‘6 c'>ooo aWL
0 453 + 0.002
. s: 0.05
0.945= 0.012
20203  0530£0.004
@) ©) ©) @ TANGENT POINTS
0 423 + 0.002
L \ ? 10. 152 0.05 r
\ 0.0810.002
0.47220.004 2052005 0.118 + 0.004
12+01 3x01
0,435+ 0.004 l\
10501 8° MAX
@ TANGENT POINTS
(1.969)
|
ong) | E:JL
@) 0.3
MAXIMUM ALLOWABLE
BEND RADIUS TL/HH/8352-16
REEL DIMENSIONS
0.059 1.197
— ] u———t 30“M»\X—> |<-—
0.785 0.512 £0.002
ZI’L? 1320.05
(13.00) 1% 1.969 1
(330) — 50 t ]
I
FULL RADIUS
0.960 35 ;
24.47

TL/HH/8352-17

Hvl1S
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STAR

S0-24 (Wide)

TAPE FORMAT
Tape Sectlon | # Cavities | Cavity Status | Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T " Garrier 1000 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
M we %l —
(ses um 1)
5ol e ™ M

—

|

1 8° MAX
5oo’oooooc‘>oooo \L
0.453 + 0.002
n.5+0.05
0945 2 0.12 ] m:n.mu
') O c 20=03 0=
@TANBEI'I‘ PQINTS
0.423)
W 'lm REF
0.081:+ 0.002 m,J |l._0.472+0.004 0.118 + 0.004
2.05x0.05 12201 301
0.435+0.004
105201
@ TANGENT POINTS 11‘%’1
018) e | ___mm
@ o3 MAXIMUM ALLOWABLE
BEND RADIUS
TL/HH/8352-18
REEL DIMENSIONS
1.197
LA —s r—
0.785 0.512+0.002
2.2 13005
1.969 l ]
T
n
FULL RADIUS

TL/HH/8352-19
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PLCC-20
TAPE FORMAT
Tape Section # Cavities Cavity Status Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T Carrier 1000 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157 +0.004
By P———  —— som
0.061:0.002 079 +0.002
Tsaams TP - Tyl %’T‘H"—‘
8° MAX
03 0 O0O0O0OO0OO O[O0 0 \LE
| 0.295 +0.002 P —
7.5+0.05 I
0.630 =0.012 440 004\
(@) O @) 16203 A0
/ {0.266)
(6.75)
| / R ¥ E—
e e — L
@.9=0.)
0.012

ﬁ_.:géﬁ%%ﬂi @ TANGENT POINTS l—

(1575)
T\ Jl__ ! @
0.193 +0.004
49201
MAXIMUM ALLOWABLE
BEND RADIUS
TL/HH/8352-20

REEL DIMENSIONS

13.00
(330)

0.882
22.4

o MAX —>|

0.512 +0.002
13+0.05

1.969

T |

TL/HH/8352-21
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STAR

PLCC-28

TAPE FORMAT
Tape Section # Cavities | Cavity Status Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T [ Garrier 750 Filled Sealed
Feed '
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157 +0.004
4.0+0.1
0.061:0.002 . 007920002 1\, 0.069:£0.004 0.012 l
1.55+0.05 2+0.05 17501 0.3
lodoooobooooo \l
1.5+0.05
e} TN =00m
@ TANGERT POINTS
0.75)
0.0B1:0.002 / 0.630 +0.004 __l Lﬂ.luzl.m
2.05+0.05 %201 4901
TP
0.524 £0.004 ’\
13.3+0.1
@ TANGENT POINTS
8° MAX
—_— 1.969)
wl 7]
“9
] L wm
{0.3)
MAXIMUM ALLOWABLE
BEND RADIUS
TL/HH/8352-22
REEL DIMENSIONS
1197
0.2 MAx—] l._
0.795 0.512£0.002
w2 13+0.05
13.00 1969 [
(330) 50

FULL RADIUS

T-

TL/HH/8352-23
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PLCC-44
Tape Sectlon # Cavities | Cavity Status | Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T | carrier 500 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
0.157::0.004
l:ﬂ.t e
0.061::0.002 0.079.+0.002 069 +0.004 X
ol ~ e M ——%
° MAX

E)o’oooooooooooooooooooooo}

112520002 1.266:0.012 798 J,m.

o o o 2852005 92203 18.520.1
SYMM ABOUT ~ SYMM ABOUT @ TANGENT POINTS
/ CENTERLINE  CENTERLINE

A |

{ooooooooovooooooooooooo?

o000z / 094520004 _| | le_ 0203000

24201 520
™
0.728+0.004
85201
@ TANGENT POINTS 8° MAX (1.969)
(50)
0.203 +0.004 L oom
50) - 03 e
REF MAXIMUM ALLOWABLE
BEND RADIUS
TL/HH/8352-24
REEL DIMENSIONS
0.059 1512
s 384 X
0.785 0.512 £0.002
ZT'Z 13+0.05
(13.00) ( 5.\ 1.969
(330) A 50 ]
[

FULL RADIUS

1.276%% |
3247

TL/HH/8352-25
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STAR

PLCC-68
TAPE FORMAT
Tabe Section # Cavities | Cavity Status | Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T [ carrier 250 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
L
006120002 o - 0.07920.002 oo
/_ 1552005 2£0.05 0.069.+0.004 .3
175201
) o MAX
looood’ooooooooooooooooooooooooooo
1.594 +0.002
40.520.05
: cm‘r'znu«s 1.|zu=u6m
/’ 9 it LT L
SYMM ABOUT |
ENTERLINE
ooooo,[oooooooooooooooooooooooooo{ lJ
Z—t::::::’ — ] og - —
w::o‘.m
[ 1201
@ TANGENT POINTS 8° MAX 1 j‘jT’zlﬂ
< J J L__X L
e o
MAXIMUM ALLOWABLE
BEND RADIVS
TL/HH/8352-26
REEL DIMENSIONS
0.059 1,984
=== L35 max
—'! |‘_ 1. 50.4 r_
0.785 0.512 £0.002
202 13=0.05
(200 ¢\ — 199 L a
‘m) \\\ :/l__ 50 T
FULL RADIUS
Lug
“ai _ﬁ

TL/HH/83562-27
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PLCC-84

TAPE FORMAT
Tape Section # Cavities Cavity Status | Cover Tape Status
Leader 5 (min) Empty Unsealed
Direction (Start End) 5 (min) Empty Sealed
of T | carrier 250 Filled Sealed
Feed
Trailer 2 (min) Empty Sealed
(Hub End) 2 (min) Empty Unsealed
TAPE DIMENSIONS
LTt 1
/ of:;:::::z h ~ 0.0271;;2),:02 e 0.069+0.004 o
l_ 175201 8° MAX
Eoooo'ooooooooooooooooooooooooooo
1.594 +0.002
40.5+0.05
SYMM ABOUT
CENTERLINE 1.228 +0.004
P ? ? 1122102 @mnmé:n:roé;ms

/

&oooo,éoooooooooo

00000000

OOOOOOOOI

SYMM ABOUT
CENTERLINE

T L

(0.197 +0.004)
(5.0+0.1)

1.417£0.004
n;:;i:-‘::z e [e——" 36£0.1 —
12282000
— 312200 ~~g° MAx 969)
@ TANGENT POINTS o
50)
s T3
019720004 )
50201 o
MAXIMUM ALLOWABLE
BEND RADIUS
TL/MH/8352-28
REEL DIMENSIONS
0.059 1984 .
25 Coa A l‘—
0.9 0.512:-0.002
202 13005
(13.00) (o0 1= l
330) \22A * i
FULL RADIUS

gz __| |_7

4a.4

TL/HH/8352-29
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Application—Total System Saving

SEMICONDUCTOR
SUPPLIER

TAPE-AND-REEL IMPROVES THE COST
SAVINGS OF AUTOMATED ASSEMBLY
BY REDUCING THE LABOR INVOLVED
WITH DEVICE HANDLING.

ELECTRONIC EQUIPMENT MANUFACTURER

PICK-AND-PLACE
MACHINE

ASSEMBLED
PC
BOARDS

SIMPLIFIED DEVICE HANDLING DURING AUTOMATED ASSEMBLY

Cost pressures today are forcing many electronics manu-
facturers to automate their production lines. Surface mount
technology plays a key role in this cost-savings trend be-
cause:

1. The mounting of devices on the PC board surface elimi-
nates the expense of drilling holes;

2. The use of pick-and-place machines to assemble the PC
boards greatly reduces labor costs;

3. The lighter and more compact assembled products re-
sulting from the smaller dimensions of surface mount
packages mean lower material costs.

Production processes now permit both surface mount and

insertion mount components to be assembled on the same
PC board.

TL/HH/8352-32

Automated manufacturers can improve their cost savings by
using Tape-and-Reel for surface mount devices. Simplified
handling results because hundreds-to-thousands of semi-
conductors are carried on a single Tape-and-Reel pack (see
the “Ordering Information” section for the exact quantities).
With this higher device count per reel (when compared with
less than 100 devices per rail), pick-and-place machines
have to be re-loaded less frequently and lower labor costs
resuit.

With Tape-and-Reel, manufacturers save twice—once from
using surface mount technology for automated PC board
assembly and again from less device handling during ship-
ment and machine set-up.
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Ordering Information

When you order a surface mount semiconductor, it will be in mount packages). Specifying the Tape-and-Reel method of
one of the 15 available surface mount package types (see shipment (Note 1) means that you will receive your devices
Appendix |l for the physical dimensions of the surface in the following quantities per Tape-and-Reel pack:
Device Quantity
Small Outline Transistor SOT-23 (High Profile) (Note 2) 10000 2500*
SOT-23 (Low Profile) (Note 2) 10000 3000*
Small Outline IC S0-8 (Narrow) 2500
SO-14 (Narrow) 2500
SO-14 (Wide) 1000
SO-16 (Narrow) 2500
SO-16 (Wide) 1000
S0-20 (Wide) 1000
S0O-24 (Wide) 1000
Plastic Chip Carrier IC PLCC-20 1000
PLCC-28 750
PLCC-44 500
PLCC-68 250
PLCC-84 250

*This denotes 7" reel quantity availability.
Note 1: For small outline transistors, your order will automatically be shipped in Tape-and-Reel unless you indicate otherwise. For surface mount integrated circuits,
your order will automatically be shipped in conductive rails unless you indicate “Tape-and-Reel” after the device description on your purchase order.

Note 2: Your SOT-23 devices will automatically have Option 1 orientation unless you indicate “Option 2 Orientation” after the device description on your purchase
order (see “Tape-and-Reel Overview” for definition of SOT-23 orientations). In addition, your SOT-23 devices will automatically have the high-profile outline unless
you indicate “Low-Profile Outline” after the device description on your purchase order (see “Appendix ll—Physical Dimensions of Surface Mount Package” for
definition of SOT-23 outlines).

Example: You order 5,000 LM324M ICs shipped in Tape-
and-Reel.
o All 5,000 devices have the same date code
® You receive 2 SO-}4 (Narrow) Tape-and-Reel packs,
each having 2500 LM324M ICs

6-19

Hvis




STAR

Appendix |I—Short-Form Procurement Specification

TAPE FORMAT
—> Direction of Feed
Trailer (Hub End) Carrier Leader (Start End)
Empty Cavities, Empty Cavities, Filled Cavities Empty Cavities, Empty Cavities,
min min (Sealed min min
(Unsealed (Sealed Cover Tape) Sealed (Unsealed
Cover Tape) Cover Tape) Cover Tape) Cover Tape)
SMALL OUTLINE TRANSISTOR
(S'_?i;z:roﬁle) 2 2 10000 | 2500* 5 5
(SL?)Ei?oﬁle) 2 2 10000 3000* 5 5
SMALL OUTLINEIC
SO-8 (Narrow) 2 2 2500 5 5
SO-14 (Narrow) 2 2 2500 5 5
SO-14 (Wide) 2 2 1000 5 5
S0O-16 (Narrow) 2 2 2500 5 5
SO-16 (Wide) 2 2 1000 5 5
S0O-20 (Wide) 2 2 1000 5 5
S0O-24 (Wide) 2 2 1000 5 5
PLASTIC CHIP CARRIER IC
PLCC-20 2 2 1000 5 5
PLCC-28 2 2 750 5 5
PLCC-44 2 2 500 5 5
PLCC-68 2 2 250 5 5
PLCC-84 2 2 250 5 5

*This denotes 7" reel quantity availability.
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Appendix I—Short-Form Procurement Specification (continued)

HYl1S

TAPE DIMENSIONS (24 Millimeter Tape or Less)

— |«—— PO 10 PITCH CUMULATIVE
TAPE TOLERANCE +0.2mm

—] ft—

i

i =
IOI

} O O O R SMALLEST POSSIBLE
] b BENDING RADIUS-(NOTE 2)
Koo 8o o) O Q-
4 A

7

) AN

SV AN

DEVICE ORIENTATION
N

s ~N

o B -

OPTION 1 OPTION 2
SOT-23 S07-23 soic

nonno)

PCC-IC
TL/HH/8352-33

lwl e | F ] E [P [P [ D [T ] A [ B | k | Dy |

SMALL OUTLINE TRANSISTOR
SOT-23
(High Profile)
SOT-23
(Low Profile)
SMALL OUTLINE IC
SO-8
(Narrow)
SO-14
(Narrow)
SO-14 (Wide)|16+.30[12.0+.10[ 7.5+.10 [1.75%.10/{2.0 +.05/4.0 +.10[1.55 +.05[.30 +.10[{10.9+.,10| 9.5+.10 | 3.0+.10|1.55+.05/40
SO-16
(Narrow)
SO-16 (Wide)|16 +.30/12.0+.10[ 5.5+.10 [1.75£.10[{2.0 +.05/4.0 +.101.55 +.05[.30 £.10[{10.9+.10[10.76 £.10| 3.0 +.10 |1.55 +.05/40
S0-20 (Wide)|24 +.30|12.0+.10[11.5+.10[1.75+.10[2.0 +.05|4.0 +.10|1.55 + .05.30 +.10{10.9+.10 13.3+.10{ 3.0 +.10 |2.05 +.05|50
SO-24 (Wide)|24 +.30/12.0+.10[11.5+.10[1.75£.10[2.0 +.05|4.0 +.10[1.55 +.05[.30 £.10[{10.9 +.10[15.85 +.10| 3.0 +.10 |]2.05 +.05|50
PLASTIC CHIP CARRIER IC
PLCC-20 16+.30(12.0+.10| 7.5+.10 [1.75+.10{2.0 £.05/4.0 £.10[1.55 +.05|.30+.10[ 9.3+.10] 9.3+.10 [4.9+.10 1.55i.05|40
PLCC-28 24 +.30[16.0+.10{11.5£.10{1.75%.10|2.0 +£.05[4.0 +.10[1.55 +.05|.30 £.10{13.0£.10[ 13.0+.10| 4.9+ .10 2.051.05!50

Note 1: Ag, Bg and Kg dimensions are measured 0.3 mm above the inside wall of the cavity bottom.

Note 2: Tape with components shall pass around a mandril radius R without damage.

Note 3: Cavity tape material shall be PVC conductive (less than 105 2/Sq).

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force).

Note 5: Dy Dimension is centered within cavity.
Note 6: Ali dimensions are in millimeters.

8+.30|4.0+.10|3.5+.05|1.75+.10|2.0 +.05(4.0 +.10(1.55 +.05/.30 +.10[3.15 +.05| 2.55 +.05 |1.20 +.05(1.05 +.05(25

8+.30/4.0£.10|3.5+.05{1.75+.10{2.0 £.05|4.0 £.10|1.55 £ .05(.30 +£.10[3.15 £.05| 2.55 +.05 |1.20 £.05|1.05 £.05{25

12+£.30/8.0+.10| 5.5+.05|1.75£.10]2.0+.05(4.0 +.10|1.55 +£.05/.30+.10| 6.4£.10 | 5.2+.10 | 2.1£.10|1.55+.05|30

16+.30/8.0+.10|7.5+.10|1.75+£.10[2.0 +.05(4.0 +.10{1.55 £ .05|.30 +.10{ 6.5£.10 | 9.0£.10 [2.1+.10(1.551.05{40

16+.30/8.0£.10|7.5£.10 [1.75+.10{2.0 £.05(4.0 £.10{1.55 £.05/.30 £.10] 6.5+.10| 10.3+.10{ 2.1 +£.10 {1.55 £.05{40
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Appendix I—Short-Form Procurement Specification (continued)

TAPE DIMENSIONS (32 Millimeter Tape or Greater)

- /—n

P0 10 PITCH CUMULATIVE
TAPE TOLERANCE +0.2mm

|e—~P2

0J0000000000000000

oooooo}———

le— Ko T (o] O (e} F2 w
69000000000 oooooooooooo?————
_J/ _/ -— P — E
nsvucsommmnon
Ononannana " R SMALLEST POSSIBLE
}f /v' ; s/ammsmws-mmsz)
PN ] g B
1 d a}
q B
q =]
q =}
q =]
guuuuoooaoy
PCC-IC
TL/HH/8352-34
| wl e | | el P [r]| D [ 1] A& B [kK]| b [r
PLASTIC CHIP CARRIERIC

PLCC-44| 32+.3 [24.0+.1{14.25+.1|1.75+.1|2.0+.05/4.0+.1|1.55+.05{.30+.1|18.0+.1|18.0£+.1|5.0%+.1]|2.05+.05|50

PLCC-68{44.3+.3(32.0+.1(20.25+.1(1.75+.1|2.0+.05|4.0+.1|1.55+.05|.30+.1|25.6+.1{25.6+.1|5.0%+.1|2.05+.05|50

PLCC-84(44.3+.3|36.0+.1120.25+.1(1.75+.1|2.0+.05(4.0+.1}1.55+.05(.30+.1{30.7+.1|30.7+.1{5.0+.1|2.05+.05|50

Note 1: Ag, By and Ky dimensions are measured 0.3 mm above the inside wall of the cavity bottom.

Note 2: Tape with components shall pass around a mandril radius R without damage.
Note 3: Cavity tape material shall be PVC conductive (less than 105 Q/Sq).

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force).

Note 5: Dy Dimension is centered within cavity.

Note 6: All dimensions are in millimeters.
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Appendix I—Short-Form Procurement Specification (continued) >
REEL DIMENSIONS
TMAX
iy N
/TTS
{©) . o —
NN
FULL RADIUS
g
TL/HH/8352-35
A(Max) | B (Min) c D (Min) | N (Min) G T (Max)
8 mm Tape SOT-23 +0.059
(High Profile) (13.00) | 0059 | 0512+0.002 | 0795 | 1.969 | 0.33170%50 | o0.567
SOT-23 (330) 1.5 13+0.05 20.2 50 8.47% (1)~5 14.4
(Low Profile)
12mmTape | SO-8(Narow) | (13.00) | 0059 | 051230002 | 0795 | 1969 | 0.488%000e | o0.724
(330) 1.5 13+0.05 20.2 50 12412 18.4
16 mm Tape SO-14 (Narrow)
o m::fgw) (13.00) | 0059 | 05120002 | 0795 | 1.969 | 064673378 | o082
. 0059 | 251220002 | 079 | 1989 | D849, 0.882
SO-16 (Wide) (330) 15 13+0.05 20.2 50 16.412 224
PLCC-20
24mm Tape :g'gg wgg (13.00) | 0059 | 0512+0.002 | 0795 | 1.969 | 0960%3% | 1.197
. 0059 | 951220002 | 0795 | 1.969 | 02.9%9-g 1197
PLOC.28 (330) 15 13+0.05 20.2 50 24472 30.4
32mmTape | PLCC-44 (13.00) | 0059 | 0512+0002 | 0795 | 1.969 | 127670008 | 1512
(330) 15 13+0.05 20.2 50 32.4+2 38.4
44mmTape | PLCC-68 (13.00) | 0059 | 0.512+0002 | 0795 | 1969 | 174879000 | 1.984
PLCC-84 (330) 15 13£0.05 20.2 50 44.4%2 50.4
Inches
Units:  Nilimeters
Material: Paperboard (Non-Flaking)
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Appendix ll—Physical Dimensions of Surface Mount Packages

SOT-23 (High Profile)
(Generally used for Top-of-Board Mounting)

[—10° NOM

10° NOM—> ,< >\
v

10° NOM

0.0034-0.0050
(0.086-0.127)

[

0018-0.0
(0.457-0.610)

10°NOM g 048.0.024 ? 10° NOM —>-{l—
[0.457-0.610)

0.110-0.120
—’I {2.194—3.048) r_
0.070-0.080
(1.718-2.032) |
0.035-0.040
> {0.889—1.016)
v lho o
' H | A
0.047—0.055
{1198 1.307)
T H
3
0.083 —0.098
{2.108—-2.489)
0.031-0.047
{0.787—1.194)
0.003-0.005 10° —>] 10° 10° 10°  0.004-0.010
DoT6—0.1z7 NOM /‘ >\ NOM NOM ’ \r_mm ©02-0.250)
10° 10° 00—l —>{|— 10° T
| 0.018—0.022
NOM NOM T 0555 T NOM NOM
0.018-0.024 — 0.015-0.017
{0.457-0.610) {0.381-0.432)
NOTE: NOT TO SCALE —
SOT-23 (Low Profile)
(Generally used for Underside-of-Board Mounting)
01100420 |
_’I {2.794=3.048) l
0.070-0.080
{1.778—2.032) T
0.035-0.040
™ 0.89-1.016)
vl e
{ H | H
0.047—0.055
{1.194-1.307)
1 H
3
0,083 -0.098
{2.108—2.489)
0.0005-0.0040
0.035:0.041 (0.013:0.102)
{0.860-1.081)

L 100 NOM—P‘ ,<— —>\|<—1n° NOM

—>{}<e—10° NOM ?

0.015-0.017
(0.381-0.432)

NOTE: NOT 70 SCALE

MO3B (REV D)
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Appendix Il—Physical Dimensions of Surface Mount Packages (continued)

SO-8 (Narrow)
0.189-0.197
(4.800-5.004)
1 6 5
0.2:
(5.791-6.198) o0t
21 MAX
I ————) {0.2549)
teaono.t/ 1234
IDENT ge; T
0.150-0.157
e
0.053-0.069
0.010-0.020 , 450 .| e -
{0.254-0.508) r_ o MARTYP (1.348-1.753) 0.004-0.010
ALL LEADS (0.102-0.254)
T
J \, v e —
o0m A f f ) f PLANE
oma—oow 0302 0 %;;l 0.050 0.014-0020 yp
il Tas o et b
4061, 008 1yp |l
TYP ALL LEADS (0.203) MOBA (REV H)
S0-14 (Narrow)
0.335-0.344
{8.509-8.738]
FAafnnds
0.228-0.244 |
{5.791-6.198) #3?
|
LEADND.I%/ /§
IDENT U g U U U U U
1 34 5 & 7 1
0.010 yax
(0.258)
0.150-0.157
810309 |
0.010-0.020 0.053-0.069
Tt o 45" |<— - {1.385-1.753) 00080010
ALL LEADS . {0.102-0.254)
.L_l SEATING bt
PLANE
0.008~0.010 T 2o s 0.014-0.020
(0.203-0.258) _0.016-0.050 03%8) 7 - > {0.355-0.508) B
TYP ALL LEADS 0.004 (0.406-1.270) TYP 0.008
©.102) TYP ALL LEADS 203 "
ALL LEAD TIPS M14A (REV H)
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SO-14 (Wide)

Appendix ll—Physical Dimensions of Surface Mount Packages (continued)

0.346—0.362
(8.788 —9.195)
14 13 12 11 10 9 8

AAAAAAR

|-—

0.384-0.419
{10.01-10.64)
LEAD ND. 1
IDENT O
| oooonh
123456 17
0.027 ’
{0.636) “
0.291-0.298
Ta91—7.5%) |
0017 0.093-0.104
a5 @362-2.602)
0.009-0.013 > [~ mw ! (2.362-2.642) N
{0.229-0.330) .004—0.
8° MAX TYP .102—0.305
rvm.imns G ] @ )
J | SEATING
f r 0.037-0.044 ? PLANE
j {0.840-1.118) L_
0.004 0.030-0.050 0050 0.014-0.018 [0
010 > < T6e—1.210) (1 20) {0-356 —0.483)
ALL LEAD TVP ALL LEADS
TIPS
‘M14B (REV D)
S0-16 (Narrow)
0.386-0.394
{9.604—10.00)
E E 1" a hz a n o9
0.228-0.204 0
{5.791-6.198) o Tte
LEAD NO.1 1 2 3 4 5 6 71 8
1DENT 0.010 yay
0.258)
0.150-0.157
™ iss10=3.988 [
0.010-0.020 0.053-0.069
254 —a.508 <*° (1.386-1.753) 0.004-0.010
8° MAX TYP (0.102-0.254)
ALLI.EAI)S
L“m’)

0.008-0.010
{0.203-0.250) 25‘)
TYP ALL LEAD!

=

SEATING
PLANE
0.014—0.020 1y,
0.016 —0.050 —— Ty
(0.406—1.270) (0.356—-0.508)
0.004 TYP ALL LEADS
(ll 102) M1BA (REV H)
ALL LEAD TIPS
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Appendix ll—Physical Dimensions of Surface Mount Packages (continued)

Hv1S

S0-16 (Wide)
0.398-0.413
{10.11-10.50)
0.394 ~0.419
(10.01-10.64)
LEAD NO. 1
Y }E\L
! 2 1
0.010 ypy
54)
0.291-0.299
(.391-7.555) 0.093-0.104
(—“:%% a5 @w2-2.602)
0.009-0.013 [4\ oo0ho00t2
0.223-0.330) 8° MAX TYP XTTRCR
TYPALL LEADS ALL LEADS {0.102-0.305)
P
LJ SEATING i
* ‘\r PLANE f | S
OW 0.014
0.016 —0.050 (0.356) 0.050 nlm 0.014-0.020 yyp
‘“%’{m 10:496-1.270) T T {0.356 - 0.508)
TYP ALL LEADS v o008
—ZTYP
(0.203) M16B (REV £)
S0-20 (Wide)
04360512
(12.598 ~ 13.005)
mﬁﬁnwﬁuwun
0.394-0.419 |
{10.008 —10.643)
.r( ) 30° TYP
LEADNO 1 __}—"]
REEEEEEY
. 2 3 4 5 6 7 8 9 10
0.010 pax
{0.252)
0.291-0.289
7.391-7.5%)
0.010-0.028 10.093-0.104
0.254-0.737 <> [ 2.362-2.682)
( . FY TR
Pty {0.102-0.305)
L——mJJ - STSITE0S 3 * SEATING
PLANE
0.009-0.013 W" / ! —“‘:“ 0.050 0 !
P50 @) 0.016 0,050 0% —> 2058 0.014-0.020 yp
(0.220-0.330) auclehg s ™ [ ds—1.27) 0.350) 1.270) T lnass-0.509)
TYP ALL LEADS TYP ALL LEADS o
0.008 1yp
{0.203) M20B (REV )
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Appendix Il—Physical Dimensions of Surface Mount Packages (continued)

S$0-24 (Wide)
0.596-0.612
{15.14—15.54
24 23 2 1 20 19 18 17 16 15 1 13
f HHOAAAAHAHAHA
0.394-0.419
(10.01-10.64)
LEADNO. 1M
IDENT
12 3 4 5 6 7 8 9 W0 1 @
0.027
(0.686)
0.291-0.299
(7.391-7.594)
0017 0.037-0.044  0.093-0.104
v — (0.940-1.118)  (2.362-2.642)
0.009-0.013 x45°
(0.229-0.330) —.-‘=—\ 0.004—0.012
rvmimns 0°—8° TYPALL LEADS {0.102-0.305)
T 0.030-0.050 0.050 0.014~0.018
0.004 (0.762-1.270) (1.210) (0.356 ~0.483)
(0.102) TYP ALL LEADS L
ALL LEAD TIPS
24 REV C.
PLCC-20
4 SPACES AT
0.050
9050 0.045
(1.270) o]
x45°
0.080
18 2032)
DIA NOM
PEDESTAL
j 150 VIEWAA
[
4 SPACES AT
0.050
(1:270)
0.310-0.330
{1.874-8.382)
(CONTACT DIMENSION)
| 0.013-0018
10.330-0.457)
_0.026-0.032
{0660 0.813) . n.020
P {0.508)
MIN
% 0.032-0.040
- - LA-0.118 {0.813-1.016)
e6z-297) |I7 0350 L 0:165-0.180
{8.8%0) @191-4.572)
PINNO.1 REF S0
IDENT 0.385-0.395
I Bm-10.09
SQUARE V20A (REV J)
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Appendix lI—Physical Dimensions of Surface Mount Packages (continued)

PLCC-28

6 SPACES AT
0.050

(1.210) '
0.130
(3.302)
} ik
NOM
15| PEDESTAL

BSPACESAT o Q L 0.326
0.050 8d @ °2  {6.280) k!
) D NOM SQUARE
i ‘ o O L
{=
A
0.045 —] " 2128 0.045

1143
xd5° x45°

0.410-0.430

(10.41-10.92)
SQUARE
(CONTACT DIMENSION)
0.020 0.013-0.018

0.032-0.040 (0.508) (0.330-0.457) 0.165-0.180
(0.813-1.016) MIN e (4.191-4.572)

15°
Il

—
? 0.005-0.015 1
©.127-0.381)

[}
mnno. 1 4 0.026-0.032 1 0.104-0.118
—{ f—— Tl 0.104-0.
IDERT (G.SWT;:»N) (2.642-2.997)

0.450
1.4
REF S0

0.485-0.485

{12.32-12.57)
SQUARE

V28A (REV G)

PLCC-44

0.526
(13.36)
NOM
10 SPACES AT

0.050=0.500
(1.270=12.70)

(5.842)

DIA NOM
™ 18 | (PEDESTAL) | 55
(1.210) ]
REF

ik
i
k4

8

o
r—

0.045 0.045
1) 1)
0.610—0.630
«—  (15.49—16.00)
0.032-0.040 0.020 SQUARE 0.165-0.180
w_h;‘ e ® rﬂw) (CONTACT DIMENSION) . 0.013-0018 @191 —4572)

(0.330-0.457) AX
S

I o

{1 o02s-003 0.104-0.118
T 0= 0.813) 2.642-2.997)
0.650 e
(16.51)
REF SO
0.685-0.695
(17.40-17.65) '

VA4A (REV H)
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Appendix lIl—Physical Dimensions of Surface Mount Packages (continued)

PLCC-68
0.020
1 0.050=0.800 | (0.508) =
1z0=2032) L | 2045
16 SPACES AT 0.104-0.118 (1.143)
) {2642-2.997) ¥
¥ 008
T 1163
0.013-0.018 =4 Y
(0:330-0.457) @013
0s0-0m | T = 3]
2311-23.62) =, 0,985 0.0
SQUARE - . X
CONTACT = a1
DIMENSION
,,.~+L — :
= l,menmz
(0.650-0.813)
™
0.032-0.040
083101
| 0165-0.180
0.005-0.015 ww—esm)
{0.127-0.381)
V834 (REV G)
PLCC-84
1.190:0.005 0.080
@.zt0.1m (1528) [~
‘“ w
0.104-0.118
e
0.0%0
] “"
N
HH] HHH] —
—h7s
0.013-0.018 %
= o oer) BERLS
——
= 0.088
i - —> |<—mn,
o 4oM
-
= o —| 11
;- 4 11200010 — 1150 1
- 2 e as0zsa) — @.2) b
= : ) —| REF ]
— DIMENSION E LEAD NO. 1 10ENT
= —| -
p - — ﬂill)
= —| "om
- 0.042-0.048 — S ron (oﬁ-t‘:.:;
g - {1.067-1.219) —] (1.067 1.
e " —| wms-om §|][][]
_.' i (7 1 e |
= 0.047-0.058 b f 0.080-0.045 7 | D165-0.180 0004 ? ooezoom [l }
{1.193-1.346) (07621143 (e91-4.572) (0.102) 0671219
REF RAD TOTAL VIEW A
w
20 SPAGES AT
0.047-0.053 ) L_ om-m)
! (1.183-1.346) ' {0:127-0.
s A A f
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O
=
National 3,
- . o
Semlconductor All dimensions are in inches (millimeters) | =
o
3
3
16 Lead Hermetic Dual-In-Line Package (D) z
NS Package Number D16EQ ]
0.800:£0.010 .
" {20.32£0.259) .
0.295+0.010
11.itma)
PIN NO. 1 l'f' - ‘_'01‘3_5;;20‘_' 3
IDENT L {3.429£0.508) "
.050£0.005
(g ggg) MRX TYP (? zgo:om) e
0.005
oot — oz "N TP
wza "X 0300 o005 0275
[(;:ZX‘J)-—P o MIN TYP (6.985)
] 0.03540.015 _ o
* 1 —4- (0.889£0.381)
A 01040.002
(2::) - ‘*13.2;210.051) e
Max i 0,300 0020
0.018::0.003 —0.010
oo t0 80 "l l‘_ YT (7.620 * gg:)
i) gamsoe |
24 Lead Hermetic Sidebraze Dual-In-Line Package (D)
NS Package Number D24K
1.195
{@0.35)
MAX
24 2 2 21'2_0"1_9_.13 17 15214 13
0.380-0.400
D @ E2—1015)
PIN NO. 11D
S
1 2 3 4 5 6 7 8 9 10 N 12
0.005
0.480:£0.006 7 o
0.020-0.060 (121920.152) ("';;2)_. le—
(nwa—_lsz'i) WA | |
0.009-0.012 — _‘ &:;g:)
02280305 02 N
0.125-0.200 ownsons (G0
F(::::::?ﬂ?)" TS50 0.050£0.008 ‘“‘T*'T’" -
{210 x0.121) 7.z
_0.016-0.020
0.406—0.508)
v D24K (REV A)
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Physical Dimensions

28 Lead Ceramic Sidebraze Dual-In-Line Package (D)

NS Package Number D28F
1.415 .
(35.94)
MAX
28 271 2% 26 24 23 22 21 20 19 18 17 16 15
0.420 0.405
(1':;‘5;) ) (10.29)
PIN NO. 1 MAx
IDENT
L]
-123‘567591011 12 13 1
0.005
— | |« 22 gy
0385 - 0.635 = (0.127)
(8.779) (16.13)
MAX 0.0400.020 MAX
u,mjisna) L *
0.008-0.015 f 0.005
02030381 U~ (©.127)
| ‘ 0.165 Lo
0.400+£0.020 0.125 0.100+0.010 (4.191)
{10.1620.508) (3.175) 0.050 ~"eswzoss maX
MIN - ———“210) TYP
0.019:£0.004
(0.483+0.102)
TYP D28F (REV A)
28L Leadless Chip Carrier Type C (E)
NS Package Number E28A
0.404 0.050 0m
<——(1g.nzs)——- 0.050 : 0508 % 0.065-0.076
iz "‘ {1.651-1.930)
| YP 0.085
¥ (2.159)
PIN NO. 1 IDENT
—
¥
—
0.025
0.635)
P
Pu— | P~
0.040
a5° 0.442—0.458
(1.016) ——H<—(11.za-11.sa)———]
3PL s
0P BOTTOM SIDE
VIEW VIEW VIEW
E28A (REV C)
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16 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J16A
0.185
{19.939)
MAX -
0.025 [1a] [3] [7] ] [io] [9]
{0.635)
RAD 0.220-0.310
{5.588—7.874)
IpEREEnEEEGEE
0.005—0.020
(0.127—0.508)
aLASS RAD TYP
SEALANT 0.200
| 0.200-0.320 0.005 0.055+0.005 5.080)
(7.365—5.123)" oz [T favroan | < M 0150
1 MIN u )4 I — m
| p MK}
0.180 - 0.008-0.012 4
4572 95°£5 (0.203-0.305) Mi6° g4°
MAX vP

’l 0.310-0.410
(7.874-10.41) BOTH
ENDS

0.080
(2.032)
MAX —=1

0.018+0.003_ 003
{0.457£0.076) 076}
0.100+0.010
(2.540%0.254) 254)

0.125-0.200 0.020—0.060
(3.175-5.080) (0.508—1.524)

0.037+0.005
I~ (0.sa0+0.127)
J16A (REV K)

18 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J18A
0.020
{i50g) "AD MAX
0.025 0.310
{0.635) "0 {7.672) "X
0.005
R R
0.200
0.290-0.320 0.055 +0.005 (‘f]'g%:::gg)_> o[ e M:),(ozo-o.oso
| was—s.i2m | {farzoaz | [~ 0508—1.528)
GLASS SEALANT 0.125-0.200
~H = (3.175—5.080)
o180 || 0.008—0.012
(“M*"A"x” gerge || (0.203-0.305) ] 1
86° 04°
‘ 0.310 — 0.410 L_ TP L 0.1000.010 4‘ 0.098 0150
{7872 - 10.41) {2.sa0z0.254) |V {2.489) (w‘“)
MAX
0.018:+0.003 B0TH ENDS

0AST20.076) |

J18A (REV L)

suoisuawiq [eoisAud
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imensions

Physical D

20 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J20A

0.025
{0.635)
RAD

0.985
< {25.019) >

MAX
[ [e] [18] [17] [16] [16] [1a] [1s] [12] rd

0.220-0.310
(5.588—7.874)

N

Cf Ll Bl ted el Lol Lo [ef Le] 1o

0.005-0.020
{0.127-0.508)
RAD TYP 0.037:+0.005
{0.940£0.127)
0.005 0.055:+0.005
(:%::)— 0.290-0.320 | AT {1.397£0.127) ™ 0.020—0.060
4512 I‘u.ass-sazn) GLASS SEALANT \ MIN 5081528}
‘ I l = o2}
m i 1 5.080)
Y
' E 1 ) i
95°45° 86° 94° 0.150 A
0.008—0.012 *(a.m) 0.125-0.200
{0.203-0.305) MIN  (3.175-5.080)
L_ 0.310-0.410 0.060 0.018::0.003
Te1a—10.4) {1.524) {0.45720.076)
MAX
BOTH ENDS 0.100:£0.010

(2.540£0.254)

J20A (REV M)

22 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J22A
0.420 MAX
(10.668) GLASS
0.025
(0.63) 0.400
RAD {10.15)
p MAX
0.030-0.0s5 -7 U] [2] [3] [&] (5] (e (2] (] (o] OO G ~
(0.762—1.397)
RaoTYR 0.037:£0.005
> 0.005 0.037:£0.005
aLass waz™ {0.830£0.127) ~
0.390—0.420 0.225
905 10658, SEALANT 0.055 +0.005 i
(9.906 10.560)” * —» 397 50.477) (mx)
95° +5° |—3m@ 0.020-0.070
572 r {0.508—1.778)
} y
0.008-0.012 e “.K 3
(0.203—0.305) y
0.485:+0.050 __J L L e
. X 3475
{12.31921.270) ™ <
MAX BOTH 0.100 0.100:£0.010 0.018:0.003
ENDS {2.540) {2.540£0.254) {0.457%0.076)
W

J22A(REV G)
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24 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J24A
1.290
(32.766) Eﬂ
MAX _(15.240)
[ () (2] ) (o] () ] o] (W) ] (5 [ Brass
0z
(0.635)
RAD 0.514-0.526
\\) (13.06-13.36)
W,
0.030-0.055 O G O G 6T B W
(0.762-1.397)
RAD TYP
o100
| 0.590-0.620 0.005 GLASS 0.055 +0.005 (4.512)
I (14.986-15.748) (u,:vm ' SEALANT asr0azn | [ MAX 1200070
H X {0.5081.778]
I A— - HHHE i
95" 15" 0.008-0.012 f ‘
0585 +0.025 (0.203-0.305) ]-r
I——————' —~0.060 ——>| 0098 0018 £0.003 g5 g 15-0.200 0.150
+0.635 {2.489) = 010010010 .I L "“"(0457 0.076) YT
(‘”" -1.524) MAX 2580 10.250) T e GUssw0) @t
24 Lead EPROM Ceramic Dual-In-Line Package (JQ) (Small Window)
NS Package Number J24AQ
1.290 )
e  om
(14.22)
MAX GLASS
0025
{0.635) .514 —0.526
W N s

o / 0.280:£0.010
0180 Rl ) (7‘112030.254)
{a512) UV WINDOW £.225
max 0.590-0.620 ws L GLASS 005540008 | | ©18)
+ (14.985-15.748) ©1zn) SEALNT\  {1.307:£0.127) 0.020-0.070
A 5 A L] {0.508—1.718)
’ 95°15° 0.008—0.015 - T
1™ (0.203-0.381)
0.685+0025 |
| —0. osn 0.060—0.100 " __| I__ 0.018+0.003 0.125
I ( 10 t0 {1.524—2.540) 0.100+0.010 {0.4570.076) ]
-1 su ™ {2.54020.254) MIN

suoisuawiq [eaisAud
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Physical Dimensions

24 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J24F
(u.:::) R0 ‘——“—_(;%) max

0315 max 0.295
(8.001) GLASSl (7.493)
OjEaaOEOEaEnEajngng6 0030-0.056
0.762-1.397)
RAD TVP
GLASS 0s60:0005 ) 0.280-0.320
SEALANT {1524 0.127) 0.020-0070 M GeeeTga%e)
wso-177m)
0180 A 0.225 | I
asn) H 5715,
MAX \ (MAX)
} LA 0.008-0.012
R [ os° s
86° 94° {0.203-0.305)
e TP
oaus WAX 0.100 20,010 0018 £0.003 0125 0310-0410
2T {258 0.258) ) {0457 20.078) e “m“’ {T81-1080)

J4FREV G)

28 Lead EPROM Ceramic Dual-In-Line Package (JQ) (Small Window)
NS Package Number J28AQ

0.600 - - 1.490 -
(15.24) (37.85)
MAX GLASS MAX

28] [or] ] [25] [oa] [#3] [z2] [=7] [oo) [1s] [18] [v7] [ie] [is]

0.280£0.010

{711220.259)
DIATYP

UV WINDOW,

0.514-0526  0.025

{13.05-13.35) (0.635)
RAD

P
s, M E N EYHE W EE

{0.762—1.397) | 0.785
RAD TYP 33 8%
GLASS
SEALANT
0.590 - 0.620 )
- (14.99—-15.75) {
L | 0.180 0.020-0.070
@572 N ) {0.508—1.778)
MAX M
95° +5° A
0.225 _j ! A
0.685 +0.025 l (5.715) 86° 94° TYP
2% _0.060 MAX 0.125 0.055 +0.005
| ———— | —_— — Dl
(,7 o +0-635) {3.175) 0 a9 x0.427)
N -152 MIN e
0.008-0.012 0.060—0.100 < 0:100:£0.010 < 0.018:£0.003
{0.203-0.305) 5242500 * (2540 £0.254) " (0.457£0.076)
TYP TYP J28A-Q (REV B)
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32 Lead EPROM Ceramic Dual-In-Line Package (JQ)
NS Package Number J32AQ

1.660

suoisuawiq [eaisAyd

{#2.16) o0
MAX _j l [k
[32]_[31] [30] [29] [28] [26] [25] [24] [23] [22] [21] [20] [1s] [18] [17] I
0.025 B
(0.635) _\ 0.585
RAD 5} ]
' MAX
U] [=2] [3] [a] [s] Tl (8] [8] [of [af [12] [13] [1a] [15] [16]
0.030-0.055 0.350:£0.004
(0.762-1.397)  0.055+0.005 (8.890£0.102)
0175 RAD TYP oz | [ UV WINDOW o010

(eae5) 0.590-0.620 oas aLASS “’Mz:x“’ 0.225

{14.99-15.75) D005 o | (5.715)
(umﬁn 0.150, saunr'\ MAX 0.015-0.060
{3.810) {0.381-1.524)
? i il J‘ MIN ¥
95°45°  0.008-0.012 ’
{0.203-0.305) <

I 0,685 +0.025 —
~0.060 0.100 40,010 0. muo«m 0.125
f (0 +n.aas) {2.540£0.254) {0.45720.076) 076) {8175

—152 0.060-0.100 MIN

{1.524—2.540)

J32AQ (REV B)

40 Lead EPROM Ceramic Dual-In-Line Package (JQ)
NS Package Number J40AQ

2.080
(52.83)
MAX

o] ] [io] [o7] ] [os] [3¢] [55] [32] 7] ) ] [28] [=7] [as] [as] [os] [s] [oe] []

!

0.530

0025 —
=== pap (13.05)
{0.635) _\9 MAX CERAMIC
0550
) IGEEY]
MAX GLASS

(0.762-1.397)
RAD TYP

wonots T BT uuummm1_er<-= HEEEEEE

0.280:0.004
12:0.002) 0.180 0225

_0.590-0620 0005 GLASS UV WINDOW a5 BT
— b — 7. N
(1.986-15.728) — gt Fvyi s s
0.020-0.070
10.508-1.778) L N
, f u.- B6° 94° Tvp
10,025 T 001820003
0585 g 060 ;:::_—%::—) (';'T::-) 0.055:0.005 0a510076] "““‘ 0.100 £ 0.010 0.098
(1240 ¥9535 139120127} TP {2580 2 0258) "‘_ 24m)
-1524 TP MAX (BOTH ENDS)
JA40AQ REV A)

. 0.008-0012
{0.203-0.305)
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Physical Dimensions

8 Lead (0.150” Wide) Molded Small Outline Package (M)
NS Package Number MOSA

0.228 -0.244
(5.791-6.198)

,.Q (g:%’mx
gy B

LEAD NO. 1

0.189-0.197
{4.800—5.004)

A A A

—

IDENT ;‘?{;
0.1500.157
™| 3a10—3.989 [
0.010-0.020 , 450 0.053-0.069
2seosm | {l.346-1.753)
Co 8° MAX TYP 0.004—0.010
ALL LEADS {0.102=0.254)
I
L-——:JJ | B t; SEATING
0008 A \f f ) J PLANE
10.102) 0.014
0.008—0.010 S 0.050 0.014-0.020
D020 ALLLEAD TIPS 016 0. 0.356) ——— —p»| TYP
%ﬁ:t&fﬁg (g:;:-l: 2753] (0.3%) (1.270) 0.008 (0.356 -0.508)
TYP AL LEADS " g e MOBA RV H

14 Lead (0.150” Wide) Molded Small Outline Package (M)

NS Package Number M14A
0.150-0.157
—’1 38103989 |+~
0.010-0.020 _, .
10.250-0.508) ~*>" r"
8° MAX TYP
ALLLEADS
0.008—0.010 T . T
{0.203-0.258) 0.016-0.050
TYP ALL LEADS 0.004 " {0.406=1.270)
0108 TYP ALL LEADS

(0.102)
ALL LEAD TIPS

0228-0.208

0.335-0.344

(8.509—8.738)

14 13 12 11 10 9

T—mmmﬁu

{5.791-6.198)
YO

LEAD NO. 1
|DENT

0.0530.069
(1.3861.753)

i

0.004-0.010

SEATING
PLANE T

—  {0.102-0.258)
1

0.050
{1.210) >
v 0.008
e

0.014-0.020 yp

(0.356 —0.508)

M14A (REV H)
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14 Lead (0.300” Wide) Molded Small Outline Package (M)

NS Package Number M1

4B

034620362
(8.788—9.195)

14 13 12 1110 9 8

0.394-0.419
{10.01 -1

HAAAARD

0.64)

LEADNO.1 __ J %

IDENT

1
0027 | ’
{0.686)

0.291-0.299
{7.391-7.505)
. 0.093—0.104
0.017 0.093-0.104
t— x45° .362 -2,
0.009-0.013 > a3) | (2.362-2.642) oo
10.229—0.330) 0040,
8° MAX TYP 0.102—0.305
TYP ALL LEADS ALL LEADS . { )
= - * _\ SEATING
f \F- 0.037-0.044 1 ? PLANE
j {0.940-1.118)
0.004 0.030-0.050 0.050 0.014-0.019 1o
010 I~ 0.762-1.270) {210 > {0.356—0.483)
ALL LEAD TYP ALL LEADS TP
TIPS
M148 (REV D)

a leaisAyd

suojsuauwil

8 Lead Molded Dual-In-Line Package (N)
NS Package Number NOSE

0.373 —-0.400
f‘ {9.474-10.16)

> ; 2.256)

[6] [7] [G] [¢]

0.092 e
23 A F

0.25010.005

0.032:+0.005
(0813 £0.127)

RAD Q

PIN NO. 1 IDENT (6:35£0.127) PIN NO. 1 IDENT-
oPTiONT L
Of T2 T3] Ta
—y 0280 — 0.040 |
g "™ 0.030 o P 0PTION 2
e M 0.039 0.145-0.200
0.300-0.320 (0.762) . — {0.99%) 2.149-0.290
e [ ‘ zi: +1 —1 f— I {3.683—5.080)
Y- (— y
g 0.130+0.005
) _F ? ] TT [ (3.302£0.127) ¢ )
o5 TR
orgs D085 pm-sme L
gono-oots [l > @iy (-6 90° +4° {0.508)
{0-229-0.381) DIA e MIN
+0.040 Nom 0.018::0.003
03257000 {0.457£0.076)
+1.016 0.100£0.010
(b *5550) (2.540%0.254)
0.045+0.015
(1.143£0.381) 0.060
> {1.528)
0.050
(1.27!))_> NOSE (REV F)
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Physical Dimensions

14 Lead Molded Dual-In-Line Package (N)

NS Package Number N14A
0.740-0.770
{18.80—19.56)
0.090
g B ¥ T
[12] [13] [i2] (1] [0] [o] (6] NDEX
AREA
\ H\ 0.250:£0.010
7 {6.350%0.254)
PINNO,1__A Z PINNO. 1
IDENT 0T 2] 3] [ 58] 1 IDENT
0.092 0.030 MAX
237 {0.762) OEPTH
OPTION 1 OPTION 02
0.135:+0.005
91353 0.005 0.300-0.320
(EXFETXF) . {7.620-8.128) 0.065
0.145-0.200 ol e 0080 1o e de TYP - S ]
(3.683 -5.080) (1.524) OPTIONAL €5
£ [—\
}_‘_q A
o Jeo 0.008-0.016
0.020 _ 90° +4° TYP :3 £ (0.203—0.406) e
(0'.‘5:')‘8) 0.125-0.150 ]
0.125-0.150 0.075:£0.015
e T l "l <~ e 0s8i] L(—S-f‘:‘;H
00160028 1yp__p || g— 0.100£0.010 M
0.356 —0.584] - 0.100:£0.010
‘ ) 0500010 _, o0 E0254) ’
> {1.270-0.254) 0.325 i‘; 212
1016
(eass T3 00) AR

16 Lead Molded Dual-In-Line Package (N)

NS Package Number N16A
0.843-0.870
0.090
0092 e~ |~ @1a1-22.10)
(2.337) NOM
DIA NOM [i6] _[s] [1a] [3] [iz] [11] [i0] [6]
(2X) - )
0.250 +0.005
PINNU.HDENT\@ @ ST
0.280 )
- 7.112) = 4030 CF Lz L] Le] Le] Le] I L8]
miN -
oaw-03z0 | G 0040
(7.620-8.128) 0065  0.060 “—'ﬁ)__‘ 0.130 +0.005
l {1651 “-524’_.| TYP {3:302:0.127) i
= I j_ P 0.145-0.200
T {3.683-5.080)
95°:5° 0.009-0.015 90°+4°
0229-0.381) A
oorsaaats | | gomaoms pszcasan G
0azs 00 {7905 z0.381) {0357 s0.076) (3.175-3.556)
p—T 11 omummo
(255 550 {2,530 :0.260)

N16A (REV E)

6-40




16 Lead Molded Dual-In-Line Package (N)
NS Package Number N16E

0.740-0.780 |

(18.80~-19.81) _.I "_ gg:g

PIN NO. 1
IDENT
OPTION 01 OPTION 02 0.065
0.1300.005 e
0,060 4° TYP 0,300 = 0.320 {1.651)
G302z0.27) | |+ s P /-\ I'\ OPTIONAL "“ {7.620-8.128) | )
0.145=0.200 \
{3.683-5.080) § ﬁj‘t | ’“' ¥
95025° 0.008=0016
|| 900440 TYP L008-0015
(g gﬁg) MIN [ o2s i (0203-0408) b
0.125=0.150 o 150 0.030£0.015 (7.112)
(3175-3.810) ! {0.762£0.381) MIN
0.014=0.023 0.10020.010 +0.040
(0.356 = 0.534) 0.050 20.01;4 (2.54020.254) m NIGE (REV F)
P {1.270£0.254) e (8.255* L %8

TP

18 Lead Molded Dual-In-Line Package (N)

NS Package Number N18A
0.843-0.870
002 0030 0030 2141-22.10)
(233) ~ (0.762) (2.286)— "‘
NOM MAX Nom ifig) 7] [ie] [i8] [a] i3] [12] [iv] [ig]
DEEP (2 PLCS)
PIN NO. 1 IDENT \( f ) 0.250 +0.008
\L @ i(5.35010.127)
0.280 i
a2 M & ™" EE
MIN
0.300-0.320 0.040
|| (7620-8.128) 0.085 . 0.060 (1'015) 0.130 £0.005
| ey 0 524)’] ‘Ty,,_>| I‘_ {3.30220.127) y
e - 0445-0.200
/ T_ . ¥ (3583-5.080)
o,po /o o ‘
95°15 S sa m f
|¢_——| 0.025 :0.015 ’__ " | oots=0003 1250140 00
025 D000 {0,635 20.381) ™ {0457 z0.078) {3.175-3.556)
W 0.100 :0.010
(ms -om) {25540 :n.ﬁ;g

N18A (REV E)
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imensions

ical Di

Phys|

20 Lead Molded Dual-In-Line Package (N)

NS Package Number N20A
| 1.013-1.040
0.092 X0.030 {25.73-2642)
(2.337 X 0.762) 0.032:+0.005 o
MAX DP {0.81320.127)
RAD
PIN NO. 1 IDENT 0.260 +0.005 PIN NO. 1 IDENT
(6.604 £0.127) -
0.280
7o OPTION 1 {
MIN 1]
0.300-0.320 OPTION 2
(7.620-8.128) 0.060 NOM 0.040 OI’TIUNZ . 0.130 0.005
0065  (1.524) oe) | 4° (4x) \ ‘ G )
e TYP Tve -
' J:l 0.145-0.200
| @swsmn
—
95%5° || 0009-0.015 90°:0.004° 4 ]
{0.229-0381) 0.020
I Tve “’""*W"’__I I_ 0.125-0.140  {0.508)
0.060 +0.005 {2.540£0.258) 0.018:0.003 . (3.175—3.55-6) MIN
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24 Lead Molded Dual-In-Line Package (N)
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Physical Dimensions

28 Lead Molded Dual-In-Line Package (N)
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28 Lead Plastic Chip Carrier (V)
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imensions

Physical D

28 Lead Cerpac, Fine Pitch Package (W)
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