SN54ALS138A, SN54AS138, SN74ALS138A, SN74AS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

SDASO055E — APRIL 1982 — REVISED JULY 1996

® Designed Specifically for High-Speed

Memory Decoders and Data Transmission

SN54ALS138A, SN54AS138 . .. J PACKAGE
SN74ALS138A, SN74AS138 ... D OR N PACKAGE

Systems (TOP VIEW)
Incorporate Three Enable Inputs to Simplify All4 U 16l v
Cascading and/or Data Reception 8l 150 YSC
Package Options Include Plastic clls 14]] Y1
Small-Outline (D) Packages, Ceramic Chip G2A [l 4 13]] Y2
Carriers (FK), and Standard Plastic (N) and G285 12[1 v3
Ceramic (J) 300-mil DIPs c1[]e 1]] 4
- Y7 (|7 10[] Y5

description ono e ofl v6

The ‘ALS138A and "AS138 are 3-line to 8-line
decoders/demultiplexers designed for high-
performance memory-decoding or data-routing
applications requiring very short propagation
delay times. In high-performance systems, these
devices can be used to minimize the effects of

SN54ALS138A, SN54AS138 . . . FK PACKAGE
(TOP VIEW)

(@] o
mcz S

f . / LILJLJLJIL]

system decoding. When employed with 3 2 1 2019
high-speed memories with a fast enable circuit, cl4 18[] Y1
the delay times of the decoder and the enable time G2A U5 17[ v2
of the memory are usually less than the typical NC [ 6 16[] NC
access time of the memory. The effective system G2B []7 15[] v3
delay introduced by the Schottky-clamped system G1 s g 10 11 12 1314 Y4

decoder is negligible. o Toma e T T

NN OwOw

The conditions at the binary-select (A, B, and C) > % z > >

inputs and the three enable (G1, G2A, and G2B)
inputs select one of eight output lines. Two
active-low and one active-high enable inputs

NC — No internal connection

reduce the need for external gates or inverters when expanding. A 24-line decoder can be implemented without
external inverters and a 32-line decoder requires only one inverter. An enable input can be used as a data input
for demultiplexing applications.

The SN54ALS138A and SN54AS138 are characterized for operation over the full military temperature range
of —55°C to 125°C. The SN74ALS138A and SN74AS138 are characterized for operation from 0°C to 70°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. . Copyright © 1996, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments l

standard warranty. Production processing does not necessarily include

testing of all parameters. EXAS
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SN54ALS138A, SN54AS138, SN74ALS138A, SN74AS138

3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

SDASO055E — APRIL 1982 — REVISED JULY 1996

FUNCTION TABLE

INPUTS
OUTPUTS
ENABLE SELECT
Gl G2A G2B | C B A YO Y1 Y2 Y3 YA Y5 Y6 Y7
X H X X X X H H H H H H H H
X X H X X X H H H H H H H H
L X X X X X H H H H H H H H
H L L L L L L H H H H H H H
H L L L L H H L H H H H H H
H L L L H L H H L H H H H H
H L L L H H H H H L H H H H
H L L H L L H H H H L H H H
H L L H L H H H H H H L H H
H L L H H L H H H H H H L H
H L L H H H H H H H H H H L
logic symbols (alternatives)t
1 BIN/OCT 15 1 DMUX 15
A 1 0 Y0 A 0 0
14 0 14
B 1 Y1 B G 1
13 13
c 2 Y2 c 2 2
s 2 . s 12
6 & 1 & 1
G1 4 Y4 G1 4
4 10 — 4 N 10
GoA — > EN 5 Y5 G2A 5
G2B 6 Y6 G2B 6
7 7
7 Y7 7

T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the D, J, and N packages.

YO
Y1
Y2
Y3
Y4
Y5
Y6
Y7
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SN54ALS138A, SN54AS138, SN74ALS138A, SN74AS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

SDASO055E — APRIL 1982 — REVISED JULY 1996

logic diagram (positive logic)

Select
Inputs B
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G2A
Enable N
Inputs G2B
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Pin numbers shown are for the D, J, and N packages.

T

Data
Outputs
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SN54ALS138A, SN54AS138, SN74ALS138A, SN74AS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

SDASO055E — APRIL 1982 — REVISED JULY 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPIY VORAGE, VO« ottt ittt e e e e e e e e 7V
INPUE VORAGE, V| oo e 7V
Operating free-air temperature range, Ta: SN54ALS138A ... ... .. iiiia, —55°C to 125°C

SN74ALS138A ... 0°C to 70°C
Storage temperature range, TQHG v v v —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54ALS138A SN74ALS138A
MIN NOM MAX| MIN NOM MAX UNIT
Vce Supply voltage 4.5 5 5.5 4.5 5 55 \
VIH High-level input voltage 2 2 \%
VIL Low-level input voltage 0.7 0.8 Vv
IoH High-level output current -0.4 -04 mA
loL Low-level output current 4 8 mA
TA Operating free-air temperature -55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

SN54ALS138A SN74ALS138A
PARAMETER TEST CONDITIONS UNIT
MIN TYPY MAX| MIN TYPF MAX
VK Vcc=45Y, l|=—18 mA -1.5 -1.5 \
VOH Vcc=45Y, loH =-0.4 mA Vee -2 Vee -2 \
loL=4mA 0.25 0.4 0.25 0.4
VoL Vcc =45V \Y
loL=8mA 0.35 0.5
I Vcc =55V, V=7V 0.1 0.1 mA
IIH Vce=55Y, V=27V 20 20 uA
I Vce=55Y, V=04V -0.1 -0.1 mA
108 Vcc=55Y, Vp=225V -20 -112] -30 -112 mA
Icc Vce =55V 5 10 5 10 mA

1 Al typical values are at Vo =5V, Ta = 25°C.

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios.

switching characteristics (see Figure 1)

Vcc=4.5Vto 5.5V,
CL = 50 pF,
FROM TO R =500,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAXT UNIT
SN54ALS138A | SN74ALS138A
MIN MAX MIN MAX
{ 2 28 5 22
PLA A B, C Any Y ns
tPHL 6 22 6 18
{ — 2 22 3 17
PLH GorG AnyY ns
tPHL 4 21 4 17

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

{’f TeEXAS
INSTRUMENTS
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SN54ALS138A, SN54AS138, SN74ALS138A, SN74AS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

SDASO055E — APRIL 1982 — REVISED JULY 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

10 o] o] NV o] = To [T A Y 7V
INPUE VORAgE, V| oo e 7V
Operating free-air temperature range, Ta: SN54AS138 ... ... . it —55°C to 125°C

SN74AS138 ... 0°C to 70°C
Storage temperature range, TQHG + v v e —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54AS138 SN74AS138
MIN NOM MAX| MIN NOM MAX UNIT
Vce Supply voltage 4.5 5 55 4.5 5 5.5 \
VIH High-level input voltage 2 2 \Y
VL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -2 mA
loL Low-level output current 20 20 mA
TA Operating free-air temperature -55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS SNS4AS138 SNTAAST38 UNIT
MIN TYPE MAX| MIN TYPE MAX
ViK Vee =45V, I|=-18 mA -1.2 -1.2 Y
VOH Vcc=45Vto55Y, loH=-2mA Vee -2 Vee -2 \
VoL Ve =45V, IoL =20 mA 0.35 0.5 0.35 0.5 v
I Vee =55V, V=7V 0.1 01] mA
H Vee =55V, V=27V 20 20| pA
I Vcc=5.5V, Vi =04V -05 -05] mA
108 Vee =55V, Vo=225V -30 -112| -30 -12| mA
ICCH Vcc =55V 12 175 12 175| mA
IccL Vec =55V 14 20 14 20| mA

% All typical values are at Vo = 5 V, Ta = 25°C.
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ips.

{'P TEXAS
INSTRUMENTS
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SN54ALS138A, SN54AS138, SN74ALS138A, SN74AS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

SDASO055E — APRIL 1982 — REVISED JULY 1996

switching characteristics (see Figure 1)

Vcc=45Vto 5.5V,
CL =50 pF,
FROM TO RL =500,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAXT UNIT
SN54AS138 | SN74AS138
MIN MAX | MIN MAX
¢ 2 1 210
PLH AB,C Any Y ns
tPHL 2 1" 2 9.5
t 2 115 2 10
PLH G1 Any Y ns
tPHL 2 11 2 10
t — 2 9 2 75
PLH G2 Any Y ns
tPHL 2 10 2 8.5

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

{’f TeEXAS
INSTRUMENTS
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SN54ALS138A, SN54AS138, SN74ALS138A, SN74AS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

SDASO055E — APRIL 1982 — REVISED JULY 1996

PARAMETER MEASUREMENT INFORMATION
SERIES 54ALS/74ALS AND 54AS/74AS DEVICES

7V
Vece [L RL =R1=R2
S1
RL
R1
From Output Test From Output Test From Output Test
Under Test l Point Under Test Point Under Test l Point
CL R c
L c L R2
see Note A L
( ) (see Note A) I (see Note A)
LOAD CIRCUIT FOR ) )
BI-STATE LOAD CIRCUIT LOAD CIRCUIT
TOTEM-POLE OUTPUTS FOR OPEN-COLLECTOR OUTPUTS FOR 3-STATE OUTPUTS

Timing 35V High-Level ——— 35V
Input 13v Pulse 13V 1.3V
T 0.3V 0.3V
4—»’— th lh— tw —Jl
— — — 35V 3.5V
Data | Low-Level
Input 1.3V 13V Pulse 13V 13V
0.3V ——— 03V

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS

Output
Control
(low-level
enabling) | — OHOr |~ ———%4YoNV - y—— 3.5V
Input 1.3V 1.3V
| | 0.3V
Waveform 1 tpLH —f—] rl—b:— tPHL
S1 Closed _
(see Noct>:eB) In-Phase | VOH
Output I 1.3V : 1.3V
VoL
l Ll—bl— tPLH
tPHL ——] | |
Waveform 2 Out-of-Phase | VoH
S$1 Open Output 1.3V 1.3V
(see Note B) (see Note C) —— VoL
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. When measuring propagation delay items of 3-state outputs, switch S1 is open.
D. Allinput pulses have the following characteristics: PRR < 1 MHz, t, = tf = 2 ns, duty cycle = 50%.
E. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 6-Aug-2019
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
. |<— KO [4—P1—»
¢sloooloo oo T
W
Reel —
Diameter
Cavity -» AO |4
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
r W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
1 Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O 000000 077 Sprocket Holes
| I
T T
Q1 : Q2 Q1 : Q2
e R T e ﬁ
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
| w A |
T T
L
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
SN74ALS138ADR SOIC D 16 2500 330.0 16.4 6.5 103 | 21 8.0 16.0 Q1
SN74AS138NSR SO NS 16 2000 330.0 16.4 8.45 | 10.55| 2.5 120 | 16.2 Q1

Pack Materials-Page 1



i3 TexAs PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 6-Aug-2019
TAPE AND REEL BOX DIMENSIONS
-
E
~
7 g
~_ -~
e s
\\/ i \//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN74ALS138ADR SOIC D 16 2500 333.2 345.9 28.6
SN74AS138NSR SO NS 16 2000 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

FK (S—=CQCC—N*x*) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
. 18 17 16 15 14 13 12 o o R ;
TERMINALS
s ~ i MIN | MAX | MIN | MAX
19 1
" 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) |(9,09) | (7,80) | (9,09)
. ; - 0.442 | 0.458 | 0.406 | 0.458
- (11,23) | (11,63) | (10,31) | (11,63)
22 8 L4 0.640 | 0.660 | 0.495 | 0.560
A SQ . : (16,26) |(16,76) | (12,58) |(14,22)
. 0.740 | 0.761 | 0.495 | 0.560
24 6 (18,78) [(19,32) | (12,58) |(14,22)
0.938 | 0.962 | 0.850 | 0.858
25 5
Y 8 1(23.83)|(24.43)| (216) | (218)
o 1041 | 1165 | 1.047 | 1.063
26 27 28 1 2 3 4 (28,99)(29,59) | (26,6) | (27,0)
L 0.080 (2,03)
il 0.064 (1,63)
% 0020 (051) L
0.010 (0,25)
0,045 (1,14)
0.035 (0,89)
A L
A
0.028 ( 4 # L_’L__ | 0.045 (1,14)
0.022 (0,54) 0.050 (1.27) 0.035 (0,39)
4040140/D 01/11

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS—004

w3 TExas
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MECHANICAL DATA

D (R—PDSO—-G16)

PLASTIC SMALL OUTLINE

y 0.394 (10,00) R
0.386 (9,80)
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) A
Pin 1
ndex Areo L»Lm J LS%?SES;*;
[]0.010 (0,25) W]
/ \\ | \\ \
v YL e e s Jj v \ J\ - /FL
0.010 ( \\ -- -
—0.069 (1,75) Max 0.004 (0.10) 004 (
0.010 (0,25) /
0.005 (0,13)
l
4 /[\ } []0.004 (0,10)
Gauge Plane ¢ !
— ? Seating Plane
0.010 (0,25) o7
- — /
0.050 (1,27)
0.016 (0,40)
4040047-6/M  06,/11

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

NOTES:

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS-012 variation AC.

m@ bw»

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

TEXAS
INSTRUMENTS

www.ti.com
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LAND PATTERN DATA

D (R—PDSO—G16)

PLASTIC SMALL OUTLINE

Example Board Layout
(Note C)

—

|<—1 4x1,27 ‘

Stencil Openings
(Note D)

—~—16x0,55

—>| |<—1 41,27

Example
Pad Geometry
(See Note C)

Non Soldermask Defined Pad

Example
Solder Mask Opening
(See Note E)

—=—Il=—0,07

nnnnnoon 615000 .0

|_||_||_||_||_||_||_||_|1 * OO U O0om r
5,40 5.40

/"“\\

/|—||—|‘\|—||—||—||—||—||—|J nnnnnonon

RSy ERERNREREEN oo

o=

-

Example

\ All Around ;
\. /
\\ //,
~.. -
SN~ - —
4211283-4/E 08/12
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

w3 Texas
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

0,51

14 8

H1HHHHHA
0,15 NOM
O l Gage Plane || §
Joooooao s
: 7 05
A 0,55
015
0,05

| \

v \ / Seating Plane $
— 2,00 MAX (©]0.10

N~ | ]

PINS
DIM 14 16 20 24

A MAX 10,50 10,50 12,90 15,30

A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

»TEXAS

www.ti.com




MECHANICAL DATA

W (R—GDFP—F16)

CERAMIC DUAL FLATPACK

Base and Seating Plane

0.285 (7,24
0.045 (1,14) - 0.245 (6.22) Eﬁ 22;
l’ 0.026 (0,66) '
A
T - 0.008 (0,20) ]:
| 0.080 (2,03) 0.004 (0,10)
0.055 (1,40)
—— 0.305 (7,75) MAX —»,
0.019 ( 48)
1 16 0.015 (
} N\
[ | |
[ | | I
[ | |
0.050 (1,27)
0.430 (10,92) © ' ' !
0.370 (9,40) I I I |
[ | | |
| | | 0.005 (0,13) MIN
4 Places
[ | | ] _£
y
8 9
0.360 (9,14) 0.360 (9,14)
0.250 (6,35) 0.250 (6,35)
4040180-3/F 04/14
NOTES:  A. Al linear dimensions are in inches (millimeters).

Mo ow

This drawing is subject to change without notice.

This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only.

Falls within MIL STD 1835 GDFP2-F16

wip TExas
INSTRUMENTS
www.ti.com



J (R—GDIP—Txx) CERAMIC DUAL IN—=LINE PACKAGE
14 LEADS SHOWN

o PINS xel -y 16 18 20

B 0.300 0.300 0.300 0.300

(762) | (762) | (7.62) | (7.62)

14 8 BSC BSC BSC BSC

NN 5 UAX 0.785 | .840 | 0.960 | 1.060

(19,94) | (21,34) | (24,38) | (26,92)

D c B MN _ | — | — | —

C uAX 0.300 | 0.300 | 0310 | 0.300

VIVIVAVAVAVEY, (762) | (7.62) | (7.87) | (7.62)
1 7

0.245 | 0.245 | 0.220 | 0.245

0.065 (1,65 C MN
»‘ W 6.22) | (6.22) | (559) | (6.22)

0.060 (1,52)

—»| |¢— 0.005 (0,13) MIN 0.015 (0.38) |<7 4"

] 0.200 (5,08) MAX
] —¥ ¢ Seating Plane

* 0.130 (3,30) MIN

J 0.026 (0,66)
0.014 (0 36) 0-15°
[0.100 (2,54)] 0.014 (0,36)
0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN—-LINE PACKAGE

16 PINS SHOWN

PINS **
< A »
o 14 16 18 20
6 ’ 0.775 | 0775 | 0.920 | 1.060
L o o o o o A WA | adeey | Gass) | (2537) | (26.92)
0.260 (6,60) 0.745 | 0745 | 0.850 | 0.940
) 0240 (6.10) ACMN 1 1g.99) | (18,92) | (21,59) | (23.88)
MS—001
P ey s g ey g A VARIATION AA B8 AC AD
1 J L 8
0.070 (1,78)
7085 (114)
0.045 (1,14) 0.325 (8,26)
—»> ol L/ : :
’47 0030 (0.76) N 0.020 (0,51) MIN 0300 1763
I | \ 3 r—‘ 0.015 (0,38)
| | o
\- T 0.200 (5,08) MAX =5 couge pine
| | 4v l Seating Plane l—]
] Yoo (318) WX 0.010 (0,25) NOM

0.100 (2,54)

AJ 0.430 (10,92) MAX L,

0.021 (0,53
0.015 (0,38)

[-]0.010 (0,25) W]

)

\
‘\ /’ 14/18 Pin Only

- 20 Pin vendor option &

4040049/ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS’
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated



