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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) 
listed in the page heading regardless of package. The availability of a circuit function in a particular package 
is denoted by an alphabetical reference above the pin-correction diagram(s). These alphabetical references 
refer to mechanical outline drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained 
in the following example. 

EXAMPLE: TL 4066M J {8838 
1. ~~ ______________________________________ ~t 

MUST CONTAIN TWO OR THREE LETTERS 

SN . . . . . . . . .. TI Special Function or Interface Products 
TL ...... . . . .. TI Linear Products (excluding Interface) 
TLC . . . . . . . . . .. TI Linear Silicon-Gate CMOS Products 
TSP . . . . . . . . . . . . . . . . . . . . . . . . . .. Speech Products 

STANDARD SECOND-SOURCE PREFIXES 
ADC ...... Analog Devices 
AM ............... ADM 
DS . . . . . . . . . . . .. National 
L ................. SGS 
MC ............ Motorola 

NST . . . . . . . . . . .. Signetics 
p.A ............. Fairchild 
UCN. . . . . . . . . . .. Sprague 
UDN . . . . . . . . . . .. Sprague 
ULN ......... . .. Sprague 

NOTE: Due to size limitations of the 8-pin D package, some devices in this data book 
use abbreviated symbolization. Example: The TLC549CD becomes '549CD. 

2. Unique Circuit Designator Including Temperature 1---------..1 
Range IIf not already speciiled by the prefix) 

3. 

4. 

MUST CONTAIN ONE TO EIGHT CHARACTERS 
(From Individual Data Sheets) 

Examples: 4 533AM 
293 65554 
607M 75ALS194 

Package I-------------------------J 
MUST CONTAIN ONE OR TWO LETTERS 

D,DW, FD,FH,FJ, FK, FN,J,JD,JG,KC, KH, KV, N, P, U,W 
(From Pin-Connection Diagram on Individual Data Sheet) 

MIL-STD-8838, Method 5004, Class 8 )-------------------------------' 

OMIT{SS3B WHEN NOT APPLICABLE 

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by 
the customer (with possible additional costs), circuits will be shipped on the most practical carrier. 

(D,DW,J,JD,JG,N,P) 
-Slide Magazines 
-A-Channel Plastic Tubing 
- Barnes Carrier 
-Sectioned Cardboard Box 
-Individual Cardboard Box 

Chip Carriers (FD,FH,FJ,FK,FN) 
-Anti-Static Plastic Tubing 
Flat (U,W) 
- Barnes Carrier 
- Milton Ross Carrier 

TEXAS ." 
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MECHANICAL DATA 

D plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

D PLASTIC PACKAGE 
(16-pin package used for i"ustrationl 

f 
I 6,20 (0.244) 

5,80 (0.228) 
4,00 (0.157) 
3,81 (0.150) 

L-~:;::;:;:~:::;:;::;~ 

'-'j 050 (0020) 5,21 (0.205) ~ 
.1,75(0.069) • 7"NOM -'--'-,~---{...-.m'~ ~,-, -w~ 

:..li~I~:~:~'.-1-8~t 14+;~~~~J~~=4;iiP~L;A~C~E""S;",\;=,~~~ l~l~~0,;.~',_5;5b(~:;~"'\0;'.I:I"°:;}~. \ "~ L::;~4".14' 
0,102 (0.004) -.I \.a.-

0,356 (0.0141 4 PLACES 
0,79 (0.031l... ~ 1,12 (0.0441 
0,28 (0.011) ~ PIN SPACING iI.51To:02Oi 

1,27 (0.0501 
ISe. Note AI 

~ DIM 
8 14 16 

A MIN 
4,80 8,55 9,80 

(0.1891 (0.3371 (0.386) 

A MAX 
5,00 8,74 10,00 

(0.197) (0.344) (0.394) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,25 (0.0101 radius of true position at maximum material dimension. 
B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.0061. 
D. Lead tips to be planar within ±0,051 (0,0021 exclusive of solder. 

TEXAS ." 
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MECHANICAL DATA 

OW plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
withIn a plastic compound. The compound will withstand soldering temperature with no deformation. and 
circuit performance characteristics will remain stable wh'en operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

OW PLASTIC PACKAGE 
(20-pin package use!! for Illustration) 

Ir~'
~r2D 
10,1510.4001 

7,5510.297} 

~ 

L~0 :;:;:::;:;::;:;:::;:;:::;::;:~:;:;:y 

~70NOM 
4 PLACES 

0.785 (0.0311 

~ 

~ DIM 
16 20 24 28t 

A MIN 
10.16 12.70 15.29 17.68 

10.400) (0.500) (0.602) (0.696) 

A MAX 
10.36 12.90 15.49 17.88 

(0.408) (0.508) (0.610) (0.704) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

tThe 28-pin package drawing is presently classified as Advance Information. 
NOTES: A. Leads are within 0.25 (0.010) radius of true position at maximum material dimension. 

B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0.15 (0.006). 
O. Lead tips to be planar within ±0.051 (0.002) exclusive of solder. 
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MECHANICAL DATA 

FD and FK lead less ceramic chip carrier packages 

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (O.050-inch) 
centers. Terminals require no additional cleaning or processing when used in soldered assembly. 

FK package terminal assignments conform to JEDEC standards 1, 2, and 11. 

44-TERMINAL FD and FK 

~--------A----------~ 

J~' --8 'I 

INDEX CORNER~ 7 

40 41 42 43 44 1 2 3 4 6 6 

0,64 10.02511 ~ 0,38 10.0151 J----.!-

r01 EHHHHl EI 
~!ilfiHHHH] 

~ ~m~HJmT] 
~!HHHHil ~ gj 

0,71 10,0281--1 ~ 
0,56 (0.0221 

t~.64 (0.025) 
0.3810.015) 

0.635 )( 1.27 
(0.025 )( 0.050) 

TYPICAL 
35 PLACES 
ISee Note AI 

-'i 

NO. OF 

TERMINALS 

20 

28 

44 

52 

68 

84 

FD AND FK PACKAGES 

A 8 

MIN MAX MAX 
8.69 9,09 9,09 

(0.342) (O.3SS) (0.358) 

11,23 11,63 11.63 

(0,4421 (0.458) (0.458) 

16,26 16.76 14.22 
(0.640) (0.660) (0.560) 

18.78 19.33 14.22 

(0,7391 10.761) (0.5601 

23.83 24,43 21.89 
(C.93B) (0.962) 10.862) 

28.83 29.59 27.05 

11.135) 11.165) 11.065) 

MIN 
1,63 

(0.064) 

1,63 

10.064) 
1,75 

(0.069) 

2,08 

(0.082) 

2,08 

(0.0821 
2,08 

(C.OB2) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

C 

MAX 
2,03 

(0.080) 

2.03 

(0.080) 

3.05 
(0.120) 

3,05 
(0.120) 

3,05 
(0.120) 

3,05 
(0.120) 

NOTE A: The checkerboard pattern is aligned vertically with the contact pads and is symmetrical horizontally as shown; it is applicable 
to some 44-terminal packages only. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

ca ... ca 
Q 

ii 
t) 

'2 
ca 
.c 
,t) 
CD 
:E 

II 

B-7 



8-8 

MECHANICAL DATA 

FJ ceramic chip carrier package 
(44-pln package u.ed for IIlustrationl 

39 

38 

37 

38 1.09 10.0431 
~ 0.84 10.0331 

34 

33 

=t 0.64 10.0261 
31 0.38 10.0151 

30 

29 

29 TE----Jo-oI.. 1:. 0.28 10.011) 
0.18 10.007) 

UD 
0.38 10.015) 
0.13 10.005) 

0.89 10.036) 
iI.ii4iO:Offi 

DIM A 
PINS MIN MAX 

44 
17.27 17.78 

(0.8801 (0.700) 

88 
24.89 25.40 

(0.9801 11.000) 

39 

0.61 10.020111 
0.2510.010)# 

B 

MIN MAX 

18.28 18.74 
(0.8411 (0.859) 

23.88 24.51 
10.9401 10.985) 

i. 
RAD 

0.89 10.035) 
0.84 10.026) 

C 

MIN MAX 
12.57 12.88 

(0.496) (0.607) 

20.19 20.52 
10.795) 10.8081 

MIN 

15.49 
(0.8101 
23.11 

10.9101 

0.66 10.0221 
0.31 10.0121 

D 
MAX 

18.51 
(0.860) 

24.13 
10.9501 

MIN 

1.52 
(0.0801 

1.91 
10.0751 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

ADVANCE INFORMATION .... m •• ,. ••• tail 
illarmati.n .n new IKOIII'" in the IImpli •• or 
~.ctio. ph ... riI ....... pmenl. Chlncbrillit: 
~Ib lid D1IIwlplCificati ••• In .. bject to .hlngo 
without notice. 

TEXAS ~ 
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MECHANICAL DATA 

FN plastic chip carrier package 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically non conductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FN PLASTIC CHIP CARRIER 
(28-lead package used for illustration) 

122 (0048) 
~.' . X45° 

1.07 (0.042) 

~ 0 
5 

4 3 2 1 28 27 26 
25 

6 2. 

7 23 

il:' 
22 

21 

20 ~ 
11 10 ~ 

I 12 13 14 15 16 17 1a I 
1
1. B .l~1' 0,25 (0.010) 
j4 .• ------A _(S_"_e_N_o_te_A_)_-ot.. 3 PLACES R MAX 

JEDEC NO. DF A 
OUTLINE TERMINALS MIN MAX MIN MAX MIN 

MO·047AA 20 
9,78 10.03 8.80 9,04 7,B7 

10.3851 10.3951 10.3501 10.35BI 10.3101 

MO·0'7AB 2B 
12.32 12.57 11,43 11.58 'a." 

10.485} 10.495} 10.450} 10.4581 10.4'01 

MO·047AC 44 
17.40 17.65 '6,5' '6.88 15.49 

10.685} 10.695} 10.8501 10.856} 10.6'01 

MO-047AE 6B 
25.02 25.27 24.13 24,33 23," 

10.9851 10.995} 10.9501 10.958} 10.9101 

MO·047AF 84 
30,10 30.35 29,2' 29.4' 27.69 

11.'851 11.1951 11.'50} 11.'581 1'.0901 

All dimensions and notes for the specified JEDEC outline apply. 

C 
MAX 
B.38 

10.330} 

'0.92 
10.4301 

'6.00 
10.6301 
23.62 

10.9301 
28.70 

1'.'301 

I 
SEATING PLANE 

(Se" Note C) 

0.81 (0.032)-+-+1 

0.66 (0.026) ~T 
1.52 (0.060) MIN 

i..J.. 
I ~ (0.025) MIN 

0.51 (0.020) -oj I ~ 
0,36 (0.014) I 

LEAD DETAIL 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Centerline of center lead on each side is within 0.10 (0.004) of package centerline as determined by dimension B. 
B. Location of each lead within 0,127 (0.005) of true position with respect to center lead on each side. 
C. The lead contact points are planar within 0,10 (0.004). 

TEXAS ." 
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MECHANICAL DATA 

FT CERAMIC FLAT PACKAGE 
. 148-LEAD FTI 

INDEX MARKS t 

16.010.630)----1. 
15.6 (0.6141 ---\\ I 

» 
2,30 (0.0911 MAX 

t::;\ 19.810.780) 

~ . -------------------rn& 20.210.795) 

"+--....... 

14.2 (0.559) 
13.810.543) 

19.410.764) 

~~~~] "'r 
2.1010.083} 

~1.90 (0.075) 

~annnnnnnnnnnnnnnnnnnMnn))~ --TT- ~--------~ 
0 •• 10.031) T.P. ---oj jo-I L 0310012) 

48 PLACES ~ ~::: :~:~~~! 0: 1 10:0041 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

tThere are two versions of the 48·lead FT package that differ in the position of the index mark in the top view. In one version. the mark 
is near lead 3, in the other version, it is near lead 46. Consult the individual data sheet to see which applies for a particular device type. 

8-10 TEXAS ." 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

14-PIN J CERAMIC 

~
.~19'9410 7851 

19.1810.7551 

@@@@@@@ 

0.6310.0251RNOM i: : : : : : : I 
7.8710.3101 

7.37To:29Oi' 0) (3) (3) 0 0 0 0 
I~-----H-~~~:!~!~:~~:~~:~: 
-11- I 1,27 0.51 10.0201 MINl -- .. 1.7810.0701 MAX 14 PLACES ffiD 10.0501 NOM GLASS 

5.08 ro.2001 Jtt ~ SEALANT 

1~~: -SEATING PLANE 8MAX r ~ HuH +0'6;41~~~~k~IN 
14 PLACES~\4- ~ -II.. ~:: :~:~~~: 14 PLACES 

0.3610.0141 3.30 10.1301 
0.2010.0081 MIN 2.5410.1001 
14 PLACES 1.78 10.0701 PIN SPACING 2,5410.1001 T.P. 

4 PLACES (See Note AI 

Falls Within JEDEC TO-116 and EIA MO-OOI AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS ~ 
INSTRUMENTS 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base. ceramic cap. and a lead frame. 
Hermetic sealing is accomplished with glass. The Pl!ckage is intended for insertion in mounting-hole rows 
on 7.62 (0.300) centers. Once the leads are compressed and inserted. sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

16·PlN J CERAMIC 

<I. '<I. 

19.94 0.785 -----i 
19.18 (0.755) I 

~@@@®®@~ 

~-"-1::::::J 
1.78 (0.070) MAX 16 PLACES It A ~;,. -1 1,21 (0.05D) NOM 

It.\ ':;;~:!;;;:;;:;;:;;;:;~~ GLASS II' SEALANT 

105
90

" - SEATING PLANE ----.."----.--1 
"= I .... H--tt--ttt- 0'e:'2{~~~k~IN 

16 PLACES II 0,361°.014: 

--"~ 0,20 0.008 jL u: m:g~~1 
16 PLACES ' -I ~ 16 PLACES 

~fe :~::: 4 PLACES 

• For memories of 64 bits and up, a few MSIILS{ products in Series 54/74 and Seri,es 54S/74S that are 
derived from memory circuit bars. and complex HCMOS parts. this maximum is 7.62 (0,300). All other 
dimensions apply without modification. 

i: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
tt 
C') 
:::T 
DI NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

= Cr 
!. 
C 
DI ;: 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

18-PIN J CERAMIC 

1 1.27 10.050) NOM MAX 18 PLACES 

et\ 5.0810.200) 
~;;;;;;;;~t;;~;;;;~r GLASS • SEALANT 

MAX 
SEATING .. 

..!.!!E PLANE -3-.30-'ILO.1-30-)f,.------..--1 
90° MIN 

18 PLACES ~.------

_11..-,0.35610.014) t -H 
~ \'" 0.203 10.008) 

18 PLASES 
PIN SPACING 2.5410.100) 

ISeeNoteA) 

0.58 10.023) 
0.38 10.015) 
18 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0.25 10.010) of its true longitudinal position. 

TEXAS • 
INSTRUMENTS 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

20-PIN J CERAMIC 

Ii. Ii. 

1.62 (0.300) 
8,22 (0.245) 

....... ____ 24.16(0.915) ____ --.I 
23.62 (0.930) I- "I 

~-"~{~~~~~~~~J g~~:~:~:: 

1 1,21 (0.050) NOM 

~ r;~~:t~~;;~~~;;;;~~ GL~ .. SEALANT 

~ _S:~~~G -3-.30-(..1:.-130......,) ,..----..-- 11--l+---l+---l-!1- ~6.6:L(Ao.g~) MIN 

20 PLACES MIN 
\~0~6(0.014) '4.-----

.-.I 0.20 (0.008) I 
20 PLACES 

0,58 10.023) 
0.38 (0.015) 
20 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

.~ NOTE A: Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 

::r 
I» 
:::lI 
n" 
I. 

i' .... 
I» 

6-14 TEXAS ,If 
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MECHANICAL DATA 

JD ceramic side-brade dual-in-line packages 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

JD CERAMIC-SlOE-BRAZE 

Ii. Ii. 
j.-- A ----.I 1.78 10.0701 

Wi'- _I 0.5110·i20m'..mvWiWw: ' . ..L ~ 5.0810.200) MAX 
_SEATING • 

~05: PLANE :7J' . 3.18 10.~251 MIN 

II 0.3810.015) 1.9141~i.~~~sMAX -01 1--1 j 
--oIj.- 0.20 10.008) -..j j.-2.54 10.100) NOM 0.53 10.0211 

~~~.s::!::~~ 0.38 10.015) 

~N) 
DIM 

16 18 20 22 24 

A +0.51 (+0.020) 7.62 7.62 7.62 10.16 7.62 

-0.25 (-0.010) (0.300) (0.300) (0.300) (0.400) (0.300) 

8 (MAX) 20.57 23.11 25;65 27.94 30.86 

(0.810) (0.910) (1.010) (1.100) (1.215) 

C (NOM) 7.37 7.37 7.37 9.91 7.37 

(0.290) (0.290) (0.290) (0.390) (0.290) 

~N) 24 28 
DIM 

40 48 52 64 

A +0.51. (+0.020) 15.24 15.24 15.24 15.24 15.24 22.86 
-0.25 (-0.010) (0.600) (0.600) (0.600) (0.600) (0.600) (0.900) 

8 (MAX) 31.B 36.8 52.1 62.2 67.3 82.6 

(1.250) (1.450) (2.050) (2.450) (2.650) (3.250) 

C (NOM) 15.0 15.0 15.0 15.0 15.0 22.6 

(0.590) (0.590) (0.590) (0.590) (0.590) (0.890) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS ." 
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MECHANICAL DATA 

JG ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and an 8-pin'lead 
frame. The package is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). 
Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the 
board during soldering. 

a-PIN JG CERAMIC 

I--------<of-- 7/37 (0.310) 
7,37 (0.290) 

7,11 (0.280) 
, 6,22 (0.245) 

~
10'2 (0'400)~ 9.0 (0,355) 

0000 
0,63 (0.025) R NOM 

0000 

-.I 1,78 (0.070) MAX 8 PLACES1 I 1,27 (0.050) NOM m f I GLASS 
5,08 (0.200) SEALANT 

MAX 

--SEATING PLAN~--.,...1---......,-1 

105' 
90' 

8 PLAces Ji--0.36 (0.0141 
~r 0,20 (0.0081 

8 PLACES II 
I I 

l I PIN SPACING 
F-4--2,54 (0.100) T.P. 

(Soe Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

• 

a NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal pOSition. 

I» 
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KC plastic package 

5-LEAD KC 

0,64 10.025) R NOM 
2 PLACES 

ISee Note AI 

I 
14.27 10.5821 

"1:_ 
, , 

~.~~~:~:w~ 
(See Note 8) 

j L 1,02 (0.0401 
0.78 (0.0301 

6 PlACES 

, ,40 10.056) 
~ ri:::: :~:::: 

8.88 r.::-- -1 
5,84 10.230) 

~ 15.8810.6251 

~:: :~:~~~I-oI 
6 PlACES 

]-' 

2.9210."61 
2.03 10.0801 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Not.ches mayor may not be present. 
B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 

TEXAS ~ 
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MECHANICAL DATA 

KH plastic package 

5-LEAD KH 

3.73(0.147) 
3.63 (0.139) 

0.64 (0.026) R NOM "-
2 PLACES 

(See Note AI 

14.73 (0.6801 
14.36 (0.5651 

18.47 (0.727) 

~1 9,6& (0.380) --.1 
3,06 (0.1201 
~ 

~::::~:~~:-*--+I 

6.86 (0.2701 

5.B4C 
15,88 10.6261 

""L 
l 

, ,40 (0.066) 
o:sno:o2Oi 

2,92 (D.ll5) 
2.Oi1ii:Oiijj 

~ 
0,30 (0.0121 

5 PLACES '-~,; 

~-J ~ j 

IF=F=======l-*-

.... ~r 1.70 (0.0671 
L 1.02 10.040) 6 0 263 N ~ 6,BI.IMI 

(See Nota BI 6 PlACES 

MIN 

SEATING 
PLANE 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES; A. Notches mayor may not be present. 

B-18 

B. Leads are within 0.1310.005) radius of true position IT.P.) at maximum material conditions . 
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KV plastic package 

5-LEAD KV 

3.7310.147' 
~ 

0.64 (0.0251 R NOM 
2 PlACES 

(S.8 Note AI 

21,920 
10.8831 

MIN 25.411.001 MllN I 

PIN SPACING 
1.70 (0.067) 
ISee Note 8) 

10.67 (o.420Il 9,65 (0.380) ~ 

3,05 (0.120) 
2.64 (0.100) 

n 
l 

6,B6 (0.270) 
5.84L 

15.88 (0.625) 

'~L 

III L 0.8410.025It ~ ~ 0,30 (0.012) 

I.--- D.76 (0.030) 
6 PLACES 

8,69 10.3381 
8,20 10.3231 

1,40 (0.055) 
~ 

15.77 (0.821) 
NOM 

17.86(0.7031 
NOM 

2,92 (0.115) 
2.O"3iO:OiOi 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Notches mayor may not be present. 
B. Leads are within 0,13 (0.0051 radius of true position (T.P.I at maximum material conditions. 
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MECHANICAL DATA 

KV plastic package 

15-LEAD KV 

PIN SPACING 
1.27 (0.050) 
ISINtNole AI 

-;==~f-___ 3.86 (0.1521 DLA. 
3,75 10.1481 

1,02 (0.0401 
(TYPI 

3,7910.1491 DIA. 
3,5310.1391 

0,79(0.0311 

r-
DRAFT 
DRAFT 
ANGLE 
JTVPI 

4.62 (0.1821 
4,37 10.1721 

18.03(0.710) 
17.53 (0.690) 

2.18 10.0861 
, ,93 (0.0761 

~ 

~~::: :~:~~~: -----J 
Il 4.55 CO.1791 

0,56 (0.022) -toijll- i 4.04 10.'59) 
0.46 (0.018) !.-----*- 5.33 [0.2101 

4.83 (0.1901 

Falls Within JEDEC MO-048AB Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Leads are within 0,13 10.005) radius of true position (T.P.) at maximum material conditions . 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

14-PlN N PLASTIC 

10.250.0.0101 

'i.~'i. 1::::~~~01 
--I 2.0 10.0801 NOM I ~ --I 1-"1.7810.0701 MAX 14 PLACES 51--,: , 0.5110.0201~ 

0.25 10.0101 508 10.2001 MAX MIN 
NOM ..--'--

-SEATING PLANE , , .-l ~ 0.84 (0.0331 MIN 

~ . ~~~~ 
14PLACES -,,\\--0.3610.0141 1. I~j ~~ --11-053310.0211 ~~~~g~~ 3.1710.1251 MIN 0.38110.015) 

ISee Notes Band Cl 2,03 t 0,51 (See ~o~;S~~~d C) 
10.080 • 0.0201 

4 PLACES PIN SPACING 2.5410.1001 T. P. 
(See Note AI 

Falls 'Within JEDEC TO-116 and EIA MO-001 AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.51 (0.0201 above seating 

plane. 

TEXAS • 
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MECHANICAL DATA 

N plastic dual-In-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation. 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7.62 (0.300) centers. Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

16-PIN N PLASTIC 

I----I-(O~~: ~::,'O} 
~---H-(O~2:: ~:~~O) 

r- 19.8 (0.780) MAX ----j 
~@@@)@@®~ 

,~-=.~::=[:::::J 
00000000 

--I 1--1•78 (0.070) MAX 16 PLACES 

t 0.51 (0.020) I I 
MIN Ir-..... -.+-+.r-r-r-.......... -r ...... 

5.08 (0.200) MAX -*-
105" --SEATING PLANE 

:9if 
16 PLACES . I L O~ 10.gl~! -!I"""o 0.1 

16 PLACES 
($ee Notes B and Cl 

Pam may be supplied in accordance 
with the alternate stde view at the 
option of TI plants located in Europe. 
In this case, the OYeralilength of the 
package is 22,1 (0:870) max. 

ALTERNATE SIDE VIEW 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified. dipped area ofthe lead extends from the lead tip to at least 0.51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

'8·PIN N PLASTIC 

7,62 t 0,25 
(0.300 ~ 0.010) 

1,.----00#--6,99 (0.275) MAX 800000000 
_ ---.i.. 2,03 (O,080) NOM --t t-- 1,78 (0070) MAX 18 PLACES 

~ '0'51(00201~1 0,25 (0 010) NOM MIN 

-SEATING PLANE 5,08 (0.21001 MAX L

J
-

f -l I-- 0,8. (0 0351 MIN 
_ 18 PLACES 

_\ \-'0,279 ± 0,076 3,17 (0.125) MIN - L ~ ------{ I--- 0,467 ± 0,076 
~ I (0 all ± 0.003) (0.018 ± 0.003) 

18 PLACES 18 PLACES 
(See Notes B and C) 1,91 (0.075) (See Notes Band CI 

~ PIN SPACING 2,54 (0 100) T P 

4 PLACES (See Note Al 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.01 0) of its true longitudinal position. 
B. This dimension does not apply for solder·dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.51 (0,020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-Iine package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compbund will withstand soldering temperature with no deformation. 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7.62 (0.300) centers. Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when uSl!d in soldered assembly. 

2D-PIN N PLASTIC 

7,82±0,26 
10.300 t 0.010) 

2.0 (0.080) NOM , 

0,26 (0.0101 NOM 

~----::~~::::::-----OI 

-SEATING PLANE----+--,.----i 

ts.. No .. 8.nd C) 

~ JL ~ r-- 1,0210.040) 
4 PLACES 

VIEW A 
Parts may b. IUPpliici" in accordanca 
with the alternatfi sid. view at the 
option of TI. European-manufactUred 
parts may hllV8 pin 1 .. shown in 
view A. Alternate-side.ylew parts 
manufactured outside of the USA 
may have • maximum pack_length 
of 28.7 Ii .050). 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

"NOTES: 
A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder·dipped leads. 
C. When soider-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation. 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mountng-hole rows on 7.62 (0.300) centers. Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in spldered assembly. 

22·PIN N PLASTIC 

EITHER 
OR BOTH 

INDEX MARKS 

~-----'-:28,5 (1.120)MAX----.....,-.I 

1';::;~~ji:.,02 (0.365) MAX 

II. • 0,51(0,020)~ 

~~~ ~rf-~~ ~ J 0.B4~~033) 
~ I 22 PLACES 

0.27 •• 0.07 .... 1\_- 3.11 (0.12S) I I -.II.- 0.467 • 0.07. 
(O.~1~g~) MIN --I ~ (O.g~8p~~~1 

IS .. Notn B and CI t~: (:'~~~~P. 1,78 (0.070) (See Notn B and CI 

(See Note AI MAX 
22 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder·dipped leads. 
C. When solder-dipped leads .re specified. dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

28-PIN N PLASTIC 

10------36.6 (1.4401 MAX-------01 

0.51 (0.0201 
MIN r---------------.....,-:-r 

.3"~_.=~:;',!~~ l u~ :';:a::;;:;3::N 
(0.011± 0.0031 (0.018± 0.003t1t ~ U U U U I U I U U U ~~~ 1 27± 0 51 

2. PLACES 2. PLACES PIN SPACING 2.54 (0.1001 T P. (0.050 ± 0:020) 
ISee Notes Band CI (See Notes B and C) (See Note A) 4 PLACES 

1,40 ± 0,18 
(0.055 ± 0.00701 

ALL LINEAR DIMENS(ONS ARE IN MILLIMETERS AND PARENTHETICALLY IN (NCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 

B-26 

B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specifi.ed. dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation. 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15.24 (0.600) centers. Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

4O·PIN N PLASTIC 

10-------53,' 12.090) MAX----------oI'1 
~+--------® 

EITHER OR BOTH~l:;;;~~~~~~~~~~~~~~~~~~ 13·~i~·5501 INDEX MARKS ""'-L; ~ 

Ii 15,.24:tO,25 Cl 
r,(0 .• OO'D.Ol0) 

0-----------------------~ 

0,5110.020) 

~h=~~~~~:;:;~~~;:~~~~:;:;=rl 
105" -SEATING PLANE~ 

9if 0,28"008 
(0.011 ; 0:003)"'11'-

40 PLACES 1\ 
(See Notes B and C) (See Notes B and Cl 

0.84 (0.0331 MIN 
2.41 (0,095) 
1,40 (0.0551 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 10.010) of its true longitudinal pOSition. 
B. This dimension does not apply for solder·dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0,51 10.020) above seating 

plane. 
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MECHANICAL DATA 

NE plastic dual-in-line packages 

This dual-in-line package consists of a circuit mounted on a 14-pin lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. For better heat dissipation there are internal tabs connecting the three central leads on each 
side of the 14-pin package. The package is intended for insertion in mounting-hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package 
in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. ' 

14·PIN NE PLASTIC 

6,35± 0,25 
(0.250 ± 0.010) 

'i.s'i. 1:'3~:~:~~01 
--I 2,0 10.0801 NOM I --L -1 /-"1,7810,0701 MAX 14 PLACES 51--,;: ,0,51 10,020Imml 

0,25 10 0101 508 (0.2001 MAX MIN 
NOM ' • --L-

o -SEATING PLANE t • 0,84 (0.033) MIN 
~ , 14 PLACES 

14PLACES -\l-g:~lg:g~~: J :I~ ~~ --11_ 0,53310,021) 
14 PLACES 3,17 (0.1251 MIN .--: 0,381 (0.0151 

(See Notes Band CI 2,03 ± 0,51 (See ~o~;sA~:~d C) 
(0,080 ± 0,0201 

4 PLACES PIN SPACING 2,54 (0.1001 T. P, 
(See Note AI 

Falls Within JEDEC TO-l 16 and EIA MO·001AA Dimensions 

s: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
CD 
n 
~ NOTES: A, Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
::I B. This dimension does not apply for solder-dipped leads. 
Cr C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0,020) above seating 
!!.. plane, 

C 
I» 
lit 
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MECHANICAL DATA 

NE plastic dual-in-line packages 

This dual-in-line package consists of a circuit mounted on a 16-pin lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. For better heat dissipation there are internal tabs connecting the two central leads on each 
side of the 16-pin package. The package is intended for insertion in mounting-hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package 
in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. 

16·PIN NE PLASTIC 

7,62:t 0,25 
(0,300 ± 0.0101 

6,35 ~ 0,25 
(0.250:!: Q.Ol0) 

2,0 (0,0801 NOM 

(See Notes 8 and Cl 

Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22,1 (0.870) max. 

0,84 (0.033) MIN 

ALTERNATE SIDE VIEW 

ALL LINEAR DIMENSIONS ARE IN'MILLIMETERS AND PARENTFlETICALLY IN,INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

NF plastic dual-in-line packages 

This dual-in-line package consists of a circuit mounted on a 28-pin lead frame and encapsulated within 
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 10,16 (0.400) centers. Pin spacing within the rows 
is 1,78 (0.070). Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Solder-plated leads require no additional cleaning or processing when 
used in soldered assembly. 

28-PIN NF PLASTIC 

10---'----:26,9 (1.020) MAX .. " 

@@@@@@@@@@@@@@I 

-i::::::::::::J 
0®®0®®000®@@@@ 

9.65 10.3801 

Ii.~,~:~~ :~:=:~Ii. 
8.38iD.33Oi 0.61 10.020) 

MIN~r--------'-r I 5.08 10.200) MAX 
SEATING -*-- ~ 

't: . - PLANE -r J l j ~0.080) MIN 

0,37 10.0146) JL 1\ U j 
0.17 CO.0085) \r 0,53 10.021) ~It-. 0.&410.33) MIN 

28 PlACES 0,38 (0.016) PIN SPACING 1,78 (0.070) T.P. I 1.78 (0.070) 
(a!,_ Note. 8 and C) (See Notes B and C) (See Note AJ It-~ 

, .27 (0.050) 4 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 10.020) above seating 

plane . 
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MECHANICAL DATA 

NT plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted .on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remainstable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the. board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more tlian one row-spacing. 
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 

24-PIN NT PLASTIC 

7,62 ± 0,25 
(0.300 ± 0.010) 

~------<+t----7, 1 {0.2801 MAX 

11. r- -2,0 (0.0801 NOM 

~_.-L 

105' 

1~_90' 
L 24 PLACES 

- - ~O.25 (0.010) NOM 

-SEATING PLANE 

~L-- 0,36 {0.01'1 
1\- 0,25 (0.010) 

24 PLACES 
(See Notes Band CI 

~---------------~::g:~~::----------------~ 

0,38 (0.015) 

. MIN 1,78(0.070) rl1 :1,"i4iD.045j 2. PLACES 

,.-~ T 'J- --I i--"l'{O.045IMIN 24 PLACES 
I I 

- ~ J L 0,533 (0.0211 
4,06 (0.160) . ......, r-- 0,381 (0.015) 
3,17 (0.125) 24 PLACES 

2,16 (0.085) ISee Notes B and C) 

0,71 {0.0281 ~ PIN SPACING 2,54 {D. 1001 T.P. 
4 PLACES (See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal pOSition. 
B. This dimension does not apl'ly for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

NW plastic d4~I-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand,solderjng temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to seC\Jre the package in the board during soldering. 
Leads require no additional cleaning or processing when used in s(!ldered assembly. 

NOTE: For aU except 24-pin packages, the letter N is used by itself since only the :l4-pin package is available In more than one row-spacing. 
For the 24-pin package, the 7,62 10.3001 version is'designated NT; the 16,24 10.6001 version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 10.6001 row-spacing. 

24-PIN NW PLASTIC 

1------ 32.8 11,2901 MAX------I 

@@@@@®@®®®@@ 

~::~:~:::::::::] 
CD®@0®®0®®®@@ 

, J L U, 0.83(0.0331 MIN 
24 PLACES 

0,461' 0,016 2,42(0.0961 MAX 
(0.018:t 0.003) . 4 PLACES 

24 PLACES PIN SPACING 2,54 (0.100) T. P. 
ISee Not •• Bandel (See Note'A)' 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PAflENTHETICALL Y IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 10.0101 of its true longitudinal position. 
'B. This dimension does not apply for solder-dipRed leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 10.0201 above seating 

plane. 
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MECHANICAL DATA 

P dual-in-line plastic package 

This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation. and circuit 
perforrnance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7.62 (0.300) centers (See Note A). Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Solder-plated leads require no additional cleaning or processing when used in soldered assembly. 

a-PIN P PLASTIC 

6,36 ± 0,026 

'i.~7'~~~:;r]'i. 
~ (0.250 ± 0.010) ~ 

INDEX DOT 

00 

I 

00 
1,78 (0.070) MAX 

8 PLACES 

5,08 (0.200) I-t-,,....;--;....,-~r-....... 
MAX 

J.....SEATING PLANE-I--a--
"T GAUGE PLANE 

I L 0,76 (0.030) 
0,00 (0.000) 

J\ 0,28 ± 0,08 
_ \1<--(0.011 ± 0.003) 

8 PLACES 
(S.e Notes B and C) (See Note A) 

fSee Notes Band CI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal pOSition. 

B. This dimension does riot apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the (ead extends from the (ead tip to at least 0,51 (0.020) above seating 

plane. 

TEXAs ~ 
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MECHANICAL DATA 

U ceramic flat package 

This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit Ilars are alloy mounted. 
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used' 
in soldered assembly. 

10-PIN U CERAMIC 

0,153 (0.006) 11- 0,076 (0.003) 
I 10 LEADS 

0,483 (0.0111) 80000 PIN SPACING 

0,381 (0.015)1, IT 1,27 (0.050) T.P. '''r '''' , ... , 

2,03 (0.0801_ 
1,27 (0.050) 

1.27 (0.0501_ 
0,13 (0.005) 

-

8,89 (0.350) 

--------~~f~~ c- c- c- --

25,4 (1.000) 
19,0 (0.750) 

7.62 (0.300) 
(See N'ote B) 

1--r,ALTERNATE 
~ I'" INDEX POINTS 

-l----------- -- f-- -- --

8.89 (0.350) 

''''I''"' 

T 
6,35 (0.250) 

I' 

0.64 (0.025) 
0,00 (0.000) ~6,35 (0.250)~ 

00000 
Fall Within JEDEC MO-004AE Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.I at maximum material conditions. 

6-34 

B. This dimension determines a zone within which all body and lead irregularities lie. 
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MECHANICAL DATA 

W ceramic flat packages 

Each of these hermetically sealed flat packages consists of an electrically nonconductive ceramic base 
and cap and a lead frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning 
or processing when used in soldered assembly. 

14-PIN W CERAMIC 

@@@@@00 
1...1--1.27 (0.050) TYP 

r 12 PLACES 
(See Note A) 

8.00 (0.315) 
6.86 (0.270) 

... 0,483 (0.019) 
BASE AND 
SEATING 
PLANE 

~----1-
__ L_ 

1- - e- 1- 0,381 (0.015) 
14 LEADS 

2.03 (0.0801_ 
1.27 (0.050) -

1.02 (0.040]_ 1-
0.51 (0.020) - 1-

) 7.0 (0.275 
(See Note B) 

21.84 (0.860) j (See NoteCh~ 

~~.--~ 
,73 (0.265) 
,97 (0.235) 

t --r I-

8,00 (0.315) .MI 
--I ~ ~,64 (0.025) I--- 8.89 (0.350) 0,25 (0.010) 

8.56 (0.337) -----t. 4 PL CE 

(i)000000 
A S 

Fall Within JEDEC MD·004AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.I at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 

TEXAS ~ 
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MECHANICAL DATA 

W ceramic flat packages 

16-PIN W CERAMIC 

0,152 (0.006) _ H-
0,076 (0.003) ~nr------r-

16 LEADS 

@@@@)@@@0 

T 
I I 1,27 (0.060) TP 
t---t- 14 PLACES 

(See Note A) 

BASE AND 
SEATING PLANE --r I~ -.~::~ ~~:~::: 

,-----t~~~~~~~~~~ 16 LEADS 

7,62 (0.300) 
(See Note B) 

~:::: :~:::: 724 (0.285) Il' r (See Note C), ~ 

r -- 'I"r -

1,02 (0.040] ~ l-
0,51 (0.020) - 1-

8,89 (0.350) 
7)17 (0.310) 

L ~ .. '~._ 
'-------- 10,16 (0.400~ ---'- 0,25 (0.010) 
,..---- 9,42 (0.371) -- 4 PLACES 

00000000 
Falls Within JEDEC MO-004-AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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W ceramic flat packages 

20-PIN W CERAMIC 

~:~~: ~~:~~~: -1 j'-
20 LEADS r 

9.40 (0. 370) 

BASE AND 
SEATING PLANE-., 

250) 

------rJ 
7.3710.2901 r
(Se8 Note 81 I 

1,02 (0.040) 

0.25 10.0101 

-

26.9 11 020) 17•,1 (02801 ' ... ~- ~JJ 
(See Note C) 

2,34 (0.0921 
1.14 (0.045) 

1,1410.045) 
0,13 10.006) 

4 PlACES 

-

) 

..... 
-

i 

I 
i 

12.9510.6101 
MAX 

~,. 

i 

27 10.060) lYP 
18 PLACES 

(See Note AI 

..... 0,483 (0.019) 
0.381 10.0151 

20 LEADS -

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 

W ceramic flat packages 

24-PIN W CERAMIC 

~:~~! :~::~: --t ~ 
24 lEADS ~---~~ 

BASE AND 
SEATING 
PLANE 

@@@@@®®@@@@@ 
1.27(O·05~t~ ~ ~1,27(OJ)50)T.P. 
°4a:L~~:1 ~ r- 22 PLACES 

(SaaNoteAJ 

10,16 (0.400) 

-T-~~'~ ~ '. *- ~:~ :~:~~:: 
24 LEADS 

,s.. 
NoteD) 

10,16 IO.400} 4 PLACES ~ r 

~:, :: ::::: ''''JN~:D~: 'D"5~=CI\ ~ ~) ! 
8.5 (0.3351 I I 

~~(~~~~~~~~~~~~~-~1 
-~- --r 

10,16 (0.400) 
6,98 (0.275) 

1-----12.3 (0.485) MIN ----~ 
!-----16,2 (0.635) MAx-------<oI 

Falls Within JEDEC MO-O 19AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 

B-38 

B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
D. End configuration of 24-pin package is at the option of TI. 
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WA ceramic flat package 

14-PIN WA CERAMIC 

@@@@@00 
0,152 (0.006) ~ k-
0.076 (0.0031 II 

14 LEADS ~----,.-

0.483 (0.0191 
0,381 (0.015) 

r 
8,89 (0.350) 

------r~[ 
BASE AND 
SEATING PLANE-.. 

673 to 265) 
if---- ~~98 rn:2751--t 

1i I<-' 

i i 

-

5,59 (0 220) r: 
(See Note 81 IN DEX 

21.8 (0.8601 1 21.3 (0.8401 5.08 (0.2001 

4.70C 
--- --- ----

~ 

1.91 10.0751.... It--
1,27 (0.050) 0,7610.0301 

0----.- 0.51 (0.0201 

0.81 (0.03 
0,3810.01 !l"" ~ .... 

_~.97(0.235!_ 
6,22 10.245) 

-1 

! 
t-

0000000 

.27 (0.050) TYP 
12 PLACES 

(See Note AI 

0,89 (0.035) 

0.36 (0.0141 
4 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T .P.l at maximum material condition. 
B. This dimension determines a zone within which aU body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
D. End configuration of 24-pin~ package is at the option of TI. 
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MECHANICAL DATA 

we ceramic flat package 

24-PIN WC CERAMIC 

~:!~: :~:~~:: -,0 -
24 LEADS H----,... 

1.27 10.0801 TYP---/,~ 
tS .. Not. AI 

22 PLACES Iii 
10.18 10.4001 

Ihe Note BI 

.. .L~; r \.'-Irl~lto.l.~..J.J....lu..LL..LJ....I.J..J.".c.LT / 
30.4811.2001 7.24'IO.285)!) 
20.32 10.8001 8 99 10 2751 

'U 
L-____ ~/~(~h,?r~~~~~~~~~\~ 

Se. NoteCJ 

~-.I 
0.38 10.015) ~" ____ ':'i'2.~B3:-E10;:.:.00=5) ____ -.j 

24 LEADS I'- 12.32 10.48&1 

0®®0@0000@@@ 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0.13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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IC SOCKETS 

INTRODUCTION 

Texas Instruments has developed solutions for today's high density packaging needs. The TI facility at Attleboro, 
Massachusetts (one of the world's largest suppliers of multi metal systems) provides leading-edge technology 
which, combined with reliable, high-volume, off-the-shelf interconnection products, allows TI to quickly meet 
volume commercial applications. 

During the last decade, TI has produced one of the largest IC socket families. TI's sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. 

Our sockets are designed for: 

• ergonomical efficiencies in assembly 
• compatibility with automatic assembly equipment 
• maximum performance and board density 

This section of the data book provides information on the following types of IC socket products. 

PRODUCTION SOCKETS 
Plastic Leaded Chip Carrier 
Single-in-Line Packages 
Pin-Grid Arrays 
Dual In-Line 
Dual In-Line 0.070-in spacing 
Quad In-Line 

BURN-IN/TEST SOCKETS 
Plastic Leaded Chip Carrier 
Pin Grid Array 
Dual In-Line 
Dual In-Line 0.070-in spacing 
Smali Outline 
Quad 

Specially formulated alloys give the TI contact springs:' 

• Low Contact Resistance 

TYPE 
PLCC 
SIP 
PGA 
DIP 
Shrink Pack 
QUIP 

TYPE 
PLCC 
PGA 
DIP 
Shrink Pack 
Flatpack 
Flatpack 

• High Contact Strength (to stand up to repetitive insertions and withdrawals) 
• High normal forces, assure gas tight reliability 

A full line of reliable, readily available, low-cost interconnection systems means premium performance at an 
economical price. 

Additional information" on these and other TI products, including pricing and delivery quotations may be obtained 
from your nearest TI Distributor, TI Sales Representative or: 

Texas Instruments Incorporated 
Connector Systems Department MS 14-3 
Attleboro, Massachusetts 02703 

Telephone: (617) 699-5242/5269 
TELEX: 92-7708 

TEXAS ." 
INSTRUMENTS 

34 Forest Street • ~ttleboro. M.ssachusetts 02703 
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IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G 
Shock: 100 G 
Solderability: Per MIL-STD 202, Method 208 
Insertion force: 0.59 Ibs per position 
Withdrawal force: 0.25 Ibs per position 
Normal force: 200 9 min, 450 g typ 
Wipe: 0.075 in min 
Durability: 5 cycles min 
Contact retention: 1.5 Ibs min 

Electrical 
Current carrying capacity: 1 A 
Insulation resistance: 5000 MO min 
Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1.0 pF max 

Environmental 
Operating temperature: 
Operating: -c 40°C to 85 °C 
Storage: - 40°C to 95 °C 
Temperature cycling with humidity: will conform to final EIA 

specifications 
Shelf life: 1 year min 

MATERIALS 
Body - Ryton R-4 (40% glass) U/L 94-VO rating 
Contacts - CDA 510 spring temper 
Contact finish - 90/10 tin (200 "in - 400 "in) over 40 /Lin 

copper 

Contact factory for detailed information 

PLASTIC LEADER CHIP CARRIER CPR SERIES 

,~ ---,---- --------"' 

0 ~ 0 

0 
0 0 

'~ 

I· A 

Device guide barriers not shown 

2,54 (0.100) 
TYP 

--)r 

I 
A 

J 
·1 

PART NUMBER SYSTEM 

lCPR IPH 1XXX 
-IX - t:o~tact surface 1 _ tin lead 

plating 
", Contact spacing 1 - 0.050 in 

Number of pos 1044, 052, 068, 084) 
Plated thru hole, solder tail 

TI socket Series 
Plastic leaded chip carrier 

o 

C) 
Pos A B 

44 
21,43 17,78 
10.844 10.700) 

52 
23,98 20,32 

10.944) 10.800) 

68 
29,06 25,40 

11.144) 11.000) 

84 
34,14 30,48 

11.344) 11.200) 

C 
12,70 

2,54 
(0.100) TYP 

10.500) 

15,24 
10.600) 
20,32 

10.800) 

25,40 
(1.000) 

Extraction tool available, consult factory. 

8-42 

PRODUCTION DATA documents contain information 
current as of publication date:. Products conform to 
specifications per the terms of T axas Instruments 
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PRODUCT FEATURES 
Can be loaded by top actuated insertion or press-in 

insertion, either manually or automatically 
High reliability due to high pressure contact point 
Open body and high stand-off design provide high efficiency 

in heat dissipation 
High durability up to 10,000 cycles 
Compact design 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Durability: 10,000 cycles 
Operating Temperature: 180°C max 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 30 mil max 
Insulation resistance: 1000 Mil min 
Dielectric withstanding voltage: 500 V ac rms min 

MATERIALS 
Body - ultem glass filled lUlL 94 VOl 
Contact - copper alloy 
Plating - overall gold plate 

PLCC BURN·IN/TEST SOCKETS CPJ SERIES 

1.27 10.0501 

L 5.08 10.2001 

12.9010.5071--1 

3.00 10.1181 
u_-j---'-

Dimensions in parentheses are inches 
Contact factory for detailed information 

1.3010.051) 

PART NUMBER SYSTEM 

CPJ AA33A - XXX B 

IC SOCKETS 
PLCC BURN·IN/TEST 

1_-- 1 Number of positions 

TI series socket 

2,54 
10.'001 

2.54 TI 1> t 

101001~.' '" 

101001 

2.54 
10.1001 1.27190501 

5.08 10.2001 

18.08107121---1 

SIZES: 18 PIN 
22 PIN s 

ca 
Q 

iii 
u 
'2 
ca 
.c 
u 
CD 
:E 

PRODUCTION DATA doc.m .... contain infarmatio. 
currant I. of pUblication date. Products conform to 
spacifications par tho 18rms of Tuu Instrumon .. 
standard warranty. Prodtllcti.1 p:'Duusing doel not 
n8C8118rily include tasting of all paramatars. 
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IC SOCKETS 
SINGLE·IN·LlNE PACKAGE 

PERFORMANCE SPECIFICATIONSt 

Mechanical 
Vibration: MIL-STD-202 
Durability: 30 cycles 
Insertion force: Og 
Withdrawal force: Ogt 
Contact (normal) force: 200 g min 
Contact retention force: 2 Ibs per circuit min 
Electrical 
Contact rating: 1 A 
Contact resistance: 30 mO max initial 
Insulation resistance: 1000 MO at 500 dc 
Dielectric strength: 1500 V ac rms 
Capacitance: 2 pF max 

tValues may vary due to test sequence and SIP module 
configuration 

t After module is unlocked from the receptacle 
For a complete test report. please contact factory) 

Environmental 
(20 mil max contact resistance change after all tests) 
Operating and storage temperature: -40 DC to 100DC 
Humidity: MIL-STD 202, Method 1060. 10 days 
Temperature soak: 85 DC for 160 hours 
Thermal Shock: 5 cycles, - 40 DC to 85 DC per 

MIL-STD 202, Method 107E 
Shelf life: 1 2 months min 

MATERIALS 
Body - PES polyether sulfone, glass filled. black. 94 VO 
Contact - Beryllium copper C17000; phosphor bronze alloy 

CA510 
Contact finishes - Post plate min 200 ,..in tin/lead over min 
50,..in nickel overall 
Post plate min 30 ,..in hard gold over min 75 ,..in nickel overall 

For additional plating options contact the factory. 

SINGLE·IN·LlNE PACKAGE SOCKETS TS8 SERIES 

DUAL ROW VERTICAL 

I' A 

T 
17.63 

~,-"~A""" ..... 
10'"1 

I 

, ~~ ...... ......... ~.'!'""_vl-41 
I ..... _1--2•64 10.1001 , JI B 

c 
D 

Contact factory for detailed information 

PART NUMBER SYSTEM 

TS8X xx xx X -xx - xx I Lvariations 
00 - standard 
product 

Size 
(number of 
contacts per row) 

Housing material 
A - PES 

Contact base material/plating 
01-C17000/30 ~in gold 
02-CA510/30 ~in gold 
03 - C 1 7000/200 ~in tin/lead 
04-CA510/200 ~in tin/lead 

Configuration/row-to-row spacing 
01-single row/N/A 
03-dual row/0.300 in 
04-dual row/0.400 in 
05-dual row/0.5OC in 

Series number denotes 
0-0.100 in pitch. vertical mount 
1 -0.100 in pitch. low-profile (25 0 ) mount 

Consult factory for availability of configurations, materials, and 
sizes . 

SINGLE ROW LOW PROFILE 

PRODUCTlOI DATA docu .. l. cootlln Information 
•• ,,1IIt II of p.bllatJln dill. ProdHII .onlllrllll 
IlllCiliUtl"1 per the II .... of TIIII lnotrumlltl 

B-44 oIIndini WI"IIIIY. Preductlo. , ... l1li •• doll not 
_nlrny Includ. lilting of all p ... mot .... 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.015 ;n. to 0.021 in diameter 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.002 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 mil max contact resistance change 

per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 

diameter test pin 
Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 

diameter test pin 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 1000 V ac rms 

per MIL-STD 1344, Method 3001.1 
CapaCitance: 1.0 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 125°C, gold; -40°C to 

100°C, tin 
Corrosive atmosphere: 10 mil max contact resistance 

change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mil max contact resistance change when 
exposed to nitric acid vapor for 1 hour ' 

Temperature soak: 10 mil max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shell life: 12 months min 

MATERIALS 
Body - PBT polyester U/L94-VO rating 
On request, G 1 0/FR4 or Mylar film 
Outer sleeve - Machined Brass (00-B-626) 
Inner contact - Beryllium copper (00-C-530) heat treated 
Plating: (specified by part number) 

PIN GRID ARRAY 

IC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 

Inner contact - 30 ",in gold over 50 ",in nickel or 100 ",in 
tin/lead over 50 ",in nickel 

Outer sleeve - 10 ",in gold over 50 ",in nickel or 50 ",in 
tin/lead over 50 ",in nickel 

PART NUMBER SYSTEM 

C X G 

XX - xxx X X lli-:n1ength 

__ ~W~/W~-4 __ ~~ __ ~ 
3~-0~.~51~0~lo~ng~~~~~~ 

Plating 

Pin 
Grid 
Array 

Body Style and Orientation 

Contact Loading Pattern 

Number of Pins 
024 to 324 

Overall Grid Size 
5x5=05to 18x18=18 

BODY MATERIAL 
G - Glass Filled Epoxy 
P - PBT Polyester 

TI Socket 

Insulator Size A 
±0.010 

9x9 (0.950) 24,13 
10xl0 (1.0501 26,67 
11 xl1 (1.150129.21 
12x 12 (1.250) 31.75 
13x13 (1.350) 34,29 
14x14 (1.450) 36,83 
15x15 (1.550) 39.37 
16x16 (1.650) 41,91 
17x 17 (1. 7501 44,45 
18x18 (1.850) 46,99 

t Noncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 

B 
±0.005t 

(0.800) 20.32 
(0.900) 22.86 
(1.000) 25,40 
(1.100) 27,94 
(1.200) 30,48 
(1.300) 33,02 
(1.400) 35,56 
(1.500) 38,10 
(1.600) 40,64 
(1.700) 43.18 
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IC SOCKETS 
BURN·IN/TEST PIN GRID ARRAY 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in 'to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 5000 cycles, 10 mil max contact resistance 

change per MIL·STD 1344, Method 2016 
Solderability: per MIL·STD 202, Method 208 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1.0 Mil at 500 V dc per 

MIL·STD 1344, Method 3003.1 
Dielectric withstanding voltage: 700 V ac rms per 

MIL·STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL·STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170 °C 
Humidity: 10 mil max contact resistance change when 

tested per MIL·STD 202, Method 103B 
Temperature soak; 10 mil max contact resistance change 

when exposed to 105°C temperature for 48 hours 
Shelf life: 12 months max 

MATERIALS 
Body - CZF Series: PPS (polyphenylen sufide) glass filled 

U/L 94 VO rating, - 65°C to 170 °C 
Contact - Beryllium copper 
Plating: t Overall gold plate min 4 /Lin over min 70 /Lin nickel 

plating 

tFor additional plating option consult the factory. 

BURN·IN TEST PIN GRID ARRAY 

8.99 

-0 
IIO~;~~ 

62.23 

"LI!::::!!:lI::::::l..l::=.l:j::j~'f3:E3:Et:::!:::!I 
f 

48.00 - 59.94 
11.89) - 12.36) 

CLOSEO BOTTOM 
DESIGN 

ZERO INSERTION 
FORCE DUAL 

BEAM CONTACT 
SYSTEM 

PART NUMBER SYSTEM 

C xx lx . 1XXX t~ati:gl 
37 - overall gold plate 

Number of positions 

Configuration 
W-llxllx2 

Style ZF - Zero force 

TI Series socket 

8.99 
10.354) 

Dimensions in parentheses are inches 
Contact factory for detailed information 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.011 ± 0.003 in by 

0.018 ± 0.003 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.003 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III. 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 mil max contact resistance change 

per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Insertion force (C7X and C86): 16 oz (454 g) per pin max 
Insertion force (C50): 12 oz per pin max 
Withdrawal force: (40 g) per pin min 

Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc per 

MIL-STD 1344, Method 3003 
Dielectric withstanding voltage: 1000 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 

Environmental 
Operating temperature: 55°C to 125°C, gold; - 40°C 

to 100°C, tin 
Corrosive atmosphere: 10 rnQ max contact resistance 

change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mil max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mil max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shelf life: 12 months min 

Materials (C7X. C50, and CS6) 
Body - PBT polyester U/L 94 VO rating 
C7X & C50 Contacts - Outer sleeve: brass 

Clip: BECU or PHBR 
Contact finish - clip 30 I'in gold over 50 I'in nickel or 
Specified by 50 I'in tin/lead over 50 I'in nickel 
Part Number - sleeve 10 I'in gold over 50 I'in nickel 

or 50 "in tin/lead over 50 I'in nickel 
C86 Contacts - Phosphor bronze base metal 
C86 Contact-finish - Tin plate 200 "in over copper flash 

C7X SERIES - SCREW MACHINE 

C7X SERIES 
PART NUMBER SYSTEM 

C7X (X) 

Solder Tail 

IC SOCKETS 
DUAL·IN·LlNE 

,
XX -LX t Variations 

9 - Pin length 0.105/0.150 
Wire Wrap 
3 - Pin length 0.510 

Number of Plating (Sleeve/Clip) 
P '1' 0 - Gold/Gold 

081 Ions 5 _ Tin/Gold 

S - Single-in-line package (where applicable) 

Screw Machine Socket 
1 - wire wrap 
2 - solder tail 

CS6 SERIES - STAMPED AND FORMED 

CS6 SERIES 

PART NUMBER SYSTEM 

C 86 XX - 01 III L Variation 
01 - Standard product 

Number of positions 

Tin Dual Face Wipe Single Beam 

TI Socket Series 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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IC SOCKETS 
DUAL·IN·L1NE 

C50-UNICON 

PART NUMBER SYSTEM 

xx xxx 

TL Internal Code Only 

LcliP 
o - PhBr Tin plated 
2 - PhBr Gold plated 10 "in 
3 - BeCu Tin' plated 
4 - BeCu Gold plated 20 "in 
5 - BeCu Gold Plated 30 "in 

Contact Sleev!> 
1 - Brass tin plated 

Number of Position 

TI Unicon Socket 

DUAL·IN-LiNE 
C50. C7X AND CB6 SERIES 

3,05 
10.120) MAX 

1,35 
3,81/4,57 10.053) 

10.142)/10.180) 

:.:.j1-1~o62~) DIA 

J~ 
0,53 --Il 

10.021) DIA 

PRODucnON DATA llaculIIlII contll. I"m .. dlo" 
.. mnt II of publlol1lo. dill. Pradu ... co.flnn to 

DIPS 
,., '" 8 8 . .. 

= 
. 0 . 0 

~ :IE oil :IE oil I :IE 
0 C III CJ Q C ." 
i E ~ ~ E E 

is is i- S 

6 
7,62 5,08 10,16 (;:O~I 12 

30.48 
(0.3001 (0.2001 (0.4001 (1.2001 

8 
10,16 7,62 10,16 7,62 

28 (~5~1 (0.4001 (0.3001 (0.4001 (0.3001 

14 
17,78 15,24 10,16 7,62 

32 (~S:I (0.7001 (0.6001 (0.4001 (0.3001 

16 
20,32 17,78 10,16 7.62 

34 (~~86~1 (0.8001 (0.7001 10.4001 (0.3001 

18 
22,86 20.32 10,16 7,62 

40 (~~O~~I (0.9001 (0.8001 (0.4001 (0.3001 

20 25.40 22,86 10.16 7,62 
48 (~~~I (1.0001 (0.9001 (0.4001 (0.3001 

22 
27.94 25.40 12.76 10.16 

60 (:35~1 (1.1001 (1.0001 (0.6001 (0.4001 

24 30.48 27.94 17.78 15.24 
84 (~~2~~1 (1.2001 (1.1001 (0.7001 (0.6001 

124 30.48 27.94 10.16 7.62 
(1.2001 (1.1001 (0.4001 (0.3001 

t Nonstandard sizes 
Not an sizes available in each series 

C7X SERIES 

C86 SERIES 

t 
4,25 

10.189) 

+ 

Dimensions in parentheses are inches 
Contact factory for detailed information 
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0 0 
0 0 
0 

= 
0 

oil :IE +I 
III CJ Q 

~ ~ ~ 
27,94 12,76 10,16 

(1.1001 (0.5001 (0.4001 
33,02 17,78 15,24 

(1.3001 (0.7001 (0.6001 
38,10 17,78 15,24 

(1.5001 (0.7001 (0.6001 

43,18 17,78 15,24 
(1.7001 (0.7001 (0.6001 
48,26 17.78 15,24 

(1.9001 (0.7001 (0.6001 

'58,42 17.78 16.24 
(2.3001 (0.7001 (0.6001 

60.96 25.40 7.62 
(2.4001 (1.0001 (0.9001 

78.74 25.40 22.86 
(3.1001 (1.0001 (0.9001 



PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.011 in by 0.018 in NOM 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hold size range: 0.032 in to 0.042 in 
Durability: 10K cycles - CM Series, 5K cycles - CP/CO 
Solderability: per MIL·STD 202, Method 208 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc 
Dielectric withstanding voltage: 1000 V ac rms 
Capacitance: 1.0 pF max per MIL·STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170°C - CP/CM Series, 

-65°C to 150°C - CO Series 
Humidity: 10 mil max contact resistance 
Temperature Soak: 10 mil max contact resistance change 

MATERIALS 
Body - PPS (polyphenylen sulfide) glass filled U/L 94 VO 
Contacts - Higher performance copper nickel alloy 
Plating: t 4 "in of gold min over 100 "in of nickel min 

t For additional plating options consult the factory 

BURN·IN/TEST DIP SOCKETS 

• 2.54 " 
IO.1001-.t ~ 

C037 SERIES 

CM37 SERIES 

3.30}E 10.1301L . 

. n I-- 2.64 
10.1001 

SOLDER TAIL 

CP37 SERIES 

•. 50~ 051 

.'-~~ 

Je~_.l 10.4721 n)l~"99 
0 •• 3--11- 1 78...! I.- 3.48 

(0.0211 10.0701 10.137) 
0,60 

(0.0201 

IC SOCKETS 
BURN·INITEST DIP 

PART NUMBER SYSTEM 

C X 37 XX -

A-0.l00 centers 
8-0.070 centers 122 LS L pin to pin 

PPS high temperature 
body material 

Copper nickel alloy 
Soldertail 

Number of positions 

Overall gold plate 

Series Features 
0- Auto unload able 
P - High density mounting 
M - Shrink 0.070 centers 

TI Socket Series 

C037 SERIES 

Number of 
A D 

:1:0.01 :1:0.02 
Positions 

Length 

14 20,32 (0.800) 
16 22,35 (0.8801 12,70 

C 
:1:0.01 
Wldth 

15,24 

B 
:1:0.01 

Contect 

7,62 
18 24,89 (0.980) (0.500) (0.600) (0.300) 
20 27,43 (1.080) 

24 32,51 (1,280) 
28 37,59 (1.480) 19,05 22,86 15,24 
40 52,83 (2.080) (0.750) (0.900) (0.600) 
42 55,37 (2.180) 

CP37 SERIES 

Number of 
A B 

Positions 
max :1:0.02 

Length 

8 1 1,68 (0.460) 
14 17,78 (0.700) 

7,62 
16 20,32 (0.800) 

10.300) 
18 22,86 (0.900) 
20 25,40 (1.000) 

24 30,48 \1.200) 
15,24 

28 35.56 (1.400) 
(0.600) 

40 50,80 (2.000) 

CM37 SERIES 

Number of 
A B 

:1:0.016 :1:0.02 
Positions 

Length 

28 27,18 (1.070) 
10,67 

(0.420) 

40 37,85 (1.490) 
16,51 42 39,62 (1.560) 

54 50,29 (1.980) 
(0.650) 

64 59,18 (2.330) 
20,32 

(0.800) 

Dimensions in parentheses are inches 
Contact factory for detailed information 

C 
max 

Wldth 

12,70 
(0.500) 

20,32 
(0.800) 

C 
:1:0.016 
Wldth 

17,20 
(0.677) 

23,11 
(0.910) 

26,92 
(1.060) 

II 
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IC SOCKETS 
QUAD·IN·LlNE/SHRINK PACK 

PERFORMANCE SPECIFICATIONS 
Insertion force: 16 oz (454 g) per pin max 
Withdrawal force: 1.5 oz (42 g) per pin min 
Operating temperature: -40oC to 100 oC, tin 
Accommodates IC leads 0.011 ± 0.003 in by 

O.OlB ± 0.003 in 
Contact rating: 1.0 A per contact 

MATERIALS 
Body - PBT polyester u/L 94 VO rating 
C4S & CxW Contacts - Copper alloy 
Contact finish - Reflow tin plating, 40 lLin min 

PART NUMBER SYSTEM 

C X W XX - 11 

lli l Number of contacts (42, 52, 64) 
Staggered leads 

5 - 64 contacts 
6 - 42, 52 contacts 

TI Socket Series, 

PART NUMBER SYSTEMt 

c 4 S XX-02 11 L Number of contacts 
2B,40, 42, 52, 54,64 

Shrink Pack 
(0.070 in pin-to-pin contact spacing) 

Reflow tin plating 

TI Socket Series 

t Also available in screw machine contacts 

C4S SERIES 

A B C 
Positions max Row to Row max 

Length Width 

28 
25,02 10,16 13,00 

10.985) 10.400) 10.512) 

40 
35,69 15,24 17,98 

(1.405) 10.600) (0.708) 

64 57,07 19,05 21,62 
12.247) 10.750) 10.851) 

Dimension in parentheses are inches 

C4S SERIES 

QUAD-iN-LINE (CxW SERIES) 

~I·~-----------A----------~~ 

SHRINK PACK DIP (C4S SERIES) 

1,79 
10.050) 

~------------A--------------~ 

QUAD-IN-LINE (CxW SERIES) 

A B 
Product 

Max Row to Row 
Number 

Length 

C5W64-11 
41,90 22,90 
11.65) 10.950) 

C6W42-11 
27,90 22,90 
11.10) 10.900) 

C6W52-11 
34,30 22,90 
·11.35) 10.900) 

Dimensions in parentheses are inches 
Contact factory for detailed information 

C 
Max 

Row to Row 

19,05 
10.750) 

17,80 
10.700) 

17,80 
10.700) 

8-50 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 5000 cycles, 10 mil max contact resistance 

change per MIL·STD1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1.0 Mil at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 700 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 
Environmantal 
Operating temperature: - 65 DC to 1 70 DC 
Humidity: 10 mil max contact resistance change when 

tested per MIL-STD 202, Method 103B 
Temperature soak: 10 mil max contact resistance change 

when exposed to 105 DC temperature for 48 hours 
Shelf life: 1 2 months min 

MATERIALS 
Body - CFP Series - PES (polyether sulfone) glass filled 

U/L 94 VO rating 
Temperature: -65 DC to 170DC 
Contact - Beryllium copper 
Plating: t Overall gold plate min 4 /Lin over min 70 /Lin nickel 

plating 

tFor, additional plating option consult the factory. 
Dimensional drawings available from factory. 

SMALL OUT LINE FLAT PACK (CFPH/K SERIESI 

PART NUMBER SYSTEM 

C xx Lx LXXX Lplati:: 

37 - overall gold plate 

Number of positions 

Configuration 
H - 14, 16, 18,20 Positions 

K - 24, 28 Positions 

Style FP - Flat pack 

TI Series socket 

QUAD FLAT PACK (CFPM SERIESI 

PART NUMBER. SYSTEM 

IC SOCKETS 
BURN·IN/TEST 

CXX X XXX xx 01X 

T I Lvariations 
A - 1.0 mm q; 
B - 0.8 mm q; 
contact spacing 

Number of Plating 
positions 37 - overall gold plate 

Configuration 
M - Quad pack 

TI socket 
Style PF - Flat pack 

SMALL OUTLINE (J-LEADEDI 

PART NUMBER SYSTEM 

CSJT xxx 37 

I L Number of positions 

TI series 

02 

AVAILABLE SIZES 

CFPH Series 14, 16, 18, 20 
CFPK Series 24, 28 

Flat Pack 

CFPM Series 64, 80 

CSJT Series 20, 26 

Contact factory for detailed information 

Quad Pack 

Small Outline 
J-Leaded 

s 
CIS 
Q 

"'ii 
u 
'2 
CIS .c 
u 
CD 

:IE 
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For more information contact your 
local, distributor or contact TI directly: 

Texas Instruments Incorporated 
CSD Marketing, MS 14·1 
Attleboro, MA 02703 

UNITED STATES 

California 
Irvine 91714 
17891 Cartwright Road 
Phone: (714) 660·8111 

San Diego 92123 
4333 View Ridge Ave., Suite B 
Phone (619) 278-9600/9603 

Torrence 90502 
9505 Hamilton St. 
Bldg. A, Suite One 
Phone: (213)- 217-7000 

Georgia 
Norcross 30092 
5515 Spaulding Drive 
Phone: (404) 662,7861/7931 

Massachusetts 
Attleboro 02703 
34 Forest Street, MS 10.fl/MS 14-3 
Phone: (617) 699-5206/127815213 

North Carolina 
Charlotte 28210 
8 Woodlawn Green 
Suite 100 
Phone: (704) 527-0930 

Texas 
Richardson 75081 
1001 E. Campbell Rd., MS 328 
Phone: (214) 660-5284/5268/5267 

Texas Instruments provides customer 
assistance in varied technical areas. Since 
TI does not possess lull access to data 
concerning all of the uses and applications 
of customers' products, responsibility is 
assumed by TI neither for customer 
product desIgn nor for any infringement of 
patents or rights of others, which may 
result from TI assistance. 

Field Sales Offices 

INTERNATIONAL 
Australia 
Texas Instruments Australia, Ltd. 
P.O. Box 63 
Elizabeth, South Australia 5112 
Phone: 61-8-255-2066 

England 
Texas Instruments, Ltd, 
Beffordla House 
Prebend Stsreet 
Bedford MK41 7PA 
Phone: (0234) 63211, Ext. 1 

France 
Texas Instruments, Ltd. 
Metallurgical Materials Division 
8-10 Avenue Morane Saulnier 
78140 Velizy-Villacoublay, Paris 
Phone: 333. 946, 9712 

Hong Kong 
Texas Instruments Asia, Ltd. 
Asia Pacific Division 
8th Floor, World Shipping Centre 
Harbor City 7, Canton Road 
Kowloon, Hong Kong 
Phone: 852-3-722-1223 

Italy 
Texas Instruments Italia SPA 
Viale Europa, 40 
1-20093 Cologno Monzese 
Milano 
Phone: 011-39-2-25.300.'1 > 

~ 
I" TEXAS NSTRUMENTS 

(617) 699·5242/5269 

Japan 
Texas Instruments Japan, Ltd. 
305 Tanagasnira 
Oyama·Cho 
Suntoh-Gun, Shlzuoka-Ken 
Japan 410-13 
Phone: (81) 550-81211 

Mexico 
Texas Instruments de Mexico, SA 
Av. Reforma No. 450-10 Piso 
Col. Juarez 
Delegacion: CU8uhtemoc 
Mexico City, D.F. 
Mexico 06600 
Phone: 52-5-514-3583 

Singapore 
Texas Instruments Asia 
#02'()8, 12 Lorong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 
Republic of Singapore 
Phone: 65-747-2255 

Taiwan 
Texas Instruments Supply Co. 
Taiwan Branch 
Bank Tower 
Room 903, 205 Tun Hwa N. Road 
Taipei, Taiwan 
Phone: 886-2·713-9311 

West Germany 
Texas Instruments Deutschland GMBH 
Metallurgical Materials Div. 
Rosenkavalierplatz 15 
0-8000 Muenchen 81 
Phone: 011-49-89-915081 
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Explanation of Logic Symbols 

by F.A. Mann 
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1 Introduction 

The International Electrotectmical Commission (lEC) has been developing a very powerful symbolic 
language that can show the relationship of each input of a digital logic circuit to each output without 
showing explicitly the internal logic. At the heart of the system is dependency notation, which will be 
explained in Section 4. 

The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32.14-1973. 
Lacking at that time a complete development of dependency notation, it offered little more than a 
substitution of rectangular shapes for the familiar distinctive shapes for representing the basic functions 
of AND, OR, negation, etc. This is no longer the case. 

Internationally, Working Group 2 of IEC Technical Committee TC-3 has prepared a new document 
(Publication 617-12) that consolidates the original work started in the mid 1960's and published in 1972 
(Publication 117-15) and the amendments and supplements that have followed. Similarly for the USA, 
IEEE Committee SCC 11.9 has revised the publication IEEE Std 91/ANSI Y32.14. Now numbered simply 
ANSI/IEEE Std 91-1984, the IEEE standard contains all of the IEC work that has been approved, and 
also a small amount of material still under international consideration. Texas Instruments is participating 
in the work of both organizations and this document introduces new logic symbols in accordance with 
the new standards. When changes are made as the standards develop, future editions will take those 
changes into account. 

The following explanation of the new symbolic language is necessarily brief and greatly condensed from 
what the standards publications now contain. This is not intended to be sufficient for those people who 
will be developing symbols for new devices. It is primarily intended to make possible the understanding 
of the symbols used in this data book and is somewhat briefer than the explanation that appears in 
several of Tl's data books on digital logic. However, it includes a new section (6.0) that explains several 
symbols for actual devices in detail. This has proven to be a powerful learning aid. 

2 Svmbol Composition 
A symbol comprises an outline or a combination of outlines together with one or more qualifying symbols. 
The shape of the symbols is not significant. As shown in Figure 1, general qualifying symbols are used 
to tell exactly what logical operation is performed by the elements. Table 1 shows general qualifying 
symbols defined in the new standards. Input lines are placed on the left and output lines are placed 
on the right. When an exception is made to that convention, the direction of signal flow is indicated 
by an arrow as shown in Figure 9. 

OUTLINE 

I ** INPUT 
LINES 

* * 

GENERAL QUALifYING 
SYMBOL 

**2 OUTPUT 
LINES 

* * 

*Possible positions for qualifyinfl symbols relating to inputs and outputs 

Figure 1. Symbol Composition 
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3 Qualifying Symbols 

3.1 General Qualifying Symbols 

3.2 

C-6 

Table 1 shows general qualifying symbols defined by ANSI/IEEE Standard 91. These characters are placed 
near the top center or the geometric center of a symbol or symbol element to define the basic function 
of the device represented by the symbol or of the element. 

X/V is the general qualifying symbol for identifying coders, code converters, and level converters. X 
and Y may be used in their own right to stand for some code or either or both may be replaced by some 
other indication of the code or level such as BCD or TTL. As might be expected, interface circuits make 
frequent use of this set of qualifying symbols. 

SYMBOL 

& 

Table 1. General Qualifying Symbols 

DESCRIPTION 

AND gate or function 

:;;::: 1 OR gate or function. The symbol was chosen to indicate that at least one active input is needed to 

activate the output. 

~1 

1 

t> or <J 

.rr 
XIV 

SRGm 

Exclusive OR. One and only one input must be active to activate the output. 

A simple l-input gate or element 

A buffer or element with more than usual output capability (symbol is oriented in the direction of 

signal flow). 

Schmitt trigger; element with hysteresis 

Coder, code converter. level converter 

The following are examples of subsets of this general class of qualifying symbol used in this book. 

BCD/7-SEG 

TTL/MOS 

CMOS/PLASMA DISP 

MOS/LED 

CMOSIVAC FLUOR DISP 

CMOS/EL DISP 

TTL/GAS DISCH DISPLA V 

Shift register. m ~ number of bits. 

BCD to 7-segment display driver 

TTL to MOS level converter 

Plasma-display driver with CMOS-compatible inputs 

Light-emitting-diode driver with MOS-compatible inputs 

Vacuum-fluorescent display driver with CMOS-compatible 

inputs 

Electrolumin~scent display driver with CMOS-compatible 

inputs 

Gas-discharge display driver with TTL-compatible inputs 

Qualifying Symbols for Inputs and Outputs 

Qualifying symbols for inputs and outputs are shown in Table 2 and many will be familiar to most users, 
a likely exception being the logic polarity symbol for directly indicating active-low inputs and outputs . 
The bider logic negation indicator means that the external 0 state produces the internal 1 state. The 
internal 1 state means the active state. Logic negation may be used in pure logic diagrams; in order 
to tie the external 1 and 0 logic states to the levels H (high) and L (low). a statement of whether positive 
logic (1 = H, 0 = L) or negative logic (1 = L, 0 = H) is being used is required or must be assumed. 
Logic polarity indicators eliminate the need for calling out the logic convention and are used in this data 
book in the symbology for actual devices. The presence of the triangle polarity indicator indicates that 
the L logic level will produce the internal 1 state (the active state) or that, in the case of an output, 
the internal 1 state will produce the external L level. Note how the active direction of transition for a 
dynamic input is indicated in positive logic, negative logiC, and with polarity indication. 

When nonstandardized information is shown inside an outline, it is usually enclosed in square brackets 
[like thesel. The square brackets are omitted when associated with a nonlogic input, which is indicated 
by an X superimposed on the connection line outside the symbol . 



Table 2. Qualifying Symbols for Inputs and Outputs 

~ Logic negation at input. External ° produces internal ,. 

~ Logic negation at output. Internal , produces external 0. 

-.t:::..j Active-low input. Equivalent to ----q in positive logic 

I::=--- Active-low output. Equivalent to J:>- in positive logic 

14- Active-low input in the case of right-to-Ieft signal flow 

~ Active-low output in the case of right-to-Ieft signal flow 

---+-- Signal flow from right to left. If not otherwise indicated. signal flow' is from left to right. 

--+-+- Bidirectional signal flow 

POSITIVE NEGATIVE POLARITY 
LOGIC LOGIC INDICATION 

}"'''m"{ 'L o ,5° not used 
inputs 
active 

H~L not used not used 
on 
indicated 

0---.1" ' °L, L~H transition 

~, Nonlogic connection. A label inside the symbol will usually define the nature of this pin. 

--.a., Input for analog signals (on a digital symbol) (see Figure ,') 

~ ---. Input for digital signals (on an analog symbol) (see Figure ,,) 

3.3 Symbols Inside the Outline 

Table 3 shows some symbols used inside the outline. Note particularly that open-collector (open-drain), 
open-emitter (open-source), and three-state outputs have distinctive symbols. Also note that an EN input 
affects all of the outputs of the elemen~ and has no effect on inputs. An EN input affects all the external 
outputs of the element in which it is placed, plus the external outputs of any elements shown to be 
influenced by that element. It has no effect on inputs. When an enable input affects only certain outputs, 
affects outputs located outside the indicated influence of the element in which the enable 'input is placed, 
and/or affects one or more inputs, a form of dependency notation will indicate this (see 4.9). The effects 
of the EN input on the various types of outputs are shown. 

It is particularly important to note that a D input is always the data input of a storage element. At its 
internal 1 state, the D input sets the storage element to its 1 state, and at its internal 0 state it resets 
the storage element to its 0 state. 

The binary grouping symbol will be explained more fully in Section 6.11. Binary-weighted inputs are 
arranged in order and the binary weights of the least significant and the most significant lines are indicated 
by numbers. In this document weights of input and output lines will be represented by powers of two 
usually only when the binary grouping symbol is used, otherwise decimal numbers will be used. The 
grouped inputs generate an internal number on which a mathematical function can be performed or that 
can be an identifying number for dependency notation. This number is the sum of the weights 
(1, 2, 4 ... 2n) of those input standing at their 1 states. A frequent use is in addresses for memories. 

Reversed in direction, the binary grouping symbol can be used with outputs. The concept is analogous 
to that for the inputs and the weighted outputs will indicate the internal number assumed to be developed 
within the circuit. 
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Table 3. Symbols Inside the O~tline 

Bithreshold input (input with hysteresis) 

N-P-N open-collector or similar .output that can supply a .relatively low

impedance L level when not turned off. Requires external 
pull-up. Capable of positive-logic wired-AND connection. 

Passive-pull-up output is similar to N-P-N open-collector output but is 

supplemented with a built-in passive pUll-up. 

N-P-N open-emitter or similar output that can supply a relatively low

impedance H level when not turned off. Requires external pull-down. 

Capable of positive-logic wired-OR connection. 

Passive-puU'-down output is similar to N-P-N open-emitter output but is 

supplemented with a built-in passive pull-down. 

3-state output 

Output with more than usual OLitput capability (symbol is oriented in the direction of signal flow). 

Enable input 

When at its internal l-state, all outputs are enabled. 

When at its internal 0-st8te, open-collector, open-emitter outputs, and three-state outputs at 

external high-impedance state, and all other outputs (i.e., totem-poles) are at the internal O-state. 

Usual meanings associated with flip-flops (e.g" R = reset, T = toggle) 

..,..-i SR Data input to a storage element equivalent to: L....q 

Shift right (left) inputs, m = 1, 2, 3, etc. If m = 1, it is usually not shown. 

Binary grouping. m is highest power of 2. Produces a number equal to the sum of the weights 

of the active inputs 

Input line grouping ... indicates two or more terminals used to implement a single logic input. 

e.g., differential inputs. 

Combinations of Outlines and Internal Connections 

When a circuit has one or more inputs that are common to more than one element of the circuit, the 
common-control block may be used. This is the only distinctively shaped outline used in the IEC system. 
Figure 2 shows that unless otherwise qualified by dependency notation, an input to the common-control 
block is an input to each of the elements below the common-control block. 

COMMON·CONTROL BLOCK 

b--+--I 

b 

d d __ -I 

Figure 2. Common-Control Block 



The outlines of elements may be. embedded within one another or abutted to form complex elements, 
in which case the following rules apply. There is no logic connection between elements when the line 
common to their outlines is in the direction of signal flow. There is at least one logic connection when 
the line common to two outlines is perpendicular to the direction of signal flow. If no indications are 
shown on either side of the common line, it is assumed that there is only one logic connection. If more 
than one internal connection exists between adjacent elements, the number of connections will be clarified 
by the use of one or more of the internal connection symbols from Table 4 and/or appropriate qualifying 
symbols or dependency notation. 

--1---
---9---
---~-

--~-

Table 4. Symbols for Internal Connections 

Internal connection. 1 state on left produces 1 state on right. 

Negated internal connection. 1 state on left produces 0 state on right. 

Dynamic internal connection. Transition from 0 to 1 on left produces transitory 1 state on 

right. 

Dynamic internal connection. Transition from 1 to 0 on left produces transitory 1 state on 

right. 

Table 4 shows symbols that are used to represent internal connection with specific characteristics. The 
first is a simple noninverting connection, the second is inverting, the third is dynamic. As with this symbol 
and an external input line, the transition from 0 to 1 on the left produces a momentary 1-state on the 
right. The fourth symbol is similar except that the active transition on the left is from 1 to O. 

Only logic states, not levels, exist inside symbols. The negation symbol (0) is used internally even when 
direct polarity indication (t::...) is used externally. 

In an array of elements, if the same general qualifying symbol and the same qualifying symbols associated 
With inputs and outputs would appear inside each of the elements of the array, these qualifying symbols 
. are usually shown only in the first element. This is done to reduce clutter and to save time in recognition. 
Similarly, large identical elements that are subdivided into smaller elements may each be represented 
by an unsubdivided outline. The SN75163B symbol (see 6.8) illustrates this principle. 

4 Dependency Notation 

4.1 

Some readers will find it more to their liking to skip this section and proceed to the explanation of the 
symbols for a few actual devices in 6.0. Reference will be made there to various parts of this section 
as it is needed. If this procedure is followed, it is recommended that 5.0 be read after 6.0 and then 
all of 4.0 be reread. 

General Explanation 

Dependency notation is the powerful tool that sets the IEC symbols apart from previous systems and 
makes compact, meaningful, symbols possible. It provides the means of denoting the relationship 
between inputs, outputs, or inputs and outputs without actually showing all the elements and 
interconnections involved. The information provided by dependency notation supplements that provided 
by the qualifying symbols for an element's function. 

In the convention for the dependency notation, use will be made ofthe terms "affecting" and "affected." 
In cases where it is not evident which inputs must be considered as being the affecting or the affected 
ones (e.g., if they stand in an AND relationship), the choice may be made in any convenient way. 
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50 far, eleven types of dependency have been defined but only the eight used in this book are explained. 
They are listed below in the order in which they are presented and are summarized in Table 5 following 
4.10.2. 

Section 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 

Dependency Type or Other Subject 
G,AND 
General Rules for Dependency Notation 
V,OR 
N, Negate (Exclusive-OR) 
Z, Interconnection 
X, Transmission 
C, Control 
EN, Enable 
M, Mode 

4.2 G (AND) Dependency 

C-10 

A common relationship between two signals is to have them ANDed together. This has traditionally 
been shown by explicitly drawing an AND gate with the signals connected to the inputs of the gate. 
The 1972 IEC publication and the 1973 IEEEJAN51 standard showed several ways to show this AND 
relationship using dependehcy notation. While ten other forms of dependency have since been defined, 
the ways to invoke AND dependency are now reduced to one. 

In figure 3 input b is ANDed with input a and the complement of b is ANDed with c. The letter G has 
been chosen to indicate AND relationships and is placed at input b, inside the symbol. A number 
considered appropriate by the symbol designer (1 has been used here) is placed after the letter G and 
also at each affected input. Note the bar over the 1 at input c. 

=t--
a 1 

~ Gl 
c r 

:~--

c~ 
Figure 3. G Dependency Between Inputs 

In Figure 4, output b affects input a with an AND relationship. The lower example shows that it is the 
internal logic state of b, unaffected by the negation sign, that isANDed. Figure 5 shows input a to be 
ANDed with a dynamic input b. 

a-E~}-~ 

Figure 4. G Dependency Between Outputs and Inputs 

:=t[~ 
Figure 5. G Dependency with a Dynamic Input 



The rules for G dependency can be summarized thus: 

When a Gm input or output (m is a numberl stands at its internal 1 state, all inputs and outputs affected 
by Gm stand at their normally defined internal logic states. When the Gm input or output stands at 
its 0 state, all inputs and outputs affected by Gm stand at their internal 0 states. 

4.3 Conventions for the Application of Dependency Notation in General 

The rules for applying dependency relationships in general follow the same pattern as was illustrated 
for G dependency. 

Application of dependency notation is accomplished by: 

1. Labeling the input (or outputl affecting other inputs or outputs with the letter symbol indicating 
the relationship involved (e.g., G for AND I followed by an identifying number, appropriately 
chosen, and 

2. Labeling each input or output affected by that affecting input (or outputl with that same number. 

If it is the complement of the internal logic state of the affecting input or output that does the affecting, 
then a bar is placed over the identifying numbers at the affected inputs or outputs (Figure 31. 

If two affecting inputs or outputs have the same letter and same identifying number, they stand in an 
OR relationship to each other (Figure 61. 

a=fGl-
b Gl 

c 1 

a~1 b & 

c 

Figure 6. ORed Affecting Inputs 

If the affected input or output requires a label to denote its function (e.g., "0"1, this label will be prefixed 
by the identifying number of the affecting input (Figure 121. 

If an input or output is affected by more than one affecting input, the identifying numbers of each of 
the affecting inputs will appear in the label of the affected one, separated by commas. The normal reading 
order of these numbers is the same as the sequence of the affecting relationships (Figure 121. 

4.4 V (OR) Dependency 

The symbol denoting OR dependency is the letter V (Figure 71. 

When a Vm input or output stands at its internal 1 state, all inputs and outputs affected by Vm stand 
at their internal 1 states. When the Vm input or output stands at its internal 0 state, all inputs and outputs 
affected by Vm stand at their normally defined internal logic states. 

1:: -=ro: -3f>=: 
Figure 7. V (OR) Dependency 
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4.5 N (Negate) (Exclusive-OR) Dependency 

The symbol denoting negate dependency is the letter N (Figur'e 81. Each input or output affected by 
an Nm input or output stands in an Exclusive·OR relationship with the Nm input or output. 

When an Nm input or output stands at its internal 1 state, the internal logic state of each input and 
each output affected by Nm is the complement of what it would otherwise be. When an Nm input or 
output stands at its internal 0 state, all inputs and outputs affected by Nm stand at their normally defined 
internal logic states. 

If.· 0, then.· b 

lfa= l,then.=b 

Figure 8. N (Negatel (Exclusive·OR) Dependency 

4.6 Z (Interconnection) Dependency 

C·12 

The symbol denoting interconnection dependency is the letter Z. 

Interconnection dependency is used to indicate the existence of internal logic connections between inputs, 
outputs, internal inputs, and/or internal outputs. 

The internal logic state of an input or output affected by a Zm input or output will be the same as the 
internal logic state of the Zm input or output, unless modified by additional dependency notation (Figure 9), 

a-E~J-b - 'W' where ---{:}- == --{>--

f=zj>-a - ~. where --cJ-=-<l-

r~z}--. - W· 
'~1 t-. b . lZ.! - :~' 

Figure 9. Z (lnte.rconnection) Dependency 



4.7 X (Transmission) Dependency 

4.8 

The symbol denoting transmission dependency is the letter X. 

Transmission dependency is used to indicate controlled bidirectional connections between affected 
input/output ports (Figure 10). 

When an Xm input or. output stands at its internal 1 state, all input-output ports affected by this Xm 
input or output are bidirectionally connected together and stand at the same internal logic state or analog 
signal level. When an Xm input or output stands at its internal 0 state, the connection associated with 
this set of dependency notation does not exist. 

If a .. 1, the,e is a bidirectional 
connection between band c. 

If a = 0, thare is a bidirectional 
connection between c and d. 

Figure 10. X (Transmission) Dependency 

Although the transmission paths represented by X dependency are inherently bidirectional, use is not 
always made of this property. This is analogous to 'a piece of wire, which may be constrained to carry 
current in only one direction. If this is the case in a particular application, then the directional arrows 
shown in Figures 10 and 11 would be omitted. 

# 
#-

MUXDMUX 

O} 0 X-
1 3 

Figure 11. Analog Data Selector (Multiplexer/Demultiplexer) 

C (Control) Dependency 

The symbol denoting control dependency is the letter C. 

Control inputs are usually used to enable or disable the data (0, J, K, R, or 5) inputs of storage elements. 
They may take on their internal 1 states (be active) either statically or dynamically. In the latter case 
the dynamic input symbol is used as shown in the second example of Figure 12. 

When a Cm input or output stands at its internal 1 state, the inputs affected by Cm have their normally 
defined effect on the function of the element, i.e., these inputs are enabled. When a Cm input or output 
stands at its internal 0 state, the inputs affected by Cm are disabled and have no effect on the function 
of the element. 
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Note AND relationship of a and b 

Figure 12. C (Control) Dependency 

4.9 EN (Enable) Dependency 

The symbol denoting enable dependency is the combination of letters EN. 

An ENm input has the same effect on outputs as an EN input. see 3.3. but it affects only those outputs 
labeled with the identifying number m. It also affects those inputs labeled with the identifying number 
m. By contrast, an EN input affects all outputs and no inputs. The ef~ect of an ENm input on an affected 
input is identical to that of a Cm input (Figure 13). 

b 

---1r---i ENI 

IV 

d 

If a = 0, input b and output c are disabled and e = d 
If a = 1, output d is disabled and 8 :;:: C 

Figure 13. EN (Enable) Dependency 

When an ENm input stands at its internal 1 state, the inputs affected by ENm have their normally defined 
effect on the function of the element and the outputs affected by this input stand at their normally defined 
internal logic states, i.e .• these inputs and outputs are enabled. 

When an ENm input stands at its internal a state, the inputs affected by ENm are disabled and have 
no. effect on the function of the element, and the outputs affected by ENm are also disabled. Open
collector outputs are turned off, three-state outputs stand at their high-impedance state, and all other 
outputs (e.g., totem-pole outputs) stand at their internal a states. 

4.10 M (MODE) Dependency 

C-14 

The symbol denoting mode dependency is the letter M. 

Mode dependency is used to indicate that the effects of particular inputs and outputs of an element 
depend on the mode in which the element is operating. 

If an input or output has the same effect in different modes of operation, the identifying numbers of 
the relevant affecting Mm inputs will appear in the label of that affected input or output between 
parentheses and separated by solidi, e.g., (1/2)CT = a '" 1 CT = a/2CT = a where 1 and 2 refer to M 1 
and M2. 



4.10.1 M Dependency Affecting Inputs 
M dependency affects inputs the same as C dependency. When an Mm input or Mm output stands at 
its internal 1 state, the inputs affected by this Mm input or Mm output have their normally defined effect 
on the function of the element, i.e., the inputs are enabled. 

When an Mm input or Mm output stands at its internal 0 state, the inputs affected by this Mm input 
or Mm output have no effect on the function of the element. When an affected input has several sets 
of labels separated by solidi (e.g., C4/2-/3 +), any set in which the identifying number of the Mm input 
or Mm output appears has no effect and is to be ignored. This represents disabling of some of the functions 
of a multifunction input. 

The circuit in Figure 14 has two inputs, band c, that control which one of four modes (0, 1, 2, or 3) 
will exist at any time. Inputs d, e, and fare 0 inputs subject to dynamic control (clocking) by the a 
input. The numbers 1 and 2 are in the series chosen to indicate the modes so inputs e and f are only 
enabled in mode 1 (for parallel loading) and input d is only enabled in mode 2 (for serial loading). Note 
that input a has three functions. It is the clock for entering data. In mode 2, it causes right shifting 
of data, which means a shift away from the control block. In mode 3, it causes the contents of the 
register to be incremented by one count. 

b 

d 

e 

1.40 

Note that all operations are synchronous. 

In MODE 0 (b = o. c = 0). the outputs 
remain at their existing states as none 
of the inputs has an effect. 

In MODE 1 (b = 1, C = 0), paranelloading 
takes place thru inputs e and f. 

In MODE 2 (b = 0, C = 1). shifting down 
and serial loading thru input d take place. 

In MODE 3 (b = C = 1). counting up by 
increment of 1 per clock pulse takas place. 

Figure 14. M (Mode) Dependency Affecting Inputs 

4.10.2 M Dependency Affecting Outputs 
When an Mm input or Mm output stands at its internal 1 state, the affected outputs stand at their normally 
defined internal logic states, i.e., the outputs are enabled. 

When an Mm input or Mm output stands at its internal ° state, at each affected output any set of labels 
containing the identifying number of that Mm input or Mm output has no effect and is to be ignored. 
When an output has several different sets of labels separated by solidi (e.g., 2,4/3,5), only those sets 
in which the identifying number of this Mm input or Mm output appears are to be ignored. 

Figure 1 5 shows a symbol for a device whose output 
can behave like either a 3-state output or an open
collector output depending on the signal applied to 
input a. Mode 1 exists when input a stands at its 
internal 1 'state and, in that case, the three-state 
symbol applies and the open-element symbol has no 
effect. When a = 0, mode 1 does not exist so the 
three-state symbol has no effect and the open
element symbol applies. 

C> 
Ml 

b EN 

Figure 15. Type of Output 
Determined by Mode 
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Table 5. Summary of Dependency Notation 

TYPE OF LETTER AFFECTING INPUT AFFECTING INPUT 

DEPENDENCY SYMBOL" AT ITS 1·STATE AT ITS a-STATE 

Control C Permits· action Prevents action 

Prevents action of inputs 

Enable EN Permits action 
o outputs turned off 

'\r outputs at external high impedance 

Other outputs at internal 0 state 

AND G Permits action Imposes a state 

Mode M Permits action Imode selected) Prevents action Imode not selected) 

Negate lEx-NOR) N Complements state No effect 

OR V Imposes 1 state Permits action 

Transmission X Bidirectional connection exists Bidirectional connection does not exist 

Interconnection Z Imposes 1 state Imposes a state 

• These letter symbols appear at the AFFECTING input lor output) and are followed by a number. Each input lor output) 
AFFECTED by that input is labeled with that same number. 

5 Bistable Elements 

C-16 

The dynamic input symbol and dependency notation provide the tools to identify different types of bistable 
elements and make synchronous and asynchronous inputs easily recognizable (Figure 16). 

c---r:l
D----t..j-

c~ 
D-U-

Rf} C C1 

~ 10· 

S S 

Ri}-C . C1 

o 10 

S S 

Transparent latch with true and complement outputs 

Edge-triggered flip-flop. D input enabled momentarily 
as C goes from 1 to 0 

Edge-triggered flip-flop. 0 input enabled momentarily 
as C goes from low to high. Asynchronous active-low 
set and reset inputs. Active-low output 

Same flip-flop shown in positive logic 

Figure 16. Latches and Flip-Flops 

Transparent latches have a level-operated control input. The 0 input is active as long as the C input 
is at its internal 1 state. The outputs respond immediately. Edge-triggered elements accept data from 
0, J, K, R, or 5 inputs on the active transition of C. 

Notice that synchronous inputs can be readily recognized by their dependency labels (a number preceding 
the functional label, 10 in these examples) compared to the asynchronous inputs (5 and R). which are 
not dependent on the C inputs. Of course if the set and reset inputs were dependent on the C inputs, 
their labels would be similarly modified (e.g., 15, 1 R). . 



6 Examples of Actual Device Symbols 

The symbols explained in this section include some of the most complex in this book. These were chosen, 
not to discourage the reader, but to illustrate the amount of information that can be conveyed. It is 
likely that if one reads these explanations and follows them reasonably well, most of the other symbols 
will seem simple indeed. The explanations are intended to be independent of each other so they may 
seem somewhat repetitious. However each illustrates new principles. They are arranged more or less 
in the order of complexity. 

6.1 UDN2841 High-Current Darlington Drivers 

I> 
liN (3) -c (2)lC 

I> 
31N (11) -C 

I> 

21N m -C 
(9) 2C 

(8) 2E 

I> 
41N (15) -C 

(16) 4E 

(1) 4C 

6.2 SN75437 Quadruple Peripheral Driver 

There are four identical sections. The emitters of the 
output transistors of the elements numbered 1 and 
3 are connected together and share pins 4, 5, 12, 
and 13. The triangular qualifying symbol (C» 
indicates amplification, the principal function of the 
device. 

An extension of symbology used for analog devices 
has been used to show the output transistors. The 
emitter and collector terminals are lined up with the 
terminals to which they are connected. 

There are four identical sections. The symbology is 
complete for the first element; the absence of any 
symbology for the other elements indicates they are 
identical. The top two elements share a common 
output clamp, pin 2. This is shown to be a nonlogic 
connection by the superimposed X on the line. The 
function for this type of connection is indicated 
briefly and not necessarily exactly by a small amount 
of text within the symbol. The bottom two elements 
likewise share a common clamp. 

Each element is shown to be an inverter with 
amplification (indicated by C». Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals, or the output has 
greater drive capability than usual. The latter,applies 
in this case. The output is shown by Q to be open 
collector. 

All the outputs share a common EN input, pin 14. See Figure 2 for an explanation of the common control 
block. When EN = o (pin 14 is low), the outputs, being open-collector types, are turned off and would 
be pulled high by an external pullup resistor. 
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6.3 TL607 Analog Switch with Enable 

ENABLE (31 G3 
'A (21 

5(41 n 1/2 

2 

n 
n 

(61 
51 

(7152 

This device is basically ·two single-pole, single
throw (SPST) switches connected between pins 4 
and 6 and pins 4 and 7. This is indicated using X 
(Transmission) dependency, which is explained in 
4.7. When the internal input X2 stands at its 1-state, 
a bilateral connection exists between those points 
affected by X2: pins 4 and 7. The 1 at pins 4 and 
6 means they are affected by X 1; X 1 must stand at 
the 1-state to establish a connection between them. 

The numeral 3 in front of X 1 and X2 indicates that 
bo~h of these interna.1 inputs are themselves affected 

by affecting input number 3, which is G3. This is coincidently pin number 3. This means that both the 
active-high branch of pin 2 (X1) and the active-low branch (X2) are ANDed with pin 3. See 4.2 for an 
explanation of G (AND) dependency. If pin 3 is low, both X1 and X2 will be at the O-state and both 
switches will be off. If pin 3 is high and pin 2 is high, X1 will be at the 1-state, X2 will be at the O-state, 
and only the switch between pins 4 and 6 will be on. If pin 3 is high and pin 2 is low, X1 will be at 
the O-state~ X2 will be at the 1-state, and only the switch between pins 4 and 7 will be on. 

6.4 SN75128 8-Channel Line Receiver 
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1S 

2S 

1A 

2A 

3A 

4A 

SA 

6A 

7A 

SA 

There are eight identical sections. The symbology is 
complete for the first element; the absence of any 
symbology for the next three elements indicates they 
are identical. Likewise the symbology is complete for 
the fifth element; the absence of any symbology for 
the next three elements indicates they are identical 
to the fifth. 

Each element is shown to be an inverter with 
amplification (indicated by C> ). Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals, or the output has 
greater drive capability than usual. The former 
applies in this case. Since neither the symbol for 
open-collector ( ~ ) or 3-state ( 'il ) outputs is 
shown, the outputs are of the totem-pole type. 

The top four outputs are shown to be affected by affecting input number 1, which is EN 1, meaning 
they will be enabled if EN1 = 1 (pin 1 is high). See 4.9 for an explanation of EN dependency. If pin 
1 is low, EN1 = 0 and the affected outputs will go to their inactive (high) levels. Similarly, the lower 
four outputs are controlled by pin 11. 



6.5 SN75122 Triple Line Receivers 

lR 

15 

lA 

lB 

2R 

25 

2A 

2B 

3R 

35 

3A 

There are two identical sections. The symbology is 
complete for the first section; the absence of any 
symbology for the next section indicates it is 
identical. Likewise the symbology is complete for the 
third section, which is similar, but not identical, to 
the first and second. 

The top section may be considered to be an OR 
element (;:: 1) with two embedded ANDs (&), one of 
which has an active-low amplified input ( C> ) with 
hysteresis (.cr ), pin 14. This is ANDed with pin 15 
and the result is ORed with the AND of pins 1 and 
2. The output of the OR, pin 13, is active-low. 

The third section is identical to the first except that 
pin 12 has no input ANDed with it. Since neither the 
symbol for open-collector ( ~ ) or 3-state ( 'V ) 
outputs is shown, the outputs are of the totem-pole 
type. 

6.6 DS8831 Quad Single-Ended or Dual Differential Line Drivers 

MCl 
171 

MC2 
191 

1.2Gl 

1.2G2 

3,4Gl 

3.4G2 

lA 

2A 
161 

3A 
1101 

4A 
1121 

,,1 

Nl 

[> 2<:7 
[> 3<:7 
[> 3<:7 

131 lY 

151 2Y 

1111 3Y 

1131 4Y 

There are four similar elements in the array. Each 
element is shown to be noninverting with 
amplification (indicated by C». Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals or the output has 
greater drive capability than usual. The latter applies 
in this case. The outputs are shown by 'V to be of 
the 3-state type. 

The top two outputs are shown to be affected by 
affecting input number 2, which is EN2, meaning 
they will be enabled if EN2 = 1. See 4.9 for an 
explanation of EN dependency. If EN2 = 0, the 
affected outputs will go to their high-impedance (off) 
states. EN2 is the output of an AND gate (indicated 
by &) whose active-low inputs are pins 1 and 2. Both 
pins 1 and 2 must be low to enable pins 3 and 5. 
Likewise both pins 14 and 1 5 must be low to enable 
pins 11 and 13 through EN3. 

Input pins 6 and 10 are shown to be affected by affecting input number 1, which is N 1, meaning they 
will be negated if N1 = 1. See 4.5 for an explanation of N (negate or exclusive-OR) dependency. If 
N1 = 0, the input signals are not negated. N1 is the output of an OR gate (indicated by ;::1) whose 
active-high inputs are pins 7 and 9. Thus if either of these pins are high, then the second and third elements 
become inverters. 
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6.7 SN75113 Differential Line Drivers with Split 3-State Outputs 

6.8 

C-20 

1C 171 • 
EN 1 

2C 

1A 161 

18 181 

2A 1111 

141 1YP 

1YS 

1ZP 

1ZS 

There are two similar elements in the array. The first 
is a 2-input AND element (indicated by &1; the 
second has only a single input. Both elements are 
shown to have special amplification (indicated 
by C> I. Taking TIL as a reference. this means that 
either the input is sensitive to lower level signals. or 
the output has greater drive cap,ability than usual. 
The latter applies in this case. 

Each element has four outputs. Pins 4 and 3 are a 
pair consisting of one open-emitter output ( ~ I and 
one open-collector output ( Q I. Relative to the AND 
function. both are active high. Pins 1 and 2 are a 
similar pair but relative to the AND function. both are 
active low. All outputs of a single. unsubdivided 
element always have identical internal logiC states 
determined by the function of the element except 
when otherwise indicated by an associated symbol 
or label inside the element. Here there is no such 
contrary indication. All four outputs are shown to be 
affected by affecting input number 1. which is EN1. 

meaning they will all be enabled if EN1 = 1. See 4.9 for an explanation of EN dependency. If EN1 = O. 
all the affected outputs will be turned off. EN1 is the output of an AND gate (indicated by &1 whose 
active-high inputs are pins 7 and 9. Both pins 7 and 9 must be high to enable the outputs of the top 
element. Assuming they are enabled and that pins 5 and 6 are both high. the internal state of all four 
outputs will be a 1. Pins 4 and 3 will both be high. pins 1 and 2 will both be low. The part is designed 
so that pins 3 and 4 may be connected together creating an active-high 3-state output. likeWise pins 
1 and 2 may be connected together to create an active-low 3-state output. 

All that has been said about the first alement regarding its outputs and their enable inputs also applies 
to the sacond alement. Pins 9 and 10 are the enable inputs in this case. 

SN75163B Octal General-Purpose Interface Bus Transceiver 

There are eight 1/0 ports on each side. pins 2 through 
9 and 12 through 19. There are eight identical 
channels. The symbology is complete for the first 
channel; the absence of any symbology for the other 
channels indicates they are identical. The eight 
bidirectional channels each have amplification from 
left to right. that is. the outputs on the right have 
increased drive capability (indicated by I> I. and the 
inputs on the right all have hysteresis (indicated 
by.lJ'l . 

The outputs on the left are shown to be 3-state 
outputs by the 'V. They are also shown to be 
affected by affecting input number 4. which is EN4. 
meaning they will be enabled if EN4 '" 1 (pin 1 is 
lowl. See 4.9 for an explanation of EN dependency. 
If EN4 = 0 (pin 1 is highl. the affected outputs will 
go to their high-impedance (offl states. 

The labeling at pin 2. which applies to all the outputs on the right. is unusual because the outputs 
themselves have an unusual feature. The label includes both the symbol for a 3-state output ( 'V I and 
for an open-collector output (Q I. separated by a slash indicating that these are alternatives. 



The symbol for the 3-state output is shown to be affected by affecting input number 1, which is M 1, 
meaning the V label is valid when M1 = 1 (pin 11 is high), but is to be ignored when M1 = 0 (pin 
11 is low). See 4.10 for an explanation of M (mode) dependency. Likewise the symbol for the open
collector output is shown to be affected by affecting input number 2, which is M2, meaning the ~ 
label is valid when M2 = 1 (pin 11 is low), but is to be ignored when M2 = 0 (pin 11 is high). These 
labels are enclosed in parentheses (used as in algebra); the numeral 3 indicates that in either case the 
output is affected by EN3. Thus the right-hand outputs will be off if pin 1 is low. It can now be seen 
that pin 1 is the direction control and pin 11 is used to determine whether the outputs are of the 3-state 
or open-collector variety. 

6.9 SN75161 B Octal IEEE Std 488 Interface Bus Transceiver 

oc (111 

TE {11 
ENlIG4 

EN21G5 

ATN 

EOI 

REN 

IFe 

There are eight I/O ports on each side, pins 2 through 
9 and 12 through 19. Pin 13 is not only an 1/0 port; 
the line running into the common-control block (see 
Figure 2) indicates that it also has control functions. 
Pins 1 and 11 are also controls. The eight 
bidirectional channels each have amplification from 
left to right, that is, the outputs on the right have 
increased drive capability (indicated by 1», and the 
inputs on the right all have hysteresis (indicated 
byLT). All of the outputs are shown to be of the 
3-state type by the V symbol except for the outputs 
at pins 9, 4, and 5, which are shown to have passive 
pull ups by the ~ symbol. 

Starting with a typical 1/0 port, pin 18, the output 
DAV portion is identified by an arrow indicating right-to-

~~~t:!~~r!!. left signal flow and the three-state output symbol 
~ NOAC ( V). This output is shown to be affected by 

affecting input number 1, which is EN1, meaning it 
b~::J~::!~~~~ NRFD will be enabled as an output if EN 1 = 1 (pin .11 is 

high). See 4.9 for an explanation of EN dependency. 
If pin 11 is low, EN 1 = 0 and the output at pin 18 

will be in its high-impedance (off) state. This also applies to the 3-state outputs at pins 13 and 19 and 
to the passive-pullup output at pin 9. On the other hand, the outputs at pins 8, 2, 3, and 12 all are 
affected by the complement of EN1. This is indicated by the bar over the 1 at each of those outputs. 
They are enabled only when pin 11 is low. Thus one function of pin 11 is to serve as direction control 
for the first, third, fourth, and fifth channels. 

Similarly it can be seen that pin 1 serves as direction control for the sixth, seventh, and eighth channels. 
If pin 1 is high, transmission will be from left to right in the sixth channel, right to left in the seventh 
and eighth. These transmissions are reversed if pin 1 is low. 

The direction control for the second channel, EN3, is more complex. EN3 is the output of an OR (<!: 1) 
function. One of the inputs to this OR is the active-high signal on pin 13. This signal is shown to be 
affected at the input to the OR gate by affecting input number 5, which is G5, meaning that pin 13 
is ANDed with pin 1 before entering the OR gate. See 4.2 for an explanation of G (AND) dependency. 
The other input to the OR is the active-low signal on pin 13. This signal is ANDed with the complement 
of pin 11 before entering the OR gate. This is indicated by the G4 at pin 1 and the 4 with a bar over 
it at pin 13. Thus for EN3 to stand at the 1 state, which would enable transmission from pin 14 to pin 7, 
both pins 13 and 1 must be high or both pins 13 and 11 must be low. 
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6.10 SN5520 Dual-Channel Sense Amplifier with Complementary Outputs 

C-22 

+Vref 
-Vref 

Cext 

A1 (2) 

'A2 (3) 
SB (11) 

B1 (6) 

B2 (7) 

Gy (10) 
GZ 

+/

-/+ 

G1 

(13) y 

There are two input channels. The symbology is 
complete for the first channel; the absense of any 
symbology for the second channel indicates it is 
identical. 

The square bracket around the input lines connected 
to pins 2 and 3 shows they constitute a single input 
pair. The + / - by one line and the - / + by the other 
indicate that these are differential inputs, and in this 
case, only the magnitude and not the polarity of the 
applied voltage affects the device. The differential 
inputs connected to pins 5 and 4 supply the 
reference voltage for both channels; see Figure 2 for 
an explanation of the common-control block. The 
differential input of each channel constitutes one 
input of an AND gate (indicated by &). The other 
input to the AND gate is pin 15 or 11. The outputs 
of the two AND gates go to an OR gate (indicated 

by <!: 1 ). Pin 14 is also an input to this OR gate and is shown by the ~ symbol to be active 
when low. Thus if a voltage greater in magnitude than Vref is applied to either channel along with a 
high-level voltage to the respective "5" input, or if pin 14 is low, then the output at pin 13 will be high. 

Pin 12 is shown to be the complement of pin 13 except that pin 12 is shown by its label" 1" to also 
be affected by pin 1 0 (G 1) in an AND relationship. See 4.2 for an explanation of G (AND) dependency. 
Thus if pin 10 is low, it imposes the internal 0 state or external high level on pin 12. 

Pins 5, 4, and 1 are all shown to be nonlogic connections by the small X superimposed on those lines. 
The function of such a connection is indicated briefly and not necessarily very exactly by a small amount 
of text within the symbol. Pin 1 is a connection for an external capacitor. The function of pins 5 and 
4 was explained above. 



6.11 SN75500E AC Plasma Display Driver with CMOS-Compatible Inputs 

CMOS/PLASMA DISP 

22 
a.11 

23 
1.12 

24 
a.12 

25 
1.13 

26 a.13 

27 
1.14 

C> 
C> 

C> 
C> 

C> 
C> 

141 101 

1111 10a 
1121 201 

1191 20a 

1291 301 

1221 308 
1371 401 

The heart of this device and its symbol is an 8-bit 
shift register. It has a single D input, pin 2, which 
is shown to be affected by affecting input number 9, 
which is C9, meaning it will be enabled if C9 = 1. 
See 4.8 for an explanation of C dependency and 5.0 
for a discussion of bistable elements. Since the C 
input is dynamic, the storage elements are edge
triggered flip-flops. While C9 = 1, which in this case 
will occur on the transition of pin 3 from low to high, 
the state of the D input will be stored. Pin 2 is shown 
to be active low so to store a 1, pin 2 must be low. 

In addition to controlling the D input, pin 3 is shown 
by /-+ to have an additional function. As pin 3 goes 
from low to high, data stored in the shift register is 
shifted one position. The right-pointing arrow means 
that the data is shifted away from the control block 
(down). 

On the right side of the symbol an abbreviation 
technique has been used that is practical only when 

the internal labels and the pin numbers are both consecutive. Thus it should be clear that the input of 
the element whose output is pin 5 is affected by affecting input number 2, just as the input of the element 
whose output is pin 4 is affected by affecting input number 1 . Affecting inputs 1 through 8. are Z inputs 
(Z1 through Z8). which means their signals are tranferred directly to the output elements. See 4.6 for 
an explanation of Z dependency. 

1301 40a 2a a.14 C> 

The inputs of the 32 implicitly shown output elements are also shown to be affected by affecting inputs 
numbers 11, 12, 13, and 14 in four blocks of eight each. These inputs will be found in the common 
control block preceded by a letter G and a brace. The brace is called the binary grouping symbol. It 
is equivalent to a decoder with outputs in this case driving four G inputs (G 11, G 12, G 13, and G 14). 
The weights of the inputs to the coder are shown to be 20 and 2' for pins 1 and 39, respectively. The 
decoder has four outputs corresponding to the four possible sums of the weights of the activated decoder 
inputs. If pins 1 and 39 are both low, the sum of the weights = 0 and G 11 = 1. If pin 1 is low while 
pin 39 is high, the sum = 2 and G13 = 1 and so forth. G indicates AND dependency, see 4.2. Only 
one of the four affecting G inputs at a time can take on the 1 state. The block of eight output elements 
affected by that G input are enabled; the 0 state is imposed on the other 24 output elements and externally 
those output pins are low. 

Because of their high-current, high-voltage characteristics, the outputs are labeled with the amplification 
symbol 1>. All the outputs share a common EN input, pin 38. See Figure 2 for an explanation of the 
common control block. When EN = 0 (pin 38 is high), the outputs take on their internal 0 states. Being 
active high, that means they are forced low. 
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. 6.12 SN75551 Electroluminescent Row Driver with CMOS-Compatible Inputs 

SUBSTRATE 1211 
COMMON 

STROBE 1231 

CMOS/EL OISP 

I~ SOURCE SUPPLY] 

The heart of this device and its symbol is a 
32-bit shift register. It has a single D input, 
pin 24, which is shown to be affected by 
affecting input number 1, which is C 1, 
meaning it will be enabled if C1 = 1. See 4.8 
for an explanation of C dependency and 5.0 
for a discussion of bistable elements. Since 
the C input is dynamic, the storage elements 
are edge-triggered flip-flops. While C1 = 1, 
which in this case will occur on the transition 
of pin 20 from high to low, the state of the 
D input will be stored. Pin 24 is shown to be 
active high so to store a 1, pin 24 must be 
high. 

C-24 

2.3 I> 
2.3 I> 

2.3 I> 
2.3 I> 

2.3 I> 
2.3 I> In addition to controlling the Dinput, pin 20 

is shown by 1- to have an additional function. 
As pin 20 goes from high to low, data stored 
in the shift register is shifted one position. The 

right-pointing arrow means that the data is shifted away from the control block (down). The internal 
inputs of the output buffers are all shown to be affected by affecting inpu.ts 2 and 3. Affecting input 
2 is G2, meaning that pin 19 is ANDed with each of the internal register outputs, which are the buffer 
inputs. If pin 19 is high, the affected buffer inputs are enabled. If pin 19 is low, the 0 state is imposed 
on the affected buffer inputs. See 4.2 for an explanation of G (AND) dependency. Affecting input 3 
is V3, meaning that pin 23 (active low) is ORed with each of the internal register outputs. If pin 23 
is high, V3 = 0 and the affected buffer inputs are enabled. If pin 23 is low, V3 = 1 and the 1 state 
is imposed on the affected buffer inputs. See 4.4 for an explanation of V (OR) dependency. The effect 
of V3 is taken into account after that of G2 because of the order in which the labels appear. This means 
that the imposition of the 1 state on the internal buffer inputs by pin 23 would take precedence over 
the imposition of the 0 state by pin 19 in case both inputs were active. Pin 18 is .shown to be an output 
directly from the thirty-second stage of the shift register. Pins 19 and 23 do not affect this output. 

An abbreviation technique has been used for the shift register elements and associated the output lines. 
This technique is practical only when the pin numbers and pin names are both consecutive. 

The symbol ~ designates an n-p-n open-collector or similar output. In this device, the outputs are actually 
open-drain n-channel field-effect transistors. Instead of being grounded, the sources of these transistors 
are all connected to pin 21. This pin is used as an input to control the output voltage. 





TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837-7530. 

ARIZONA; Phoenix (602) 995-1007; 
Tucson (602) 624·3276. 

CALIFORNIA: Irvine (714) 660·8187; 
Sacramento (916) 929-1521; 

~:~t~I~Pa~~~!g1?~~gs~b; 
Torrance (213) 217-7010; 
Woodland Hills (818) 704·7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269-0074 

FLORIDA: Ft. lauderdale (305) 973-8502; 
Maitland (305) 660-4600; Tampa (813) 870-6420 

GEORGIA: Norcross (404) 662-7900. 

ILLINOIS: Arlington Heights (312) 640·2925. 

INDIANA: Ft. Wayne (219) 424-5174; 
Indianapolis (317) 248-8555. 

IOWA: Cedar Rapids (319) 395-9550. 

MARYLAND: Baltimore (301) 944·8600. 

MASSACHUSETTS: Waltham (617) 895-9100. 

MICHIGAN: Farmington Hills (313) 553-1500; 
Grand Rapids (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: Kansas City (816) 523-2500; 
51. Louis (314) 569-7600 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463·9291; 
Melville (516) 454-6600; Pittsford (716) 385·6770; 
Poughkeepsie (914) 473·2900. 

NORTH CAROLINA: Charlotte (704) 527·0930; 
Raleigh (919) 876·2725. 

OHIO: Beachwood (216) 464·6100; 
Dayton (513) 258·3877 

OREGON: Beaverton (503) 643·6758. 

PENNSYLVANIA: Ft. Washington (215) 643·6450. 

PUERTO RICO: Halo Rey (809) 753·8700 

TEXAS: Austin (512) 250·7655; 
Houston (713) 778·6592; Richardson (214) 680·5082; 
San Antonio (512) 496·1779 

UTAH: Murray (801) 266·8972. 

VIRGINIA: Fairfax (703) 849·1400. 

WASHINGTON: Redmond (206) 881·3080. 

WISCONSIN: Brookfield (414) 785·7140. 

~~~!~~d ~~G~~rit~r~~a(~~6\6~~~'~~11;970; 
St. Laurent, Quebec (514) 335·8392. 

TI Regional 
Technology Centers 
CALIFORNIA: Irvine (714) 660-8140, 
Santa Clara (408) 748·2220. 

GEORGIA: Norcross (404) 662·7945. 

ILLINOIS: Arlington Heights (312) 640-2909. 

MASSACHUSETTS: Waltham (617) 895-9197. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726·1970 

Customer 
Response Center 
TOLL FREE: (SOO) 232-3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00,p.m. CST) 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
General Radio Supply Company 
Graham Electronics 
Hall·Mark Electronics 
Kierulff Electronics 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Component, Inc. (Military) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLY
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462·9332 

ALABAMA: Arrow (205) 837·6955; 
Hall·Mark (205) 837·8700; Kierulff (205) 883-6070; 
Marshall (205) 881-9235; Schweber (205) 895-0480. 

ARIZONA: Arrow (602) 968·4800; 
Hall-Mark (602) 437·1200; Kierulft (602) 437·0750; 
Marshall (602) 968-6181; Schweber (602) 997-4874; 
Wyle (602) 866·28S8. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow (818) 701-7500, (714) 838-5422; 
Hall-Mark (818) 716-7300, (714) 669-4700, 
(213) 217-8400; Kierulff (213) 725-0325, (714) 731·5711, 
(714) 220-6300; (818) 407·2500; 
Marshall (818) 407-0101, (818) 442-7204, 
(714) 458-5395; Schweber (818) 999-4702; 
(714) 863-0200; (213) 327·8409; Wyle (213) 322-8100, 
(818) 880-9001, (714) 863·9953; Zeus (714) 632·6880; 
Sacramento: Hall-Mark (916) 722-8600; 
Marshall (916) 635·9700; Schweber (916) 929·9732; 
WyLe (9l6) 638·5282; 

~~~.~i:~O(6~~o~~61~~176~i:~9i (619) 278.2112; 
Marshall (619) 578·9600; Schweber (619) 450-0454; 
Wyle (619) 565·9171; 
San Francisco Bay Area: Arrow (406) 745·6600; 
(415) 487-4600; Hall-Mark (408) 946-0900; 
Kierulff (408) 971·2600; Marshall (408) 943·4600; 
$chweber (408) 946-7171; Wyle (406) 727.2500; 
Zeus (408) 998·5121. 

COLORADO: Arrow (303) 696·1111; 
Hall-Mark (303) 790·1662; Kierulff (303) 790·4444; 
Marshall (303) 451-8444; Schweber (303) 799-0258; 
Wyle (303) 457-9953. 

CONNECTICUT; Arrow (203) 265·7741; 
Hall-Mark (203) 269-0100; Kierulff (203) 265-1115; 
Marshall (203) 265·3822; Milgray (203) 795·0714; 
Schweber (203) 748·7080 

FLORIDA: Ft. Lauderdale: Arrow (305) 429·8200; 
Hall-Mark (305) 971·9280; Kierulff (305) 486-4004; 
Marshall (305) 928·0661; Schweber (305) 977-7511; 
Orlando: Arrow (305) 725·1480; 
Hall·Mark (305) 855-4020; Marshall (305) 841-1878; 
Milgray (305) 647·5747; Schweber (305) 331·7555; 
Zeus (305) 365-3000; 
Tampa: Arrow (813) 576-8995; 
Hall-Mark (813) 530-4543; Kierulff (813) 576·1966. 

GEORGIA: Arrow (404) 449-8252; 
Hall·Mark (404) 447-8000; Kierulff (404) 447·5252; 
Marshall (404) 923·5750; Schweber (404) 449-9170. 

ILLINOIS: Arrow (312) 397·3440; 
Hall·Mark (312) 860-3800; Kierulff (312) 250·0500; 
Marshall (312) 490·0155; Newark (312) 784-5100; 
Schweber (312) 364·3750. 

TEXAS· 
INSTRUMENTS 

INDIANA: Indianapolis: Arrow (317) 243-9353; 
Graham (317) 634·8202; Hall-Mark (317) 872-8875; 
Marshall (317) 297-0483; 
Ft. Wayne: Graham (219) 423-3422. 

IOWA; Arrow (319) 395·7230; 
Schweber (319) 373·1417. 

KANSAS: Kansas City: Arrow (913) 541·9542; 
Hall·Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492·2921. 

MARYLAND: Arrow (301) 995·0003; 
Hall-Mark (301) 988-9800; Kierulff (301) 840·1155; 
Milgray (301) 995-6169; Marshall (301) 840-9450; 
Schweber (301) 840·5900; Zeus (301) 997-1118. 

MASSACHUSETTS: Arrow (617) 933·8130; 
Hall-Mark (617) 667-0902; Kierulff (617) 667-8331; 
Marshall (617) 658-0810; Schweber (617) 275·5100, 
(617) 657-0760; Time (617) 532·6200; 
Zeus (617) 863-8800. 

MICHIGAN: Detroit: Arrow (313) 971·8220; 
Marshall (313) 525-5850; Newark (313) 967·0600; 
Schweber (313) 525·8100; 
Grand Rapids: Arrow (616) 243·0912 

MINNESOTA: Arrow (612) 830·1800, 
Hall-Mark (612) 941-2600; Kierulff (612) 941·7500, 
Marshall (612) 559·2211; Schweber (612) 941-5280. 

MISSOURI: 51. Louis: Arrow (314) 567·6888; 
Hall-Mark (314) 291-5350; Kierulft (314) 997-4956; 
Schweber (314) 739·0526. 

NEW HAMPSHIRE: Arrow (603) 668·6968; 
Schweber (603) 625-2250. 

NEW JERSEY; Arrow (201) 575·5300, 
(609) 596·8000; General Radio (609) 964-8560; 
Hall-Mark (201) 575-4415, (609) 235·1900; 
Kierulff (201) 575·6750, (609) 235-1444; 
Marshall (201) 882-0320, (609) 234-9100; 
Milgray (609) 983·5010; Schweber (201) 227-7880. 

NEW MEXICO: Arrow (505) 243-4566 

NEW YORK: Long Island: Arrow (516) 231-1000; 
Hall·Mark (516) 73H)6oo; Marshall (516) 273-2053; 
Milgray (516) 420·9800; Schweber (516) 334-7474; 
Zeus (914) 937-7400; 
Rochester: Arrow (716) 427·0300; 
Marshall (716) 235·7620; Schweber (716) 424-2222 
Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow (919) 876·3132, 
(919) 725-8711; Hall·Mark (919) 872·0712; 
Kierulff (919) 872·8410; Marshall (919) 878·9882; 
Schweber (919) 876-0000. 

OHIO; Cleveland: Arrow (216) 248·3990; 
Hall·Mark (216) 349·4632; Kierulff (216) 831·5222; 
Marshall (216) 248·1788; Schweber (216) 464·2970 
Columbus: Arrow (614) 885-8362; 
Hall-Mark (614) 888-3313; 
Dayton: Arrow (513) 435-5563; 
Graham (513) 435-8660; Kierulff (513) 439"0045; 
Marshall (513) 236·8088; Schweber (513) 439-1800. 

OKLAHOMA: Arrow (918) 665·7700; 
Kierulff (918) 252·7537; Schweber (918) 622-8000. 

OREGON; Arrow (503) 684·1690; 
Kierulff (503) 641-9153; Wyle (503) 640-6000; 
Marshall (503) 644·5050. 

PENNSYLVANIA: Arrow (412) 856·7000, 
(215) 928·1800; General Radio (215) 922-7037; 
Schweber (215) 441-0600, (412) 782-1600 

TEXAS: Austin: Arrow (512) 835·41,80; 
Hall·Mark (512) 258-8848; Kierulff (512) 835·2090; 
Marshall (512) 837-1991; Schweber (512) 458-8253; 
Wyle (512) 834-9957; 
Dallas: Arrow (214) 380·6464; 
Hall-Mark (214) 553-4300; Kierulff (214) 343-2400; 
Marshall (214) 233-5200; Schweber (214) 661-5010; 
Wyle (214) 235-9953; Zeus (214) 783·7010; 
Houston: Arrow (713) 530·4700; 
Hall·Mark (713) 781-6100; Kierulff (713) 530-7030; 
Marshall (713) 895-9200; Schweber (713) 784·3600; 
Wyle (713) 879·9953. 

UTAH: Arrow (801) 972-0404; 
Hall·Mark (801) 972-1008; Kierulff (801) 973·6913; 
Marshall (801) 485-1551; Wyle (801) 974-9953; . 

WASHINGTON: Arrow (206) 643-4800; 
Kierulff (206) 575·4420; Wyle (206) 453-8300; 
Marshall (206) 747·9100. 

WISCONSIN: Arrow (414) 792·0150; 
Hall-Mark (414) 797-7844; Kierulff (414) 784-8160; 
Marshall (414) 797·8400; Schweber (414) 784·9020. 

CANADA: Calgary; Future (403) 235-5325; 
Edmonton: Future (403) 438·2858; 
Montreal: Arrow, Canada (514) 735-5511; 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820·8313; 
Ouebec City: Arrow Canada (418) 687·4231; 
Toronto: Arrow Canada (416) 661-0220; , 
Future (416) 638-4771; 
Vancouver: Future (604) 294·1166 
Winl:'ipeg: Future (204) 339-0554 
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