











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FAIRCHILD ¢ A742

TYPICAL PERFORMANCE CURVES FOR uA742C
(TEST CIRCUIT 1 UNLESS OTHERWISE SPECIFIED)

TRIGGER QUTPUT CURRENT-AMP.

V3.2 - INPUT THRESHOLD VOLTAGE — mV.

TRIGGER OUTPUT PULSE WIDTH SUPPLY VOLTAGE
TRIGGER OUTPUT PULSE AS A FUNCTION OF AS A FUNCTION OF
WAVE FORMS STORAGE CAPACITOR SUPPLY CURRENT
EXY I s S —— T e
s enaneor L Ll e ] B B
20 20
e 12 = ol @
16 g o / § 16 7
12 A 4-AC OR DC, - E 8 A 2 n
AN OF NEGATIVE HALF CYCLES 3 L1 g
NI g ° :
N g . 2
N ! =
04 a4
-S1-AC, ? PULSE WIDT Ta=25°C—
o LLOF POSITIVE HALF cYCLES I~ AT 37% AMPLITUDE R
2 4 6 8 10 %0 04 08 12 16 20 o 4 8 12 16 20
TIME-us STORAGE CAPACITOR-F SUPPLY CURRENT-mA
INPUT THRESHOLD VOLTAGE SYNC INPUT THRESHOLD SYNC INPUT THRESHOLD
AS A FUNCTION OF VOLTAGE AS A FUNCTION OF CURRENT AS A FUNCTION OF
TEMPERATURE TEMPERATURE TEMPERATURE
-44 a5 500
OFF STATE § 20 < 450\
~40 1
b~ H N
2 s £ 400 ~
-36 3 \l&mvs ALF CYCLES 3 V\PM'T'VE HALF CYCLES
g a
ON STATE g % _\\ § 0
% 4 ~—
A RN
c POSITIVE HALF CYCLES —r] 5
-28 ; £ \\
NOTE. AT THE THRESHOLD LEVEL, AN INTERMEDIATE o 20 2 250
%‘E‘:’;‘EE';?‘S‘E,:;'ﬁi&éégﬁ;irﬁﬁfg;“%:sm_ 2 ] NEGATIVE HALF CYCLES |
24 L L 15 200
0 10 20 30 40 50 6 70 0 10 20 3 4 5 6 70 O 10 20 3 4 s 6 70
TEMPERATURE - °C TEMPERATURE - °C TEMPERATURE —°C
SWITCHING CURRENT AT SWITCH HOLDING CURRENT AT SWITCH
TERMINAL AS A FUNCTION OF TERMINAL AS A FUNCTION OF
TEMPERATURE TEMPERATURE
<" < n
1 1 —
3 60 2 60
£ \\-\ Rgg= 10k é me .
5 0 E 50
3 e 5
S o o
& 7
" )
& 3 —
£ g ——
3 3 ®
g \\'\ g Rgg=s0k | T
Z 10 3 10 |
g 55750k 3
i, N T
o 1 2 3 4 50 60 70 o 10 20 3 4 s 6 70
TEMPERATURE ~ °C TEMPERATURE - °C
TEST CIRCUIT 1
7mh DC oA RDR'O"‘Q 2w
$1-SUPPLY SELECTOR
BRIDGE VsuppLY S RL (100WATT
1 “SUPPLV INCANDESCENT
LAMP)
—1 3 o A
- L SYN
< 20k INPUT 2 10 M
b3 J10TURN Slyg 1KY
i uA742 110vAC e
> 20kS2 3 'TRIGGER OUTPUT ?Z
10 TURN 11—
) AR Tesmen,
] e
f f =R 0.47uF
[ [ 25V
ﬁg 50kR2 \ S Sour

SPRAGUE PART NO. 5C023474X025083
OR EQUIVALENT
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FAIRCHILD ¢ A742

TYPICAL APPLICATIONS FOR uA742C

NOTES
*Recommended Values
AC Supply Voltage
60Hz Ror Rsyn Cst
Volts - RMS
24 1.0k 2.2k 0.47 uF/25V **Necessary with inductive loads.
110 10k 10k$2 0.47 uF/25Vv ***The sensor resistance will determine the values of the
220 22 k) 22k 0.47 uF/25V bridge r?mstors. For the values of RpR shown, the total
current into the bridge should not exceed 5mA at 20V.

FOR SUPPLY VOLTAGE FREQUENCY OF 400Hz REDUCE CgT
TO .047uF/25V.

ZERO CROSSING CIRCUIT WITH DC SUPPLY

17mA
——
( | :
10k$2 < 10kS2 g
9 13 (=]
Rsyn"
2 10 W
. F—— AC INPUT
10k S ‘I:%:S“F HATa2 .
< T |, ;5 1000
3 1 T'
7
DC SUPPLY o s 1 i
| |
|
< 1002 0.1uF " 1
10k$2 S HYSTERESIS * ==CsT* Ta.uF--
Tnssusroﬂ \
i l
Fig. 1
ZERO CROSSING CIRCUIT
AAA
WA
l RpR*
2 10k > 10k
> b3 )
3
o
13
2 Rsyn*
3 10 VWA
h 1 — —— AC INPUT
e 3 vl uAT42
p: T .
< 4 Z 10002
’ 1 —j
9 8 12 |
1 I
< 2 10082 [} _J_
10k & HYSTERESIS™* 01uFr = ot ..
> > RESISTOR S N ST R CwF
l i
Fig. 2
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FAIRCHILD ¢ ©A742

TYPICAL APPLICATIONS FOR pA742 (Cont'd)

SCR — HALF WAVE

AC INPUT

VVAv
RDR
<t (»
ke 310ke
(
>
o
13
2 RsyN®
i °
ke S OSHF
< 25V T . -
uA742
3 100Q°*
7 1"
9 8 12 }
1
I l
o o 1002 O.1uFe L == CsT* 0.14F **
10k 3 HYSTERESIS T T
RESISTOR | |
l 1t
SENSOR BRIDGE***
Fig. 3

INVERSE PARALLEL SCR PAIR FIRING
WITH A PULSE TRANSFORMER

L L
1ok
3

1009
HYSTERESIS
RESISTOR

0.1uF**

- —

0.1uF**

SENSOR BRIDGE***

Fig. 5

AMA-
RoR*
S0k 3
J10ke S 10k 5
>
o
R 13 . o
RSYN 7
1 0 VWA
p. o3z L |
ke S 2T | AC INPUT
4 uA742
SPRAGUE |
3 11212 OR |
11 jEQuivaLent
L]
7 . 1000 *
9 8 12
|
I .JI._
g 1002 ouFee =k == Cst* 0.1uF
10k HYSTERESIS T s ™
RESISTOR ! |
d e
T .
SENSOR BRIDGE Fig. 4
INVERSE PARALLEL SCR PAIR FIRING
WITH A THIRD SCR
VAvAv
L RoR"
<
>
3 10ke ?wm 5
>
o
—
13 )
PUT
e Losse uA742
S T2 |,
100Q**
8
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FAIRCHILD ¢ .A742

TYPICAL APPLICATIONS FOR uA742 (Cont'd)

ZERO CROSSING WITH PROPORTIONAL CONTROL

é 10k82 ;/1 00k 2 % 10k82

R 13
3
a __I AC INPUT
ok 0.33uF a2 1
25v # 01uF
L=t T
200622 ’ |
6 |
5 8 129 |
i
10052
| Cst L _L . ..
%wm HY&ESEE—%E% , A& 100k o ’T E: %wo:z
aTuF 1
— .
SENSOR BRIDGE***
Fig. 6
ZERO CROSSING CONTROL CIRCUIT
WITHOUT HYSTERESIS
RVDR'
10k 10k§2 13 SRy
<
RsyN"
10
2 AC INPUT
HALEZ ‘_z
3 %
11
10k S 10k 8 12
=R CeT"
SENSOR BRIDGE***
Fig. 7
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pA757

GAIN-CONTROLLED IF AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The uA757 is a monolithic high performance, Gain Controlled IF
Amplifier constructed using the Fairchild Planar* epitaxial process. The amplifier contains two sections
which may be operated independently, or in cascade, from audio frequencies to 256 MHz. The uA757
is intended primarily as a gain controlled, intermediate frequency amplifier in AM and FM com-
munications receivers. It also has excellent performance when operated in FM receivers as a limiting
amplifier.

70 dB GAIN AT 10.7 MHz
70 dB AGC RANGE AT 10.7 MHz

CONNECTION DIAGRAM
14-PIN DIP
(TOP VIEW)
PACKAGE OUTLINE 6A
PACKAGE CODE D

300 mV SIGNAL HANDLING CAPABILITY AT INPUT 14
CONSTANT INPUT AND OUTPUT IMPEDANCE WITH AGC A %"N A
STABLE GAIN WITH SUPPLY VOLTAGE AND TEMPERATURE AT ALL LEVELS OF GAIN DECOUPLE DECOUPLE
REDUCTION. 12
AGC 1 [ JouTa
11
ABSOLUTE MAXIMUM RATINGS AGC 2 :l v+
Supply Voltage +15V 10
Volitage at any Output Terminal +24V GND ;I *INB
Voltage at either AGC Terminal (Note 1) +12v . DECOUPLE [ sHiewo
Differential Voltage at either Input t5v 8
(Pins 1 and 14, Pins 2 and 10) -oure [ 1+ouTe
Internal Power Dissipation (Note 2) 670mwW
Storage Temperature Range
Hermetic DIP (uA757, uA757C) —650C to +150°C
ORDER INFORMATION
Operating Temperature Range TYPE PART NO.
Military (uA757) —550C to +125°C uA757 wA757DM
Commercial (uA757C) 0°C to +70°C wA757C wA757DC
Pin Temperature
Hermetic DIP (Soldering, 60 s) uA757 3000C )
EQUIVALENT CIRCUIT
OUTPUT B
OUTPUTA  V* INPUTB : =
12 110 SHIELDS 8 7
o ° ? ? ]
900 2 J i
Y H
g i
700 2 )
DECOUPLE 01 15N = +— = 1.5kQ
5ka e ra o

14
(-0
INPUT A 1 8k
(+) 0= 4 —e¢ K H
300 }300 300 L300 25k
5k Q Q 35k 3k | 5k o Q35K

2
DECOUPLE O
35

—— o — —

650
Q

DECOUPLE
650

3 N
AGC 1 O—vw—r S = — !
3kQ 2009 2009 r 20002 2009

11kQ 13 25 2
400 Q “Q Q 3kQ 11kQ 400 Q 6kQ

X

150 Q

[

5
2 GROUND

3 a0

Notes on following pages.
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FAIRCHILD e yA757

uAT57
ELECTRICAL CHARACTERISTICS: V, =+12V, Tp = 25°C, unless otherwise specified
TEST
CHARACTERISTICS CONDITIONS MIN [ TYP [ MAX | UNITS
CIRCUIT
Supply Current VAGC12= +0.8V 1 13 17 mA
VaGe 12°= +3.0V 17 20 mA
Internal Power Dissipation VAGC 1,2 = t0.8V 1 170 | 210 mW
VAGC1,2=+30V 200 | 240 mw
Voltage Gain at no Gain Reduction VAGC 1,2 = 0.8V, f =500 kHz 2 65 74 dB
VAGC 1,2 =108V, f=10.7 MHz 2 60 70 dB
Voltage Gain at Partial Gain Reduction VaGc 1,2 =+1.7V, =500 kHz 2 20 39 46 dB
VAGC 1,2=+1.7V,f=10.7 MHz 2 37 dB
Voltage Gain at Full Gain Reduction VAGC 12= +3.0 V, f =500 kHz 2 2.0 10 dB
VAGC 1,2=+3.0V,f=10.7 MHz 2 1.0 8 dB
Current into either AGC Terminal VAaGC1,2=+3.0V 1 15 50 BA
Gain Reduction Sensitivity VAGC 1,2=+1.7 V, =500 kHz 2 50 dB/V
Input Voltage for —3 dB Limiting at Output VaGc 1,2 =108V, f=500 kHz 2 0.5 mV
Intermodulation Products Two-tone signal 2 —-50 dB
f1 =500 kHz, e = 100 mV
f2 =510 kHz, e9 = 100 mV
loyT =1mAp-p
SECTION 1
Input Resistance at either Input Terminal VAGe 1 =108V, f=10.7 MHz 3.0 5.0 kQ
VaGge 1=+3.0V,f=10.7 MHz 45 kQ
Input Capacitance at either Input Terminal Vage 1 =+t08V,f=10.7 MHz 25 pF
VAGC 1= +3.0 V, f=10.7 MHz 22 pF
Output Resistance VaGge 1 =108V, f=10.7 MHz 100 k&
VAGe 1 =+3.0V,f=10.7 MHz 100 kQ
Output Capacitance VaGgc 1 =108V, =107 MHz 2.6 pF
Vagec 1=+3.0V,f=10.7 MHz 2.2 pF
Forward Transadmittance Vage 1 =108V, f=500 kHz 14 mmho
VaGge 1 =108V, f=10.7 MHz 13 mmho
Peak-to-Peak Output Current Vage 1 =+3.0V, f=500kHz 0.25 0.4 mA
Qutput in full limiting
Output Saturation Voltage louT =0.1 mMA, VAGC 1 =+30V 8.0 9.0 \
Noise Figure Rg =1.0kQ, f=10.7 MHz 8.0 dB
Rg =1.0 kQ, f =500 kHz 8.0 dB
Interfering Signal Voltage at Input Carrier signal, fc = 500 kHz 15 mV
for 1.0% Cross Modulation Interfering signal, fj = 510 kHz
louT =05 mA p-p, VAGC 1 =+0.8 V
SECTION 2
Input Resistance VaGgec2=+08V,f=10.7 MHz 3.0 5.0 kQ
VAGC 2 = +3.0 V, f=10.7 MHz 45 ke i
Input Capacitance Vage 2 =+08V, =107 MHz 25 pF i
VAGC 2 = +3.0V, f=10.7 MHz 22 pF
Output Resistance at either Output Terminal VaGe 2=+08V,f=10.7 MHz 26 k& !
VAGC 2 =+3.0V, f=10.7 MHz 20 Kk ‘
Output Capacitance at either Output Terminal VaGc2=+08V,f=10.7 MHz 22 pF
VaGgc 2 =+3.0V,f=10.7 MHz 25 pF
Forward Transadmittance VaGe 2 =+0.8V, f =500 kHz . 440 mmho
Vage 2=+08V,f=10.7 MHz ’ 280 mmho
Quiescent Output Current at either Output Terminal | Vaogc 2 = +3.0 V 1.7 24| 35 mA
Peak-to-Peak Current at either Output Terminal VaGge 2 =+3.0V, f=500kHz 3.8 4.8 7.0 mA
Output in full limiting
Output Saturation Voltage at either louT=1.0mA,VaGgc2=+30V 50| 6.0 !
Output Terminal |
Power Supply Sensitivity Vg=12Vto 16V }
0 dB Gain Reduction 05 dB/VvV
30 dB Gain Reduyction 08 dB/V
60 dB Gain Reduction 1.0 dB/V
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FAIRCHILD e A757

uAT757
ELECTRICAL CHARACTERISTICS: V, =+12V, Ta = +125°C, unless otherwise specified
TEST
CHARACTERISTICS CONDITIONS MIN | TYP | MAX [ UNITS
CIRCUIT
Supply Current VAGC 1,2 =108V 1 14 17 mA
VAGC 1,2=%3.0V 17 20 mA
Internal Power Dissipation VaGc1,2=108V 1 170 [ 210 mW
VAGC 12=%30V 200 | 240 mW
Voltage Gain at no Gain Reduction VaGc 1,2 =+08 V, f =500 kHz 2 55 71 dB
VAGC 1,2 =108V, f=10.7 MHz 2 62 dB
Voltage Gain at Partial Gain Reduction VAGC 1,2 =+1.7 V, f=500 kHz 2 35 dB
Voltage Gain at Full Gain Reduction VaGec 1,2 =+3.0V, f =500 kHz 2 2.0 15 dB
VAGC 1,2 =+3.0V, f=10.7 MHz 2 -1.0 dB
Current into either AGC Terminal VAGC 1,2 =+30V 1 15 50 BA
SECTION 1
Peak-to-Peak Output Current Vage 1 =+3.0V, f=500 kHz 0.2 0.4 mA
Output in full limiting
Output Saturation Voltage louT=0.1mA,VaGgec 1=+t30V 80| 94 Vv
SECTION 2
Quiescent Qutput Current at either Output Terminal | VAGc 2 = +3.0 V 1.7 28| 35 mA
Peak-to-Peak Current at either Output Terminal VaGe 2 = +3.0V, f=500 kHz 38 56( 7.0 mA
Output in full limiting
Output Saturation Voltage at either louT=1.0mA,VaGgc2=+30V 60( 7.0 V]
Output Terminal
uA757
ELECTRICAL CHARACTERISTICS; V. = +12V, Tp = —55°C, unless otherwise specified
TEST
CHARACTERISTICS CONDITIONS MIN | TYP | MAX | UNITS
CIRCUIT
Supply Current VAGC 1,2 =108V 1 10 17 mA
VAGC 1,2=+3.0V 14 20 mA
Internal Power Dissipation VaGc 1,2 =108V 1 1201 210 mW
VAGC 12=*30V 170 | 240 mwW
Voltage Gain at no Gain Reduction VAGC 1,2 =+0.8V, =500 kHz 2 55 68 dB
VaGC 1,2 = t0.8V, f=10.7 MHz 2 64 dB
Voltage Gain at Partial Gain Reduction VAGC 1,2 =+1.7V, f=500 kHz 2 28 dB
Voltage Gain at Full Gain Reduction VAGC 1,2 = +3.0V, f =500 kHz 2 20 15 dB
VAGC 1,2 =+3.0V,f=10.7 MHz 2 -3.0 dB
Current into either AGC Terminal VAGC 1,2 =+30V 1 30 70 LA
SECTION 1
Peak-to-Peak Output Current vVage 1 =+3.0V, f=500 kHz 0.2 04 mA
Output in full limiting
Output Saturation Voltage louT =0.1 mA,VaGge 1 =+3.0V 80| 9.0 Y
SECTION 2
Quiescent Output Current at either Output Terminal | VaoGgc 2 =+3.0V 1.0 1.7 35 mA
Peak-to-Peak Current at either Output Terminal VaGgc 2 =+3.0V, f =500 kHz 2.3 34| 70 mA
Output in full limiting
Output Saturation Voltage at either louT=10mA,Vagc2=+3.0V 4.0 6.0 \%

Output Terminal
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FAIRCHILD ¢ uA757

MAT757C
ELECTRICAL CHARACTERISTICS: V, =+12V, Ta = +25°C, unless otherwise specified
TEST
CHARACTERISTICS CONDITIONS MIN | TYP | MAX | UNITS
CIRCUIT
Supply Current VaGC 1,2=1+08V 1 14 17 mA
VAGC 1,2=*3.0V 18 22 mA
Internal Power Dissipation VAGC 12= +0.8V 1 170 | 210 mW
VAGC 12=+3.0V 220 | 270 mW
Voltage Gain at no Gain Reduction VAGC 1,2 = +0.8V, f =500 kHz 2 65 74 dB
VAGC 1,2 = *+08V, f=10.7 MHz 2 60 70 dB
Voltage Gain at Partial Gain Reduction VAGC 1,2=11.7V, f =500 kHz 2 20 39 46 dB
VAGC1,2=+1.7V,f=10.7 MHz 2 37 dB
Voltage Gain at Full Gain Reduction VaGc 1,2 =+3.0V, f=500 kHz 2 20 10 dB
VAGC 1,2 =+3.0V,f=10.7 MHz 2 1.0 8 dB
Current into either AGC Terminal VaAGC 1,2 =130V 1 15 50 HA
Gain Reduction Sensitivity VAGC 1,2 = +1.7V, f=500 kHz 2 50 dB/V
Input Voltage for —3 dB Limiting at Output VaGe 12° +0.8 V, f =500 kHz 2 05 mV
Intermodulation Products Two-tone signal 2 —50 dB
f1 =500 kHz, eq = 100 mV
fy =510 kHz, e = 100 mV
louT =1 mApp
SECTION 1
Input Resistance at either Input Terminal VaGgc 1 =108V, f=10.7 MHz 3.0 5.0 k&
VaGge 1=*3.0V,f=10.7 MHz 45 kQ
Input Capacitance at either Input Terminal VaGge 1 =108V, f=10.7 MHz 25 pF
VaGc 1 =130V, f=10.7 MHz 22 pF
Output Resistance VaGgec 1 =108V, f=10.7 MHz 100 kQ
VAGC 1 =130V, f=10.7 MHz 100 k2
Output Capacitance VaGc 1 =+0.8V, f=10.7 MHz 2.6 pF
VaGge 1 =+3.0V, f=10.7 MHz 2.2 pF
Forward Transadmittance Vage 1 =10.8V, f =500 kHz 14 mmho
Vage 1= +0.8V,1=10.7 Mhz 123 mmho
Peak-to-Peak Output Current VAGC 1 =+3.0 V, f =500 kHz 0.25 04 mA
Qutput in full limiting
Output Saturation Voltage loyt =0.1 mA, Vage 1 =+3.0V 80| 9.0 \
Noise Figure Rg=1.0kQ, f=10.7 MHz 8.0 dB
Rg = 1.0 k2, f =500 kHz 8.0 dB
Interfering Signal Voltage at Input Carrier signal, fc = 500 kHz 15 mV
for 1.0% Cross Modulation Interfering signal, f; =510 kHz
louT =05 mA p-p, VaoGC 1 = 0.8V
SECTION 2
Input Resistance Vagec 2 =108V, f=10.7 MHz 3.0 5.0 k2
Vagc 2 =+3.0V,f=10.7 MHz 45 k&
Input Capacitance vage 2 =108V, f=10.7 MHz 25 pF
VaGge 2=13.0V, =107 MHz 2.2 pF
Output Resistance at either Output Terminal VaGge 2=+0.8V,f=10.7 MHz 26 k&
Vage 2=+3.0V,f=10.7 MHz 20 kQ
Output Capacitance at either Output Terminal VaGc 2=+0.8V f=10.7 MHz 22 pF
VaGge 2 =+3.0V,f=10.7 MHz 25 pF
Forward Transadmittance Vage 2 =+0.8V, f=500kHz 440 mmho
VaGe 2= +0.8V,f=10.7 MHz 280 mmho
Quiescent Output Current at either Output Terminal | VAGg 2 = +3.0V 1.7 24| 35 mA
Peak-to-Peak Current at either Output Terminal VaGge 2=+3.0V,f =500 kHz 38 48| 7.0 mA
Output in full limiting
Output Saturation Voltage at either louT=1.0mA, VaoGc2=%3.0V 50| 6.0 \
Output Terminal
Power Supply Sensitivity Vg=12Vto 15V
0 dB Gain Reduction 05 dB/V
30 dB Gain Reduction 08 dB/vV
60 dB Gain Reduction 1.0 dB/V
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FAIRCHILD ¢ ,A757

TYPICAL PERFORMANCE CURVES FOR uA757 AND uA757C

PRODUCT OF SECTIONS 1 AND 2
FORWARD TRANSADMITTANCE
AS A FUNCTION OF FREQUENCY

SECTION 1
FORWARD TRANSADMITTANCE
AS A FUNCTION OF FREQUENCY

SECTION 2
FORWARD TRANSADMITTANCE
AS A FUNCTION OF FREQUENCY

[ Toas rererence - 6.2x 107 mndt [ 008 REFERENCE = 1¢ mmho | 098 REFERENCE - 40 miho
g o 098 GAINREDUCTION 048 AN REDUCHION i o L2L08 GAIN REDUCTION
K e 1 ™
H | N i e — e 1048 GAIN REDUCTION
) g | 1008 cAIN ReDUCTION g 0
£ o T H !
§ » 20 dB GAIN REDUCTION E I E » 20 dB GAIN REDUCTION |
z z 20 dB GAIN REDUCTION H ; \
£ ES 2 Ll
o \ % 8 T‘ % 10 30,98 GAIN REDUCTION ™
2 1 £ 30 dB GAIN REDUCTION £ ' \ N
H o |RBCAIN z T E
o - [N T
£ g 1 2 x N
3 L1, - 25° “ + |74 =25°C
2 0Ty Ta 2 i 50 (—Ta" o
Ve v WATST vty T ATt T Vi uATS?
/- L 50 it S I 60 L L
100 20 50 10 0 50 100 10 20 5.0 10 0 50 10 L0 20 50 10 2 50 100
FREQUENCY - MHz FREQUENCY - MHz FREQUENCY - MHz
SECTION 1 AND 2 SECTION 2

VOLTAGE GAIN AS A FUNCTION

INPUT RESISTANCE AND
CAPACITANCE AS A FUNCTION
OF GAIN REDUCTION

OUTPUT RESISTANCE AND
CAPACITANCE AS A FUNCTION
OF GAIN REDUCTION

5.5k 4.0 3k
RESISTANCE
5.0k e 30K 4.0
—
2 ™~ & F &
Zask 3.0 L 3 ok w
q g \
] £ £
Eon CAPACITANCE g Z — 3.0 8
£ I s g CAPACITANCE s
5 3.5 - 20 8 2 sk g
E T4 25°C £ 5 s
H A 3 L Ty=5°C 3
vty " Ve aay
3.0k |—110.7 MHz 10k T e 20
‘ ‘ WATST | WATST
2.5 L 1.0 5.0k s L
0 10 A 30 & 0 6 10 & 0 10 2 N & 0 & 10 &
GCATN REDUCTION - dB GAIN REDUCTION - dB

GAIN REDUCTION AS A
FUNCTION OF
OF TEMPERATURE

GAIN CONTROL VOLTAGE
0

SIGNAL TO NOISE RATIO
IMPROVEMENT AND NOISE
FIGURE AS A FUNCTION OF

GAIN REDUCTION

T L T T S
| odscatn reoucnion at L azsc \\\Y e T
70 o 10—t g 1T 01SE FIGURE
1o d8 GAIN RepucTION AT 25°C vy 2
i L 25— 1 = 500Kz S
2 2
g
2 2 TEST CIRCUIT 2 E 7T
7 50 - ©o30 9 /
. 30 dB GAIN REDUCTION AT +25' ~ Z=»
™ T 2 SN
s S 2 S R ]
: A\ 3 /]
5% 2 5 ) S
3 = 5 2 Ty 5°C
3 -55°C Tz g5 1 Ve &12v*’*
60dB GAIN REDUCTION AT 25°C | ——4— 60 g o Rg * 1kQ
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10 VY= v 70 - | ]
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0 1 z 1
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POWER SUPPLY CURRENT
AS A FUNCTION OF

TWO TONE IM DISTORTION
PRODUCTS AS A FUNCTION OF

SUPPLY VOLTAGE INPUT SIGNAL LEVEL
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» g » fp = 510 Kz
5 Ve T[]
< » L § Ty 257 || f;
; Vage * 3.0V S
2 6 se¥ /
£ EL odmim
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H g 11, 2,0 mA pp
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FAIRCHILD e uA757

TEST CIRCUIT 1 (NOTE 3)

+12v
A
- -|-10|yr lour = 071 uF
12 13 12 I 10
TOP VIEW

0.1 uF

==
.||—|°}_ ~
[
H e

TEST CIRCUIT 2 (NOTE 2)

2V
It 0.1 4F
.1 4
fl 10k § F‘“jf_ L $s0n
=041 uF ouF T 0.1 uF -
-
14 |3 12 1 10 9 8 1,
!
'
'
TOP VIEW 1.0
kQ
'
'
'
1 4 |
2 3 5 6 7
1 1 -
FO0AuF TR0 KF 0.14F
T T I 0
= = = o
Vage ouTPUT

NOTES

1. For supply voltages less than +12 V, the absolute maximum voltage at either AGC terminal is equal to the supply voltage.
2. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 8.3 mw/°c

For 10.7 MHz measurements, interstage capacitance and Section 2 output capacitance are tuned out. Pin 9 should be connected to GND.
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uA7391

DC MOTOR SPEED CONTROL CIRCUIT

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The uA7391 is designed for precision, closed-loop, motor
speed control systems. It regulates the speed of capstan drive motors in automotive and
portable tape players and is useful in a variety of industrial control applications, e.g.,
floppy disc drive systems, data cartridge drive systems. The device is constructed using
the Fairchild Planar* epitaxial process.

The uA7391 compares actual motor speed to an externally presettable reference volt-
age. The motor speed is determined by frequency to voltage conversion of the input sig-
nal provided by tachometer generator. The result of the comparison controls the duty
cycle of the pulse width modulated switching motor drive output stage to close the sys-
tem’s negative feedback loop.

Thermal and over-voltage shutdown are included for self-protection, and a ’stall-timer”’
feature allows the motor to be protected from burn-out during extended mechanical
jams.

® PRECISION PERFORMANCE — FREQUENCY-TO-VOLTAGE CONVERSION STABILITY
TYPICALLY 0.1% FOR V+ FROM 10 VTO 16 V; 0.3% FOR CASE TEMPERATURE
FROM —40°C TO +85°C

CONNECTION DIAGRAM
12-PIN POWER PACKAGE
(TOP VIEW)
PACKAGE OUTLINE 9W
PACKAGE CODE P6

N\
moTor  (-) []1 12 [ ] STALL TIMER
DRIVER
INPUTS () [] 2 11[ ] DRIVER
TACH INPUT (-) []3 10 [ ST PRvE

I: TAB TAB :I GND

TACH INPUT (+) [] [) (MOTOR DRIVE

>
©

OUuTPUT
PULSE TIMING |5 8 Jv+
PULSE OUTPUT [|6 7 gi{f_gbﬁmn

® HIGH CURRENT PERFORMANCE — 3.5 A STARTING SURGE CURRENT AND 2 A
RUNNING CURRENT TO A DC MOTOR
® WIDE RANGE TACHOMETER INPUT — 100 mVp-p TO 1.0 Vp-p ORDER INFORMATION
® LOW EXTERNAL PARTS COUNT
® THERMAL SHUTDOWN, OVER-VOLTAGE AND STALL PROTECTION TYPE PART NO.
® INTERNAL REGULATOR uA7391  uA7391PC
@ WIDE SUPPLY VOLTAGE RANGE - 6.3V TO 16 V
BLOCK DIAGRAM
SPEED L ¢ ?;t:k&
L MOTOR ADJUST I
PULSE TIMING = osg:ﬁ ;(ﬂ :t:‘?l‘;f: = DRIVER v =
TACHOMETER s s Iz ! v- - 8
e N G j P
UTPUTS
— +) |a | |
4
I €L [otittion | J;q 9 |
| |
| | I |
: vo::AEtgzuggﬁ\\’/g:Tza | MOTOR DRIVE TAB __]_GND |
| L 10N | SECTION = = |
w5 etttk Mty |
I .
GCRE - |
Insegmvpt‘);; 7 | - PROTECTIVE |
| e
| T |
I VOLTAGE REGULATOR i AND LATCH !
SECTION 1 12 |
f STALL TIMER :
| j—i |
L T ___ J
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage (V+), Vg 24V
Regulator Output Current, I7 15 mA
Voltage Applied to Pin 5 (Tachometer Pulse Timing) 7V
Voltage Applied Between Pins 3 and 4 (Tachometer Inputs) +6 V
DC Voltage Applied to Pin 11 (Driver) 24V
DC Voitage Applied to Pins 9 or 10 (Motor Drive Output) V+
Continuous Current through pins 9 and 10:
Motor Drive Output ON 20A
Repetitive Surge Current through Pins 9 and 10:
Motor Drive Output ON 35A
Motor Drive Output OFF 20A
Repetitive Surge Current through Pin 11 300 mA
Power Dissipation Internally Limited
Storage Temperature Range —55°C to +150°C
Operating Temperature Range —40°C to +85°C
Lead Temperature (Soldering, 10 s) 260°C
THERMAL DATA
8yc Thermal Resistance Junction to Case (tab) (max) 12°C/W
AT Thermal Resistance Junction to Ambient (max) **70°C/W
**Obtained with tabs soldered to a printed circuit board having a minimum area of copper surrounding the tabs.
ELECTRICAL CHARACTERISTICS: V+ = 145V, TA = 25°C, unless otherwise noted
VOLTAGE REGULATOR SECTION: (TEST CIRCUIT 1)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Excluding Current into
Power Supply Current Pins 9, 10 and 11 75 10 mA
Regulator Output Voltage 4.5 5.0 5.5 \%
. . V+ from 10V to 16 V 6.0 20 mV
Regulator Output Line Regulation (AV7) Vi from 6.3V 10 16 V 12 50 mv
Regulator Output Load Regulation (AV7) I7 from 10 mA to O 40 mV
ELECTRICAL CHARACTERISTICS: V+ = 145V, TA = 25°C, unless otherwise noted
FREQUENCY TO VOLTAGE CONVERTER SECTION: (TEST CIRCUIT 2)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Tachometer (—) Input Bias Voltage 2.4 Vv
Tachometer (+) Input Bias Current V4=V3 1.0 10 HA
Tachometer Input Positive Threshold (V4 — V3) 10 25 50 mVpk
Tachometer Input Hysteresis 20 50 100 mVp-p
Pulse Timing ON Resistance V=1V 300 500 Q
Pulse Timing Switch Threshold 45 50 55 %V7
Output Pulse Rise Time 0.3 Hs
Output Pulse Fall Time 0.1 us
Pulse Output LOW Saturation (Vg) 0.13 0.25
Pulse Output HIGH Saturation (V7 — Vg) 0.12 0.2
Pulse Output HIGH Source Current Vg=1V —340 —260 -180 HA
Frequency-to-Voltage Conversion Supply Voltage VEy = 0.25 V7 (Note 2) 0.1 %
Stability (Note 1) V+ from 10 Vto 16 V : ?
Frequency-to-Voltage Conversion Temperature Vgy = 0.25 V7 (Note 2) 03 %
Stability (Note 3) Ta from —40°C to +85°C ' i
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ELECTRICAL CHARACTERISTICS: V+ = 145V, TA = 25°C, unless otherwise noted

MOTOR DRIVE SECTION: (TEST CIRCUIT 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage +20 mV
Input Bias Current 0.1 10 HA
Common Mode Range 0.8 2.5

Driver Saturation Ig+I10=2A 111 =175 mA 1.9 2.5

Driver Leakage Current Vi1 =16V 5.0 HA
Motor Drive Output Saturation Ig+t1p=2AT11=55mA 0.6 1.1 \
Motor Drive Output Leakage Vg=Vg=Vip=16V 100 HA
Flyback Diode Leakage Vg=Vi0=1V 30 HA
Flyback Diode Clamp 8+ g2 éutput off 16 25 v
ELECTRICAL CHARACTERISTICS: V+ = 145V, TA = 25°C, unless otherwise noted

PROTECTIVE CIRCUITS: (TEST CIRCUIT 4)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Thermal Shutdown Junction Temperature Note 4 160 °C
Overvoltage Shutdown Note 4 18 21 24

Stall Timer Threshold Voltage Note 5 25 2.9 3.5

Stall Timer Threshold Current Note 5 0.3 3.0 MA
NOTES:

1. Frequency-to-Voltage Conversion, Supply Voltage Stability is defined as:

Veviaev)| _ [Veviio vy | L [VFV(145 V) X 100%
Vi1 v) V710 v) V7(14.5 V)

VEy is the integrated dc output voltage from the pulse generator (Pin 6)

3. Frequency-to-Voltage Conversion Temperature Stability is defined as:

VRvgsee) | | VEVITA0°C)| | VRVI2E°C) | 1009
V7(85°C) V7(=40°C) V7(25°C)

[

4. "Driver” and "Motor Drive” circuitry is disabled when these limits are exceeded. If the condition continues for the duration set by the external stall timer

components, the circuit is latched off until reset by temporarily opening the power supply input line.
5. If stall timer protection is not required, Pin 12 should be grounded.
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TYPICAL APPLICATION USING MAGNETIC TACHOMETER

30 kQ
AAA, o—|
VWA |
1
9.1k 3 =
SPEED
t ADJUST
L ookn
10 kQ J—AN—1 1 12
1 o1 ':lL: ) " e
W
< = L o uF
2k 2 - 3 10 I
J = MOTOR
= [ ™8 T8 ﬁ
4 9 - :
RE —]s 8 +—0 10VTO 16V
100 kQ I J_*
—AAA- 6 7 l _5 uF
|| s
il 1 |
>
- SRp = |
2100 kQ |
|
TACHOMETER
g (f = NOMINAL TACHOMETER
FREQUENCY)
TYPICAL COMPONENT VALUES:
Cp = 1
P= T Rof

Cfr =10 Cp to 1000 Cp depending on system requirements

_ 2 x stall time-out
RS

RMotor = 5 Q

cs

MOTOR SPEED ACCURACY AS A
FUNCTION OF SUPPLY VOLTAGE
(REFER TO APPLICATION

SCHEMATIC)
+2
)
-2
R MOTOR:
N TELEX TYPE 9100 DC MOTOR m
1] MOTOR SPEED = 1500 RPM
2 6 TACHOMETER FREQUENCY = 200 Hz ]|
3 @ V+=145V, Ta = 25°C |
8 MOTOR LOAD:
< 10 TORQUE = 0.1 oz-in (72 gram-cm) ]
2 COMPONENT VALUES (TYPICAL
I APPLICATION CIRCUIT):
% 14 CF=1uF .
« RF = 100 kQ
o Cp =.015 uF —
1) Rp = 100 kQ
S -18 Rg = 330 kQ .
Cs=1uF T
NEREEEN
o 4 8 12 16 20 24

SUPPLY VOLTAGE -V
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REGULATOR OUTPUT VOLTAGE — V SUPPLY CURRENT - mA

DRIVER ON CURRENT — mA
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4.6

400

200
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SUPPLY CURRENT AS A FUNCTION
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AS A FUNCTION OF
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|
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FLYBACK DIODE CURRENT — A MOTOR DRIVE OUTPUT ON CURRENT - A
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TEST CIRCUIT 1

TACH
INPUT
VOLTAGE

ADJUST

— 12
—2 11
—3 10
T TAB TAB
—4 9
—s5 8
—6 7
REGULATOR VOLTAGE
TEST CIRCUIT 2
TACH INPUT
VOLTAGES
=) (+)
100 0 :; o
< —1 12 —
— 2 1Mp—
10003 ONHF
b J_ 3 10—
TAB TAB
oave SP I | 1
fNOM = 1000 Hz \ = =
DC TACH 4 9
L———— 0o +
INPUT s s v
100 kQ
VEV O—e—AAA 6 7 5 uF 145V
(INTEGRATED j_ - _
FREQ-TO-VOLTAGE 1 uF
CONVERTER I 100k g — =
OUTPUT VOLTAGE) = PULSE
PULSE TIMING
ouTPUT O— VOLTAGE
VOLTAGE == .0025 uF
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TEST CIRCUIT 3
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{
|

MOUNTING INSTRUCTIONS

The thermal power dissipated in the circuit may be removed by soldering the tabs to an area of copper on the printed cir-
cuit board. During soldering the tabs temperature must not exceed 260°C and the soldering temperature time must not be
longer than 10 seconds.

MAXIMUM POWER DISSIPATION
AS A FUNCTION OF
AMBIENT TEMPERATURE

e [ 1]

WITH INFINITE
5.0 HEAT SINK 1

T .
4.0 HEXYFITS':NK \ \/
HAVING A \

| 6ca 10”CI/WW\~\ \
\

IN FREE AIR \

POWER DISSIPATION - W
w
(=}

1.0 T
| N

q[_

50 o 50 100 150 200
AMBIENT TEMPERATURE - °C

=

=

MAXIMUM POWER DISSIPATION
AND TOTAL THERMAL RESISTANCE
AS A FUNCTION OF COPPER

PC BOARD AREA OF PC BOARD
10 100
o
8.0 =z
O F : ® g
q ~ p . - K :
O N I E 6.0 [N\ 60 =
a ]
L @ \ 0JA 3
0 40 40 2
Q
O ] § | T "
2 PD(TA = 55°C) !
X o g JB— o
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0 | || 0
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COPPER DIMENSION — mm(L)

7-67



uA7392

DC MOTOR SPEED CONTROL CIRCUIT
FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION—The pA7392 is designed for precision, closed-loop, motor
speed control systems. It regulates the speed of capstan drive motors in automotive
and portable tape players and is useful in a variety of industrial and military control
applications, e.g., floppy disc drive systems and data cartridge drive systems. The de-
vice is constructed using the Fairchild Planar* epitaxial process.

The uA7392 compares actual motor speed to an externally presettable reference volt-
age. The motor speed is determined by frequency to voltage conversion of the input
signal provided by the tachometer generator. The result of the comparison controls
the duty cycle of the pulse width modulated switching motor drive output stage to
close the system’s negative feedback loop.

Thermal and over-voltage shutdown are included for self-protection, and a “stall-
timer” feature allows the motor to be protected from burn-out during extended me-
chanical jams.

The uA7392 is a low current compliment to the uA7391 for those applications requiring
less current and also to drive high current output stages for very high current applica-
tions.

PRECISION PERFORMANCE—FREQUENCY-TO-VOLTAGE CONVERSION STABILITY TYP-
ICALLY 0.1% FOR V+ FROM 10 V TO 16 V; 0.3% FOR CASE TEMPERATURE FROM -40°C
TO +85°C

HIGH CURRENT PERFORMANCE—1.0 A STARTING SURGE CURRENT AND 300 mA RUN-
NING CURRENT TO A DC MOTOR

WIDE RANGE TACHOMETER INPUT—100 mVp-p TO 1.0 Vp-p

LOW EXTERNAL PARTS COUNT

THERMAL SHUTDOWN, OVER-VOLTAGE AND STALL PROTECTION
INTERNAL REGULATOR

WIDE SUPPLY VOLTAGE RANGE—6.3 V TO 16 V

EMITTER OF OUTPUT STAGE AVAILABLE FOR EASE IN DRIVING POWER TRANSISTOR
OUTPUT STAGES

CLAMPING DIODE AVAILABLE ON SEPARATE PIN

L]

L]

ABSOLUTE MAXIMUM RATINGS
Supply Voltage (V+), Vo, V1o, V11
Regulator Output Current, g
Voltage Applied to Pin 6 (Tachometer Pulse Timing)
Voltage Applied Between Pins 3 and 5 (Tachometer Inputs)
Continuous Current through Pins 11 and 12 Motor Drive Output ON
Repetitive Surge Current through Pins 11 and 12 (Motor Drive ON)
Repetitive Surge Current through Pins 10 and 11 (Motor Drive OFF)
Power Dissipation
Storage Temperature Range
Operating Temperature Range (uA7392)
Operating Temperature Range (uA7392C)
Pin Temperature (Soldering 10 s)

*Planar is a patented Fairchild process

7-68

CONNECTION DIAGRAM

14-PIN DIP
(TOP VIEW)

PACKAGE OUTLINE 6A, 9A
PACKAGE CODES D P

MOTOR (-)[|1
DRIVER

INPUTS (), el

14[ ] STALL TIMER

TACH INPUT () []3
GND[ |4

TACH INPUT ()[]5
PULSE TIMING |6 v~

g []REGULATOR

PULSE OUTPUT[]7 ity

ORDER INFORMATION
TYPE PART NO.
uA7392  uA7392DM

uA7392C  A7392DC
uA7392C  AT7392PC

24 V

15 mA

7V

+6 V

03 A

1.0 A

0.3 A

Internally Limited
-55°C to +150°C
-55°C to +125°C
-40°C to +85°C

260°C
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uA7392 and pA7392C

ELECTRICAL CHARACTERISTICS: V+ = 14.5 V, Ta = 25°C, unless otherwise noted

VOLTAGE REGULATOR SECTION: (TEST CIRCUIT 1)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Power Supply Current Excluding Current into Pin 11 7.5 10 mA
Regulator Output Voltage 4.5 5.0 55 Vv
Regulator Output Line Regulation (AVs) x: ::22 (1593\/\/?0 1166\/\/ 61(2) gg $$
Regulator Output Load Regulation (AVs) lg from 10 mA to 0 40 mV
ELECTRICAL CHARACTERISTICS: V+ = 145 V, Ta = 25°C, unless otherwise noted

FREQUENCY TO VOLTAGE CONVERTER SECTION: (TEST CIRCUIT 2)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Tachometer (-) Input Bias Voltage 2.4 Y]
Tachometer (+) Input Bias Current Vs = V3 1.0 10 A
Tachometer input Positive Threshold (Vs = V3) 10 25 50 mVpk
Tachometer Input Hysteresis 20 50 100 mVpk—pk
Pulse Timing ON Resistance Ve =1V 300 500 Q
Pulse Timing Switch Threshold 45 50 55 %Vs
Output Pulse Rise Time 0.3 us
Output Pulse Fall Time 0.1 us
Pulse Output LOW Saturation (V7) 0.13 0.25

Pulse Output HIGH Saturation (Vs - V7) 0.12 0.2

Pulse Output HIGH Source Current Vz=1V -340 -260 -180 HA
Frequency-to-Voltage Conversion Supply Voltage Vry = 0.25 Vg (Note ?) 01 %
Stability (Note 1) V+ from 10 V to 16 V

Frequency-to-Voltage Conversion Temperature VFv = 0.25 Vg (Note 2) 03 %
Stability (Note 3) Ta from -40°C to +85°C

ELECTRICAL CHARACTERISTICS: V+ = 145 V, Ta = 25°C, unless otherwise noted

MOTOR DRIVE SECTION: (TEST CIRCUIT 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage +20 mV
Input Bias Current 0.1 10 pA
Common Mode Range 0.8 2.5

Motor Drive Output Saturation l11 = 300mA 1.3 16 \
Motor Drive Output Leakage Vi1 = Vio = 16 V 5 uA
Flyback Diode Leakage Vio=16V, Vi1 =0V 30 uA
Flyback Diode Clamp Voltage i = 300mA 11 13 v

Motor Drive Output Off
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uAT392, uAT392C

ELECTRICAL CHARACTERISTICS: V+ = 14.5 V, Ta = 25°C unless otherwise noted

PROTECTIVE CIRCUITS: (TEST CIRCUIT 4)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Thermal Shutdown Junction Temperature Note 4 160 °C
Overvoltage Shutdown Note 4 18 21 24 A
Stall Timer Threshold Voltage Note 5 25 2.9 3.5 Vv
Stall Timer Threshold Current Note 5 0.3 3.0 KA
uAT392 ONLY
ELECTRICAL CHARACTERISTICS: V+ =145V, -55°C < Ta < +125°C, unless otherwise noted
VOLTAGE REGULATOR SECTION: (TEST CIRCUIT 1)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Power Supply Current Excluding Current into Pin 11 7.5 12 mA
Regulator Output Voltage 45 5.0 6.0 Vv
Regulator Output Line Regulation (AVs) x: ;:gm ;?svvt?o?evv 612 gg 2&
Regulator Output Load Regulation (AVs) g from 10 mA to O 40 100 mV
FREQUENCY TO VOLTAGE CONVERTER SECTION: (TEST CIRCUIT 2)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Tachometer (-) Input Bias Voltage 2.4 "
Tachometer (+) Input Bias Current Vs = V3 1.0 15 uA
Tachometer Input Positive Threshold (Vs = V3) 10 25 50 mVpk
Tachometer Input Hysteresis 20 50 100 mVp—p
Pulse Timing ON Resistance Ve=1V 300 670 0
Pulse Timing Switch Threshold 45 50 55 %Vs
Output Pulse Rise Time 0.3 us
Pulse Fall Time 0.1 us
Pulse Output LOW Saturation (V7) 0.13 0.25
Pulse Output HIGH Saturation (Vg - V7) 0.12 0.2
Pulse Output HIGH Source Current V=1V -370 -260 -150 nA
Frequency-to-Voltage Conversion Supply Voltage Frv = 0.25 Vg (Note 2) 01 %
Stability (Note 1) V+ from 10 V to 16 V
Frequency-to-Voltage Conversion Temperature VEv = 0.25 Vg (Note 2) 03 ”%

Stability (Note 3)

Ta from -40°C to +85°C
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#A7392 ONLY
ELECTRICAL CHARACTERISTICS Cont. : V+ = 145V, -55°C = TA < +125°C, unless otherwise noted.
MOTOR DRIVE SECTION: (TEST CIRCUIT 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage +30 mV
Input Bias Current 0.1 10 pA
Common Mode Range 0.8 2.5

Motor Drive Output Saturation 111 = 300mA 1.3 1.6

Motor Drive Output Leakage Vi1=Viyo=16V 10 uA
Flyback Diode Leakage Vio=16V,Vi1=0V 30 uA
Flyback Diode Clamp Voltage 11 = 300mA 1.1 1.3 \

Motor Drive Output Off

PROTECTIVE CIRCUITS: (TEST CIRCUIT 4)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Thermal Shutdown Junction Temperature Note 4 160 °C
Overvoltage Shutdown Note 4 18 21 24 \"
Stall Timer Threshold Voltage Note 5 1.8 2.9 4.0 \
Stall Timer Threshold Current Note 5 0.3 4.0 kA
NOTES:

1. Frequency-to-Voltage Conversion, Supply Voltage Stability is defined as:

Vev(18 V)| Vev(10 V) [Vev(t4s VI
(ve(ie vi]  [Ve(tov)] ™ [Ve(14.5 V)] ’

2. VFv is the integrated dc output voltage from the pulse generator (Pin 7)
3. Frequency-to-Voltage Conversion Teinperatuie Stability is defined as:

[Vev(gs°C)l [\/Fv (-40°C)] VFV25 c)
[Va(#5° C)|  [Vai-40° C)| ~ [Va(25° C)) © '00%

4. “Motor Drive” circuitry is disabled when these limits are exceeded. If the condition continues for the duration set by the external stall timer components,
the circuit is latched off until reset by temporarily opening the power supply input line.
5. If stall timer protection is not required, Pin 14 should be grounded.

THERMAL DATA

TYP  MAX
6sa THERMAL RESISTANCE, JUNCTION TO AMBIENT
PLASTIC (9A) 70 80 °C/W
CERAMIC (6A) 100 120 °C/W
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TESTING OPERATIONAL AMPLIFIERS

WHAT IS AN OP AMP?

An operational amplifier is a direct-coupled high-gain amplifier, often powered by both a positive
and a negative supply sothat the output can swing both above and below ground. By itself, because
of the high gain (80 dB or much higher), opamp usefulnessis limited due to saturation, with the out-
put swung as far as possible toward one of the supplies. With feedback applied, in a closed-loop
configuration, the op amp becomes a useful device. Since the properties of the closed-loop circuit
depend primarily on characteristics of the feedback components rather than the opamp, and since
typical feedback components, i.e. resistors and capacitors, have high precision and low drift,
closed-loop op amp circuits can be very accurate and stable.

The name operational amplifier is derived from one of the original uses of closed-loop op amp cir-
cuits, performing mathematical operations in analog computers. Early op amps used a single,
ground-referenced inverting input, where a positive voltage change at the input caused a negative
change at the output. The more versatile, modern opamps have two floating inputs —one inverting
and one non-inverting. Since an op amp responds equally to the two inputs, the output depends on
the difference between the inputs, known as differential inputs. A common-mode signal, applied
equally to both inputs, is ignored since there is no difference between inputs. By grounding one of
the inputs, the differential amplifier becomes a ground-referenced amplifier.

With negative feedback applied to an inverting input, the op amp continually adjusts the output to
minimize (or null) the differential input voltage. Because the gain of the op amp is so high, the
nulled input voltage is always small, regardless of the output voltage. For example, if the gain is
100,000 and the output is at 10 V, the differential input is only 100 uV, a negligible voltage. Thus, it
can be said that the op amp with negative feedback is continually adjusting the outputs to keep the
inputs at the same voltage.

MAJOR DC PARAMETERS

There are seven important parameters that are tested and guaranteed on all modern IC op
amps. In the following discussions, input voltage refers to the differential voltage at zero
common-mode voltage.

Input Offset Voltage Vos

Ideally, the output voltage should be zero when the input voltage is zero, but practically, there
will always be small mismatches in the amplifier components. Input offset voltage is the input
voltage required to zero the output, typically a millivolt or two. Vos, usually caused by mis-
matches in the base-emitter voltages of the amplifier input transistors, is undesirable in a
direct-coupled circuit because the circuit will usually amplify it, causing a large dc error,
which is temperature-dependent.

To avoid the effects of input currents, Vos should ideally be measured at zero source imped-
ance (resistance from each input to ground). For testing purposes, some low impedance,
usually 50 ohmes, is used.

Input Bias Current I

Although op amp inputs ideally draw no current, practically, some bias current must flow into
each input. For op amps with bipolar transistors at the input, Ig is the base current of the input
transistor, typically 100 nA. Where source impedance is low, Ig has no effect; but in high-
impedance circuits, a voltage (Ig x source resistance) will appear at the amplifier input. This
error is similar to Vos and is also temperature-dependent.
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Because of the design of differential stages, the two Igs of an op amp vary with the input
voltage, but their sum remains constant. The parameter usually tested is the total input bias
current Ig(Total) = ( IB(inverting) + IB(non-inverting) ). The average input bias current specified on
data sheets is just Ig(Total)/2. :

Occasionally, it is necessary to measure the two input currents separately. To make IB(Total)
divide evenly between the two inputs and not in a random way, dependent on Vos, the stand-
ard convention is to null the op amp in a feedback loop.

Input Offset Current los

Because an op amp has differential inputs, many of the effects of the two input currents can
be eliminated if both currents are equal, since equal effects at both inputs would cancel. Prac-
tically, the two input currents cannot be made exactly equal, so the difference between them is
specified. The input offset current is the difference between the two input currents when the op
amp is nulled. In applications where the inputs are operated from equal source impedance, los
is the parameter of interest.

In op amps with a simple input stage, like the uA709 or uA749, los is dependent on the beta
match of the input transistors. In more complicated devices, like the uA741, los also depends
on matching the current sources that supply the input transistors.

High-Impedance Composite Input Offset Voltage Vos 10 k
The input offsets of an op amp are fully specified by either:

Vos, I8(inv), IB(ninv) or Vos, los, IB(Total)

In either case, common-mode and differential input voltages can be calculated for any source
resistances, equal or unequal. In applications with equal source resistors, Vos dominates at
low impedances and los dominates at high impedances. At some intermediate resistance,
Vos and los effects are about equal and may add or cancel, depending on their signs which
are statistically uncorrelated. If they add, the composite offset will be greater than Vos and
may even be greater than the data sheet limit for Vos. To guard against this possibility, a high-
impedance composite input offset voltage at a specified source resistance, usually 10 k, is
tested and guaranteed. Vos 10 k is not an independent parameter of an op amp; it is a calcu-
lated number, determined by the interaction of the independent parameters Vos and los with
external source resistors.

Voltage Gain

The gain of an op amp, as with any other amplifier, is the ratio of a change in the output volt-
age to a change in the input voltage. Gain can be specified in V/V or in dB. The symbol AvoL is
used to indicate open-loop voltage gain, the gain of the amplifier without feedback.

Common Mode Rejection Ratio CMRR

Ideally, an op amp ignores common-mode signals. Practically, there will always be some
small response. The standard convention for measuring this response is to null the amplifier,
then measure the change in Vos when large common-mode voltages are applied. The
common mode rejection ratio CMRR is the ratio of change in Vos to the change in common-
mode voltage, specified in dB. To avoid a minus sign (-100 dB, -70 dB), CMRR is often speci-
fied “upside-down” as the change in common-mode voltage over the change in Vos. Typical
op amps have 80 to 100 dB CMRR.
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Power Supply Rejection Ratio PSRR

Power supply rejection ratio is a measure of the ability of the op amp to ignore changes in the
power supply voltages. The change in Vos is measured as the supplies are varied. Power
supply rejection ratio PSRR is the ratio of the change in Vos to the total change in power
supply voltage. For example, if the supplies vary from 5 V to+20 V, the total change is
40 - 10 = 30 V. PSRR is usually specified in uV/V or sometimes in dB, in which case the
“upside-down” form is used. Typical op amps have 30 uV/V (90 dB) PSRR.

MINOR DC PARAMETERS USUALLY SPECIFIED

Output Swing

Ideally, the output voltage of an op amp should be able to swing all the way to either supply.
However, real op amps saturate within a volt or two of the supplies, depending on how many
base-emitter junctions and/or saturated transistors are involved. Op amp output stages are
usually complementary-symmetry emitter followers, so output impedance is low, whether the
op amp is sinking or sourcing output current. To ensure that both the npn and pnp are operat-
ing, both positive and negative swing are tested, with an external resistor connected to load
the output.

Output Short-Circuit Current Isc

Most recent op amps have a protective current limit built into the output. If the output is short
circuited or otherwise overloaded, the output current limits at some safe value, typically
25 mA. The current limit circuits for each direction of current (sourcing and sinking) are in-
dependent and must be tested separately, although they are designed to limit at the same value.

Isc is generally tested under worst-case conditions. For example, an input voltage is applied
to cause the output to swing to positive saturation, but the output is then shorted to the nega-
tive supply and held there while Isc is read. This causes maximum power dissipation in the
output transistor.

Supply Current Is or Isyp

The standby current of the amplifier is measured when the output is at zero. In modern op
amps that have no ground terminal, the standby current into the V+ lead is equal to the stand-
by current out of the V-lead and could be measured ateither terminal. In older op amps, such as the
wA702, that do have a ground terminal, the currents must be measured separately.

Power Consumption
Power consumption is determined by multiplying the supply current times the total supply
voltage. This parameter is guaranteed by the Is test.

Offset Adjust Vos(adj)

Some op amps have a pair of offset adjust terminals. Zero offset voltage can be obtained by
adjusting a potentiometer connected between these terminals. Test each Vos(adj) terminal by
measuring Vos while the terminal is shorted to V-. This indicates the maximum effect of the
terminal on Vos.

DC STRESS TESTS

Data sheets always include “absolute maximum” limits on common-mode input voltage, differen-
tial input voltage, and supply voltage. To guarantee these ranges, any of several tests can be per-
formed. Sometimes a measurement is taken during the test if there is some measurable indication
of a failure. Other times, certain voltages are simply applied and removed before the main test
sequence.




Common-Mode Stress

This is not usually tested. The inputs are moved over a large common-mode voltage range during
CMRR; since the absolute maximum range is only slightly larger, a separate test is usually
unnecessary.

Differential Stress (Input Leakage - IL)

In this test, the inputs are subjected to absolute maximum differential input voltage. All of IB(Total)
will flow in the more positive input and the more negative input should see nothing but leakage.
Breakdown occurs if the input stage is defective. Input leakage is often measured during the test.

Supply Stress
Supply current is measured under absolute maximum supply voltages.

Internal MOS Capacitor Test - Cap Stress

Many modern op amps include a small MOS capacitor on the chip to set the amplifier frequency
response. The silicon dioxide dielectric of the cap is made only thick enough to withstand the abso-
lute maximum total supply voltage. To test the dielectric, maximum supplies are applied and the
circuit is swung to whichever state puts the full voltage across the cap. The output is often
measured. Typically, if the dielectric ruptures, the amplifier will latch up in an improper state; the
output will go negative when it should be positive.

AC PARAMETERS »
Since ac parameters are not usually tested in production, only typical values are shown on the data
sheet. However, three common ac parameters should be recognized.

Risetime and Overshoot

The small-signal step response is a simple test that indicates both the bandwidth and stability of an
amplifier under specified conditions. The risetime is related to the bandwidth, and the overshootis
a measure of stability.

Slew Rate

Slew rate is a large-signal phenomenon resulting from the capacitor connected to adjust the small-
signal frequency response. So that the capacitors can be small, they are usually connected to high-
impedance nodes in the circuit, that receive dc bias from current sources. If the amplifier is to
reproduce a large signal, such as a 10 V step, the circuit no longer behaves according to its small-
signal model. The current source at the compensation node cannot pump enough currentinto the
cap to move the output far enough, fast enough. If current | is provided to the cap C, the output will
slew toward the final value at a slew rate dV/dt = 1/C. Slew rate limiting (or rate limiting) occurs
with all large, fast signals when current to the capacitor is insufficient.

THE BASIC OP AMP TEST LOOP

All op amps are basically alike, high-gain differential amplifiers. The reason there are so many dif-
ferent op amps is that no one circuit design can possibly optimize all the dc and ac parameters. Op
amps are designed to optimize a parameter (high gain, low power consumption, etc.) for particular
applications. Fortunately for test engineers, however, the similarities of all op amps are so great
that a single test circuit can be used to perform all standard dc tests. This circuit, shown in Figure
8-1, is the basic op amp test loop.
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Fig. 8-1 Basic Op Amp Test Loop

Performing all tests requires five power supplies: the V+ and V- supplies for the device under test
(DUT), a control voltage V¢ applied at the loop control terminal, and supplies to run the nulling
amplifier, usually =15 V or 220 V.

Operation of the test loop, with all relays closed, is as follows:

e The inverting input of the nulling amplifier is the control terminal of the loop. The DUT outputis
connected to the non-inverting input of the null amplifier.
The null amplifier output controls the DUT input through the feedback divider.
There is one inversion in the loop, provided by the DUT. Therefore, the null amplifier operates
with negative feedback.

e With negative feedback, the null amplifier continually adjusts its output to keep its input
voltages equal.

e Therefore, the null amplifier adjusts the loop output so that the DUT output follows the control
terminal.

The input node voltage, VN in Figure 8-1, is always 1/1000th of the loop output voltage (actually itis
1/1001th, but itis common to neglect the 0.1% error). Thinking in reverse, the circuit has a closed-
loop gain of 1000 and any voltage VN appears 1000 times larger at the loop output. Since the input
voltages to the nulled op amp are always very small, the gain simplifies measurements.

Equations for VN

Figure 8-2 shows the DUT portion of the test loop, leaving out the 50 (A resistors since their effectis
negligible in this analysis. Vosis represented as a small voltage source moved outside the op amp.
Current flows into both inputs of the op amp. With VN adjusted by feedback to produce a DUT out-
put of zero, and with Vos accounted for externally, no voltage exists between the op amp inputs;
zero in means zero out. VN equations can now be written for the various settings of K2 and K83.
K2 closed, K3 closed: VN1 = Vos

The input bias currents have no effect because there is no source resistance.

K2 closed, K3 open: VN2 = Vos - IB(ninv) X 10 k

With only K3 open, VN is a composite voltage involving Vos and IB(ninv). To test IB(ninv), measure
VN2, then subtract it from VN1 (equal to Vos).
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Fig. 8-2 Simplified Input Circuit For Calculating VN

K2 open, K3 closed: VN3 = Vos + IB(inv) X 10 Kk
To measure Ig(inv), subtract Vos from Vna.

K2 open, K3 open: VN4 = -IB(ninv) (10 k) + Vos + IB(inv) (10 k)
= Vos + (IB(inv) - 1B(ninv)) (10 k)

Vos + los (10 k)

= Vos 10k

Il

Va4 is the high-impedance composite input offset voltage. To measure los, subtractVos from Vna.

Each relay setting combination provides an easy way to measure some important parameter of the
op amp. For a measurement of Itotal), measure VN3 and subtract it from V2.
AVN=Vos+ IB(inv) (10 k) + IB(ninv) (10 k) - Vos
= (IB(inv) + 1B(ninv))(10 k)
= IB(total) (10 k)

Testing Using the Op Amp Test Loop
For the following tests of op amp parameters, refer to the test loop schematic, Figure 8-1, whenever
necessary. All relays are normally closed.

Input Offset Voltage Vos

Set the loop control voltage V¢ to zero. The nulling amplifierimmediately adjusts the loop outputto
zero the DUT output. By definition, the input node voltage VN equals Vos; therefore, the loop out-
put is 1000 Vos. For example, if the loop output reads 1.0 V, Vos is 1.0 mV.

Input Currents (Separately)

Measure Vos. Then open K2 and K3 alternately and compute the changes in VN as previously de-
scribed. Because 1000 VN is always read at the loop output, a voltage change AVN=1000X IgX10k
will be measured. Thus, if Ig is 100 nA, the measured change will be 1.0 V.

Total Input Bias Current Ig(total)

This was explained in the previous section. Measure VN2; then measure VN3 and subtract. The
measured change at the loop output is 1000 X Ig(total) X 10 k. An alternate method to test Igtotal) is
to open K1 and K4, tie pins 1 and 2 together, and use a current meter to read Ig(total). The industry
trend is for dynamic testing, however, since there is some small inaccuracy associated with the
latter method.
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High-Impedance Composite Input Offset Voltage Vos 10 k
Measure VN4 as previously described.

Input Offset Current los
Measure Vos. Then measure Vos 10 k and subtract. AV = (1000) (los) (10 k).

Gain

In testing low-gain ac amplifiers, such as audio amplifiers, the normal procedure is to apply a
small, known input and measure the large ac output. When testing high-gain dc amplifiers, such
as op amps, the reverse procedure is used. The test loop is used to vary the output over a large,
known range, and the dc change at the input is measured.

A normal test for a DUT using =15 V supplies is to measure the average dc gain over the output
range -10 V to +10 V. Since gain is always specified with a load resistor, pin 6 should be grounded.
SetVc = -10V;thenullamplifier brings the DUT outputto-10V. Measure VN. Then setVcto+10V;
the null amplifier brings the DUT output to +10 V. Measure the change in VN. For example, if the
gain is 100,000 and the total output change is 20 V (-10V to +10 V), the loop output change should
be (1000) (20/100,000) = 200 mV.

Note that the DUT is tested at the inverting input; therefore, if the output goesfrom-10Vto+10V (a
positive change), a small negative change should be seen at the input.

As mentioned previously, gain is always tested with an external load resistor, often 2k (). Since the
op amp output stage must provide current to this resistor, the output stage must dissipate power. If
the opampisan|C,athermal signal will then travel across the chip to the input stage, where it mixes
with the true, circuit-related input signal. Depending on the relative sizes of the circuitand thermal
components, this may cause peculiar readings to occur during a gain test. If the thermal compon-
ent partially cancels the circuit component, the change in Vn will be smaller than normal, indicating
a larger gain. If the two components cancel, no change in VN will be read, indicating an effective
gain of infinity. If the thermal component is larger than the circuit component, a wrong-polarity
change in VN will occur, indicating a “negative gain.”

There is no general agreement in industry about the significance or seriousness of “negative gain.”
Devices that show negative gain in a test circuit usually behave normally in customer applications.
Nevertheless, a device exhibiting a large negative gain may be questionable. Fairchild’s policy isto
allow a wrong-polarity reading of 20-100% of the right-polarity limit.1

To check the linearity of the op amp transfer function, gain is sometimes tested over two different
parts of the output range. That is, instead of performing a single test as the output swings from
-10 V to +10V, gainis tested as the output swings from 0Vto+10V,and then from0Vto-10V. Such
testing will identify units that have very high gain over part of the output range and very low gain
over the other part of the range.

Common Mode Rejection Ratio CMRR

The definition of CMRR might imply that testing involves holding V¢ at zero and opening K1, tying
pins 1 and 2 together to a voltage Vcwm, then varying Vcm and reading the change in VN at the loop
output. However, this method does not provide accurate results. Because of the 50 (1/50 k () feed-
back divider, only 99.9% of Vcm appears at the inverting input of the DUT. Since thereis nodivider
at the non-inverting input, 100% of Vcmappears there, causing a 0.1% differential signal injected by
the unbalanced test circuit. This error, only 60 dB below Vcwm, is disastrous, for devices typically
have 80 to 100 dB CMRR.

1For a more complete discussion of thermal effects, see Solomon, J. E. “The Monolithic Op Amp: A Tutorial
Study,” |EEE Journal of Solid State Circuits, Vol. SC-9, No. 6 (Dec, 1974).
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The obvious solution is to add another 50k () resistor from the non-inverting input to ground, which
should attenuate Vcm equally at both inputs to eliminate the differential error signal. The problem
now becomes one of accurately matching the dividers. Advanced analysis of the four resistorsasa
bridge circuit indicates that, with careful matching, quite high CMRRs can be measured.

An easier solution eliminates the need for precisely matched pairs of precision resistors. Instead of
holding V+, V- and V¢ constant and moving pins 1 and 2, perform the inverse procedure. For
example, to apply aVecmof +10V, leave K1 closed and change V+from +15V to +5V. Then change
V- from -15V to -25 V and change V¢ from 0 Vto -10 V. From the point of view of the DUT, this is
equivalent to the original method. The total supply voltage is still 30 V, the DUT outputis still held at
the midpoint between the supplies, and both inputs are 10 V above that midpoint, which makes
Vcm = +10 V. However, from the point of view of the bridge, no Vcm has been applied, pins 1 and 2
are at ground as always, and VN is the routine differential input voltage of the DUT.

This method permits accurate measurement of any CMRR without matched resistors. There is no
need for a 50 k ) resistor at the non-inverting input, since it would only shunt the 50 Q2 resistor on all
tests.

In summary, to measure CMRR, raise V+, V-and V¢ to Vcm volts above nominal, and measure VN.
Then lower V+, V- and V¢ to Vom volts below nominal and measure the change in VN,

Sometimes CMRR is tested with 10 k ) source impedances (K2 and K3 open). In this case, any
changes in los contribute to the total change in VN, A test with 10 k sources is not necessarily a
more rigid test than with 50 ); the change in VN may be larger or smaller, depending on how the Vos
ahd los components interact.

Power Supply Rejection Ratio PSRR

The PSRR test is very direct and simple, with none of the problems that occur with CMRR testing.
Hold V¢ at zero, set both supplies to minimum values, and measure VN. Then set both supplies to
maximum values and measure the change in VN. PSRR may also be tested with 10 k() source
impedance.

Output Voltage Swings
Measure at pin 5, saturating the DUT output by applying a large differential input voltage.

There are three possible ways to saturate the DUT. The most direct way is to open K1 and K4 and
apply the voltage directly across pins 1and 2. Anotherway is to open K4 only and apply a voltage at
pin 9. This voltage is divided 1000:1, so 20 V at pin 9 will apply 20 mV to the DUT input, sufficient
drive for almost any op amp. The third way is similar to the second except that all relays are closed
and the null amplifier applies the 20 Vto pin 9. Set V¢ to 15 V; the null amplifier willimmediately try
to bring the DUT output to 15 V, but the DUT cannot swing all the way to V+. The null ampilifier
output eventually saturates around 18 V and the DUT output also saturates as desired.

Since output swings are always specified with a load resistor, pin 6 should be grounded.

Output Short-Circuit Current Isc

This test involves the same procedure as in measuring voltage swing, except that instead of using
load resistor on pin 6, connect a current meter from pin 5 to ground or to the worst-case opposite
supply. When the DUT attempts to swing in response to the input, the current meter shorts the out-
put and measures Isc.

8-10



Supply Current Is :

Specifications usually indicate the DUT output should be zero, so set V¢ to 0 and measure the
current into pin 3. The state of the output has little effect on the Is reading of recent op amps, biased
internally by current sources. However, in earlier devices like the uA709, Is is heavily dependenton
the output state, even with nothing connected to the output.

Offset Adjust Vos(adj)

The DUT of Figure 8-1 has no offset adjust pins. Devices with offset adjust pins have relays to
connect them alternately, usually to V-. V¢ should be set to zero and a measurement taken at the
loop output. At the least, the measurement should guarantee that the adjust range is sufficient to
eliminate the Vos of the particular device being tested. A more rigid test might require enough
range to eliminate the worst possible Vos, even though the DUT has a lower Vos.

Common-Mode Stress
Open K1 and K4. Apply Vcwm directly to pins 1 and 2.

Differential Stress (IL)
Open K1 and K4. Apply voltage directly across pins 1 and 2. Measure leakage at more-negative
input.

Supply Stress
Perform supply current test at specified supplies.

Cap Stress
Test like output voltage swings, using specified supplies and swinging output to specified state.

Common Variations of the Basic Test Loop
The test loop is never used in the exact simplified form shown in Figure 8-1. Each op amp has
quirks that require some variations on the basic theme. The following are some common variations.

AC Compensation Capacitors

While ac stabilization of the test loop is a complex topic, in general, each type of op amp hasits own
frequency response which may or may not be externally adjustable. When preparing a test loop for
a particular device, it is necessary to use the frequency-response curves of the DUT and the null
amplifier to determine which stabilization scheme to use and to predict which capacitors will be
required.

Loop Output Noise Filter

A small RC noise filter with time constant around 1 ms is usually attached tothe loop outputand all
measurements taken through this filter. The waveforms at the filtered output often prove to be
much cleaner than the unfiltered version.

Source Resistors
Most general-purpose op amps are tested with 10 k() source resistors. However, op amps with very
low input currents may use 50 k, 100 k, 1 M, or even 10 M resistors for improved resolution.

Test Loop Gain

The most common form of the test loop, with 50 k()/50 Q resistor combination, gives a gain of 1000.
For certain tests, usually Vos (adj), the 50 k) is splitinto a 45 k() and a 5 kQ resistor, and the 45 k()
resistor can be shorted with a relay to reduce the gain to 100. For devices with very low Vos, a feed-
back resistor of 500 k() can be used to give a gain of 10,000.
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MOSFETs in Place of K2 and K3

Some premium devices, such as the uA108, uA156, and uA725, have extremely low Igias and/or
Vos. When testing these units, if reed relays are used for K2 and K3, difficulty may arise with the
low-level properties of the reeds. Typical problems include thermally-generated EMFs, leakage
current, and flexing of the reeds after closing. MOSFETS are usually a good substitute when reeds
prove unsatisfactory. The high contact resistance of FETs (100 Q) is not detrimental if the current
passing through them is small, i.e. 1 nA. Benefits include clean switching, no thermal offsets, no
leakage, no bounce, no microphonics, and no mechanical wear.

CONCLUSION

Because it works so well on the bench or in conjunction with high-speed automatic testers, the
basic op amp test loop circuit is used universally by manufacturers and others who must test opera-
tional amplifiers. The test loop is so accurate and easy to use that it benefits even those who test
only a few units on the bench.
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OP AMP PARAMETERS AND APPLICATIONS

The selection of an operational amplifier for a given application requires a good understanding of
op amp specifications and parameters, and their significance in applications.

INPUT BIAS AND INPUT OFFSET CURRENT

Input bias current affects almost all applications of operational amplifiers, especially in high
impedance circuits. Although op amp inputs ideally draw no current, for op amps to operate
properly, it is necessary forsome dc current (typically from pAto uA) to flow into each input (Figure
8-3). The input stage of the op amp is ordinarily a differential amplifier with a dc current source that
sinks current from the emitters (Figure 8-4). The op amp inputs are the base currents for the differ-
ential amplifier transistors. Because of the differential stage design, the two base currents vary with
the input voltage, but the sum remains constant. The parameter usually tested is the total input
current , Ig (Total) = Ig1 + IB2. The input bias current Igias specified on the data sheets, is the
average of the two input currents (Figure 8-3), and is primarily a function of the large signal current
gain hte of the input stage.

Since, in reality, the two input currents cannot be made exactly equal, input offset current los
specifies the difference between these two currents (Figure 8-3). los is usually caused by mismatch
of the differential amplifier, which results in different input currents for the two bases. In an op amp
with a simple input stage, los is dependent on the beta match of the input transistors. In more
complicated cases, los also depends on matching the current sources of the input transistors.

Effects of Input Bias Current on Applications

The output offset voltage (Vo) due to bias current is the same for both inverting and non-inverting
amplifiers (Figure 8-5). Equation 1 shows the formula for Vo as a function of bias current (also see
Figure 8-6). R2
Vo=IB1R2—I32R3(1+H) (1

For inverting and non-inverting operation, R3 is selected to minimize output offset without affect-
ing gain.
When R3 equals R2 in parallel with R1,

R3 = R1 R2
R1+R2

Substituting for R3 for Equation 1
Vo = (lg1 - Ig2) (R2)

Vo = los R2
When R3 =0

Vo = Isias R2
Igg —> | il + ] 182l S
—_— BIAS = — 2 . _'>|_
r.+ los = | Ig1 - I2 | + 0=

D
Fig. 8-3 Input Bias Current Fig. 8-4 Differential Amplifier




INVERTING NON-INVERTING R1 R2
R2 R2 ( AN
IB1
R1 R1 v >
Vin O—AMA—— v b
181 — |_B-1> ? 0omv —O Vo
. R3 182 R3 +
vin O—W\—1 R1 A
[y - Ig2 R3
a3 B2 B2 > B2 Vo =Rz {IB1-—; -1g2R3
im R3
Fig. 8-5 Amplifier Configurations Fig. 8-6 Output Offset Voltage

R2

~ SAMPLE AND
| vy HOLD CONTROL

—O vout
ELECTRONIC

vin O0— + vin SWITCH
HOLDING
R3 ICAPACITOR
Fig. 8-7 AC Amplifier Fig. 8-8 Sample and Hold

NOTES:

For the inverting configuration, it is usually simple to make R3 equal to R1 in parallel with R2,
which reduces the output offset voltage to only los R2. However, if the application does not
require very low output offset voltage, or if the input bias current Igjas is very low, make R3=0
and the output offset is simply Igias R2. Therefore, it is wise first to calculate the output offset
voltage produced by the op amp assuming R3 =0, (Igias R2). If this offset is low enough for the
application, the use of one resistor is saved. If the offset is too high, add R3 to the circuit and then
calculate offset (los R2) to see if it meets the specification.

In the non-inverting configuration, R3 is part of the signal source impedance, and, in some
cases, that source impedance is not well known, which complicates the minimizing of the output
offset. If the source impedance is known to be very low, then a known series resistor can be
added to make R3 = R1/R2. The limiting factor for increasing the value of this resistor is the
op amp input impedance. If a high value of resistor is used, say 1 M(), and the amplifier
input impedance is around 9 MQ in the frequency range of interest, the result is a 10% drop in
signal gain.

Never forget the need for a dc current path to the op amp inputs. If the op ampis usedinanac
amplifier as shown in Figure 8-7, notice that R3 is required to provide a dc current path to the
non-inverting input. Without R3, the circuit just does not work! R3 is also necessary if the source
cannot supply the bias current.

A fixed offset is not usually much of a problem and extra input circuitry may be added to cancel
it. It is usually the drift of the offset with temperature, time, etc., which causes problems. There-
fore, once an op amp with acceptable output offset voltage isfound, itis necessary to investigate
the offset change as a function of temperature, supply voltage, time, etc., and assure that it will
not cause problems in a particular application. Most data sheets give input bias current and off-
set current as functions of temperature, supply voltage, and time, and also provide temperature
dependence curves.
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Other Applications

Input bias current comes into effect in circuits where op amps act as buffers or amplifiers with a
charged capacitor as asource. Because of input bias current, the charge across the capacitor starts
draining even if the op amp input impedance is very high. Two examples are shown in Figures 8-8
and 8-9.

The sample and hold circuit shown in Figure 8-8 consists of a voltage Vin which charges a holding
capacitor C. When the electronic switch opens, the capacitor is expected to hold the voltage Vinand
the op amp simply acts as a buffer. The output of the op amp, therefore, should hold the value of Vin
at the level it was when the switch opened for as long as the switch remains open. Because of bias
current and other leakage, however, the held voltage gradually changes. This voltage changes at
the following rate:

AV =1 (2)

At C

where | is input bias current plus the capacitor leakage.

Equation 2 determines how long a held voltage remains within specified accuracy of its original
value. In this sample and hold application, the effect of input bias current shows in the holding
time. For example, if the capacitor C =1 uF, and the maximum permissible change of voltage AV is
10 mV, using a uA741C (IBias =0.5 uA) and neglecting other leakages, the holding time is expressed
as follows:

CAV _ 1X106X 10X 103
| 0.5X 106

At = = 20 ms

With a uAF771A (Isias = 100 pA), a better holding time results.
cav 106 X 10 X 1073

At = = =100 s
| 100 X 10-12

Low input bias current is not the only criterion for sample and hold buffers; offset voltage drift is
another important parameter.

Equation 2 also applies in circuits where the voltage held is across a capacitor in a feedback loop
(Figure 8-9).

Another application where input bias current plays a role is in current-to-voltage conversion
(Figure 8-10).




INPUT OFFSET VOLTAGE

ldeally, when the input voltage of an op amp is zero, the output voltage should be zero. However,
even with no signal applied across the inputs of the op amp, a dc voltage difference exists between
the inputs, which is amplified, causing the output to be at a non-zero value. Input offset voltage Vos
is the input voltage required to zero the output. This applied voltage is the same magnitude as the
original offset from zero, but of the opposite polarity.

Essentially every mismatch between the signal flow of the inverting inputs and the non-inverting
input contributes to input offset voltage. The major contributor, however, is the Vgg mismatch of
the differential input stage. Vos is generally in the 1to 10 mV range for non-FET input op amps. Vos
is undesirable in a direct-coupled circuit, because it is usually amplified by the circuit, causing a
large dc error which is also temperature-dependent.

Effects of Offset Voltage on Applications
For inverting and non-inverting amplifier applications (Figure 8-5), the output voltage has a dc out-
put level due to Vos. Output offset voltage is given by

R2
Vo = Vo (1 +—) (3)
s R1

and derived from the following (see Figure 8-11):
Input bias current =0

Vos

> 2=11 (lBlAs
Vo = 12 R2+ 11 R1
Vo = 11 (R2 + R1)

Vos Rz)
Vo = — (R2+R1)=V 1+—
0 R ( ) os( R1

The output offset voltage given by Equation 3 is caused only by the input offset voltage Vos. The
output offset voltage caused by the input bias and offset current was described previously
(Equation 1). The total output offset voltage is thus given by the sum of the two offsets.

Total dc output offset,

R2 R2
Vo=(1+—)Vos+Is1R2-Ig2 R3{1+ — 4
0 ( R1) os t+Is1 B2 ( R1) (4)

R1 R2

For R3 = ———
R1 + R2

Vo=Vos (1 +-B£) +los R2
R1
where lps is the input offset current.

For R3=0

Vo=Vos (1 +-§?—) + IBias R2
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Here are some examples that will give an idea of the range of values discussed.

For a gain of 10 in an inverting configuration,
R2 =100 kQ, R1 =10 k), R3 =9 k()

Using pA741C,

VoS (max) = 6 mV

|OS(max) =200 nA

Output Offset = 86 mV max

Using uA714E,
Vos(max) = .075uV
los(max) = 3.8 nA
Output Offset = .38 mV

Using uAF771A,
VOS(max) =2.0mV
los(max) = 50 pA
Output Offset = 22 mV

The most objectionable factor of the input offset voltage and current is that they vary with temper-
ature. Most op amp data sheets give input offset voltage values and temperature dependence
curves.

Offset Voltage Nulling

In some op amps, offset voltage may be nulled with only an external potentiometer to two device
leads (Figure 8-12). Usually what is happening internally is that one side of the input stage differen-
tial amplifier gets more or less current than the other side and thus causes a Vge difference to null
the initial Ve mismatch.

Other Applications

If Vos is considered as a small dc voltage source connected to an ideal op amp (Figure 8-13), its
effect can be analyzed in almost every application. From Figure 8-13 it is apparent that, in compar-
ator applications, the output does not change state until the inverting inputis at least a Vos different
from the non-inverting input. That is, if a zero crossing detector is being designed and the non-
inverting input is connected to ground, the output would change state when the input reaches Vos
volts instead of zero volts.

High-Impedance Composite Input Offset Voltage

Common mode and differential input voltages can be calculated for any source resistances, equal
or unequal. In the case of equal source resistors, at low impedances, Vos dominates and at high
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impedances, los dominates. At some intermediate resistance, Vos and los effects are about equal
and may add or cancel, depending on polarities. If they add, the composite offset will be larger than
Vos alone, maybe even larger than the data sheet limit for Vos. To guard against this possibility,
a high-impedance composite input offset voltage is tested and guaranteed at some specified
source resistance, usually 10 k. Thus, itis common practice on data sheets to say that Vosis guar-
anteed for all source resistances < 10 k. Sometimes written Vos 10 k, this is not an independent op
amp parameter, but a calculated number determined by the interaction of the true independent pa-
rameters Vos and los with external source resistors.

OPEN LOOP VOLTAGE GAIN (AS A FUNCTION OF FREQUENCY)

As with any amplifier, the gain of an op amp is defined as the ratio of the change in output voltage to
the change in input voltage causing it. AyoL is used to indicate open-loop voltage gain, the gain of
the amplifier without feedback. See Figure 8-14.

IVour|
AvoL = —— (5)
YN
Effects of Open Loop Voltage Gain on Applications
In a typical inverting application (Figure 8-15),
Vourt R2
—— T e—— 6
VIN R1 i

This is true only if the op amp has infinite or very high open loop gain. However, in practical op
amps, the AyoL decreases with frequency until it becomes even less than one. The question is, to
what frequency does Equation 6 hold true for a particular op amp?

If the derivation from Equation 6

R2
Vout = - — VIN

R1
is assumed, an error arises due to neglecting AvoL given by the equation:
100
Closed loop gain error = ——————— (7)
P9 AvoL R1

R1 + R2
VIN

-0 ___’___. -

@ Vour
+ O——F+
\Y
= Avow----f}"f,\’,T
Figure 8-13 Figure 8-14
R2 R2
———AM—
R1 R1
ViNO— M- - Ew -
= “+—OVour
INVERTING NON-INVERTING
Figure 8-15
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It is important to take Equation 7 into consideration when high accuracy dc operation is required
and when considering frequency response. Forinstance, ifthe opampisa uA741, connectedinthe
inverting configuration (Figure 8-15) with R2/R1=100, AvoL =104 at 100 Hz as determined from the
curve of Figure 8-16. From Equation 7, the error in assuming VouT/Vin = 100 at 100 Hz is given by:

100
14 104%1
101

At 10 kHz, the AvoL of the pA741 is equal to 100, and the 1% error from Equation 7 becomes
substantial.

100
1+ 100
101

= 1%

= 50% !

Note that when the open loop voltage gain is equal to the reciprocal of the feedback ratio
(R2 + R1)/R1, the amplifier gain drops by 6 dB.

Choosing the Right Op Amp AvoL

Use the following simple rule. For a dc closed loop gainy and a decrease in gain of no more than
x per cent at a given maximum signal frequency fmax, an op amp is needed with an AyoL at fmax
given by:

AvoL = 1001 +y) _(y 41 (8)
X

For example, to achieve a dc closed loop gain of 100 with a decrease in gain of only 10% at 10 kHz,
an operational amplifier is required with an AyoL at 10 kHz of at least

100 (1 + 100)
10

- 100 + 1 =911

One possibility is the uA725 which has an AyoL of 1000 at 10 kHz with the proper compensation.

The graphin Figure 8-17 is also helpful in choosing the right op amp and can be used for inverting
or non-inverting configurations. The horizontal axis is the reciprocal of the feedback ratio

106 100
T _
uA741 I / ‘a8
_— 90
105 Vg =16V __ | / -3dB
Ta = 25°C [ / [
z | 80 —F 76 c?B
L 404 z / J-wds_
I} ER /
& S 60 // /
< 108 5] /
g 5 50
o 102 g / //
o A o 40 7/
2 \ 8 / /
g 10 S 30 7
3 z /
o a 20 4
1 s 4
‘\ 10
-1 .
0y 10 100 1K 10K 100K 1M 10M 0O 10 20 30 40 50 60 70 80 90 100
1 RZ+R1 o
FREQUENCY — Hz FEEDBACK RATIO R1
Figure 8-16 Figure 8-17
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(R2+R1)/R1indB. Thevertical axisis the minimum AvoL required to bewithin1,3,6 0r 10 dB of the
dc or ideal closed loop gain, VouT/VIN. For example, if R2=9 kQ and R1=1k(, (R2+R1)/R1=20
dB. At the frequency where the AvoL of the op amp is 28 dB, the closed loop gain will be 3dB down
from its dc value R2/R1. Therefore, to insure that amplifier gain does not fall off by more than 3 dB at
fmax, choose an op amp with AyoL > 28 dB at fmax.

Open loop voltage gain is not the only parameter that affects high frequency operation, however.
Slew rate must also be considered.

SLEW RATE

Slew rate is the maximum rate of change of output voltage with respect to time, usually specified
in volts per microsecond. For example, a 0.5 V/us slew rate means that the output rises or falls
no faster than 0.5 V every microsecond. Slew rate is also sometimes specified indirectly in data
sheets as output voltage swing as a function of frequency or as voltage follower large-signal
pulse response.

Causes of Slew Rate

Slew rate is a large-signal phenomenon caused by current limiting and saturation of an op amp
internal stage. That limited current is the maximum current available to charge the compensation
capacitance network, the capacitor connected to high-impedance nodes in the circuit to adjust
small-signal frequency response. The voltage across the capacitor rises at a rate,

AV (9)

At C
This capacitor charging rate is reflected at the output and causes slew rate limiting. Slew rate limit-
ing therefore occurs with large input signals that saturate the internal stages.

Effect of Slew Rate on Applications

In a simple application using a uA741 as a comparator (Figure 8-18), the output will go to about
-14 V and then to +14 V each time the input signal crosses zero volts. The uA741 has a typical slew
rate of 0.7 V/us, determined under electrical specifications or calculated from the slope of the out-
put curve in Figure 8-19. Therefore, the uA741 output will go to +14 V from -14 V in

28V =40 s
0.7 V/us

If the full 28 V output swing is desired, the input signal must have at least 40 us between zero cross-
ings. That is, the maximum input signal frequency should be 1/(2 X 40 us) or 12.5 kHz assuming
50% duty cycle. Even at that frequency, the output is triangular instead of square wave. For higher
frequencies or a more square wave output, an op amp with a faster slew rate is needed.

As another example of the effect of slew rate, consider the simple amplifier with a gain of two in
Figure 8-20. Again, the uA741 is used. Its open loop voltage gain as a function of frequency curve
(Figure 8-16) indicates that the amplifier circuit will operate with a gain of two up to about 80 kHz.

What is the maximum input signal voltage that may be used up to 80 kHz? If the output is to be an
undistorted sine wave, A sin wt, then the rate of change of the output is

2 A sin wt = Aw CcOS wt (10)

At
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and the maximum rate of change of the output is Aw. The minimum slew rate of the operational
amplifier, therefore, must be equal to Aw. Thus, with w =27(80 X 103) = 503000 and the slew rate of
the uA741 typically 0.7 V/us, the maximum output swing A of the sine wave without distortion is

slew rate _ 0.7 V/us _ 44 Vpk
w 503000

or 2.8 Vpk-pk

The maximum input signal should, therefore, be less than 2.8/2Vpk-pk. The maximum output swing
can also be easily read from the output voltage swing as a function of frequency curve on the data
sheet (Figure 8-21). From this curve, the maximum output swing without distortion can be deter-
mined for different frequencies.

Summary

In applications where square wave outputs (comparators, oscillators, limiters, etc.) are expected, it
is important to remember that the op amp output takes some time to change from one value to
another. That time, which usually limits the maximum frequency of operation, is determined by the
change of output voltage divided by the slew rate.

In applications where the output should be free of distortion, the slew rate determines the maximum
frequency of operation for a desired output swing. The required slew rate can be determined by a
simple formula. For a desired undistorted output voltage swing Vpk at a maximum frequency fmax,
an op amp is needed with a slew rate given by

slew rate > 2m fmax V pk (11)
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Figure 8-22 gives the slew rate required for different output swings at different frequencies. Another
easy way to choose the right op amp is to check the data sheet curves of output voltage swing as a
function of frequency (Figure 8-21). However, these curves are typical and slew rate varies as a
function of supply voltage. Slew rates at different supply voltages are usually shown on the data
sheet.

In some applications such as D/A or A/D converters, slew rate is not the only criterion for fast
response. The settling time is another parameter to consider. High slew rate op amps sometimes
have associated overshoot and ringing which may cause the outputto take longer to reach a steady
state than with slower slew rate op amps.

INPUT IMPEDANCE

The major factors in op amp input impedance are input resistance and input capacitance. Input
resistance, or differential input resistance, usually specified in the data sheets, is the small signal
resistance measured between the inverting and non-inverting inputs of the op amp. Input capaci-
tance is the capacitance seen between the same two inputs (see Figure 8-23).

Effects of Input Impedance on Applications
The input impedance of an amplifier circuit with feedback is not only dependent onthe op amp, but

also on the circuit configuration.
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Non-Inverting Configuration (Figure 8-24)
Input impedance of an amplifier in the non-inverting configuration is expressed as follows:

Z|N=Z+AV—OLRZ-2— or Z|N=Z1+—A-\-/-9RLE- (12)
1+ == 14+—
R1 R1

where AvoL (w) is the openloop gain of the opamp and Z is the op amp input impedance. (See para-
graph on Open Loop Voltage Gain as a Function of Frequency.)

As seen in Equation 12, the amplifier inputimpedance is equal to at least the op amp impedance and
is usually much higher, due to high open loop gain.

For an op amp to operate properly, it is necessary to supply a certain dc current at the inputs. That
currentis given inthe data sheets as input bias currentand ranges in value from pA to uA depending
on the op amp. In the non-inverting configuration of Figure 8-24, if ViN has a series resistance of
1 M and the input bias current of the op amp is 0.5 uA, there is a dc drop across the 1 M() series
resistance of 0.5 yA X1 MQ = 0.5V. Thisisindependent of the signal (V|n) amplitude. If ViNis 1V,
thereis1-0.5=0.5V atthe non-inverting input. However, itis erroneous to assume that the opamp
input impedance is 1 M() just because there is a straight voltage division. The drop is caused by
input bias current and not by input impedance. If an acsignalisridingonthe 1V dcvalue of VN, the
ac amplitude is not halved and only a 0.5 V offset is there constantly due to bias current. The signal
amplitude is affected by the 1 M() series resistance and the op amp input impedance. How-
ever, dc characteristics are usually more important to consider than input impedance.

Inverting Configuration (Figure 8-26)
Input impedance of an amplifier in the inverting configuration is

R2 (Z + R)
ZN=R1+———m—m (13)
AvoL Z
ZIN = R1
10M ——rr 100
pA741
R2
- RIN = w VWA
|

ulJ 1T™M ™ 10 w

N (8]
Q > VIN R1 _
< < Oo— MWV
':Z: <C(> ZIN RIN
fﬁ@ CIN e TCIN
= 100 k 1 ©
> = hs
g 2
= z

R
(INVERTING CONFIGURATION)
10k 0.1 -
100 1k 10k 100 k 1™ =
FREQUENCY — Hz
Figure 8-25 Figure 8-26
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In this configuration, the effect of the op amp input impedance is minimal. The input impedance is
at least R1; at high frequencies, as AvoL decreases, the inputimpedance increases and the value of
R2 (Z + R)/AvoL Z becomes comparable to that of R1.

For all practical applications, however, it is safe to assume that the input impedance is just R1.
Again, remember that a constant dc bias current is required at the inverting input to operate the op
amp. The dc bias current limits the increase in value of R1. The higher the value of R1, the greater
the magnitude of the dc offset voltage occurring at the output.

Another interesting point concerning Equation 13 is that the effect of increased input impedance at
higher frequencies (AvoL decreases m the denominator) is very similar to an inductance effect,
usually referred to as Miller inductance. See Fairchild Application Note 321, “Operational Ampli-
fiers as Inductors,” for more detail. ?
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USE OF OP AMP PARAMETERS IN DESIGN STEPS

The most important operational amplifier parameters have been presented and defined. These
parameters are available on the data sheets for individual op amps and are usefu| in circuit design
as well as determining which op amp to use for a specific application. Data sheet information can
be used to determine circuit stability and, through a few simple steps, op amp selection for invert-
ing and non-inverting configurations.

CIRCUIT STABILITY
Circuit stability can easily be determined by following one simple rule and referring to the phase
response and open loop voltage gain curves on the op amp data sheets.

One consideration in determining circuit stability is the open loop voltage gain AvoL (w) of the
op amp, the ratio of the change in output voltage to the change in input voltage. Open loop voltage
gain versus frequency is readily available from the data sheets (Figure 8-16).

It is next necessary to consider the transfer functions for the inverting and non-inverting configur-
ations shown in Figures 8-27 and 8-28. They can be expressed by the following equations:

Vour _f_ 22 -AvoL (w) (14)
VIN Z2 + 721 + AvoL (w)

1
(1 + 22/21)

Inverting

Non-inverting

Vourt _ AvoL (w) (15)
VIN 14 AvoL (w) )
1+ Zp/24,

From these transfer functions, as well as from feedback theory, the stability of the inverting and
non-inverting configurations can be determined by following this simple rule. The circuits will be
stable if the magnitude of the term

AvoL (w)
z
1+ 22
Z1
22 22
21 21
viN O— 1 —L—C:I—
—O0 Vout 1 —OVour
- ViN
Figure 8-27 Figure 8-28
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is less than unity when its phase angle reaches 180°. Stated another way, the phase angle of the
above term must be less than 180° when its magnitude reaches unity. This rule isillustrated in the
following example.

Amplifier and Voltage Follower Stability
In amplifiers where Z2 and Z1 are resistive, the circuit stability depends mainly on AvoL (w) be-
cause there is no phase shiftin 1+ (Z2/Z1). For example, in the circuit of Figure 8-29, for R2=R1,

1+—z£ =2/L0°
Z1

When AvolL (w) = 2,

AvoL (w) _

From the open loop voltage gain curve (Figure 8-30), itis apparent that Avo L (w) = 2 atabout 500 kHz
with Cc= 30 pF. In Figure 8-31, note that the phase shift of the AyoL (w) iscloseto 180 ° at 5 MHz;
therefore the circuit is potentially unstable or oscillatory. The phase is close to 110 ° at 500 kHz.
Therefore the compensation, C ¢c= 30 pF, would be used instead of C¢c= 3 pF since with Cc= 3 pF,

AvoL (w) (5 MHz)

=1 /180° (unstable)
1+1

and with Cc = 30 pF,

AvoL (w) (500 kHz)
1+1

=1 £110° (stable)

Summary
To determine stability for a resistive feedback circuit, the frequency at which AvoL (w) is equal to
1+ (R2/R1) is found on the open loop voltage gain curve. At that frequency, the ratio

AvoL (w) _ 1
2
1+ —
21
120 T
WA777
Vg =+£15V
o 100} TA = +25°C
> - Rg =50Q
R2 | e
WAV E ) | RL-2k0
© | | Cc=3pF
R1 5 60 . c=3p
VIN O—AA— 2
< (-..
—O Vout E RL=2kQ \
8 S 40 Cc =30 pF "
a ",
1 o)
R1R2 9 20
R1+R2 z
Cc (g_.) o
-20
1 10 100 1k 10k 100k 1M 10M
FREQUENCY — Hz
Figure 8-29 Figure 8-30
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>
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The phase shift at that frequency is then read on the op amp phase response curve. If the phase
shift is less than 180°, the configuration is stable; if it is more than 180°, the configuration is un-
stable. Often the results of these computations are given in the data sheet as frequency response
for various closed loop gains using recommended compensation networks (Figure 8-32).

When Z2/Z1 is non-resistive as in integrators and differentiators, the same rule holds but the
phase response of both AvoL (w) and 1 + (Z2/Z1) must be considered. For more information
on stability rules for integrators and differentiators, see Fairchild Application Note 289, “Applica-
tions of the uA741 Operational Amplifier.”

DESIGN STEPS FOR INVERTING AMPLIFIERS
The first step in op amp selection is to establish circuit specifications necessary for the application.
For the purpose of discussion, the following specs are assumed:

Gain=A=-9

Minimum 3 dB down frequency fc = 10 kHz

Maximum input signal amplitude V1 = 2 Vpk-pk
Maximum dc output offset voltage Vo (max) = =25 mV
Input resistance RiN = 10 k()

DC drift from 0 to 70° A VO (max) <15 mV

Step 1: Circuit Configuration
Using the inverting circuit of Figure 8-33, from Equation 6:

Vour _ -R2 =A=-0: E:g
VIN R1 R1

Step 22 Frequency Response
The first op amp specification to check is the minimum open loop voltage gain, AvoL, needed to
meet the amplifier frequency response requirement. This is easy to do by using the graph in Figure

8-17. Since R2/R1 =9, then (R2 +R1)/R1=10; locate the 10 ratio (20 dB) on the (R2 + R1)/R1 axis.
Go up tothe 3dB line and read, on the vertical axis, the minimum AvoL required, 28 dB. Therefore,
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Figure 8-33 Figure 8-34

to insure that amplifier gain does not fall off by more than 3 dB at fc, the op amp must have an open
loop gain of:

(First Requirement) AyoL = 28 dB at fc (10 kHz)
Step 3: Output Swing

Since the maximum input signalamplitude is 2 Vpk-pk, the maximum output swing will be 18 Vpk-pk.
Therefore, an op amp is needed with a slew rate fast enough to give 18 Vpk—pk up to 10 kHz. By
checking Figure 8-34, it is apparent that an op amp is required with:

(Second Requirement) slew rate = 0.8 V/us
Step 4: Maximum DC Output Offset Voltage Vo

The dc output offset voltage, Vo, for the circuitin Figure 8-33 is given by the following derivations
from Equation 4:

ForR3=0
VO=(1 +2—f—) Vos + lsias R2 (16)
For R3 =(R1 in parallel with RZ) ;
Vo=(1 +B-g)Vos+R2los a7
R1
where
Vos = input offset voltage
IBlAs = input bias current
los = input offset current

Unless the output offset voltage spec is very wide, it is usually more economical to add R3 than
to use avery low input bias current op amp. For the example in this discussion, R3 = (R1in parallel
with R2). From Equation 16 it can be seen that the Vo value will be low when R2 is small; therefore,
the smallest possible value should be chosen for R2.
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For the inverting configuration, the input resistance Rin is at least R1. Therefore, choose R1 so that
R1 = RN = 10kQ
From the above and Step 1, R2/R1 =9 and R1 = 10 k(); therefore when R1is 10 k(), R2 = 90 k(},
and R3 = 9 k(). Equation 16 becomes
Vo =(1+9) Vos + (90 X 103) lpos

Thus, an op amp is needed such that Vos and los give:

(Third Requirement) 10 Vos + (90 X 103) los = VO(max) < 25 mV
To simplify the search for an op amp to meet this requirement, ook first for one that has the follow-
ing specifications:

VO(max)
10

Vos < =25mV

los < JOman _ 520 08
90 X 103

Step 5: Drift

Drift is given by:
(Fourth Requirement) AVo =10 A Vos + (90 X 103) Alos: < AVO(max) (15 mV)

where AVos and Alps are the changes in input offset voltage and input offset current over the 0 to
70 ° temperature range.

DESIGN STEPS FOR NON-INVERTING AMPLIFIERS
The design steps for non-inverting amplifiers are similar to those for inverting amplifiers. For this
example, the following specifications are assumed:

Gain=A =10

Minimum 3 dB down frequency fc = 10 kHz

Maximum input signal amplitude V1 = 2 Vpk-pk

Input resistance RN = 5 MQ minimum

Maximum dc output offset voltage Vo(max) = = 25 mV

DC drift from 0 to 70° AVO(max) < 15 mV

Step 1: Circuit Configuration
For the non-inverting circuit of Figure 8-35, the equation for the gain is

Voutr _ R2+R1 _
VIN R1

Step 2: Frequency Response

As with inverting amplifier design, the firstop amp specification to check is the minimum open loop
voltage gain, AvoL, needed to meet the amplifier frequency response requirement. This is easy to
do from the graph in Figure 8-17. Since (R2 + R1)/R1 = 10, locate the 10 ratio (20 dB) on the
(R2 +R1)/R1 axis. Go up to the 3 dB line and read, on the vertical axis, the minimum AyoL required,
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28 dB. Therefore, to insure that amplifier gain does not fall off by more than 3 dB at f¢, the op amp
must have an open loop gain of:

(First Requirement) AvoL = 28 dB at fc (10 kHz)

Examination of the open loop voltage gain versus frequency curves on various op amp data sheets
will quickly determine which devices will meet this requirement. Figure 8-36 is agood example. An
op amp with a gain bandwidth product of 250,000 (28 dB X 10 kHz) will do the job, assuming the op
amp has just one pole.

Step 3: Output Swing

Since the maximum input signalamplitude is 2 Vpk-pk, the maximum output swing will be 20 Vpk-pk.
Therefore, an op amp is needed with a slew rate fast enough to give 20 Vpk-pk up'to 10 kHz. From
Figure 8-37, it is apparent that an op amp is required with:

(Second Requirement) slew rate = 0.85 V/us
Step 4: Input Resistance

The input impedance for the non-inverting configuration is given by Equation 13:

ZIN=Z[1+ ——AV:Lz
1+ =
R1

8-30



where Z is the op amp input impedance and R3 << Z.

The op amp for this design must satisfy the amplifier input impedance requirement of 5 MQ up to
at least 10 kHz. In step 2, it was determined that the op amp must also have an AyoL of no less than
28 dB (or 25 V/V) at 10 kHz. Therefore, the required op amp must have an imput impedance (Z) at
10 kHz of at least the following:

(Third Requirement) Z > ZIN(min) _5Ma _5Ma
AvoL (10 kHz) 25 3.5
TRy ) e
(=)
R1
Z = 1.4 MQ

From curves,such as Figure 8-25, of input resistance and input capacitance as a function of fre-
quency, it is easy to select an op amp to meet the input impedance requirement.

Step 5: Maximum DC Output Offset Voltage, Vo

The dc output offset voltage, Vo, for the circuit in Figure 8-35 is again given by following Equa-
16 and 17.

For R3=0
Vo=<1+Q> Vos + Ieias R2 (16)
R1
For R3 =(R1 in parallel with R2)
vo=<1+g%>vos+nz|os an
where
Vos = input offset voltage

Isias = input bias current
los = input offset current

Unless the output offset voltage spec is very wide, it is usually more economical to add R3 than to
use a very low input bias current op amp. For the example in this discussion, R3 = R1||R2. From
Equation 16, it can be seen that the Vo value will be low when R2 is small; therefore the smallest
possible value should be chosen for R2.

The minimum limit to this value is dependent on the capability of the op amp to drive R2. Since op
amp parameters usually specify a load resistor of 2 ky or 10 k), R2 should be larger than 10 k.
From steps 1 and 4:

R1 +R2
R1

=10and R3 << Z
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Therefore, choose R1 = 10 kQ); then R2 = 90 k2 and R3 = 9 k) and Equation 18 becomes
Vo = (1 +9) Vos + (100 X 103) los
Thus, an op amp is needed such that Vos and los give:
(Fourth Requirement) 10 Vos + (100 X 103) los < 25 mV < VO(max)

To simplify the search for an op amp to meet this requirement, look first for one that has the
following specifications:

VO(max) 25 mV
< or <
10 10

Vos

Vo(max)
los < Joo X303 ©°F < 250 nA

Step 6: Drift
Drift is given by:
(Fifth Requirement) AVo =11 AVos + (100 X 103) Alos < AVO(max)(15 mV)

where AVos and Alos are the changes in input offset voltage and input offset current over the 0 to
70° temperature range.

FINAL HINTS IN CHOOSING THE RIGHT OP AMP

It is usually best to start by finding the op amps that meet the first and second requirements; this will
eliminate many. Then check the good ones against the remaining requirements starting with the
lowest cost op amp. There are usually other specifications such as supply voltage and current,
supply rejection, load current, common mode rejection, etc., that should be considered. However,
the op amps that meet the above requirements will narrow down the field of choice to only a few,
which -can then be checked further to see if they meet the rest of the specifications.
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ORDER INFORMATION

Three basic units of information are contained in the code.
; uA741 T Cc
Device Type Package Type Temperature Range
DEVICE TYPE
This group of alpha numeric characters defines the data sheet which specifies the device functional and electrical characteristics.

PACKAGE TYPE

One letter represents the basic package style. = Metal Power Package (TO-3 Outline)

= Dual In-line Package (Molded)

Mini DIP (Hermetic, Ceramic)™

= Mini DIP (Molded)

= Power Package (Molded, TO-220 Outline)

*Refer to individual data sheets for details. For special requirements, contact factory.

D = Dual In-line Package (Hermetic, Ceramic)
Flatpak (Hermetic)

Metal Can Package

Metal Power Package (TO-66 Outline)

]

[}

CHX TR
I

F
H
J
Different outlines exist within each package style to accommodate various die sizes and number of leads. Specific dimensions

for each package can be found in the PACKAGE OUTLINES section of this catalog.

TEMPERATURE RANGE

Three basic temperature grades are in common use:

C = Commercial M = Military V = Industrial
0°C to +70/75°C -55°C to +125°C -20°C to +85°C
-55°C to + 85°C -40°C to +85°C

Exact values and conditions are indicated on the individual data sheets.

EXAMPLES
1. HA710FM
This number code indicates a uA710 Voltage Comparator in a flatpak with military temperature rating capability.

2. MAT25EHC
This number code indicates a uA725 Instrumentation Operational Amplifier, electrical option E, in a metal can with a
commercial temperature rating capability.

DEVICE IDENTIFICATION/MARKING

All Fairchild standard catalog linear circuits will be marked as the following example:

uA710DC
F Date Code

UNIQUE 38510 PROCESSING

Additional processing to Fairchild Unique 38510 specifications is indicated by noting the appropriate requirements (QB,
QC) after the standard order code.

Detailed ordering procedures are provided in the OEM price list.

MATRIX VI PROGRAM

Additional screening to the Fairchild Matrix VI program is indicated by the QM or QR suffix to the standard order code.
OLD ORDER CODES

Devices may continue to be purchased against old order codes (Example: U5R7723393; now 723HC). However, all products
will be marked with new order codes unless otherwise specified.
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DICE POLICY

GENERAL INFORMATION

Fairchild linear integrated circuits, constructed using the Fairchild Planar* epitaxial process, are
available in dice form incorporating these features:

Commercial or Military Selection (Military Limits Probed at 25°C)
MIL-STD-883, Method 2010.2, Condition B Visual

Gold Backing

Glass Passivation

Protective Packaging

ELECTRICAL CHARACTERISTICS

Each die electrically tested at 25°C to guarantee commercial dc parameters.

Military grade dice are guardband tested at 25°C dc to guarantee military temperature range
operation.

QUALITY ASSURANCE

All Fairchild linear dice are 100% visually inspected and conform to MIL-STD-883, Method 2010.2,
Condition B. In addition, quality control visually inspects the dice to a given sampling plan.

Each die is gold backed to aid die attach. Most diec are available with glass passivation coating with
only the bonding pads exposed.

SHIPPING PACKAGES

Linear dice are packaged in containers with an anti-static sheet inserted between the lid and the
dice. This sheet guards against electrostatic damage during shipment and storage.

The clear plastic carrier allows visual inspection of all the packaged dice. Each carrier is heat sealed
within a transparent bag. A small piece of dehydrator paper with humidity indicating color is
inserted in each bag prior to sealing.

ORDER INFORMATION

Each linear integrated circuit die has a unique order code which describes the device type, the dice
designation and type of electrical tests performed. The dice designation is denoted by a “C” and
wafer designation is denoted by a “W.” Examples follow:

Dice Wafer
Generic Type Order Code Order Code

uAT41C** pA741CC pAT41WC
uA3045 1A3045CC 1A3045WC
754508 75450BCC 75450BWC
uA101A uA101ACC uA101AWC
uA796C uA796CC pATIBWC

**Some device types imply a military or commercial range by the generic type. Where this does not
occur the suffix should be:
XM Military Grade Die or XC Commercial Grade Die
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SPECIAL CHIP PROCESSING

If there is a need for additional testing or processing, Fairchild will negotiate with the customer to
meet his requirements.

PRODUCT AVAILABLE IN DICE FORM

Please refer to FSC OEM Price List for product available in die form.

*Planar is a patented Fairchild process.

9-5




FAIRCHILD PACKAGE OUTLINES

In Accordance with
JEDEC (TO-39) OUTLINE

.370 (9.40)
.335 (8.51) 350 (8.90)
7315 (8.00) —{} DIA.
DIA. r BF
.040 (1 .02) zsofe 6
'24_140 (6.09) NOTES:
SEATING J Pins are gold-plated kovar
PLANE IJ U Pin 3 connected to case
3 Pms 500 (12 70) 50 mil kovar‘ heafjer
.019 (0.483) Package weight is 1.23 grams
016 (o 406) l
PlN NO. 2 |— .200 (5.08) T.P.
.100 (2.54) T.P.

PINNO. 1

45° T.P.

< 2 .040 (1.02)

.034 (0.864)
0287(0.777) 1029 (0.737)
In Accordance with
JEDEC (TO-220) OUTLINE
.600 (15.24)
575 (14.61) Ec
.120 (3.05) 4_.\ .500 (12.70) MIN.
700 (2.54) .060 (1.52)
> [~ 040 (1.02) NOTES:
[ g W g Package is silicone plastic with boron
.410 .385 ,320 3 nickel-plated copper tab and pins
395 .365 .300 _i 210 (5.33) Mechanically interchangable with TO-66
2 :(B— 90 B3]
ﬂgigiﬂ :g:%“;; —}§1é§§ 1 v 01483) Ctﬁnter pint?s eltec;rical contact with
T e mounting tal
f .105 (2.66
09 (2.41; Package weight is 2.1 grams
.145 (3.68) .250 (6.35) MAX. —L—» %:._«:2)'
131 (358) : :
.265 (6.73)
pia ‘*’l‘ 235 (5.97) GH
190 (21 83) %x—ﬁ=
SEATING 760 (2.06) Y ‘ ¢ X NOTES:
PLANE ' T Package is silicone plastic with nickel-
.055 (1.40) 110 (2 110 (2.79) plated copper tab and pins
020 %08) 090 (2.28) ; A . .
(:508) i—A Center pin is electrical contact with the
T .045 (1.14) mounting tab
.030 (_;g%i .020 (.508) Package weight is 2.1 grams

SECTION X-X

*Mechanically interchangable with TO-66

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

In Accordance with
JEDEC TO-92 OUTLINE

.205 (5.20)__,
"‘175 (4.45)

DIA.
.210 (5.33)
.170 (4.32)
SEATING
U U PLANE
.500 (12 70) 3 PINS
.019 (0.483)
{ .016 (0.406)
DIA.
135 (3.43)
MIN.
.100 (2.54)
T.P.
.050 (1.27)
EMITTER A%
T COLLECTOR
165 (4.19)
125 (3.18) o—o—a—
105 267)\ 1 23
.080 (2.03)
— BASE
105 (2.67)
.080 (2.03)
NOTES:

Pins are tin-plated copper

Package material is transfer molded

thermosetting plastic
ECB configuration

Package weight is 0.25 gram

In Accordance with JEDEC (TO-3)
OUTLINE-4-PIN
1.500 (38.1)
1.480 (37.59)
835 (21.21)
325 (8.13) __ 805 (20.45)
1205 (5.21)
r \L SEATING
[l - PLANE
|,| L .120 (3.05)
[ 200 H__ 048 (1.22)
TTMIN. ‘038 (0.06) °'A"
1.197 (30.40)
1177 (29.90)
PIN NO. 1x 675 (17.14)
655 (16.64)
1225 (5.71)
205 (5.21) PIN NO. 2
2 HOLES
440 (11.18) o hoe)
D 161 (4.09)
.420 (10.67) &
.188 (4.78)
470 (11 94)_/ 2PLACES
DIA. PIN GLASS 25 (13.34) PIN NO. 3
CIRCLE PIN NO. 4 A
COMMON 18°-nle—54°

JEDEC TO-3 OUTLINE*

1205 (5.21) MAX DIA.

| 1

325 (8.13) |« 875 (2%29)
. .135 (3.43)
MAX.

!

.043 (1.09) f

T
Il

L
SEATING PLANE H

y Tl 038(0.965)
.312(7.92) MIN. DIA.
1.197 (30.40)
1177 (29.90)
PINNO. 2 - ‘—6-55——3—675‘(}212
225 (571) [ 7T
"205 (5.20) / < 161 (4.09)
. N N/ 151(384)
| ,« 2 PLACES
.440 411 18) \

—W *K@

2 PLACES

— 525 (13.34) MAX.

GLASS
COMMON — PIN NO. 1
GJ
NOTES:
Pins are gold-plated or solder dipped
alloy 52

Pins 1 and 2 electrically isolated from case

Case is third electrical connection

Aluminum package with copper slug, pins
are soldered in

Package weight is 7.4 grams

Aluminum cap (may be dome-type,
depending prod. line)

*Except pin diamater

GK

NOTES:

Pins are gold-plated or solder dipped alloy
52

All pins electrically isolated from case

Package weight is 7.4 grams

*Except number of pins and pin diameter

All dimensions in inches (bold) and millimeters (parentheses)

.188 (4.78) MAX.
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FAIRCHILD PACKAGE OUTLINES

JEDEC TO-39 OUTLINE*

In Accordance with
JEDEC (TO-91) OUTLINE
10-PIN CERPAK

| .370 (9.398 S
[ 350 (8.890) —r | 10—
e D 019 (483) T == -
DIA. §| 015(381) | I 240 (6 10)
.040 (1.016) || L A _|
029 : Lo )‘ 185 (4.699) i | S— ————— (.050 \
50 (3810) ——s Bl 12T y
SEATING Y X
PLANE 1 | 370 (9.39) | | 470 (0.39)
! 1250 (6.35) | S0
3 PINS [ [ .500 (12.70) MIN. +
019 (483) || | [ [ A" I —}
016 (.406) | | : e
DIA. L U v T L 035 (.889) .260 (6.60)
1100 (2.54) [« >17.200 (5.08) T.P. ,j)qu_g)g%; TYP. | .240 (6.10) .085 (0.216)
T PIN NO. 2 .004 (. .075(0.191)
PIN NO. 1 PINNO. 3 3F
NOTES:
METAL Pins are tin plated 42 alloy
459 T.P. Hermetically sealed alumina package
Cavity size is .130 diamater
034 7 040 (1.016) Package weight is 0.26 grams
.028 1029 (737)
HC
NOTES:
Pins are gold-plated kovar
Pin 3 connected to case
Package weight is 1.23 grams
50 mil kovar header
*Dimensions same as JEDEC TO-39 except
for can height
In Accordance with
JEDEC (TO-86) OUTLINE
14-PIN CERPAK
C 1 l" [ | - ]
e 1 14 —
——— E——L .260 (6.604)
— _ .240 (6.096) 3|
j_|: F—— .os%xp.zm) NOTES:
.019 (0.483) ———4 7 8 — ' Pins are tin-plated 42 alloy
‘015{\({%33” 0 AL ] Hermetically sealed alumina package
| .370(9.398) 1370 (9.398) (F;m 1 or!entétiznomay be either tab or dot
.006 (0.152) -250 (6.350) 1250 (6.350) avity size is .13
.004 (0.102) Package weight is 0.26 gram
I - v
)
.260 (6.604)
.025 (0.635) .240 zs,ose) 1 .065 (1.651)
TYP. .050 (1.270)

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

24-PIN FLATPAK

.475 (12.06)
.425 (10.80)

.255 (6.48)
.245 (6.22)

.oso<1 27)__' L 4“__ .019 (0.48)
7015 (0.38)

.064 (1.62)

005 (0.13) 1045 (1.14)

.004 (0.10)

.380 (965)4 f
.0281071) L 80 9.8

025 (0.64)

3M

NOTES:

Pins are gold-plated kovar

Package material is kovar

Cavity size is .120 x .235 (3.05 x 5.97)
Package weight is 0.8 gram

16-PIN CERPAK

C—J1e 16 == f
— = 050 |
—— [ (0.a27) 1
TYP.
]
—— .409 (1.039)
——] ————) 3710942
.019 (0.048) —
.015 (0.038)
TVP — :]
| — 9

.350 350

2504 .250

(o 889 (o 889)

(0.635) .075 (0.191)
.006 (0.015)
.004 (0.010) TYP. -080 (0.152)
X
.283 (0.719)
‘ .247 (0.627) '02:\}3106')
4L
NOTES:

Pins are alloy 42
Package weight is 0.4 gram
Hermetically sealed beryllia package

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

In Accordance with
JEDEC (T0O-99) OUTLINE

1370 (9.398)
1335 (8.509)
DIA.
1335 (8.509)
F.sos (7.747) >
DIA.
.040 (1.016) f
MAX. 185 (4.699)
| 165 (4.191)
Y vy
SEATING ¥ _
T
PLANE | .500 (12.70)
040 (1.016), MIN.
8 PINS
.019 (0.483) HH |] HH MAX.
1016 (0.406) e
DIA.
!.200 (5.080)
P.
N\
1100 (2.540)
T.P.
INSULATING
STANDOFF —
.034 (0.864) SHAPE MAY VARY
1028 (0.711) 045 (1.143)
1029 (0.737)

JEDEC TO-101 OUTLINE

.370 (9.40)
.335 (8.51) DIA.
.335 (8.51)
.305 (7.75) DIA. | .185 (4.70)
.040 (1.02) .165 (4.19)
MAX.

SEATING Tk
PLANE f 500

.043‘(&02) ﬂﬂ I] H m] (12.70) MIN.
12 PINS — -
1020 (051) \
016 (0.41) (25 T.p
230
(5.84) T.P. GLASS
30° TP Y INSULATING STANDOFF
A - __SHAPE MAY VARY
AN .045 (1.14)
\// N 029 (074)
1034 (0.86)
1028 (0.71)

5B

NOTES:

Pins are gold-plated kovar

Seven pins thru leads No. 4 connected
to case

15 mil kovar header

Package weight is 1.22 grams

58

NOTES:

Pins are solder dipped to seating plane.

Seven pins thru, pin No. 4 connected
to case.

Package weight is 1.22 grams.

5D

NOTES:

Pins are solder dipped to the seating plane.
Twelve pins thru

*Similar to JEDEC TO-101

Package weight is 1.4 grams

5G

NOTES:

Pins are gold-plated kovar.
Twelve pins thru

*Similar to JEDEC TO-101
Package weight is 1.08 grams.

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

In Accordance with
JEDEC (TO-100) OUTLINE

.370 (9.398)
.335 (8.509) [ 335 (8.509)
305 (7.747) I =
040 .185 (4.70)
(1.016) ¥ 165 (4.19)
MAX ] vy

IO 1

.019 (0.482) .040 (1.016) .500 (12.70)
.016 (0.406) lm“[”]””u] MAX. MIN.
DIA. ¥
.230 (5.842)
T.P.

SHAPE MAY VARY

.045 (1.143)
034 (0.864) 029 (0.737)

028 (0.711)

JEDEC TO-3 OUTLINE*

.780 (19.81)

l‘ 760 419.30)"‘

T .100 (2.54)
.375 (9.53) .085 (2.16)
.350 (8.90) ‘ { ] ‘ R
v | O N | SEATING
( ' f PLANE
.280 (7.11) L “ “ ““
.260 (6.60)

*l .030 (0.76) DIA. TYP.
—""10 PINS

1.192 (30.28)___,
1.182 (30.02)
.600 (15.24) | |
.585 (14.86)

.159 (4.04)
1.010 (25.26) .154 (3.91)

.990 (25.15)

.500 (12.70)
DIA. TYP.

DIA. 2 PLACES

WA X 76 (4.47) R MAX.
32.7° 3 2 PLACES

5N

NOTES:

Pins are solder dipped to the seating
plane.

Nine pins thru pin No. 5 is connected
to case.

15 mil kovar header

Package weight is 1.32 grams.

5F

NOTES:

Pins are gold-plated kovar

Nine pins through, pin 5 connected
to case

15 mil kovar header

Package weight is 1.32

5H

NOTES:

Package material is nickel-plated CRS
Pin material is alloy 52

Glass material is corning 9010

Pin, post and base gold-plated
*Except height and number of pins

All dimensions in inches (bold) and millimeters (parentheses)




FAIRCHILD PACKAGE OUTLINES

In Accordance with
JEDEC (TO-100) OUTLINE

.370 (9.398)
.335 (8.509) :335 (8.509)
3‘65%7‘77'.7 )

Y

.040 .185 (4.699)

(1.016) ¥ 165 (4791

MAX. H R

T 7. _seatinG
10 PINS T PLANE
.020 (0.51) .040 (1.016) .500 (12.70)
.016 (0.41) [m[“][lﬂ MAX. MIN.
DIA. ﬁ

.230 (5.842)—
T.P.

N ’ 3 INSULATING STANDOFF —
V3 SHAPE MAY VARY
.045 (1.143)

034 (0.864) 029 (0.737)
02810.711)

51

NOTES:

Pins are solder dipped to the seating plane
Ten pins thru

High RTH package

15 mil kovar header

Package weight is 1.32 grams

5E

NOTES:

Pins are gold-plated kovar
Ten pins thru

15 mil kovar header

Package weight is 1.32 grams

5Q

NOTES:

Pins are solder dipped to the seating plane
Ten pins thru

15 mil kovar header

Package weight is 1.32 grams

5U

NOTES:

Pins are gold-plated kovar
Ten pins through

High RTH package

15 mil kovar header

Package weight is 1.32 grams

In Accordance with
JEDEC (TO-99) OUTLINE

370 (9.40)
335 (851 DA
.335 (8.509)
305 (7.747)
DIA.

f
.040 (1.016) .185 (4.699)
MAX. ] L.‘?J—Tw @197)
SEATING et 1
PLANE 1 1
500 (12.70)

8 PINS .040 (1.02) MIN.

.020 (0.51) MAX.

.016 (0.41) l
DIA.

—.100 (2.54) T.P.
GLASS B
i INSULATING
45°T.P. STANDOFF —
.034 (.864) _ SHAPE MAY VARY
028(711) N
~ .045 (1.143)
029 (737)
5M
NOTES:

Pins are solder dipped to seating plane
Eight pins thru

15 mil kovar header

Package weight is 1.22 grams

5T

NOTES:

Pins are gold-plated kovar.

Eight pins thru

*Dimensions similar to JEDEC TO-100
except for 8 pins spaced 45° apart.

Package weight is 1.22 grams.

All dimensions in inches (bold) and millimeters (parentheses)




FAIRCHILD PACKAGE OUTLINES |

In Accordance with
JEDEC TO-78 OUTLINE

.370 (9.39)
1335 (8.51) 335 85T
305 47‘75)41-———» :

DIA. l

.040 (1.916) T

MAX-L .185 (4.69)

SEATING T 1 y‘fmg) 5Z

PLANE

8 PINS m] U “U 500 tz 70 NOTES:

2020 foioa;_/ AV Pins are gold plated kovar.

: D& 06 UU ” HU L Six pins thru.

’ Pins 2 and 6 are omitted.
t—.200 (5.08) T.P. Package weight is 0.95 gram.
GLASS——\ r.wo (2.54)T.P.

45° T.P.

NN
.034 (0.864) >\LA045 (1.14)

-028(0.711) 029(0.737)

All dimensions in inches (bold) and millimeters (parentheses) |
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PACKAGE OUTLINES

In Accordance with
JEDEC (TO-116)
14-PIN HERMETIC DUAL IN-LINE

|

.026 (.635) R
NOM.

.785 (19.939)
. (19.05)

271 -T—-
: %6;83;

Y4

.086 (1.651) |
K [iB

:310(7.87)
. (7.37)

.015 (.381)
200 (5.08) =
i MIN.
SEATING i
PLANE 3
.165 4191) 011 (2.79
) "669"2'2'5
ozogs )
110 | . (.406) L_:ns (9525)__‘
.090 027
.095 (2.413
(2.794) .940) See iz
{2.286) (588 (1.651)
TYP. STANDOFF
WIDTH
16-PIN HERMETIC DUAL IN-LINE
.785 (19.939)
785 (19.177)
AANANANAANAA
1
6.
16.883) .026 (635) R
(6.223) NOM.
.24
PEVEVAVARPRVAN
.085 (1.651)
1045 (1.143)
.310 (7.874)
l‘,zso (7.366)"
. .016 (.381)
.zo::1 (5,080 Ho1s
. ¥ seaning
Pl .&1’; (.279)
‘ 045 || 009 (227)
1eg¢4|91)-l——-— (. 143)
100 (2.540)" 375 (9 525)
27 L—, (331)
1110 (2.794) | 686 oa
1090 (2286)  STANDOFF .016
TYP (.406)

6A

NOTES:

Pins are intended for insertion in hole rows
on .300” (7.620) centers

They are purposely shipped with “positive”
misalignment to facilitate insertion
Board-drilling dimensions should equal
your practice for .020” (0.508) diameter pin
Pins are alloy 42

Package weight is 2.0 grams

6B

NOTES:

Pins are tin-plated 42 alloy

Pins are intended for insertion in hole rows
on .300” centers (7.62)

They are purposely shipped with “positive”
misalignment to facilitate insertion

Board-drilling dimensions should equal
your practice for .020 inch diameter
pin (0.51)

Hermetically sealed alumina package

Cavity size is .110 x .140 (2.79 x 3.56)
Package weight is 2.0 grams

*The .037-.027 dimension does not apply to
the corner pins

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

24-PIN DUAL IN-LINE

1.290 (32.766)
1.235 (31.369)
TAYAYAYAYAYAYAYAYAYAYAYA
1211109 8 7 6 54 3 2 1
.030 (0.762)
570 (14.478) & 020 (0.508)
515 (13.081)
1314151617181920 2122 2324
Wvirivvrvivvivivi
| L°35“55" 1100 (2.540)
-045 (1.143) "~ .040 (1.016)
1190 (4.826) '°°°,£sz1@
1140 (3.556) 063 (1.544) -
7].025 (0.613)
f— - —L seating
1 pLane 011 (0.279)

.009 (0.229)

Lﬂo (19.050)_
MAX.

.200 (5. 080)4,‘ L,

.037 (0.940)’“‘.020 (0.508)
.027 (0.686) .016 (0.406)

.100 (2.540)
110 (2.794) STANDOFF
.090 (2.286) WIDTH
TYP.

8-PIN DUAL IN-LINE

- -384(9.754)
[*—.376 (9. 550;_’;

.025 R (0.635)
- NOM.

1271 (6.883)
1245 (6.223)
1008 (0.127) |__ _J 1065 (1.651)
s 45 (1.
_|l._020(0508 0% 1143
"016 (0.406) o
/ 150 \
} .060 (1.524)
200 5,08) 1015 (0.381)
011 (0.279)
7009 (0.229)
35(0.889) .320 (8.128)
¥ *’ }"029 0.737) "~ 290 (7.366)
165 (4.191) 110 (2.794) ] 1375 (9.525)
125 (3.175) 090 (2286) '~ Nom. —
210 (5.334)
190 (4.826)
310 (7.874)
=290 (7.366)™

6N

NOTES:

Pins are tin-plated 42 alloy

Package material is alumina

Pins are intended for insertion in hole rows
on .600 (15.24) centers

They are purposely shipped with “positive”
misalignment to facilitate insertion

Cavity size is .230 x .230 (5.84 x 5.84)
Package weight is 6.5 grams

6T

NOTES:

Pins are tin-plated kovar

Pins are intended for insertion in hole rows
on .300" centers

They are purposely shipped with “positive”
misalignment to facilitate insertion
Board-drilling dimensions should equal
your practice for .020 inch diameter pin

Hermetically sealed alumina package

Cavity size is .110 x .140

Package weight is 1.0 grams

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

In Accordance with
14-PIN DUAL IN-LINE
(JEDEC TO-116 OUTLINE)

.785 (19.939) |
755 (19.177)
7 1
291 (7.391) | .025 (.635) R 7A
1265 (6.731) NOMm.
8 1a NOTES:
H.r' v V v v v v Pins are tin-plated 42 alloy
4‘ Pins are intended for insertion in hole rows
.065 (1.651) "
=045 (1.143) on .300” (7.62) centers.
They are purposely shipped with “positive”
misalignment to facilitate insertion.
l-%}% Board-drilling dimensions should equal
your practice for a conventional .020”
219 551\L ’—'ofd(::l:i508)‘ (0.51) diameter pin.
}.,—-,3% 1 l Hermetically sealed alumina package.
N —-—— SEATING Cavity size is .130 x .250 (3.30 x 6.35)
} PLANE | 411 (279 *Similar to JEDEC TO-116 except for
009 (.229) i
165 (419) | | e | Ppai‘;ZS;e w"dt:t. is 2.2 grams
-165 (4.19) | .065 (1.65) ac weight is 2.2 g .
| .375 (9.525)4_‘
.100 (2.54) A-ﬁ‘ ‘ L -— NOM.
.110(2.794)  .037 (.940) .020 (.508)
1090 (2.286) .027 (.686) 7016 (.406)
STANDOFF
WIDTH
16-PIN DUAL IN-LINE
.785(1.994)
.755(1.918) 7|
T 7B
.291(0.739) A__ 025 R (0.064) NOTES:
:265(0.673) Nom. Pins are tin-plated 42 alloy
: Pins are intended for insertion in hole rows
PR AYEYAYAYAYAY ~on .300" (7.62) centers.
_>| 1__-065 (0.165) They are purposely shipped with “positive”
.045 (0.114) ™ L . .
misalignment to facilitate insertion
Board-drilling dimensions should equal
..-310(0.787) your practice for .020 inch diameter
.290(0.737) pin (0.51)
T T Hermetically sealed alumina package
.219 (0.556) : -Oz?w(‘%QBH Cavity size is .130 x .230
170 (0.432) * _ " i i
iy 1 fscanne o oo 557027 054060 menion does
i | f .011 y
- | PLANE .009 ©0023)  package weight is 2.2 grams
A L .045(0.114)
27| T .015(0.038)
165 (0.419)[ . 1.110(0.279) | .037(0-094),’L .375 (0.953 A.I
.100 (0.254) .090 (0.229) .027(0.069) ;3%2 }8;83}; N(()M. )
v STANDOFF

WIDTH

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES ‘

14-PIN DUAL IN-LINE
(METAL CAP)

.765 (19.43) |
7401880,
.470 11 94\
440 (11.18)
.320 (0.81 .
295 (7.49) RADIUS NOTES:
278 (7.06) Pins are gold-plated kovar
i Package material is alumina
— e --—' -—- e Pins are intended for insertion in hole rows
L on .300" centers (7.62)
ossnes 100 (2.54) ; ey
045 (1.14) 040 1.02: They are purposely shipped “positive
.310.17.87) misalignment to facilitate insertion
250 737" Board-drilling dimensions should equal
.095 (2.41) .285 (7.24) our practice for .020 (0.51) inch
7075 (1.90) 27176:88) g P .
—_— 025 (.064) iameter pin
i ‘0‘3‘74 1.14) L L Low temperature seal
4 seating Cavity size is .170 x .215 (4.32 x 5.46)

-012 (0.30) P weight is 1.3 grams.
} PLANE / mﬁ. ackage weight is gra
125;3‘3‘ 0204051) 375 9.52)__,

110 (2.79)  .034 (0.86) 076 047) NOW.

090 (2.29) .030 (0.76)
STANDOFF WIDTH

3-PIN SINGLE SIDE POWER PLASTIC MINIDIP

.398
M0

150 125
(3.81) : :
3.18) { .125 DIA. HOLE 3
' L e 8Y (U-1) |
NOTES:
- 385 F Pins are tin plated copper
(9.78 S
L l 385 Package weight is 0.6 gram
JL (9.78) Package material is plastic
;50 Tab is electrically insulated from pins
(;6 :g) (6.35) — This package is intended to be mounted with ‘
L | i mﬂ;ﬁ”'"e the tab flush with the top of the P.C. board 1’
NO. 1 ,PIN or heat sink. A No. 4 screw may be used to |
secure the package. Thermal compound i
(1.530 ) f is recommended. |
Lj 346 (1'3£;4) All dimensions nominal. !
T T
.030 | =032 (0.81)
(0.76)
.021
(0.63) 1 050 (1.27)—>| I

.026 (0.66) »1 '
.100 (2,54>‘>i |

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

3-PIN SINGLE SIDE POWER PLASTIC MINIDIP

110 (2.79)--——> <—.345 (8 761~—|
s E
j i
375 360 i i
©59) (9.1
1| L,
125 INDICATING

(3.10)
DIA. HOLE ‘« 33

MARK, NO. 1 PIN

0 (8.38)—>

135 015

(3.43)[ (0.38)
1250
l l*(e.ss)*

.385 (25.02)

270

AR
050 (1.27) |
.100 (2.54)

t=—.405 (10.29)

.020

-

(6.86)

| --.026 (0.66)

4-PIN SINGLE SIDE POWER PLASTIC MINIDIP

.250
(6.35)

.530
(13.46)

021
(0.53)

.398
125 (10.11)
(3.18) 125
DIA. HOLE (3:18)
.385 -+
.030 (9.78)
.385
— (9.78)
1.040
(26.42) I
INDICATING
MARK, NO. 1 PIN
\
‘ 411
| (10.44)
Y
.050 (1.27) - |«—.032(0.81)
.100 (2.54)
— .026 (0.66)

8Y (U-2)

NOTES:

Pins are tin plated copper

Package weight is 0.6 grams

Package material is plastic

Center pin is electrical contact with
mounting tab

For detailed package configuration, refer
to FSB-90717

All dimensions nominal

8Z (U-1)

NOTES:

Package is plastic with tin-plated copper
pins

Board-drilling dimensions should equal
.your practice for .033 (0.84) inch
diameter pins

Package weight is 0.6 gram

Tab is electrically insulated from pins

This package is intended to be mounted with
the tab flush with the top of the PC board
or heat sink. A No. 4 screw may be used to
secure the package. Thermal compound

is recommended.

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

4-PIN SINGLE SIDE POWER PLASTIC MINIDIP

8Z (U-2)

NOTES:

Package is plastic with tin-plated pins

Board-drilling dimensions should equal
your practice for .033 (0.84) inch
diameter pin

Package weight is 0.6 gram

Tab is electrically insulated from pins

9A

NOTES:

Pins are tin plated kovar

*Package material varies depending on
the product line

Pins are intended for insertion in hole rows
on .300" (7.62) centers

They are purposely shipped with “positive”
misalignment to facilitate insertion

Board-drilling dimensions should equal

020 (051) Your practice for .020 (0.508) inch

f 010 (0.25) diameter pin

398
125 0117
(3.18) 394 125
DIA. HOLE:~_ [~ (1000 | 3.18)
- = 015
(0.38)
— — s0 400 +
3.81) (10.16)
.400
| —l10.16)
-
250 H
_ 1.180
(6.35) 4 _‘*‘_"C (29.97)
INDICATING
MARK, NO. 1 PIN
530
021 (13.46) i a1
|
(0.53) ! ! (10.44)
.050 (1.27)
100 (2.54)
.026 (0.66)
In Accordance with
14-PIN *PLASTIC DUAL IN-LINE
(JEDEC TO-116 OUTLINE)
025 (0.64)
020 0.57)
770 (19.56) %
740 (18.80)
302 01210.30)
ATRTETRTATa Vo I b
A
t 7 19 IR 635 (0.89) 110 (2.80)
260 :6 60; O —— 080 (2.29)
2401010 | 085 (2.16) 050 (1.27)
| 8 14T 075 (1.90) 040 (1.02)
rJ 080 (2.03)
™ 070 (1.78)
085 (1.65)
045 (1.14)
310 (7.87)
290737
== ==
1200 (5.08) 015 (0.38) || \
MAX. NOM.
SEATING ¢ ¥
PLANE ! -
011(0.28)
1003 (0.23)
450381 F &
700 (2.54)
110 2.80) J«—s] —~ ——“-— 020 051 L—« 375 (9.52)~—(
.090 (2.29) NOM.
VP, STANDOFF 037 (0.94)

WIDTH 027 (0.69)

**Notch or ejector hole varies depending
on the product line
Package weight is 0.9 gram

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

.260 (6.604)
.240 (6.096)

I

[ T ] .015 - . )
.200 (5.080) (0.381) ***The .037-.027 (0.94-0.69) dimension does
_ MAx Nom not apply to the corner pins
ilea““g —— -T **Notch or ejector hole varies depending on
ane 011 the product line
I ".009
150 (3.810) '__ 375 NOM (02
: - 110 037 020 (0.508) . . (0.229)
-100 12-540)L *f 090 027’H‘ 016 (0.406) (9.525)
(2.794) (0.940)
(2.286) (0.686)
STANDOFF
WIDTH

16-PIN PLASTIC* DUAL IN-LINE

.025 (0.635)
.020 (0.508)
760 (19.304) %
.740 (18.796) 300 .012 (0.305) gB
e .008 (0.203)
M AN N AL o NOTES:
8 171 ‘o35 110 2.794) Pins are tin-plated kovar or alloy 42 nickel.
(1.143)p 090 (2.286 Pins are intended for insertion in hole rows
C E (0.889)" (2.286)
I—{ .085 .050 (1.270) on .300” (7.62) centers
9 16 ~0759 040 (1.016) Pins purposely have a “positive”
IR EAY AT ALY ﬁj;gg,; misalignment to facilitate insertion
‘l L AI Board-drilling dimensions should equal
.085 (1.651) .025 (0.635) ; ;
1045 (1.143) = oM. gour ptractl.ce for .020 inch (0.51)
iameter pin
1300 (7.620) .020 (0.508) Package weight is 0.9 gram
~1290 (7.366) 7 "010 (0254} *package material varies depending on the

—L product line

8-PIN PLASTIC DUAL IN-LINE

393 (9.982)
~.363 (9.220)

1256 (6.502) .30 R. NOM. (7.620) T
.236 (5.994) <375 (9525)~> NOTES:
NO Pins are tin or gold-plated kovar
(J g;g g ggg; Package material is plastic
1065 (1.651) l‘* 197 (5.004) . . Pins are intended for insertion in hole rows
.055 (1.397) NOM. ) iy on .300” (7.62) centers
TYP. 4 PLACES ' /\ 10° NoM. Typ. They are purposely shipped with “positive”
) [y b 2 PLACES misalignment to facilitate insertion
190 (4.826) %0 ‘(;33132)?) - 0239) £ Board-drilling dimensions should equal
V- ORw \\ 7° NOM.TYP. your practice for .020 (0.51) inch
| \./ L/ 6 PLACES  diamater pin
vy .011 (0. 279)/| Package weight is 0.6 gram
1150 (3.810) »l‘ =038 (0.991) 1009 (0:229)
.100 (2.540)
£
.110 (2.794) <—l TYP. 4PLAC s
.090 (2.286) -020 (0.508)
TYP. .016 (0.406)

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

4-PIN POWER MINIDIP

9V (T1)

NOTES:

Package is plastic with tin-plated copper
pins

For detailed package configuration refer to
FSD-90669

Package weight is 0.6 gram

T-1 package can be soldered to the PC

.380 (9.65)-——»] board through .0230" x .020 (0.584 x 0.51)
slots. Double or single-sided boards may
|«.250 (6.35)> be used.
“10° MIRSTE
! S
--\.020 (0.51) 4 ;
MIN. 140 (3.56) 300 2 v
_________ v 056 (1.42)
i
5° .150 (3.81)
e 100 (254) < 014
‘ .100'(2.54) ! [* (0o
| ! ! TYP.
230 | .300 ,
(5.84) J ‘ ~ (762 ™ i
<—.018 (0.46) - 680 (17.27) -
4-PIN POWER MINIDIP
! .109
(277
@L DIA.
~LEAD NO. 1 9V (T2)
NOTES:
Package is plastic with tin-plated copper
|~ ‘ﬂ%j pins and wings
.250 (6.35) For detailed package configuration refer
to FSD-90670.
e Package weight is 0.6 gram
T-2 package is intended to be mounted with
the tabs flush with the top of the PC board.
380 Either No. 2-56 screws or No. 2 rivets may
~—— o6 & be used to secure the package. Single or
i o250 [ double-sided PC boards may be used.
| (6.36) i Thermal compound is recommended.
= ! T~ i
° .020 (0.51)! B
10 | 10 ! 030
X -, ‘ (0.76)
V20 MIN. 140 4 l X
: (3.56)
j ¥ v 100 (2.54!
— Y
5° | o A
.150 (3.81) 5 . \
110 (2.54) | , ) ~ ‘ !‘12‘:' 13.18
15 — .300 | 1
(292) 270 ] 762 T T |
. i .660
(5.84) ‘ (16.76) K )
. .018 ... 80
7T (048) (2057 !

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

4-PIN POWER MINIDIP

LEAD NO. 1

9V (T3)

NOTES:

Package is plastic with tin-plated copper
pins and wings

Package weight is 0.6 gram

T-3 package is intended for applications
with an external heat sink. A No. 2
mounting hole is provided for case of
mounting. The tab may be bent to any
convenient angle.

_ 230 | .
(5.84) | DIA.
.250
.375 (6.35i'ﬁ
(9.52) .020
" 10.51)
| /\ 100 $ ' o0 L
; - 140 T
] i i | (3.56) L
i 1 I
T i
l 150 (381) | ?
100 (2.54) | ‘
.020 50
50 (0.51) 1
~ v . MIN. N —|[l~—.014 (0.36)
—" —=—.018 (0.46) ~— 300 (7.62) —=|
e 500 _.__,‘
(12.7)
12-PIN POWER PLASTIC DUAL IN-LINE
"'" - 750 (119.0)
. 250 | 250
‘ l‘ (6.35) | (635"
03s ! ) o 100
"659’"_# {2.54)
?‘ - = 093236
250 (6.35) ,*Vﬁé‘y_
O 1 —
Tl N A 9W (P3)
|
aam T NOTES:
L T — - - Package is plastic with tin plated copper
140 13.56) 020 i ;3;‘;13 N pins anq wings . .
- Ao ‘ i For detailed package configuration refer

= \MIN4

'
.238 (6 041

R

I o
00
(2.54)

- .100
12.54)

106 (2.69)
MIN. - = 020 (0.51)

[ .20

| t5.08)

[S—

+ [ Fad

-———.400 (10.21

t 677117 |

to FSB-90698
Package weight is 0.9 gram

All dimensions in inches (bold) and millimeters (parentheses)
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FAIRCHILD PACKAGE OUTLINES

12-PIN POWER PLASTIC DUAL IN-LINE

750
(19.085)

250 250
(635) (6351~ Feed
‘ /" DA
VAN
/
035

089 T - / 1
P ‘
/! i

/ ;

i

|

/ |
‘ / |
|

° .650 1.000 9w (P4)
4'6232‘ . _ I N (1851 (25.4) ‘

I : ) NOTES: . o
1] T R — X Package is plastic with tin-plated copper

"U' I_I‘I | I pins and wings

: ; ; | For detailed package configuration refer
ooz o B to FSB-90699

‘ \ Package weight is 0.9 gram
S

a4 o 300 .020 (0511
J F = 762 025 ®6N
.088 (2.24) |
| S
J%os;smzzy/ . \ *;7 -
(3.56) f
. ¥ ‘ 238 (604)
I ‘ ' I B MIN.
1106 (2.69) T
MIN. ; |
014 100
16“:?; (0.36) "‘ 200 (254)
100 (2.54) 15.08}
. .400
(10.16)
12-PIN POWER PLASTIC DUAL IN-LINE
.750
119 05) i
U a2s0
(635!
e
093 |
,1236)
" DIA.
¢ ‘
CD/ 250 650
(635! 116511
i
N | {
| Y !
T I |
=17 L e | W, (P5)
h - o NOTES:
Package is plastic with tin-plated copper
L 2% pins and wings ‘
o e For detailed package configuration refer
020 to FSD-90740.
5 N1 Package weight is 0.9 gram
140
) [ 1356)
[
20 4 i -
13.051
WiNy
o -100 (2541 014 i_, 4'7322, -
! _ 038 == g -
120570

All dimensions in inches (bold) and millimeters (parentheses)
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PACKAGE OUTLINES

12-PIN PLASTIC DUAL IN-LINE
anor—n

/T/—.oss (2.36) DIA.

- - - | .250

(6.35)
|
L.II_.II_H—IUI_TLJ 9W(P6)
L.oso (1.27) ) |«—.100 (2.54) TYP. NOTES:
Package is plastic with tin-plated copper
fe————.750 (19.05) ————————»| pins and wings
Package weight is 0.9 gram
310 The heat sinking tabs are electrically con-
:020 (0.51) fa—r - nected to the most negative ial pi
2025 (0.64) (7.87) 9 potential pin
015 T
(0.38)
v
.140 (3.56)
| [ o1a _ @,
| (0.36)
J ‘ 150 ‘ 135 (3.43)
. 125 (3.18)
| e " 25(3.18 le—.300 (7.62) —»|
.020 .100 (2.54)

(10.51)

All dimensions in inches (bold) and millimeters (parentheses)
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Fairchild Sales United States and
Offices Canada
Alabama Maryland Canada

Huntsville Office

Executive Plaza

Suite 107

4717 University Drive, N.W.
Huntsville, Alabama 35805
Tel: 205-837-8960

Arizona

Phoenix Office

4414 N. 19th Avenue 85015

Suite G

Tel: 602-264-4948 TWX: 910-951-1544

California

Los Angeles Office*

Crocker Bank Bidg.

15760 Ventura Bivd. Suite 1027
Encino 91436

Tel: 213-990-9800 TWX: 910-495-1776

Santa Ana Office"

2101 E. 4th Street 92705

Bldg. B, Suite 185

Tel: 714-558-1881 TWX: 910-595-1109

Santa Clara Office”

3333 Bowers Avenue

Suite 299

Santa Clara, 95051

Tel: 408-987-9530 TWX: 910-338-0241

Florida

Ft. Lauderdale Office

Executive Plaza

Suite 300-B

1001 Northwest 62nd Street

Ft. Lauderdale, Florida 33309

Tel: 305-771-0320 TWX: 510-955-4098

Orlando Office*

Crane's Roost Office Park

303 Whooping Loop

Altamonte Springs 32701

Tel: 305-834-7000 TWX: 810-850-0152

Ninols

Chicago Office

60 Gould Center

The East Tower, Suite 710
Rolling Meadows 60008
Tel: 312-640-1000

Indiana

Ft. Wayne Office

2118 Inwood Drive 46815

Suite 111

Tel: 219-483-6453 TWX: 810-332-1507

Indianapolis Office

Room 205

7202 N. Shadeland 46250

Tel: 317-849-5412 TWX: 810-260-1793

Kansas

Kansas City Office
Corporate Woods

10875 Grandview, Suite 2255
Overland Park 66210

Tel: 913-649-3974

*Field Application Engineer

Columbia Otfice®

1000 Century Plaza

Suite 225

Columbia, Maryland 21044

Tel: 301-730-1510 TWX: 710-826-9654

Massachusetts

Boston Otfice*

888 Worcester Street

Wellesiey Hills 02181

Tel: 617-237-3400 TWX: 710-348-0424

Michigan
Detroit Office*

Johnston Building, Suite 24

20793 Farmington Road

Farmington Hills 48024

Tel: 313-478-7400 TWX: 810-242-2973

Minnesota

Minneapolis Office*

7600 Parklawn Avenue

Room 251

Edina 55435

Tel: 612-835-3322 TWX: 910-576-2944

New Jersey

Wayne Office*

580 Valley Road 07490

Suite

Tel: 201-696-7070 TWX: 710-988-5846

New Mexico

Alburquerque Office

2403 San Mateo N.E. 87110

Plaza 13

Tel: 505-265-5601 TWX: 910-379-6435

New York

Melville Office

275 Broadhollow Road 11747

Tel: 516-293-2900 TWX: 510-224-6480

Poughkeepsie Office
19 Davis Avenue 12603
Tel: 914-473-5730 TWX: 510-248-0030

Fairport Office

260 Perinton Hills Office Park
Fairport 14450

Tel: 716-223-7700

Ohio

Dayton Office

4812 Frederick Road 45414

Suite 105

Tel: 513-278-8278 TWX: 810-459-1803

Oregon

Fairchild Semiconductor
8285 S.W. Nimbus Avenue
Suite 138

Beaverton, Oregon 97005
Tel: 503-641-7871

TWX: 810-467-7842

Pennsylvania

Philadelphia Office*

2500 Office Center

2500 Maryland Road

Willow Grove, Pennsylvania 19090
Tel: 215-657-2711

Texas

Dallas Office

13771 N. Central Expressway 75243
Suite 809

Tel: 214-234-3391 TWX: 910-867-4757

Houston Office

6430 Hillcroft 77081

Suite 102

Tel: 713-771-3547 TWX: 910-881-8278
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Toronto Regional Office

Fairchild Semiconductor

1590 Matheson Bivd., Unit 26
Mississauga, Ontario L4W 1J1, Canada
Tel: 416-625-7070 TWX: 610-492-4311




Fairchild Sales International
Offices
Australia Hong Kong Benelux

Fairchild Australia Pty Ltd.
72 Whiting Street
Artarmon 2064

New South Wales
Australia

Tel: Sydney (02)-438-2733
(mailing address)

P.O. Box 450

North Sydney 2060

New South Wales
Australia

Austria and Eastern Europe
Fairchild Electronics

A-1010 Wien

Schwedenplatz 2

Tel: 0222 635821 Telex: 75096

Brazil

Fairchild Semicondutores Ltda
Caixa Postal 30407

Rua Alagoas, 663

01242 Sao Paulo, Brazil

Tel: 66-9092 Telex: 011-23831
Cable: FAIRLEC

France

Fairchild Camera & Instrument S.A.
121, Avenue d'ltalie

75013 Paris, France

Tel: 331-584-55 66

Telex: 0042 200614 or 260937

Germany

Fairchild Camera and Instrument (Deutschland)
Daimlerstr 15

8046 Garching Hochbruck

Munich, Germany

Tel: (089) 320031 Telex: 52 4831 fair d

Fairchild Camera and Instrument (Deutschland)
Koenigsworther Strasse 23

3000 Hannover

W-Germany

Tel: 0511 17844 Telex: 09 22922

Fairchild Camera and Instrument (Deutschland)
Postrstrasse 37

7251 Leonberg

W-Germany

Tel: 07152 41026 Telex: 07 245711

Fairchild Camera and Instrument (Deutschland)
Waldluststrasse 1

8500 Nuernberg

W-Germany

Tel: 0911 407005 Telex: 06 23665

Fairchild Semiconductor (HK) Ltd.
135 Hoi Bun Road

Kwun Tong

Kowloon, Hong Kong

Tel: K-890271 Telex: HKG-531

Italy

Fairchild Semiconduttori, S.P.A.

Via Flamenia Vecchia 653

00191 Roma, italy

Tel: 06 327 4006 Telex: 63046 (FAIR ROM)

Fairchild Semiconduttori S.P.A.
Via Rosellini, 12

20124 Milano, Italy

Tel: 02 6 88 74 51 Telex: 36522

Japan

Fairchild Japan Corporation
Pola Bidg.

1-15-21, Shibuya

Shibuya-Ku, Tokyo 150

Japan

Tel: 03 400 8351 Telex: 242173

Fairchild Japan Corporation
Yotsubashi Chuo Bldg.
1-4-26, Shinmachi,
Nishi-Ku, Osaka 550, Japan
Tel: 06-541-6138/9

Korea

Fairchild Semikor Ltd.

K2 219-6 Gari Bong Dong

Young Dung Po-Ku

Seoul 150-06, Korea

Tel' 85-0067 Telex: FAIRKOR 22705
(mailing address)

Central P.O. Box 2806

Mexico

Fairchild Mexicana S.A.

Bivd. Adolofo Lopez Mateos No. 163
Mexico 19, D.F.

Tel: 905-563-5411 Telex: 017-71-038

Scandinavia

Fairchild Semiconductor AB
Svartengsgatan 6

$-11620 Stockholm

Sweden

Tel: 8-449255 Telex: 17759

Singapore

Fairchild Semiconductor Pty Ltd.

No. 11, Lorong 3

Toa Payoh

Singapore 12

Tel: 531-066 Telex: FAIRSIN-RS 21376

Taiwan

Fairchild Semiconductor (Taiwan) Ltd.
Hsietsu Bldg., Room 502

47 Chung Shan North Road

Sec. 3 Taipei, Taiwan

Tel: 573205 thru 573207
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Fairchild Semiconductor

Paradijslaan 39

Eindhoven, Holland

Tel: 00-31-40-446909 Telex: 00-1451024

United Kingdom

Fairchild Camera and Instrument (UK) Ltd.
Semiconductor Division

230 High Street

Potters Bar

Hertfordshire EN6 58U

England

Tel: 0707 51111 Telex: 262835

Fairchild Semiconductor Ltd.

17 Victoria Street

Craigshill

Livingston

West Lothian, Scotiand - EH54 5BG
Tel: Livingston 0506 32891 Telex' 72629



Fairchild Sales United States and
Semiconductor Representatives Canada
Alabama Massachusetts Oregon

Cartwright & Bean, inc.

2400 Bob Wallace Ave., Suite 201
Huntsville, Alabama 35805

Tel: 205-533-3509

California

Celtec Company

18009 Sky Park Circle Suite B

trvine, California 92715

Tel: 714-557-5021 TWX: 910-595-2512

Celtec Company

7867 Convoy Court, Suite 312

San Diego, California 92111

Tel: 714-279-7961 TWX: 910-335-1512

Magna Sales, Inc.

3333 Bowers Avenue

Suite 295

Santa Clara, California 95051

Tel: 408-985-1750 TWX: 910-338-0241

Colorado

Simpson Associates, Inc.

2552 Ridge Road

Littleton, Colorado 80120

Tel: 303-794-8381 TWX: 910-935-0719

Connecticut

Phoenix Sales Company

389 Main Street

Ridgefield, Connecticut 06877

Tel: 203-438-9644 TWX: 710-467-0662

Florida

Lectromech, Inc.

399 Whooping Loop

Altamonte Springs, Florida 32701

Tel: 305-831-1577 TWX: 810-853-0262

Lectromech, Inc.

2280 U.S. Highway 19 North
Suite 119 Bldg. L
Clearwater, Florida 33515
Tel: 813-726-0541

TWX: 810-866-0884

Lectromech, inc.

17 E. Hibiscus Bivd.
Suite A

Melbourne, Florida 32901
Tel: 305-725-1950

TWX: 810-853-0262

Lectromech, Inc.

1350 S. Powerline Road, Suite 104
Pompano Beach, Florida 33060

Tel: 305-974-6780 TWX: 510-954-9793

Georgia

Cartwright & Bean, Inc.

P.O. Box 52846 (Zip Code 30355)

90 W. Wieuca Square, Suite 155
Atlanta, Georgia 30342

Tel: 404-255-5262 TWX: 810-751-3220

{llinois

Micro Sales, Inc.

2258-B Landmeir Road

Elk Grove Village, lllinois 60007

Tel: 312-956-1000 TWX: 910-222-1833

Kansas

B.C. Electronic Sales, Inc.

P.O. Box 12485, Zip 66212

8190 Nieman Road

Shawnee Mission, Kansas 66214

Tel: 913-888-6680 TWX: 910-749-6414

B.C. Electronic Sales, Inc.
6405 E. Kellogg

Suite 14

Wichita, Kansas 67207
Tel: 316-684-0051

Maryland

Delta |1l Associates

1000 Century Plaza Suite 224
Columbia, Maryland 21044

Tel: 301-730-4700 TWX: 710-826-9654

Spectrum Associates, Inc.

888 Worcester Street

Wellesley, Massachusetts 02181

Tel: 617-237-2796 TWX: 710-348-0424

Minnesota

PSI Company

720 W. 94th. Street

Minnsapolis, Minnesota 55420

Tel: 612-884-1777 TWX: 910-576-3483

Mississippi

Cartwright & Bean, Inc.
P.O. Box 16728

5150 Keele Street
Jackson, Mississippi 39206
Tel: 601-981-1368

TWX: 810-751-3220

Missourl

B.C. Electronic Sales, Inc.

300 Brookes Drive, Suite 206
Hazelwood, Missouri 63042

Tel: 314-731-1255 TWX: 910-762-0600

Nevada

Magna Sales

4560 Wagon Wheel Road
Carson City, Nevada 89701
Tel: 702-883-0860

New Jersey

Lorac Sales, Inc.

580 Valley Road

Wayne, New Jersey 07470

Tel: 201-696-8875 TWX: 710-988-5846

New York

Lorac Sales, Inc.

550 Old Country Road, Room 410
Hicksville, New York 11801

Tel: 516-681-8746 TWX: 510-224-6480

Tri-Tech Electronics, Inc.

3215 E. Main Street

Endwell, New York 13760

Tel: 607-754-1094 TWX: 510-252-0891

Tri-Tech Electronics, Inc.
590 Perinton Hills Office Park
Fairport, New York 14450
Tel: 716-223-5720

TWX: 510-253-6356

Tri-Tech Electronics, Inc.

6836 E. Genesee Street

Fayetteville, New York 13066

Tel: 315-446-2881 TWX: 710-541-0604

Tri-Tech Electronics, Inc.

19 Davis Avenue
Poughkeepsie, New York 12603
Tel: 914-473-3880

TWX: 510-253-6356

North Carolina

Cartwright & Bean, Inc.

1165 Commercial Ave.
Charlotte, North Carolina 28205
Tel: 704-377-5673

Cartwright & Bean, Inc.

P.O. Box 18465

3948 Browning Place

Raleigh, North Carolina 27619
Tel: 919-781-6560

Ohlo

The Lyons Corporation

4812 Frederick Road, Suite 101
Dayton, Ohio 45414

Tel: 513-278-0714

TWX: 810-459-1803

The Lyons Corporation

6151 Wilson Mills Road, Suite 101
Highland Heights, Ohio 44143
Tel: 216-461-8288

TWX: 810-459-1803

Oklahoma

Technical Marketing

9717 E. 42nd Street, Suite 221
Tulsa, Oklahoma 74101

Tel: 918-622-5984
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Magna Sales, Inc.

8285 S.W. Nimbus Ave., Suite 138

Beaverton, Oregon 97005

Tel: 503-641-7045 |
TWX: 910-467-8742 |

Pennsylvania

BGR Associates

2500 Office Center

2500 Maryland Road

Willow Grove, Pennsylvania 19090
Tel: 215-657-3301

TWX: 510-665-5685

The Lyons Corporation

187 Mary Avenue

Pittsburgh, Pennsylvania 15209
Tel: 412-821-6795

Tennessee

Cartwright & Bean, Inc.
P.O. Box 4760

560 S. Cooper Street
Memphis, Tennessee 38104
Tel: 901-276-4442

TWX: 810-751-3220

Cartwright & Bean, Inc.
8705 Unicorn Drive

Suite B120

Knoxville, Tennessee 37919
Tel: 615-693-7450

TWX: 810-751-3220

Texas

Technical Marketing

3320 Wiley Post Road

Carrollton, Texas 75006 i
Tel: 214-387-3601 TWX: 910-860-5158

Technical Marketing
6430 Hillcrott, Suite 104
Houston, Texas 77036
Tel: 713-777-9228

Utah

Simpson Associates, Inc.
P.O. Box 151430

Salt Lake City, Utah 84115
Tel: 801-571-7877

TWX: 910-935-0719

Washington

Magna Sales, Inc.

Benaroya Business Park
Building 3, Suite 115
300-120th Avenue, N.E.
Bellevue, Washington 98004
Tel: 206-455-3190

Wisconsin

Larsen Associates

10855 West Potter Road

Wauwatosa, Wisconsin 53226

Tel: 414-258-0529 TWX: 910-262-3160

Canada

R.N. Longman Sales, Inc. (L.S.1)

1715 Meyerside Drive

Suite 1

Mississauga, Ontario, L5T 1C5 Canada :
Tel: 416-677-8100 TWX: 610-492-8976 |

R.N. Longman Sales, Inc. (L.S.1.]
16891 Hymus Blvd

Kirkland, Quebec

H9H 3L4 Canada

Tel: 514-694-3911

TWX: 610-422-3028



Fairchild Franchised United States and
Semiconductor Distributors Canada
Alabama Colorado linois

Halimark Electronics

4739 Commercial Drive

Huntsville, Alabama 35805

Tel: 205-837-8700 TWX: 810-726-2187

Hamilton/Avnet Electronics
4692 Commercial Drive
Huntsville, Alabama 35805
Tel: 205-837-7210

Telex: None — use HAMAVLECB DAL 73-0511

(Regional Hq. in Dallas, Texas)

Arizona

Hamilton/Avnet Electronics

2615 S. 21st Street

Phoenix, Arizona 85034

Tel: 602-275-7851 TWX: 910-951-1535

Kierulff Electronics
4134 East Wood Street
Phoenix, Arizona 85040
Tel: 602-243-4101

Liberty Electronics

8155 North 24th Ave.

Phoenix, Arizona 85021

Tel: 602-249-2232 TWX: 910-951-4282

Calitornia .

Avnet Electronics

350 McCormick Avenue

Costa Mesa, California 92626

Tel: 714-754-6111 (Orange County)
213-558-2345 (Los Angeles)

TWX: 910-595-1928

Bell Industries

Electronic Distributor Division

1161 N. Fair Oaks Avenue
Sunnyvale, California 94086

Tel: 408-734-8570 TWX: 910-339-9378

Elmar Electronics

3000 Bowers Avenue

Santa Clara, California 95051

Tel: 408-727-2500 TWX: 910-338-0541

Hamilton Electro Sales

10912 W. Washington Bivd.

Culver City, California 90230

Tel: 213-558-2121 TWX: 910-340-6364

Hamilton/Avnet Electronics

1176 Bordeaux Drive

Sunnyvale, California 94086

Tel: 408-743-3355 TWX: 910-379-6486

Hamilton/Avnet Electronics

8917 Complex Drive

San Diego, California 92123

Tel: 714-279-2421

Telex: HAMAVELEC SDG 69-5415

Intermark Electronics, Inc.
4040 Sorrento Valley Bivd.
San Diego, California 92121
Tel: 714-279-5200,

Intermark Electronics, Inc.
1802 East Carnegie Avenue
Santa Ana, California 92705
Tel: 714-540-1322

Liberty Electronics

124 Maryland Street

El Segundo, California 90245

Tel: 213-322-8100 TWX: 910-348-7111

Liberty Electronics/San Diego

8248 Mercury Court

San Diego, California 92111

Tel: 714-565-9171 TWX: 910-335-1580

**Sertech Laboratories
2120 Main Street, Suite 190
Huntington Beach, California 92647
Tel: 714-960-1403

Wyle Distribution Group
9525 Chesapeake
- San Diego, California 82123
Tel: 714-565-9171 TWX: 910-335-1580

**This distributor carries Fairchild die products only.

Bell industries

8155 West 48th Avenue

Wheatridge, Colorado 80033

Tel: 303-424-1985 TWX: 910-938-0393

Arrow Electronics

5465 East Evans Place at Hudson
Denver, Colorado 80222

Tel: 303-758-2100

Eimar Electronics

6777 E. 50th Avenue

Commerce City, Colorado 80022

Tel: 303-287-9611 TWX: 910-936-0770

Hamilton/Avnet Electronics

5921 N. Broadway

Denver, Colorado 80216

Tel: 303-534-1212 TWX: 910-931-0510

Connecticut

Cramer Electronics

12 Beaumont Road
Wallingford, Connecticut 06492
Tel: 203-265-7741

Hamilton/Avnet Electronics

643 Danbury Road

Georgetown, Connecticut 06829
Tel: 203-762-0361

TWX: None —use 710-897-1405
(Regional Hq. in Mt. Laurel, N.J.)

Harvey Electronics

112 Main Street

Norwalk, Connecticut 06851
Tel: 203-853-1515

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbury, Connecticut 06810
Tel: 203-792-3500

Florida

Arrow Electronics

1001 Northwest 62nd Street
Suite 402

Ft. Lauderdale, Florida 33309
Tel: 305-776-7790

Arrow Electronics

115 Palm Bay Road N.W.
Suite 10 Bldg. #200
Palm Bay, Florida 32905
Tel: 305-725-1408

Hallmark Electronics

1302 W. McNab Road

Ft. Lauderdale, Florida 33309

Tel: 305-971-9280 TWX: 510-956-3092

Hallmark Electronics

7233 Lake Ellenor Drive

Orlando, Florida 32809

Tel: 305-855-4020 TWX: 810-850-0183

Hamilton/Avnet Electronics

6800 N.W. 20th Avenue

Ft. Lauderdale, Florida 33309

Tel: 305-971-2900 TWX: 510-954-9808

Hamilton/Avnet Electronics
3197 Tech Drive, North
St. Petersburg, Florida 33702

Schweber Electronics

2830 North 28th Terrace

Hollywood, Florida 33020

Tel: 305-927-0511 TWX: 510-954-0304

Georgla

Arrow Electronics

3406 Oak Cliff Road
Doraville, Georgia 30340
Tel: 404-455-4054

Hamilton/Avnet Electronics

6700 Interstate 85 Access Road, Suite 1E
Norcross, Georgia 30071

Tel: 404-448-0800

Telex: None — use HAMAVLECB DAL 73-0511

(Regional Hq. in Dallas, Texas)
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Hallmark Electronics, Inc.
1177 Industrial Drive
Bensenville, lllinois 60106
Tel: 312-860-3800

Hamilton/Avnet Electronics

3901 N. 25th Avenue

Schiller Park, lilinois 60176

Tel: 312-678-6310 TWX: 910-227-0060

Kierulff Electronics

1536 Landmeier Road

Elk Grove Village, lllinois 60007

Tel: 312-640-0200 TWX: 910-227-3166

Schweber Electronics, Inc.

1275 Bummel Avenue

Elk Grove Village, Illinois 60007

Tel: 312-593-2740 TWX: 910-222-3453

Semiconductor Specialists, Inc.
(mailing address)

O'Hare International Airport

P.O. Box 66125

Chicago, lilinois 60666

(shipping address)

195 Spangler Avenue

Elmhurst Industrial Park

Elmhurst, Illinois 60126

Tel: 312-279-1000 TWX: 910-254-0169

Indiana

Graham Electronics Supply, Inc.

133 S. Pennsylvania St.

Indianapolis, Indiana 46204

Tel: 317-634-8486 TWX: 810-341-3481

Pioneer indiana Electronics, Inc.
6408 Castle Place Drive

Indianapolis, Indiana 46250

Tel: 317-849-7300 TWX: 810-260-1794

Kansas

Hallmark Electronics, Inc.

11870 W. 91st Street

Shawnee Mission, Kansas 66214
Tel: 913-888-4746

Hamilton/Avnet Electronics
9219 Guivira Road

Overland Park, Kansas 66215
Tel: 913-888-8900

Telex: None —use HAMAVLECB DAL 73-0511

(Regional Hq. in Dallas, Texas)

Louisiana

Sterling Electronics Corp.

4613 Fairfield

Metairie, Louisiana 70002

Tel: 504-887-7610

Telex: STERLE LEC MRIE 58-328

Maryland

Hallmark Electronics, Inc.
6655 Amberton Drive
Baltimore, Maryland 21227
Tel: 301-796-9300

Hamilton/Avent Electronics

(mailing address)

Friendship International Airport

P.O. Box 8647

Baltimore, Maryland 21240

(shipping address)

7235 Standard Drive

Hanover, Maryland 21076

Tel: 301-796-5000 TWX: 710-862-1861
Telex: HAMAVLECA HNVE 87-968

Pioneer Washington Electronics, Inc.
9100 Gaither Road

Gaithersburg, Maryland 20760

Tel: 301-948-0710 TWX: 710-828-9784

Schweber Electronics

9218 Gaither Road

Gaithersburg, Maryland 20760

Tel: 301-840-5800 TWX: ¥10-828-0536



Fairchild Franchised United States and
Semiconductor Distributors Canada
Massachusetts New Jersey Hamilton/Avnet Electronics

Cramer Electronics

85 Wells Avenue

Newton Centre, Massachusetts 02159
Tel: 617-964-4000

Gerber Electronics

852 Providence Highway

U.S. Route 1

Dedham, Massachusetts 02026
Tel: 617-329-2400

Hamiiton/Avnet Electronics

100 E. Commerce Way

Woburn, Massachusetts 01801

Tel: 617-933-8000 TWX: 710-332-1201

Harvey Electronics

44 Hartwell Avenue

Lexington, Massachusetts 02173

Tel: 617-861-9200 TWX: 710-326-6617

Schweber Electronics

25 Wiggins Avenue

Bedford, Massachusetts 01730
Tel: 617-275-5100

“*Sertech Laboratories
1 Peabody Street
Salem, Massachusetts 01970
Tel: 617-745-2450

Michigan

Hamilton/Avnet Electronics

32487 Schoolcraft

Livonia, Michigan 48150

Tel: 313-522-4700 TWX: 810-242-8775

Pioneer/Detroit

13485 Stamtord

Livonia, Michigan 48150
Tel: 313-525-1800

R-M Electronics

4310 Roger B. Chaffee
Wyoming, Michigan 49508
Tel: 616-531-9300

Schweber Electronics
33540 Schoolcraft
Livonia, Michigan 48150
Tel: 313-525-8100

Arrow Electronics
3921 Varsity Drive
Ann Arbor, Michigan 48104
Tel: 313-572-1040

Minnesota

Arrow Electronics

5251 West 73rd Street
Edina, Minnesota 55435
Tel: 612-830-1800

Hamilton/Avnet Electronics
7449 Cahill Road

Edina, Minnesota 55435

Tel: 612-941-3801

TWX: None —use 910-227-0060
(Regional Hg. in Chicago, Mi.)

Schweber Electronics

7402 Washington Avenue S.
Eden Prairie, Minnesota 55344
Tel: 612-941-5280

Missouri

Hallmark Electronics, Inc.
13789 Rider Trail

Earth City, Missouri 63045
Tel: 314-291-5350

Hamilton/Avnet Electronics

396 Brookes Lane

Hazelwood, Missouri 63042

Tel: 314-731-1144 TWX: 910-762-0606

*Minority Distributor

**This distributor carries Fairchild die products only.

Hamilton/Avnet Electronics

10 Industrial Road

Fairfield, New Jersey 07006

Tel: 201-575-3390 TWX: 710-994-5787

Hamilton/Avnet Electronics

#1 Keystone Avenue

Cherry Hill, New Jersey 08003

Tel: 609-424-0100 TWX: 710-940-0262

Schweber Electronics

18 Madison Road

Fairfield, New Jersey 07006

Tel: 201-227-7880 TWX: 710-480-4733

Sterling Electronics

774 Pfeiffer Bivd.

Perth Amboy, N.J. 08861

Tel: 201-442-8000 Telex: 138-679

Wilshire Electronics
102 Gaither Drive

Mt. Laurel, N.J. 08057
Tel: 215-627-1920

Wilshire Electronics

1111 Paulison Avenue

Clifton, N.J. 07011

Tel: 201-365-2600 TWX: 710-989-7052

New Mexico

Bell Industries

11728 Linn Avenue

Albuquerque, New Mexico 87123

Tel: 505-292-2700 TWX: 910-989-0625

Hamilton/Avnet Electronics

2450 Byalor Drive S.E.
Albuquerque, New Mexico 87119
Tel: 505-765-1500

TWX: None — use 910-379-6486
(Regional Hq. in Mt. View, Ca.)

New York

Arrow Electronics

900 Broadhollow Road
Farmingdale, New York 11735
Tel: 516-694-6800

*Cadence Electronics

40-17 Oser Avenue
Hauppauge, New York 11787
Tel: 516-231-6722

Cramer Electronics

129 Oser Avenue
Hauppauge, New York 11787
Tel: 516-231-5682

Cramer Electronics

P.O. Box 370

7705 Maitlage

Liverpool, New York 13088
Tel: 315-652-1000

TWX: 710-545-2030

Components Plus, Inc.

40 Oser Avenue

Hauppauge, L.I., New York 11787
Tel: 516-231-9200 TWX: 510-227-9869

Harvey Electronics

(mailing address)

P.O. Box 1208

Binghampton, New York 13802
(shipping address)

Vestal Parkway East

Vestal, New York 13902

Tel: 607-748-8211 TWX: 510-252-0893

Hamilton/Avnet Electronics

167 Clay Road

Rochester, New York 14623

Tel: 716-442-7820

TWX: None —use 710-332-1201
(Regional Hq. in Burlington, Ma.)

Hamilton/Avnet Electronics

16 Corporate Circle

E. Syracuse, New York 13057

Tel: 315-437-2642 TWX: 710-541-0959
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70 State Street
Westbury, L.I., New York 11590
Tel: 516-333-5800 TWX: §10-222-8237

Rochester Radio Supply Co., Inc.
140 W. Main Street

(P.O. Box 1971)

Rochester, New York 14603

Tel: 716-454-7800

Schweber Electronics

Jericho Turnpike

Westbury, L.I., New York 11590

Tel: 516-334-7474 TWX: 510-222-3660

Jaco Electronics, Inc.

145 Oser Avenue

Hauppauge, L.I., New York 11787
Tel: 516-273-1234 TWX: 510-227-6232

Summit Distributors, Inc.

916 Main Street

Buffalo, New York 14202

Tel: 716-884-3450 TWX: 710-522-1692

North Carolina

Cramer Electronics

938 Burke Street

Winston Salem, North Carolina 27102
Tel: 919-725-8711

Hamilton/Avnet

2803 Industrial Drive

Raleigh, North Carolina 27609
Tel: 919-829-8030

Hallmark Electronics

1208 Front Street, Bldg. K

Raleigh, North Carolina 27609

Tel: 919-823-4465 TWX: 510-928-1831

Resco

Highway 70 West

Rural Route 8, P.O. Box 116-B
Raleigh, North Carolina 27612
Tel: 919-781-5700

Pioneer/Carolina Electronics

103 Industrial Drive

Greensboro, North Carolina 27406
Tel: 919-273-4441

Ohlo

Arrow Electronics
3100 Plainfield Road
Dayton, Ohio 45432
Tel: 513-253-9176

Hamilton/Avnet Electronics
4588 Emery Industrial Parkway
Cleveland, Ohio 44128

Tel: 216-831-3500

TWX: None — use 910-227-0060
(Regional Hq. in Chicago, IIl.}

Hamilton/Avnet Electronics

954 Senate Drive

Dayton, Ohio 45459

Tel: 513-433-0610 TWX: 810-450-2531

Pioneer/Cleveland
4800 E. 131st Street
Cleveland, Ohio 44105
Tel: 216-587-3600

Pioneer/Dayton

1900 Troy Street

Dayton, Ohio 45404

Tel: 513-236-9900 TWX: 810-459-1622

Schwaeber Electronics

23880 Commerce Park Road
Beachwood, Ohio 44122

Tel: 216-464-2970 TWX: 810-427-9441

Arrow Electronics

6238 Cochran Road

Solon, Ohio 44139

Tel: 216-248-3990 TWX: 810-427-9409

|
|



Fairchild
Semiconductor

Franchised
Distributors

United States and
Canada

Arrow Electronics

(mailing address)

P.O. Box 37826

Cincinnati, Ohio 45222

(shipping address)

10 Knollcrest Drive

Reading, Ohio 45237

Tel: 513-761-5432 TWX: 810-461-2670

Oklahoma

Hallmark Electronics

4846 S. 83rd East Avenue

Tulsa, Oklahoma 74145

Tel: 918-835-8458 TWX: 910-845-2290

Radio Inc. Industrial Electronics
1000 S. Main

Tulsa, Oklahoma 74119

Tel: 918-587-9123

Pennsyivania

Hallmark Electronics, Inc.

458 Pike Road

F i Valley, F

Tel: 215-355-7300 TWX: 510-667-1727

Pioneer/Delaware Valley Electronics
141 Gibraltar Road

Horsham, Pennsylvania 19044

Tel: 215-674-4000 TWX: 510-665-6778

Pioneer Electronics, Inc.

560 Alpha Drive

Pittsburgh, Pennsylvania 15238

Tel: 412-782-2300 TWX: 710-795-3122

Schweber Electronics

101 Rock Road

Horsham, Pennsylvania 19044
Tel: 215-441-0600

Arrow Electronics

4297 Greensburgh Pike

Suite 3114

Pittsburgh, Pennsylvania 15221
Tel: 412-351-4000

South Carolina

Dixie Electronics, Inc.

P.O. Box 408 (Zip Code 29202
1900 Barnwell Street

Columbia, South Carolina 29201
Tel: 803-779-5332

Texas

Allied Electronics

401 E. 8th Street

Fort Worth, Texas 76102
Tel: 817-336-5401

Cramer Electronics
13715 Gamma Road
Dallas, Texas 75234
Tel: 214-386-7500 TWX: 910-860-5377

Hallmark Electronics Corp.
10109 McKalla Place Suite F
Austin, Texas 78758

Tel: 512-837-2814

Hallmark Electronics

11333 Pagemill Drive

Dallas, Texas 75243

Tel: 214-234-7300 TWX: 910-867-4721

Hallmark Electronics, Inc.
8000 Westglen

Houston, Texas 77063
Tel. 713-781-6100

Hamilton/Avnet Electronics

4445 Sigma Road

Dallas, Texas 75240

Tel: 214-661-8661

Telex: HAMAVLECB DAL 73-0511

Hamilton/Avnet Electronics

3939 Ann Arbor

Houston, Texas 77042

Tel: 713-780-1771

Telex: HAMAVLECB HOU 76-2589

Schweber Electronics, Inc.

14177 Proton Road

Dallas, Texas 75240

Tel: 214-661-5010 TWX: 910-860-5493

Schweber Electronics, Inc.

7420 Harwin Drive

Houston, Texas 77036

Tel: 713-784-3600 TWX: 910-881-1109

Sterling Electronics

4201 Southwest Freeway

Houston, Texas 77027

Tel: 713-627-9800 TWX: 901-881-5042
Telex: STELECO HOUA 77-5299

Utah

Bell Industries

3639 W. 2150 South

Salt Lake City, Utah 84120

Tel: 801-972-6969 TWX: 910-925-5686

Hamilton/Avnet Electronics
1585 W. 2100 South

Salt Lake City, Utah 84119

Tel: 801-972-2800

TWX: None — use 910-379-6486
(Regional Hq. in Mt. View, Ca.)

Washington

Hamilton/Avnet Electronics

14212 N.E. 21st'Street

Bellevue, Washington 98005

Tel: 206-746-8750 TWX: 910-443-2449

Liberty Electronics

1750 132nd Avenue N.E.

Bellevue, Washington 98005

Tel: 206-453-8300 TWX: 910-444-1379

Radar Electronic Co., Inc.

168 Western Avenue W.

Seattle, Washington 98119

Tel: 206-282-2511 TWX: 910-444-2052

Wisconsin

Hamilton/Avnet Electronics

2975 Moorland Road

New Berlin, Wisconsin 53151

Tel: 414-784-4510 TWX: 910-262-1182

Marsh Electronics, Inc.

1563 S. 100 Street

Milwaukee, Wisconsin 53214

Tel: 414-475-6000 TWX: 910-262-3321

Canada

Cam Gard Supply Ltd.

640 42nd Avenue S.E.

Calgary, Alberta, T2G 1Y6, Canada
Tel: 403-287-0520 Telex: 03-822811

Cam Gard Supply Ltd.

16236 116th Avenue

Edmonton, Alberta TSM 3V4, Canada
Tel: 403-453-6691 Telex: 03-72960

Cam Gard Supply Ltd.

4910 52nd Street

Red Deer, Alberta, T4N 2C8, Canada
Tel: 403-346-2088

Cam Gard Supply Ltd.
825 Notre Dame Drive

Kamloops, British Columbia, V2C 5N8, Canada

Tel: 604-372-3338

Cam Gard Supply Ltd
1777 Ellice Avenue

Winnepeg. Manitoba, R3H OWS5, Canada

Tel: 204-786-8401 Telex: 07-57622

Cam Gard Supply Ltd.
Rookwood Avenue

Fredericton, New Brunswick, E3B 4Y9, Canada

Tel: 506-455-8891

Cam Gard Supply Ltd.
15 Mount Royal Blvd

Moncton, New Brunswick, E1C 8N6, Canada

Tel: 506-855-2200

Cam Gard Supply Ltd.
3065 Robie Street

Halifax, Nova Scotia. B3K 4P6. Canada

Tel: 902-454-8581 Telex: 01-921528

Cam Gard Supply Ltd.
1303 Scarth Street

Regina, Saskatchewan, S4R 2E7. Canada

Tel: 306-525-1317 Telex: 07-12667
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Cam Gard Supply Ltd.
1501 Ontario Avenue

Saskatoon, Saskatchewan, S7K 157, Canada

Tel: 306-652-6424 Telex: 07-42825

Electro Sonic Industrial Sales
(Toronto) Ltd.

1100 Gordon Baker Rd.

Willowdale, Ontario, M2H 383, Canada
Tel: 416-494-1666

Telex: ESSCO TOR 06-22030

Future Electronics Inc.

Baxter Center

1050 Baxter Road

Ottawa, Ontario, K2C 3P2, Canada
Tel: 613-820-9471

Future Electronics Inc.

4800 Dufferin Street

Downsview, Ontario, M3H 588, Canada
Tel: 416-663-5563

Future Electronics Corporation

5647 Ferrier Street

Montreal, Quebec, H4P 2K5, Canada
Tel: 514-731-7441

Hamilton/Avnet International

(Canada) Ltd.

3688 Nashua Drive, Units 6 & H
Mississauga, Ontario, L4V 1M5, Canada
Tel: 416-677-7432 TWX: 610-492-8867

Hamilton/Avnet International
(Canada) Ltd.

1735 Courtwood Crescent

Ottawa, Ontario, K1Z 5L9, Canada
Tel: 613-226-1700

Hamilton/Avnet International

(Canada) Ltd.

2670 Paulus Street

St. Laurent, Quebec, H4S 1G2, Canada
Tel: 514-331-6443 TWX: 610-421-3731

R.A.E. Industrial Electronics, Ltd
3455 Gardner Court

Burnaby, British Columbia Z5G 4J7
Tel: 604-291-8866 TWX: 610-929-3065
Telex: RAE-VCR 04-54550

Semad Electronics Ltd.

620 Meloche Avenue

Dorval, Quebec, H9P 2PY, Canada
Tel: 604-2998-866 TWX: 610-422-3048

Semad Electronics Ltd.

105 Bribane Avenue

Downsview, Ontario, M3J 2K6, Canada
Tel: 416-663-5670 TWX: 610-492-2510

Semad Electronics Ltd.

1485 Laperriere Avenue

Ottawa, Ontario, K1Z 788, Canada
Tel: 613-722-6571 TWX: 610-562-8966
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Fairchild reserves the right to make changes in the circuitry or specifications in this book at any time without notice.
Manufactured under one of the following U.S. Patents: 2981877, 3015048, 3064167, 3108359, 3117260, other patents pending.
Fairchild cannot assume responsibility for use of any circuitry described other than circuitry entirely embodied ina Fairchild product
No other circuit patent licenses are implied.
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