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A virtual desk-top retrieval center for en-
gineers, designers, and technicians in all
areas of electronics, this first book of its
kind contains over 3,000 electronic cir-
cuits, complete with values of all com-
ponents. A distillation of circuit knowledge
accumulated over the past ten years, it
conveniently brings together material
from many diverse sources, such as arti-
cles and technical papers, magazines,
books, government journals, and other
publications in the field.

The majority of circuits shown are recent
semiconductor designs, but important
electron-tube circuits are adequately rep-
resented because there are still many ap-
plications where only tubes can do the
required job. Included with each circuit
is a concise description of its significant
features, performance data, and operating
characteristics, so that you can quickly
choose the circuit that most closely meets
your needs. With each description is a
citation giving the original source in which
the circuit is described in detail. Thus you
know in a matter of minutes where to find
complete information on the circuit you
select, including essential construction
and adjustment details, design precau-
tions, and other application data.

A comprehensive index gives you quick
access to circuits listed either by type,
performance, application, or popular
name. Presented in a logical sequence for
quick retrieval, with all the circuits in a
given category arranged side by side, the
volume includes chapters dealing exclu-
sively with such specialized topics as . . .
scanner circuits . . . simulator circuits . . .
flash circuits . . . clock circuits . . . medical
circuits . .. automotive circuits . . . infrared
circuits . .. current control circuits . . . and
many more.

The cost of each circuit to the purchaser
of this sourcebook is less than one cent
apiece, making it the most economical
reference in electronics. More important,
i1$ unique coverage of circuit component
values often eliminates the need to look
up descriptive information in the original
source. And with values for one applica-
tion as a starting point, it's much easier
to modify a circuit for a new application.
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Preface

More than 3,000 electronic circuits, published largely within the past five years,
are presented here in 100 logically organized chapters for convenient reference
and browsing by practical electronic engineers and technicians. Circuits in a given
category are arranged side by side for easy comparison and selection, much as at
a smorgasbord table. Each circuit has the values of all significant components, an
identifying title, a concise description of circuit function, performance data, and
application ideas. This information will generally be sufficient for use as a starting
point in redesigning a circuit to meet other requirements. For those who need
further information, each circuit also has a citation giving the title of the original
article, its author, and its exact location in the original publication.

Engineering libraries, particularly in foreign countries, will find this volume a
highly acceptable substitute for the original sources when facing limitations on
budgets or shelf space. Most users will find that sufficient information is given with
each circuit to meet their needs, thereby making a file of original sources
unnecessary.

For the average circuit search, start with the alphabetically arranged table of
contents at the front of the book. This will show almost at a glance the chapters
that are most likely to contain the desired type of circuit. The random arrangement
of circuits within a chapter encourages the browsing that so often turns up an
unexpectedly valuable idea.

If a chapter search fails to give the exact circuit needed, use the back-of-book
index. Here the circuits are indexed in depth under a variety of type and applica-
tion names, combined with hundreds of see and See also cross references that will
speed comprehensive searching for a particular circuit even when it is combined
with other circuits. The result is a desktop information-retrieval system for the
most significant transistor and tube circuits developed in recent years. With it, you
can retrieve a desired circuit within a matter of minutes, as compared to the hours
or days usually required to get results from costly computer-based information
systems.

One goal of this book is to provide a maximum of circuit information in mini-
mum space. Accordingly, there is an absolute minimum of repetition in each
circuit description. To get maximum information, the chapter title, the bold-face
circuit heading, and the original title in the citation should be read along with the
description and the circuit itself.

On those few occasions when additional information is desired, most users will
go to a library for the original source of a circuit. The citations therefore give vol-



vi

ume and issue number for publications, in accordance with the preferences of
librarians. For those who have their own files, the equivalent years and issue dates
for the two most frequently cited publications—Electronics and EEE—can be
quickly determined from handy tables following the table of contents. Here also
are listed the abbreviations most frequently used on the diagrams and in the text,
with meanings.

The values of the important components are given for every circuit, since these
help an engineer to read the circuit and redesign it for his own needs. The devel-
opment of a working circuit for a new application is speeded tremendously when
the design work can be started with a working circuit, instead of starting from
scratch. Research and experimentation are thereby cut to a minimum, so that even
a single use of this pioneering circuit-retrieval search book could pay for its initial
cost many times over.

Although the majority of the circuits are recent semiconductor designs, impor-
tant new electron-tube circuits are adequately represented because there are still
many applications where only tubes can do the required job.

Never before have so many circuits, complete with values, been collected in a
single volume for such convenient reference, to provide the desired circuit within
minutes and at the same time tell where further information on it can be obtained.
Results are obtained in only a fraction of the time that would be required to scan
the hundreds of magazines and books from which this volume was compiled.

To the original publications cited in this volume and to their authors and
editors should go the real credit for making possible this contribution to the
advancement of electronic circuit design. Particular credit goes to publisher Jim
Randolph and editor Lewis Young of Electronics for recognizing the importance
of easy retrieval of the many valuable circuit design articles they have published.
Specific credit must be given also to George Rostky, editor of EEE, for approving
the inclusion of diagrams from his famous “Circuit Design Award” section. Other
sources, equally appreciated but too numerous to mention here, are credited in
the individual citations.

To artist and orchid-hybridizer Jack Quint, more active than ever in Florida
retirement, goes full credit for arranging the thousands of circuits on these pages
so well, each unmistakably associated with its own text.

John Markus
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CHAPTER 1
Alarm Circuits
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20 TO SOUNDING
2w DEVICE (BELL}

2uF/25v

normol current droin of 500 microomp fram
1.5-v bottery in protector loop. Circvit is re-
set after an alarm by opening $1 tar

2
OR 12 VOLTS
ALARM BATTERY

WARNING

{_51

ily.—W. Vollenweider, Low-Current Alorm,
Electronics, 39:5, p 105-106.

6V

:

[

+ 300V
IMEG2  IMEG 300k 7.5% L‘/
' vz'\A 3°°.K T3
Z128X7 K {hzieax?
Vaa
" S
1K v [ ———
RATE ?8_— > \
S %msc I
=130V
450 100K
50
Ry ) ng :K"
+10V 100 10K WARNING 2 Rig
SLIDEWIRE CaL HYS BIAS 10K

v K2
~C
—o T
R2 H
1
2 MEG ot
)
| 115V _B*K
° a-C &
|

D,
RESEL ALAR?A

.

RATE-OF-RISE HEAT ALARM WITH DELAY—
Thermocauple senses rise in temperoture of
machinery ar heat of fire, and feeds servo
null-balance recarder having repeater slide-
wire. Output of slidewire is differentiated by

C1-R1 ond compored with reference rise rate
valtoge at grid of VIB. When omplified
difference at autput of V2 switches Schmitt
trigger V3, V4A canducts and energizes K1.
Additional triode and relays provide time

delay for alarm lomp.—T. L. Greenwood, In-
dicator Warns of Excessive Rise Rates, Elec-
tronics, 35:7, p 54-56.



SIREN PREAMPLIFIER—Supplies signals to re-
mote power amplifiers and loudspeakers of
fire and civil defense systems. Input con be
from electronic siren generator, magnetic tape,
or microphone.—W. F. Ferguson, High-Powered
Avdio Alarm Systems, Electronics, 33:16, p
70-72.
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ALARM SYSTEM CODER—Used to generate
zone codes for fire alarm. Multivibrator Q3-

Q4 determines duration of A and B, while
Q1-Q2 determines time C-D. Motor-driven
stepping switches (not shown) determine the
number of K4 operations to provide prede-

termined zone coding (zone 1213 for code
group shown).—W. F. Ferguson, High-Powered
Avdio Alarm Systems, Electronics, 33:16, p
70-72.
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dul

verter, fr itter, and on through
relay contacts, to make 1,680-kc hybrid trans-
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tronics, 34:50, p 72-73.
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CODER MATRIX—Circvit shows portion of
coder matrix associated with microwave sys-
tem false alarm circvits, having switches $3
ond $6.—J. B. Bullock, Pulse-Coded Fault
Alarm in Microwave Systems, Electronics, 33:1,
p 82-84.
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HB-? Qooz KB-Z X=X 1,000
FAULT-SENSING SWITCH—When favlt in micro-
wave system has effect of closing switch 3,
gated delay shortens output pulse for that
function when binary input signals are nega-
tive.—J. B. Bullock, Pulse-Coded Fault Alarm
in Microwave Systems, Electronics, 33:1, p
82-84.
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ALARM LAMP DRIVER—Lamp receives power
only when bination of signals from binary
stages and mvbr is correct combination of
polarities to represent microwave system faolt
to be indicated by r tely located lamp.—J.
B. Bullock, Pulse-Coded Fauvlt Alarm in Micro-
wave Systems, Electronics, 33:1, p 82-84.

ALARM CIRCUITS

. 12v
»
TONE
F ouT
¥02
O 47K% 3| E
‘ | ”
Ry
Q Q
5.6’(0.33:: 2N|g76 2NI376
82 1002
K1 esx 6.6K y
- W
Ci L-Cs - C3 Ca 200
'|'3oo ]’o os]’o.«a 'l'o. 5 To.zz
K
OFF WARBLE OFF S| steaoy l
L —a -0 =AM -
: R4 500
L]
)
I O’ ;\. ° Kq K *X 1,000

SIREN WARBLE GENERATOR—Generates single-
tone and warble signals, Blocking oscillators
Q3 and Q4, having slightly different frequen-
cies, are frequency-modvulated by triangular-

wave output of low-frequency mvbr Q1-Q2,
to produce siren-type wail.—W. F. Ferguson,
High-Powered Audio Alarm Systems, Electron-
ics, 33:16, p 70-72.

HORN SIGNAL

2703 8.2K 270 GENERATOR ) VOFF | Ssa
o 2 I
o |
Q 4 |
812
0.047 ,7
A -8v 1_ IS58]

10 —8v .2
12310 47k 3'0 | | 5§ COUNT PULSE OUT 5 |
o ‘ ; uzl

=xc 0
390 2 1
Qs wiF 390uufF AMPL |
R3g $Rq s I. s

471 75k % |10k %24;( o ﬂ‘- . :
| = =r=— AND TEST 53 |
— .ONE-SHOT MULTIVIBRATOR 390 |5K GATE ON ||

S \ = R —8v ’:'#.255(:

Siox 3haK 12K3 HOLLF 2k | 3
-gy_ 4l et—wd e >s.w q 4
-1 250, 390 B2k 510 | \ ™/ [6.2x .

— i li
SluufF 75K ]
75K g2rx ! 1
1.5k
L $a7 0= 3 :
= = = +8v = Al e :
ONE-SHOT MULTIVIBRATOR 390 330AND GATE o
W — 1 -6v | [on s OFF TEST
< < bl
$ 1,2 I.ZK::l 1Tnou,‘F§ 6.2K 5v54 :
SN 390 8.2k 510 6.2K AAND GATE
— M 75k3 VA 1 !
Sluuf 75K = 62k| = 1
|
6.2K | PART
1 1 L $arx  $2rx !
all T ov &Y i Tz I Soch
* ™ !

- = — OFF——B_‘.IJ—ON +8v +8y — 15
SELECTED POINTS IN DATA SYSTEM B
ALL TRANSISTORS ARE TYPE 2N428 KX 1,000

COMPUTER FAULT ALARM—Audible alarm shown, for monitoring two circuits. Mixing

system gives distinctive indication of fault
location in digital computer and data proc-
essing equipment. Horn and collision signal
sounds are generated by electronic circuits

these two signals produces battle stations
sound for monitoring third circvit.—S$. Fierston,
Alarm Circuit Warns of Favlts in Digital Sys-
tems, Electronics, 32:27, p 48—49.
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v AIC 115V A-C age, to identify input that is responsible for
17212807 +150V pulling in relay that sounds alarm or shuts
down equipment. Lamps also serve to sup-
press rate effect.—R. A. Stasior, How to Sup
press Rate Effect in PNPN Devices, Electronics,
37:2, p 30-33.
>
100MEG $
‘3
0.25 IMBV
VHF INTRUSION ALARM—Bosed on fact that  turn on alarm. Drift in oscillator grid voltage 470 E:“" 330x g 470
object moving toward or away from antenna activates timing motor which adjusts degree A
causes phase relationship of radiated and re- of coupling between oscillator tank and an- 2N4:(; 25490
flected waves to shift through 2 pi radians tenna, to make alarm self-adjusting.—G. A.
at antenna for each half-wavelength of move- Whitlow, VHF Intrusion Alarm is Self-Adjust- .
ment. Varying phase changes amplitude of ing, Electronics, 32:35, p 62—66. a7 0pf AR & v A
oscillation, detected by circuit and used to el
outPuUT

T0
SPIKE PULSE
QUTPUT

TRANSIENT PULSE DETECTOR—Determines oc-
currence of single spike pulse having maxi-
mum amplitude of 50 v at 2 ma and duration
of 1 millisec. Spike pulse is stepped down by
transformer to 5 v ot 20 ma, which is suffi-
cient to fire GE C10 scr, causing 28-v lamp

=-l2v

to come on. When reset button is pressed,
scr cuts off, lamp goes out, and circuit is
ready for another spike. Cl is 0.1 mfd and
CR1 is 1N270.—Transient Spike Pulse Detector,
"Electronic Circuit Design Handbook,” Mactier
Pub. Corp., N.Y., p 204.

o3

470

L25.000

IN "B

2N234A

10

2N234A

220

VARYING-FREQUENCY OSCILLATOR—Output
frequency of alarm tone generator changes
continuously. With suitable amplifier and
loudspeaker, can easily be heard in noisy en-
vir ts where single tone or amplitude-
modulated tone would go unnoticed.—A. Mall,
Varying-Frequency Warning Alarm, EEE, 12:7,
p 25.

out

L

SIREN POWER AMPLIFIER—Four-transistor class
AB oudio amplifier delivers 200 w to four
loudspeakers. Standby power drain is 12 w.

Input is obtained from warble generator.—W.
F. Ferguson, High-Powered Audio Alarm Sys-
tems, Electronics, 33:16, p 70-72.

~Vee 6-20v
Ry R2 SONALERT
33K 33 SC-628
72w ww
% %
Q2
— { 2N404
CIT- S
BUS 2 ].
guss 3
L D, -Dio»$G22
X0y D7
BUS 4 [
X0, D
BUS 5 [ °
r Y Dg
GrounD T °

SHORT-CIRCUIT ALARM--Sounds an alarm if
a short occurs between any two of five dif-
ferent voltage buses or between any bus and
ground. Used in checking complicated point-
to point backplane wiring for computers, to
detect wiring errors or solder splashes.—J. J.
Russo, Short-Circuit Alarm, EEE, 13:6, p 66-68.
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44-56V — s . +100V I T, (41100K
R *é 3 3
] < < P
4,600 e %
>
@ al :: 9.7M
L ” {
—ie- . 1
-0V 1:10M
Ein B J —i¢ > 2
Low Low "
b LEAKAGE LEAKAGE
! R7 é INPUT ouTPUT —100
IN2620 500 : DIODES DIODES
+ OPERATIONAL AMPLIFIER OUTPUTS
= c G K POSITIVE LIMIT ALARM—Operational trigger

LOW-VOLTAGE ALARM—Two-transistor alarm
senses 0.2-v drop in telephone system and
turns on local or remote signalling apparatus.
If relay and R3 are interchanged, circuit will

operate as high-voltage alarm.—C. J. Kieffer,
Simple Low-Voltage Alarm, Electronics, 35:18,
p 44-45,

Ecc

Ecc Q2
C2

R2 —+—)

Ry D1 | .O15uf
% 33K

{
n T, b3 Rq

iIZK

|
100
WAILING SIREN—C1 is discharged periodi-
cally by vit Q1, which resets voltage-con-
trolled oscillator to beginning of its fre-

quency sweep. Controlled oscillator also

Ecc o

c3 5K CT:400

O15pf

serves as power amplifier, to reduce number
of components required. Circuvit draws 10 ma
from 9-v battery.—F. J. Harris, Simple Wailing
Siren Circvit, EEE, 14:6, p 94.

I-R
FILTER Qs

trips when any output of analog computer
goes off scale (above +99 v).—P. Lefferts,
Operational Trigger For Precise Control, Elec-
tronics, 37:28, p 50-55.

O +12v

A
N

L
2 100K
RELAY
NGOO9S L
EFFECTIVE INP
&
SET E) 2 vor
ZENER

(

\m T0 250K
Lizy

VOLTAGE-SENSING ALARM—Silicon controlled
switch is triggered by input signal more than
1 v above or below ground.—"Transistor
Manval,” Seventh Edition, General Electric
Co., 1964, p 425.

&+

.
= R

(E AMP

2v

il
i
250

—i— - o

TRANSMITTER UNIT

INFRARED BURGLAR ALARM—Has electroni-
cally modulated infrared light source and syn-
L

RECEIVER UNIT

1

verse effects of continuous or varying ambient
light. Alarm goes off if power supply or in-

o i O N
chr p itive d r “pickup
unit.

Pulsed-light technique overcomes ad-

ter ting wires are tampered with. Float-
ing 12-v battery takes over load only if

20-25v

K = X1,000

power supply fails. C1 tunes T1 to 55-cps
oscillator frequency.—S. Bagno and J. Fasal,
Intruder Alarm Uses Phase-Sensitlve Detector,
Electronics, 31:7, p 102-105.
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IN34A
R <
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IN34A e = "x'o
C. SChaL
12v ffi ﬁ)oz L
.goz..l % 2NI372 TR
4
*:;' ,F Q
“ou 2N1304 o .
T2 LS, i, sapc,
> > 8 I
SR SRz SRy GYRO FAULT ALARM—Circuit sounds alarm if
Sa700 254K 3% . T .
- BR gyro wheel is locked up, as indicated by in-

Ty Pri. lOK/So:.ZK‘c'. Latoyette TR-98

T2 Pri.400 ct/Sec. 1 Lotayette TR-109

LS Lotayette $K-6)
DIFFERENTIAL-VOLTAGE ALARM—Detector cir-
cuit with high sensitivity and stability,
followed by audio amplifier, serves as differ-
ential voltage or current alarm. Input may
be d-c¢ or low-frequency a-c. Output is dis-

+9v
SPEAKER
0054t DC RESISTANCE OUTPUT |
4 TO 600
THRESHOLD S K
ADJUST [ M
10K 2
A 2Ni304
IN37I2
(Ton = Olut
L 1S 2 TURNS OF *i4
S WIRE, SELF SUPPORTING, NEOT c
- L 125" DIAMETER, TURNS
coiL | , ARE SPACED 178" —

tinctive series of audio beeps or continuous
tone, occurring only when preselected polarity
unbalance is present at input.—C. E. Miller,
Differential-Voltage or Current Alarm Circuit,
EEE, 12:7, p 25.

put signal remaining at high current or volt-
age level for longer than preset interval.
Circuit can also be used as pulse-level dis-
criminator.—R. L. Sazpansky, Pulse-level Dis-
criminator and Fault Indicator, EEE, 13:8, p
68.

200-MC R-F RADIATION DETECTOR—Gives
1,800-cps alarm tone when signal is picked
up by coil or by small slot antenna serving
as ~"Transistor M I,” Seventh Edi-
tion, General Electric Co., 1964, p 363.

BN >c|
?_g T1-495

Ry
10k

R,
IN34A

+24v

-+

MISSING-PULSE DETECTOR—Warning light

on to indicate o | skipping of
timing pulse or gate trigger having 20-pps
rate, with durations ranging from 2 microsec
to 30 millisec. Detector is triggered if interval
between any two pulses exceeds 75 millisec,
and must then be reset by pushbutton.—H.
S. Reichard, Missing Pulse Detector, EEE, 10:6,
p 35.

PULSE AND D-C MONITOR—Indicates pres-
ence of continuous train of pulses, absence
of one or more pulses in train, and dropout
of d-c level beyond predetermined time inter-
val. Uses controlled monostable mvbr. With
d-c inputs, C2 is shorted. With valves shown
for R1 and C1, output occurs 1.07 millisec
after last pulse.—Pulse and DC Monitor Cir-
cuit, "Electronic Circvit Design Handbook,”
Mactier Pub. Corp., N.Y., p 201.

RELAY I @D 344 @ 344

2008

e

3NGO

[

D

TC+i2v

344

-

MULTIPLE-INPUT ALARM—Any of several in-
puts will pull in common alarm relay, with
corresponding lamp giving visual indication
of triggered circuit. For higher-current lamps,
use 3NB1 silicon controlled switches.—"Tran-
sistor Manval,” Seventh Edition, General
Electric Co., 1964, p 425.
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WARNING 49v
TO BIAS & AMPL. CKTS 20v LINE
SPEAKER DC
X I 0.05ut RESISTANCE
RELAY 410600
SIGMA # 5RO-
?Eg}g PNUSO’I'.DIODE 10000 - G -SiL THRESHOLD IK
#IN2175 ADJUST 3.3k
CE#ze8 GE. PHOTO g ™
o CONDUCTIVE (< <
. R 2N35 CELL A33A\S/  Blox N304
LAMP +
35 wIout  $10K
! IN34 IN3712 = O.lut
. (TD-1) '[
12 -
L

LAMP BURNOUT ALARM—Used when photo-
cells and lamps are employed to detect end
of magnetic tape, load point, or bad spot.
Failure of lamp can cause serious trouble in

gnetic tape handler. With circvit shown,
when lamp burns out, transistor can no

AV

i

IN34

7! 3654F

longer energize relay, and relay contact
closes to actuate alarm at computer console.
—J. E. Kienle and R. W. Wooldridge, Photo-
cell Lamp Burnout Warning Circuit, EEE, 10:8,
p 27-28.

SIGNAL-POWERED ALARM RECEIVER—On ar-
rival of carrier signal at frequency to which
antenna and input are tuned, transistor pulls
in relay, applying battery power to horn or
light. No power is drawn from battery dur-
ing standby time. For signals below 50 Mc,

best pickvp is obtained with single-wire an-
tenna 150 feet long, ot right angles to line-
of-sight path and as high as possible.—L. R.
Crump, Radio Waves Power Transistor Cir-
cvits, Electronics, 31:19, p 63-65.

LIGHT DETECTOR—Gives 1,800-cps alarm tone
when illumination on photocell exceeds pre-
determined level, which can be below 0.1
foot-candle near 5,500 angstroms.—"Transis-
tor Manual,” Seventh Edition, General Electric
Co., 1964, p 363.

— ggRN +—————9—0+12V
LIGHT
o il é e
P eV EFFECT)
P ALT
ERNATE
2NT7 T H T NpUT
*—w—e
z 100K y
EARPHONES POSITIVE
P
\l{ TRioGERs LWL
scs -1V
4 RESISTANCE-TRIGGERED ALARM—Silicon con-
—==0.00l trolled switch is triggered when temperature-,
- light-, or radiation-sensitive resistor Rs up to
IN34 IN34 1 meg drops below value of preset potentio-

meter. Interchanging Rs and potentiometer
will trigger alarm on increase in sensing re-
sistor.—"Transistor Manuval,” Seventh Edition,
General Electric Co., 1964, p 425.

e SEl FRONT SIDE  8ACK
+20vVo DOOR DOOR DOOR a0y
10K < %wx %asx %I.BK
RI = 10K + 47K q q q
e
47K T I I
< -
{ . 1 REMOTE
2N4B89A g8y SPEAKERS
SIGNAL , 19K OR Vour -,
INPUT 2N24|7A nY
— Ci Y
2.2K <4 Gaxl
5 Y G

SIGNAL DROPOUT DETECTOR—Used to provide
indication of y dropout of d-¢, a-c,
or pulse input signal. Time between disap-
pearance of signal and indication of fault is

adjustable. Output signal remains until scs
is turned off by momentarily opening reset
switch.—"Transistor Manual,”” Seventh Edition,
General Electric Co., 1964, p 336.

ELECTRONIC DOORBELL—Single unijunction
transistor oscillates ot different tone for each
door.—"Transistor Manual,” Seventh Edition,
General Electric Co., 1964, p 380.



CHAPTER

2

Amplifier Circuits

Ly= 4T NO.18 1/4 1D 3/8L | T +30
Lo=6T NO.18 1/4 ID 9/161 P RFC IOJFF
b
2N3297 =
V4 . /'\{r' ] VY . “ Y
. 0.13uH 50
OHMS 170-780pF ¢ ® 0.1pF OHMS
L RFC
Lo e - 4140 100 £ 2° 200
0.09 7~ (et 1 7~ oF oF 720 oF
# > 3
< 4 0.1
:= 100 :: 30 T LiF
BIAS 0-5V —:L 30-MC LINEAR SINGLE-SIDEBAND AMPLIFIER
—Single silicon transistor with impedance-
matching network and pi output network de-
] 50 z livers 20 w of r-f peak envelope power, with
< pF?" all odd-order distortion products at least 30
b {(""‘RL= 50 db down.—R. C. Hejhall, Getting Transistors
9 1,500 Into Single-Sideband Amplifiers, Electronics,
. 'r 37:17, p 72-75.
\ p
<
jm aremOL LU
wF 2 p
2N2947 INPUT -
T 1-8pF
- inF
Vee "
Ly=4T NO.14,1/2 ID s/8L, L,=4T 1/8 COP. TUBE 3/4 ID1°L, LLAA {f—
TAPPED 1/2T FROM GND TAPPED 1/2T FROM GND VWA
50-MC 40-W POWER AMPLIFIER—Paralleled +vg | 100K =
silicon transistors operating as class C are 100-MC FET AMPLIFIER—Low-cost insulated-
biased on by incoming r-f signal, hence stop gote fet circvit can handle signals vp to sev-
conducting when there is no signal.—R. C. eral volts in vhf range, with inherently low
Hejhall, Getting Transistars Inta Single-Side- cross-modulation distortion.—Low-Cost Power
band Amplifiers, Electronics, 37:17, p 72-75. Booster, Electronics, 37:14, p 29-30.
AN
——— —WW\— — > P, — e ——— -I
: s %9 |
1
i |
] |
| L
| T0 L
PREVIOUS Vi Cs  S4MEG SBMEG 1 STAGE
STAGE ¢ 500pF 4 Ce |
i l 0.001 0.001 0.001 }
It It At
) BRAY I\ LAY C
J_ AMA +126V —G. G. Lvettgenav and S. H. Barnes, Design-
- IRGIK COMMON-GATE MOS FET—Power gain of 15 ing With Low-Noise MOS FETs: A Little Differ-

db con be obtained from avdia up to 200 Mc.

ent But No Harder, Electronics, 37:31, p 53-58.
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FROM 20K

POST

Al I—'\/\N—<
2K

DISCRIMINATOR AMPLIFIER—Direct-coupled
voltage amplifier with a-c coupling at input
and ovtput has loop gain of 36 for band-

-8.5

4.7uH

driver Q10.—R. Cuikay and T. Callahan, Or-
biting Observatory to Measure Stars’ Dim
Light, Electronics, 37:9, p 28-31.

width of 1 Mc, including low-impedance
+15 v
)
Q
2N2597
Rs
<
b2 36K
INPUT €y Cs OUTPUT
omuq 9 + 0T0 7
VOLTS \ > 2N2524 VOLTS
rms 1 :,R. 1 rms
> 10K 3K$5% Ry
it
¢ 13K
Ry & ¢C; <Ry =
51KS 47 :»620!5'/-
-15v

COMPLEMENTARY-TRANSISTOR  AMPLIFIER—
Bootstrapping and negative feedback provide
220,000-ohm input impedance and 60,000-
ohm output impedance, with stabilized gain

X & 650

10uF
045

”: I ST LA

over wide temperature range.—L. J. Ernst,
Complementary Amplifier Offers High Input
Impedance, Electronics, 37:16, p 92-93.

IN—

-10V
75K glox 5K
<
2M
2N930 R
ouT
2K
0 )
100K T-2040C -2040C
; ==100 == 600 T
+| 7aNTH oF
ALUM

60 DB GAIN AT 1 CPS TO 1 MC—Direct cov-
pled a-c amplifier with feedback and current-
derived stabilization uses only two capacitors.
—P. Laakmann, Direct Coupling Shrinks Am-
plifier Size and Cost, Electronics, 36:12, p
66-68.

+
| 6K3
M3 $330K el T our
- U
L§
79 [ 300
002] T
N T 1omg
:
DECADE
SWITCH
L]

RESPONSE BELOW 2 CPS—With input resist-
ance of 1,000 meg, pi lectric gage ampli
fier gives gain choices of 1, 3, or 10 for
loads above 2,500 ohms. Decade input switch
can provide choice of shunt capacitances for
trimming sensitivity of gages.—Extending Pie-
zoelectric Gage L-F Response, Electronics, 36:4,
p 100-103,

~l Tg‘ _

250-MC 12-W POWER AMPLIFIER—Commen-
emitter circvits operating class C serve for
driver and parallel-connected power amplifier

POWER AMPLIFIER

+50V

transistors. Total gain is 12 db.—N. Downs
and B. van Sutphin, Solid-State Transmitter

30pF

% 068uH 1-10pF

—
- -

=t

+50V

Ready for UHF Telemetry, Electronics, 37:17,
p 76-80.
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0.001 0.001
It 1t
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= +12.6V

UNNEUTRALIZED MOS

capacitance is needed for high power gains

FET—Low drain-gate

10V
Rg
10K 10K 10K
> 5K
J 6R84K
2N78 8K
Q Q Q Q
2 3 ) 4 L) VOUT
L oN4OI[  2N401 T C2 [2N401  [2Na4Oi
1

CURRENT-DERIVED

STABILIZATION—Bridge-
derived stabilization in direct-coupled a-c om-

above 2 Mc from common-source mos fet.—
G. G. Luettgenau and S. H. Barnes, Designing

microamp per ma of output current.—P. laak-
mann, Direct Coupling Shrinks Amplifier Size

With Low-Noise MOS FETs: A Little Different
But No Harder, Electronics, 37:31, p 53-58.

-6V RD s b3 RE
{01 vl {6.2K
Q ! out
C,

>Rs

+6V 6.8K

SOURCE FOLLOWER WITH REDUCED GATE-TO-
DRAIN CAPACITANCE-—Diode D1 gives maxi-
mum a-c bootstrapping of gate bias resistance
while providing required d-c bias. Emitter~
follower Q2 couples to drain of fet Q1 a

plifier provides current sensitivity of 0.1 and Cost, Electronics, 36:12, p 66—68. signal in phase with input, to give extremely
low input capocitance.—T. R. Bignall, How to
Get Moaximum Input Impedance with Field-
-5 Effect Transistors, Electronics, 36:10, p 44—46.
-22v
220K ge0x 3K Ill; Q
10° 10 10 I\ U H 2n2386
WA VWA VW R 2 Rb
m ] Cout 9 3
o'lqo‘ | M | M ] | MEG 3 R
ew ' 0001\ 0001 \ J_— e 2x
y 1 g3 L g sRe
I = < 18K
BROADBAND WITH GAIN OF 1,350—Metal- SOURCE FOLLOWER USES BOOTSTRAPPING—
oxide semiconductor transistors (p-mosts) in Bandwidth is 10 cps to 10 k¢, d-c input im-
Darlington configuration give high input im- pedance is 10 meg, and input impedance at
pedance and low output impedance from 5 10 ke is above 1 meg for input signals from
cps to 72 kc.—F. M. Wanlass, Novel Field- 1 mv to 10 mv.—T. R. Bignell, How to Get
Effect Device Provides Broadband Gain, Elec- Maximum Input Impedance with Field-Effect
tronics, 36:44, p 30-33. Transistors, Electronics, 36:10, p 44-46.
rdé- |
500 of 4 Q ic ————— —l CG-_—1' 2k Qp
T ’ (N e 5009F L——fif73-—-
1A \'L’_/ Cq T \s*l
0.001 s i
>—+ (—0 =+ ——
5
Ly : | 7T OUTPUT
p
INPUT pr of S L 3 Rs
T T Zsmes J4mes Stek :
T ’

NEUTRALIZED MOS FET—Delivers power gain
of 20 db at 100 Mc, with common-source

+12v

VAAAAS
L2 R.F. CHOKE

connection.—G. G. Luettgenau and S. H. Barnes,
Designing With Low-Noise MOS FETs: A Little

Different But No Harder, Electronics, 37:31,
p 53-58.
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2N°3136 1 R 2Nz222
3
2N2222 e
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> iy Ri2
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UNITY-GAIN BUFFER—Positive gain of wunity
is obtained with high input impedance, low
output impedance, negligible phase shift, and
without phase reversal. Can be used for iso-

loting resolvers from loads.—D. K. Phillips,
Unity-Gain Buffer Acquires Precision by Feed-
back, Electronics, 36:51, p 36-37.

cade. Both source and load impedances are
50 ohms.—Broadband VHF Amplifier Covers
30 to 260 Mc Range, Electronics, 35:4, p 102.

GROUNDED-GRID BROADBAND--Grounded-
cathode preamplifier has plate load that
pravides increasing gain with increasing fre-
quency to drive following two tubes in cas-

+22.5 VD-C
$6.8K ;ox
1 <
05 . FEl¢P 05 OUTPUT
INPUT —)}—,—@:s |-
| wasio
100? «
)
C 174 M3.3A2 T ;£ 470Kg
> 18K b2

Small-Signal Circvit Design, Electronics, 36:49,
p 46-50.

LOW-NOISE FET AMPLIFIER—Agc feedback
extends input level to 150 mv.—L. E. Clark,
E. B. Mack, and R. C. Hejhall, Highlights of

STABILIZED DIRECT-COUPLED A-C AMPLIFIER
—Current-derived stabilization gives simple
amplifier using only one capacitor. Adding
C2 improves stability but lowers cutoff fre-
quency.—P. Laakmann, Direct Coupling Shrinks
Amplifier Size and Cost, Electronics, 36:12,

p 66-68.

[ Tr2av.
%;I.SK
Q
2FTI4 ¢—{F—
D Cy
-
s 1.0 0
;E Rg e 2724
* { MEG "2.2K
—
$ Ry Cz Ry
382K 25 2.2K
1

WIDEBAND FET—Feedback and bootstrapping
techniques give overall input capacitance of
0.4 pf for 30-pf gate capacitance of fet.
Transistor serves as source follower.—B. Down,
Using Feedback in FET Circuit to Reduce Input
Capacitance, Electronics, 37:31, p 63-65.

+24V
Ry
< 120K
Q
. ZFTi4
Rg
M
it
|
c
b
$h2 25 :éﬂs
< 82K <€ 2.2K

2

FET SOURCE-FOLLOWER~—Voltage-divider bias-
ing increases input impedance. R3 provides
negative feedback.—B. Down, Using Feedback
in FET Circvit ta Reduce Input Capacitance,
Electronics, 37:31, p 63-65.
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tuF
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{
40,F
It
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- - ~Vg L6 TURNS NO.i16 ON 3/BiN.DIA.
g 463 2 3/32IN. SPACING. TAP IS 1-172
z M £ TURNS FROM COLLECTOR END
< £ 1= . .
tuF—= 2 ) |+ 2 0.22M 60-MC LOW-NOISE—Noise figure is only 6 db
9 563 =504F 9 for generator resistance of 150 ohms.—D. Hall,
T Using Epitaxial Transistors in Switching and
R-F Circvits, Electronics, 34:13, p 52-53.
CASCODE FOLLOWER—Owtput is 20 v peak- Twist: The Cascode Follower, Electronics,
ta-peak into 1,000 ohms, dawn to 5 cps, with 36:49, p 69-70.
high stability.—R. W. Johnson, Circvit with a IR-F SHIELD 45-380pF,
[]
[]
SHIELD 0.002
# .
R 560pF 82 2.7-30pF
22pHY) 47
( ! % 3o
> 10 6-B0pF =< 7-300 5.64H
+—— o001 _ L1t 31/4 TURNS
Ve NO.408 AIRDUX

SMALL-SIGNAL 60-MC—Epitaxial 2N743 is op-

Ve

gain per stage is 17 db.—D. Hall, Using Epi-

erated itter at | frequency taxiol Transistors in Switching ond R-F Cir-
and base for bi g. Unnevtralized cvits, Electronics, 34:13, p 52-53.
+24V.
S R] b3 R3 > R7
3 120k 3K Re  $272k
G R .
ZFTI2 f IC‘ A l
0 2
25 Q. Cs3
IT24 25
1: R‘
ll AAN
l ‘ vyew
$re ' 3 630
g N2 > Ng 9
2 100K i’ 10K |

50-MEG INPUT IMPEDANCE—Feedback from
Q2 to fet Q1 boasts input impedance.~B.
Down, Using Feedback in FET Circvit ta Re-

duce Input Copacitance, Electronics, 37:31,
p 63-65.

30-MC LOW-NOISE—Noise figure is anly 4 db
for generator resistance of 200 ohms.—D. Hall,
Using Epitaxial Transistors in Switching and
R-F Circvits, Electronics, 34:13, p 52-53.

=Vee
290K £ 5K
[—J 2N107
v % 10K ;‘!5'( Al Yo

MAGNETICALLY CONTROLLED TRANSISTOR—
Uncapped pnp germanium alloy junctian tran-
sistor placed in strong magnetic field shows
gain variation with flux density, with direc-
tion ond amount of gain depending an di-
rection of magnetic field.—R. W. Lade et al.,
Magnetic Fields Vary Transistor Gain, Elec-
tronics, 34:5, p 68-70.

[Vec:+20V
Rs
K
510 Eq |
Re< Ry SRe
3.3 “EG:; 10K 1”0'(
-t C
3
0.001.F 03
2N930
€ = Ep3
4 OUTPUT Ra
. 10uF 0 . S5.1K 9’
N )| 1 7
INPUT 2N930 R3 10K
510K
CONSTANT GAIN—Differential amplifier Q2-  stant despite variations in load or in circuit  berg, Amplifier Gain is Constant Despite

Q3 regulates bias of Q1 ta keep gain con-

components.—R. C. Lavigne and L. L. Klein-

Changes in Load, Electronics, 38:13, p 75-77.
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Cq .J_
b ¢ — (— Cs L2
S500pF
Y & SRs ¢ T0
gn;gé/éous 16K o001 [ NEXT
'” STAGE
v LAY I
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CASCODE MOS FET—Power gain is slightly
higher thon for nevtrolized common-source
stage.~G. G. Lvettgenav and S. H. Barnes,

Designing With Low-Noise MOS FETs: A Little
Different But No Harder, Electronics, 37:31,
p 53-58.

LZ %RL=50
75
1
” 2N2947 A0
Ly _I_/In t
;£00 68
Rs=50 |

Ly= 3-1/4 T NO. 18 TINNED WIRE, 5
1/2" DIA,1/2" LONG, TAPPED 3/4T 2W
FROM COLD END

L= 4T 1/8" COPPER TUBING,3/4" DIA,
1-1/4" LONG, TAPPED {-1/4" T

30-MC LINEAR SSB—Power gain is 13 db ond
output is 8 w peok envelope power.—L. E.
Clark, E. B. Mack, and R. C. Hejhall, High-

= +25vD-C

lights of Small-Signal Circuit Design, Elec-
tronics, 36:49, p 46-50.
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Vour

K= X 1,000

COMPOUNDED EMITTER-FOLLOWER~Com-
pounded emitter-follower with feedback, op-
erated as complementary pair, gives higher
input impedance, higher gain, and lower out-
put imped thon conventionol emitter-
follower.—T. K. Hemingway and J. Willis,
Transistor Pairs improve Emitter-Follower Per-
formance, Electronics, 35:21, p 48—49.

Vout

{ - LOWEST
°" FREQ

-V

MODIFIED EMITTER-SQUARED FOLLOWER—
Complementory transistor orrangement of
feedback amplifier is modified to reduce shunt-
ing effect of R3 by opplying positive feedbock
voltage that ortificiolly increases volue of R3.
~T. K. Hemingway and J. Willis, Transistor
Pairs Improve Emitter-Follower Performance,
Electronics, 35:21, p 48—49.

' -3V
[ 28 MICROAMPERES
Rz ¢ Re ¢ Re ¢
220k & 220KQ 220K $
c c
0.02 0.02
-1.5V -1.5V -1.5V
I)—i(— .,—'(_‘
3N89 3N89 3N89 3N89 )
o (B S (Y % A AR = SR s
QP’;;‘ Qj’; Qy’—s S Joloz
LAY
4: Ry 4: R3 4: Rs R7 < 2Rs :
i» t0M iHOM T 10M 220K 2 ™ S15M
1 MICROAMPERE | +8.5V

FET MICROPOWER—Voltage gain is 60 db
from 1 cps to 30 ke, with 0.5 v rms moximum

output voltage, for power drain under 100
First three transistors should be

microwatts.

matched.—J. S, Sherwin, An FET Micropower
Amplifier, Electronics, 37:31, p 74-75.
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+28vV -5V
4
< Ry
0 $ 470
o/ 7\8 Vin < '}‘—' Vour
%Y
s .Cl 0,
s L Ry o
10003 4702
<
T
+5V
BROADBAND IMPEDANCE TRANSFORMER—

TWO-STAGE MOS FET—Poir of 3N98 tronsis-
tors give voltoge gain of 10 with low output
impedonce.—D. M. Griswold, Understonding
ond Using the MOS FET, Electronics, 37:31,

Dorlington circuit gives unity goin from d-c
up to several Mc, using ony complememory
poir of tronsistors hoving sufficiently high
goin and cutoff frequency.—lI.

Ingemarsson,

Dorlington Maintoins Constant Unity Gain,
Electronics, 38:22, p 69.

p 66-70.
Csy
Ly
2.5 TURNS
Ly
500 pF a
070 -5V +HoV
COMPONENT VALUES
Cy | 09—7oF | Ly | 5TURNS, X1 NO.20 WIRE,0.29H
Co | 09-7pF | Ly | MILLER TYPE 204107RBI OR EQUIV
0.425- 007 ,;
Cs | 09=TeF 1 1 5 1urws, %% n0.20 WIRE
Cq | 500pF g
Cs| 500pF | Ry| 6,800 OHMS
Ce | 500pF Ry | 2,200 OHMS

200-MC FET NEUTRALIZED AMPLIFIER—Copaci-
tor C5 between drain and gate provides neu-
tralization by nullifying feedback. Neutralized
stable gain at 250 Mc is 8 db. Bondwidth is

12 Mc.—P. E. Kolk and I. A. Maloff, The
Field-Effect Transistor os High-Frequency Am-
plifier, Electronics, 37:31, p 71-74.

POWER-IN MONITOR Vee
|
0 00 SHI.ELO 4.7uM
s0 0.001 0.6xH 0.224H I 2N743 0.224H o.cl)‘m
Y YY"\ .\ ra'a'a’al —t
G-BOpF;— 45- SBOpF 4,7uH H G-BOpFé"' 45-3809F;‘§
1
|
|
4
=
LOW-SUPPLY-VOLTAGE VHF—Good high-fre- Mc.—D. Hall, Using Epitaxial Transistors in

quency parameters of epitaxial mesa transis-
tor give high gain and efficiency at supply
voltage of only 12 v. Output is 0.5 w at 70

Switching ond R-F Circuits, Electronics, 34:13,
p 52-53.

-1ev

REMOTE GAIN CONTROL—Permits adjusting
gain of wideband amplifier over full range
from moximum to zero with two-wire low-
voltage line up to 1,000 feet long. Control
and signol circvits are completely isoloted.
Components shown give maximum gain of
1.—R. S. Young, Amplifier with Remote Gain
Control, EEE, 12:8, p 71.

-2v

K=X1,000

100 R

€o

1=

NONLINEAR FEEDBACK LOOP—Type WE41A
copper-oxide varistor for Rf in feedback loop
gives rodically different voltoge-gain chorac-
teristic than silicon diode for Rf, but both
give exponential response and increose dy-
namic ronge.—J. C. Looney, Designing Ampli-
fiers with Nonlinear Feedback, Electronics,
34:13, p 46-49.
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+28vV

ATTENUATOR
STAGE

OC CONTROL VOLTAGE

VOLTAGE-CONTROLLED ATTENUATOR—Con
attenvote input signals 70 db when mos fet
is followed by high-impedonce load such as

+28vV

common-source mos fet amplifier.—D. M. Gris-
wold, Understanding ond Using the MOS FET,
Electronics, 37:31, p 66-70.

+28V

‘i
3 20K 3% ¢
b3 c,___{(_

B
3 2
<
geoc0 | |
3.3 :' Tc

MOS FET WITH NPN—FET input stage serves
as high-to-low impedonce tronsformer for
power transistor and gives very high power

gain.—D. M. Griswold, Understanding and
Using the MOS FET, Electronics, 37:31, p 66—
70.

W r—»\jw
< A1 = 5K 0
3.9-75pf

0.05

eE!

¥ IN758

—

- 0.05

+ -

20v

L;, Lo I8 turns B&W 3004 Minductor; L, tapped 13/4 turns

from ground.

TUNED 10-MC AMPLIFIER WITHOUT NEU-
TRALIZATION—Low reverse transfer of cascode
ti kes possible stable operation of

ce fot. Tr er gains are 20.6

db and 25.3 db for 2N2497 and 2N2499 re-
spectively.—Texos Instruments Inc., “Solid-State
Communications,” McGraw-Hill, N.Y. 1966,
p 142,

15

+28vV

EEZMEG

AA
ad
-
=

DIRECTLY COUPLED MOS FET—Eliminates cou-
pling copacitors but requires additional bias
supply.—D. M. Griswold, Understonding and
Using the MOS FET, Electronics, 37:31, p 66—
70.

100-MEG INPUT IMPEDANCE—Variation of
Darlington connection gives low-noise omplifier
with high input impedance. Thermol and shot
noise are much lower than flicker, leakage,
and surface noise.—l. Levine, High Input Im-
pedance Transistor Circvits, Electronics, 33:36,
p 50-52.

24K

-300v

CATHODE FOLLOWER WITH 0.99963 GAIN—
Used to couple high-impedance source to
low-impedance output without attenvating
or loading source signal. Output impedance
is 50 ohms and response is flat within 3 db
from d-c to 250 kc. Circvit delivers outputs
from —140 to +210 v at —0.8 to +2 ma.
Feedback through pentode helps maintain
unlty gain.—Cathode-Follower Gain Ap-
proaches Unity, Electronics, 31:1, p 94-96.
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K=X 1,000 Eee Es¢ Epp
80 5K
0.1
”“—1 = 80 c80
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SECONDARY-EMISSION-PENTODE  CATHODE
FOLLOWER—Circvit is enhanced by connecting
dynode back to cathode. Uses degenerative
feedback, to achieve high-performance im-
pedance transformation. Can be used to
match high-impedance source to low-imped-
ance load.—E. J. Martin, Jr.,, How to Use the
Secondary-Emission Pentode, Electronics, 33:41,
p 60-63.

10K +HOVP

VW

€o
1009

1oV

TEMPERATURE-COMPENSATED DARLINGTON—
Modified Darlington includes two diodes and
additional resistor. With these, temperature
changes up to 50°C have no effect on out-
put.—R. C. Going, Temperature-Stabilized
Darlington, EEE, 11:7, p 28-29.

KX 1,000 3 L

TRIODE CATHODE FOLLOWER—Effective gain
stability factor is approximately equal to re-
ciprocal of amplification factor of tube.—G.
M. Davidson and R. F. Brady, Unity-Gain Am-
plifier Offers High Stability, Electronics, 33:9,
p 6667,

BOOSTING INPUT IMPEDANCE—Circuit shows
how voltage gain in transistor amplifier can
be exchanged for input impedance through
use of negative feedback. At same time,
voltage gain is made more independent of
transistor parameters.—Feedback Increases In-
put Impedance, Electronics, 32:11, p 150-153.

)|

TRIGGER
INPUT ]

SOURCEBOOK OF ELECTRONIC CIRCUITS

\
\
Ly 2N2863 \\ L2
500 100 pf .025 ph 025 ph 100 pf 50Q
Source ——rrr— Load
25- X
380 4 9-1807
pf pf

L, - ¥10 capper wire 1/2 tum 5/8" 1.D.
overall height 3/4".

L2- 14 tinned wire 1 1/2 turns 1/2" 1.D.
1/3" spacing.

160-MC 750-MW POWER STAGE—Pi matching Mc.—Texas Instruments Inc., "Solid-State
networks ot input and output optimize tran- Communications,” McGraw-Hill, N.Y., 1966,
sistor performance in class C operation. Ef- p 318.
ficiency is 25% and 3-db bandwidth is 15
-24v
4-20pF
l_ $1.8K
IN % @ %
. AFZ12 1 > 2NIta2
1.5K
9 2 68l
AFZ12 n Y
P 25V out
|oxj? SEIOK $100 1% 3K
100
0AZ200 % Tigy
68K g =
10K

CABLE-DRIVING AMPLIFIER—Used between
wideband integrator and 185-0hm cable. With
voltage gain of 3, bandwidth is 18 Mc with-
out overshoot for pulse signals.—S. Berglund

ond S. Westerlund, Probes for Plasma Re-
search with Wideband Integrators, Electronics,
35:24, p 44-45.

Vg T

(K 8 HY
2021 SIK =y oK +300v

100K = 0.0 ~7-15pF
R, C —
1HY 50
RFC

i 5

m@

100 pF,[\

STABLE SUPERREGENERATIVE—Agc  circuit
transforms grid-pulsed superregenerative am-
plifier V1 into noncritical circvit that is stable
for long periods when controlled by pulse

generator V4-V5, which in turn is controlled
by external trigger pulse source.—J. H. Kuck,
Avtomatic Gain Control for Superregenerative
Amplifiers, Electronics, 34:29, p 76-79.
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STABILIZING GAIN—Use of negative feedback
in four-stage direct-coupled amplifier keeps
gain constant within 1 db of 40 db from 6
cps to 300 ke. Input impedance is 8 meg
and output impedance is 600 ohms.—Feed-
back Increases Input Impedance, Electronics,
32:11, p 150-153.

ISOLATION AMPLIFIER—Guain stability and in-
put impedance are much better than conven-
tional cathode follower. Feedback capacitor
goes between triode grids, but may also go
between grid of VIB and cathode of VIA.—
G. M. Davidson and R. F. Brady, Unity-Gain
Amplifier Offers High Stability, Electronics,
33:9, p 66-67.

+300

ISOLATION AMPLIFIER—Effective gain stability
factor is approximately equal to reciprocal of
product of amplification factors of two halves
of tube. Gives high transmission accuracy,
with high input impedance.—G. M. Davidson
and R. F. Brady, Unity-Gain Amplifier Offers
High Stability, Electronics, 33:9, p 66—67.
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I+|5v
<R G Rg<
Sarok 820pt 1263
ANALOG — 1
INPUT o "
2 ¢ 3
DIGITAL
E ¥ 03 022 outeut
Ouipt ol P
> > > R
R SR3 $SRg SRs SRg 7
8 3sik S0k Sedk Sark 3K
AL NOTE:
APERTURE MASK D, - 0,03 -2N3250
{10 WINDOWS 7 CELL) 02,04 -2N2501
Dy ,D2 - INSI4
SOLAR-CELL AMPLIFIER—Used with multi- conventional punched card.—G. R. Hearn,

aperture solar cells to generate 10 strobe
pulses. Eight circvits with cells are needed
to generate B0 strobe pulses for reading

Multi-Aperture Solar Cell Amplifier, EEE, 14:4,
p 43—44,

T §.5-CP5 MOD
s
6.5CPS
iN
180K
Ra MOD OUT
50K "
82K
Vapy
1/2 6ALS 180K
5726
6.5-CPS OUT
I
T T 60-CPS
a70K K it
Vas ! (_50 )
575i [
12AX7
0.l \EEe
\i 0.5 MEG
0022 ”
/ .
b 50= 10K
470K , I Aaaa—d
+MN {1
Vaa
2.2 MEG N .
5751 AN SI5 GRCUND
128X7 v
0, T9°
10K I !\R, TEST SI6
[ T0 05C
ki
| +240V

6.5-CPS AMPLIFIER—Consists of three triode
stages (V2A, V2B, and V3A). Peaks at about
6.5 ¢ps, with 18 db attenvation at each oc-
tave. Double-T rejection filter between V2A
and V2B attenvates any 60«cps pickup. Over-
all gain is 80 db. Phase inverter V3B pro-
vides 180° out-of-phase signal for full-wave

phase-sensitive bridge rectifier that uses ref-
erence signal. Output is rectified error signal
for infrared analyzer used to detect leaks
in avtomobile air-suspension sy ~P. G.
Balko, Infrared Finds Auto Suspension Leaks,
Electronics, 31:49, p 82-85.
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445-KC TUNNEL-DIODE AMPLIFIER—Hos op-
proximotely 20 db gain.—!I. A. Llesk, N. Ho-
lonyok, Jr., and U. 5. Dovidsohn, The Tunnel
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L) B
— X < Rp Rq <
= ' l Sx68 ::5_5'( 2_“::
o % Py <.
oc7! Rg S  22K3
22K =
R S
47K

VIN(=VE)

HIGH-GAIN VOLTAGE STABILIZER—Use of
constont-current diode as collector load in-
creases overoll goin of omplifier from 500 fo

about 700.—T. K. Hemingway, Applications
of the Constant-Current Diode, Electronics,
34:42, p 60-63.

Diode—Circvits and Applicotions, Electronics, 11K zci“i
32:48, p 60-64. —AANN s
! —0 +28v
L So
150k S 270 M 33K é
10 uf
36M § 20K 10v
{ 100 Q2 -0 Output
1 pf K Outpu
I
1M n
4] Qs Q
0.1 uf 2N2498 2N2498 2N930
inputo——)
!
47 pf 1IN756
10v
a7 S20K 2000
6v
o 4 4 < 0

HIGH-INPUT-IMPEDANCE A-C AMPLIFIER—
Gives input impedance of 30 meg without
sacrificing bandwidth or noise performance.
Voltage gain is 40 db. Technique involves

60-CPS BANDSTOP AMPLIFIER—-With fet as
output buffer to give near-infinite load im-
pedance, twin-T notch filter gives up to 50
db attenvation at notch frequency.—FET’s and
RC Networks (Siliconix od), Electronics, 39:4,
p 7.

bootstrapping fet Q1 and using fixed bios
for its gate. Q2 is operated grounded-base
to reduce Miller capacitance of field effect at

"Transistor Circvit Design,” McGraw-Hill, N.v.,
1963, p 520.

high frequencies.—Texas Instruments Inc,
2N2865 9-7
.005 ‘ .
XA585 3 9_XA583 5pf
From 2N2865 .9-7
Source 10ph ' I ’3 I e
S * UK Doad
15000 r T b 1500
p = {
= = 100KS L
- - - 100K
3oy = | T *c000
b3 = pf feedthrough
12000 e :—-L- Fourth lead grounded on fransistors
INT57 IN3030 s
(9.v) ';!_C' (27v) ; Frequency Adj.

VOLTAGE-TUNED 60 TO 90 MC—Gives over
40 db gain with 50-ohm source and load.
Untuned input ollows const source i d

P

ance over tunable frequency range of silicon

XAS85 voltage-variable capacitance diodes,
with excellent stability and tracking.—Texas
Instruments Inc., “‘Solid-Stote Communica-
tions,” McGraw-Hill, N.Y., 1966, p 297.
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1K 20 pfd
+28v
o
150K 3.3K
10 pfd A-C COUPLED CASCODE—Circuit is uniquely
H suited to increasing bandwidth of low-noise
1OV amplifier by reducing Miller effect and per-
M Output mitting independent adjustment of operating
conditions for optimum noise performance.—
0.l ufd Texas Instruments Inc., "’Solid-State Communi-
IN756 cations,” McGraw-Hill, N.Y., 1966, p 143.
Input
2N2498
Q3
2.7M§ 20K 2000
o— —o0
560K
5MQ ;' $2ka

I
\&

—0-6V

30-MC DOUBLE-TUNED—Proper loading pro-
vides good stability along with gain of 21
db per stage, despite inherent instability of

2N2996 ot this frequency. Total power gain
is thus 63 db, for noise figure of 2.3 db and
bandwidth of 3 Mc.—Texas Instruments Inc.,

2N930
BOOTSTRAPPED FET SOURCE-FOLLOWER— Ot /.\ Suf
Gives 6 db gain for high-impedance trans- ot r— o
ducer output, when 5-meg gate bias resistor O——-I( « ©) 2n2soo '——‘{(—-0
is bootstrapped to the source through 100- T IKQ ‘& 1
mfd electrolytic.—L. J. Sevin, Jr., “Field-Effect v, 51kQ +|6{V 1% v
Transistors,” McGraw-Hill, N.Y., 1965, p 67. l hh I°|é : ; e | lo
o 1%
| | L
C C
Shield | Cg to 03) RYABLY
10 -
Cq Cg Q2> ) ) Ci ey
' ¢ LIPAN N f * cf)?T—@w—( Co— 3 41’5
:E ; 71 y 7 . él e 2 T S
C&{ Q' SR L 4L3 ;:R4 Co 3Ry Lg Ly 2Rs [“Cp2 SRa dLg<ly
ﬂ Cie b ER
b4 (’R-, "8
L 3Re —|Ci8 *+)[ca
R R 77
\ | 14
215 /47 R e AT /J7 Rp3 WAe (o3
4 ' 4
RFCy RFCo
e Y Y LYY
Q) -Q3 = 2N2996 +i2v R),Rp ,R3 =1.0K
Cy =50pt CoCionCiq = 2501 Rq,R5 =100 OHMS
Cp =9-180pt Ci5 10 C23=0.005 4t Rg.R7.Rg =1.5K
€3,05.C7.C9,C;1,Ci3 =9-180pt RFC) -RFC *I1Suh RgtoRjq=3.0K
€4,C8C12= 12pt Ly toLy=027uh

"$olid-State Communications,” McGraw-Hill,
N.Y., 1966, p 310.
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O G AN
18v 50- N\ 2N2865 50-n
::soox%m IN757 Do syl =
< <
10003
2N2411
<D
210K .
< 16 -—m-’ L
2N929 5 ’16'_'-} {Set iy = 4 ma)
>
362K 10uf €, = 300-pf undipped ceramic copocitor
|(_o Byposs capacitors = Aerovox Hi-Q EF4, 1000 pf, 1000 v
s 20v G =183 pl, set ot 7 pt
SIK L, == 0.014 ph: copper strip, 1/32” x'5/16”, bent to 7/16” diam. Q, = 200
o OUTPUT: L, = 0.035 yh: copper strip, 1/32° x 3/8”, bent to 3/4” diam. Q, ~ 300
™ 250-MC R-F FOR MILITARY VHF BAND—Gives

12.5 db gain and noise figure of only 5 db,
with excellent stability.—Texas Instruments
Inc,, "Solid-State Communications,” McGraw-
Hill, N.Y., 1966, p 297.

WIDEBAND UNITY-GAIN FET—Input imped-
ance is about 100 meg, and response is
within 3 db from below 10 cps to 1 Mc
for 100K generator resistance.—Texas Instru-
ments Inc., "Solid-State Communications,”
McGraw-Hill, N.Y., 1966, p 296.

L] L Ll L
= =<68pf = 430 pf = F~4.30pf = 4-30 pf
0.01uh 2N1141  |0,08 h 2N1141 0.08 ph 2N1141
Con
1,000 pf 1,000 pf 0.1 uh
500 Q
1,000
Q Q y
en ?4 500 L 500 of _T_
pf 1,000|pf 1,000|pf =
1K gssoﬂ 1K gssoﬂ §8509
4K 4K
100 m¢ RFC 100 m¢ RFC -25v
LLLA T — o
:T:o.ooz uf jio.ooz uf =1<0.002 uf

0.08 and 0.1 uh coils are 3 and 4 turns respectively of No. 18
tinned bus wire, 1/, diameter
0.01 gh coil is 1 turn of NO. 00 enameled wire, 3" diameter.

100-MC CASCADED—Uses mismatch design 375 db at bandwidth of 9 Mc for three  “Transistor Circuit Design,” McGraw-Hill, N.Y.,
technique to obtain desired overall gain of cascaded stages.—Texas Instruments Inc, 1963, p 290.

ﬁﬁ? 0.47 5100k

WIDEBAND AMPLIFIER—Twin-T amplifier is
vsed between crystal detector and cro of mi-
crowave spectrometer for studying electron

e ph in por '] ma-
terials.—R. R. Unterberger, Microwave Spec-
trometer Tests Electron Resonance, Electronics,
32:11, p 142-144.
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Vpp*-25v
A
| 215k 1Ok 12f
RiZI00k 315K S0k gyt | v 6—
e |
————— O.tut /l l
r T1Rg \L G <l— Q l
! k|1
i ' o e 2N2498 i
] | Bl +(- I
! ! | —
DOUBLE-BOOTSTRAPPED FET—Bath drain and | ng L Q I
. . | | 3
source are bootstrapped in 6-db high-input- | =
impedance amplifier, to reduce effect of fet L _____ J 2N929 —
n e Q2 Qq
capacitances so 'hey are insignificant com- 4 I
pared to stray circuit capacitances at input 2N2412 2N2412 |
terminal. 10-K pot provides gain compensa- ! i
tion adjustment.—L. J. Sevin, Jr., ‘Field-Effect |
Transistors,” McGraw-Hill, N.Y., 1965, p 69. ! ! Larut |
Rp 368k 5.1k 1Ok > 3k 32k T3Sy :
T i
4_ .
| shield
2N1141 |
00 o 00 |
SOURCE 10 0 '
[ 1.5—15pf
1.5-15pt L AN
¥ 1 ud|
T : R=5%0
I 173-MC POWER AMPLIFIER—Uses two 2N-
—AM—Q ' 1141’s in parallel to deliver average of 400
100 | 27-%0 i! 10'03’“‘ mw, with power gain of 11.5 db and col-
AR 2N114] of lector efficiency of 42%. Has excellent large-
L\ signal performance.—Texas Instruments Inc.,
) 1 } 10000 “Solid-State Communications,” McGraw-Hill,
1.2ph N.Y., 1966, p 320.
AR\
L, —2t =16 WIRE, %" 1D T, = 25°C
TAPPED AT 1 TURN
Vee= —21v
S50V
o
3 3 P 4
S400K $ 30K ;:33'( 400K
| 1.0pfd 1.0p1d

THREE-FET A-C AMPLIFIER—Can be used in
applications requiring amplification of micro-
volt signals, as in vltr itive pr ps for
null detectors, medicol research equipment,
recorders, oscilloscopes, and law-level trans-
ducers. With 100K generator resistance, am-
plifier 3-db bandwidth is 1 cps to 40 kc.—L.
J. Sevin, Jr., “Field-Effect Transistors,” McGraw-
Hill, N.Y., 1965, p 107.

O.lptd

D\ @
_) 2N2500
e\
I~
5.6utd |
2m SIK
$ 3 ZZO/de\[;
sk Zsik = FOSE

510K

S

] )
2N2497

[
10p1d 10v
L S 3 35K +1/=
36.2K 35I0K 21K 3 |
< < < <
11
220ptd siks N22200td $sik
10v - 1 + 10V 68u1d
10v l,
62K

VW
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AR DUX
ook AIR DUX AIR DUX \
T 1010
AU R ML : B LTl
0.1uf . s 4
500 gy Sy |, 15 z ] A T&| LoaD
SOURCE] B | £ TS 8T 1
Y ET 1 0.luf ©
47K _‘L 1;
) w©
¢ .. 92TURNS # I8 WIREON __
e N 1" PLEXIGLASS FORMS = 64yn

SIGNAL VOLTAGE STABILIZER—Main amplifier
is followed by emitter-followers to reduce
fraction of d-c load current flowing in col-
lector load of amplifier. In this conventional
arrangement, overall gain is only about 500.
—T. K. Hemingway, Applications of the Con-
stant-Current Diode, Electronics, 34:42, p 60—
63.

ARCO 315, 14003000 pf

fREQ = 47 mcC
P =W
Po DRIVER = 13W
Po AMP = 34w

10uf

;Lasv

DRIVER = 2A

DC Py = 6A @ 20V0C (TOTAL) (™ = 40

4.7-MC DRIVER AND AMPLIFIER—Common-~
emitter connection gives good power gain
with collector-emitter voltage of 20 v, though

ments Inc.,

+Vec

gain varies with frequency.—~Texas Instru-
"Solid-State Communications,”
McGraw-Hill, N.Y., 1966, p 316.

V..=+10v
ce _ 20VDC.
R R.) —t,‘\ 1Ouf $5.6K 32.2K
0.lpt 13 68k oo$ INPUT>—)|
‘ {(— ) Z'f3° * 7 (out (145V) /77
\ C
| 100k
8203 lﬁl T4 7!‘-'/ 2N930 391K HOV) _ ouTPUT
3 Rs C \Qz (85V)
R, + - °
2230k W\ INeUT>—)|
v| 4.Tput 2 |.dpf e
2N930 >
KQ < 1.5K
3 Vo i | 1 aowsTror
s sRe2 —Llout 356K IK$=— HOV D.C. AT
2003 100k $ou T 1 |ouTPUT
o- + o COMMON
HIGH VOLTAGE GAIN—Provides gain of
CASCADED EMITTER-FOLLOWER WITH CUR- 3,500 into 10-meg load, by operating tran-
RENT BIAS—Improved frequency response is sistor in common-base configuration and
btained by biasing Q1 with current gen- using constant-current source in collector cir-
erator in emitter leg. Input impedance is 6 cvit. Circuit is balanced, so either transistor
meg. Frequency response is within 3 db can operate as gain stage while other serves
from 10 cps to 1 Mc.—Texas Instruments Inc., as current source. Feedback overcomes prob-
"Solid-State Communications,” McGraw-Hill, lem of critical d-c bias.—A. J. Adler, High-
N.Y., 1966, p 181. Gain Amplifier, EEE, 11:8, p 31.
2.0uf
X o
b Ui
_‘L » O +28v
270uf _L+
150K $ 327K
T 6y < 2
] b :.3.3'(
M $1000 | 2003 1 S1M 3 b
W $ PPIR Seulli Gy | CooutPuT
S +’\ H, [ 10v
Ol S oN2498 S LOW-LEVEL 1 CPS TO 500 KC—Features in-
INPUTH > ne * 2N930 ¢ >2N2498 )2N930 cude input impedance above 30 meg and
U +'{ D noise figure below 3 db over wide range
I\ X INT56 of generator resistances. Bootstrapping of
Ov input stage enhances high input impedance
b of fet. Will operate down to 1 ¢ps without
| need for large capacitors. Upper frequency
27 MiE ZOKSE 47uf _i+ :EZOK :EZOK :EZ.OM :EZOOﬂ limit is 500 kc for generator resistance of
6v S 1 1 1 100K. Voltage gain is stable within 0.5 db
of 40, from —55 to +125°C.—Texas Instru-
o ® 0 ments Inc., ""Solid-State Communications,”

McGraw-Hill, N.Y., 1966, p 290.



LOW SOURCE IMPEDANCE—Tubes V1 and V2
provide single-phase inversion with output
impedance below 0.5 ohm over 50-kc pass-
band when feedback loop is closed. Output
of V2 feeds identical combination V3-V4 to
provide second output in phase with input
to V1. Trim adjustment is provided to insure
vnity gain for both outputs. Used in auto-
matic doppler cycle counter for measuring
position and velocity of missiles.—B. E. Keiser,
Digital-C Techniq Increase Doppler
Uses, Electronics, 32:21, p 46-50.

AMPLIFIER CIRCUITS
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_,_ | | | Hi Z phones
= 100K 2 100K T 100K S 10K
0.25ut 15V
Output
0.0l ut ‘ ( E E
O0iut 2N929 q
2N2497
i Naaidt pEN2as? RC-COUPLED FET AMPLIFIER—Used to drive
Input o Q | Q a, high-impedance headph in optical com-
e munication system. Series peaking capacitors
T CA and CB compensate for high-frequency
Volume "—ﬁ 7 inadequacies in rest of system. No large elec-
control .L | | ’083 | | trolytics are needed. Without peaking capaci-
10K 3 052 > 10K $IM 210K tors, amplifier voltage gain is about 400 and
Ca vpper and lower break frequencies are 17
cps and 35 kc.—L. J. Sevin, Jr., "Field-Effect
y Transistors,” McGraw-Hill, N.Y., 1965, p 64.
———024VDC
NEUTRALIZATION
ADJUST
_4
L =
2N3570 govs 3350t 5
e A N
© L2 C7
R
1
500-MC NEUTRALIZED AMPLIFIER—Small-sig- ¢ _1gC2 { {Cs ] r£C¢s
nal circvit provides 17 db gain and noise A'\l-5-20pftfl.5-IOpf | > 1.5-10pt #~1.5-20pf
figure of only 3 db. Input impedance is 51 |
ohms and output impedance is 1,300 ohms RFC | RFC
in parallel with 1.8 pf. Neutralizing voltage 0.45ph | O.15ph
is obtained from coupling loop L3, which is )
silver-plated strip of beryllium copper run- |
A 1000pf
ning parallel to L2.—Texas Instruments Inc., [
"Solid-State Communications,” McGraw-Hill, ’—)}_‘ |
N.Y., 1966, p 299. Ca |
d
s Q o
-VEE +Vee

Li=SILVER-PLATED BRASS ROD—| WIG:LENGTH,I/“:DIA.
L,=SILVER-PLATED BRASS ROD~2 1/8" LENGTH,1/4"DIA.
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Vcc=+|0v
’ O
Ry¢ 68k sRei $10k % —LIOO f
2 2 S S (o
1 ol 1100k 1 1 I
G $2N930 Fonzarz
R |4,7,,,,| A 2N930
B ta ~ Q4
100k & ] I
3 c2 12
1{_ AAA O PREFERRED HIGH-LEVEL CATHODE FOLLOWER
4!’\ P 3.9k —Used to isolate critical circvits from their
! i 2N930 loads, because it has high input impedance
Rzi: 30k p Q3 and low output imped Not suited for
) driving low-imped tr ission line, be-
d 2 REZ cause tube would be severely overloaded.
200¢ 100k 3 2k Plate voltage depends on tube used.—NBS,
“Handbook Preferred Circvits Navy Aero-
o v > navtical Electronic Equipment,” Vol. 1, Elec-

Zin ® 25 megohms

COMPLEMENTARY CURRENT MULTIPLIER—Use
of pl tary transistor Q4 increases
current multiplication and increases gain ot
emitter of Q2 by raising effective valve of
RE2. This higher gain makes bootstrapping

tron Tube Circuits, 1963, PC 43, p 43-2.

more effective. Input impedance is 25 meg.
Response is 50 cps to 1 Mc.~Texas instru-
ments Inc., “Solid-State Communications,”
McGraw-Hill, N.Y., 1966, p 183.

{ -12V AN Out
: 1K (V, = Viy)
! 100 pF ouTt N
n s
(Rg < 1K) 0.0l 28 2N404
' 0.5 MH - (B, = 100) COMPLEMENTARY-TRANSISTOR DARLINGTON
OL =32 : ~Use of pl y tr s virtually
(RL = 10K) 0.0l eliminlr.'es ur:.desired offset vol'age.s through
6.8K ing . Ger transistors may
be used in place of silicon vnits shown.—
: 4 R. C. Going, Temperature-Stabilized Darling-
¢ % ton, EEE, 11:7, p 28-29.
£ !OO KC, Q =192 (M=6) +12V
Q MULTIPLIER—Circvit Q in single-coil arrange- design.—J. R. Woodbury, Simple Transistor Q-
ment is insensitive to drift in transistor pa- Multiplier or Oscillator, Electronics, 35:22, p
rameters, permitting use in filter and oscillator 53-54. NEUTRALIZATION
2.2pt ADJUST
SF—3
Cs 62 3-35pt
\pr @
. 71 S
L2 Cr
L| \\\\
c c i
| _{ 2 | _505 _gcs
AN15-20pf AN 1.5-10pf | ~-T>1000pf | I.5-l09f1 1.5-20pf
|
12008, | RFC
RFC 2R
0.15ph = I io-""l’h
1000pt :
ariem B
Cq |
BASIC DARLINGTON—When used os beta- d
squaring circvit, chief drawback is severe = & o
change in offset voltage with temperature. -VEE +Vce

If base-emitter voltage varies about 2 mv
per degree C, 25°C temperature change can
give output change of 50 mv per stage.—
R. C. Going, Temperature-Stabilized Darling-
ton, EEE, 11:7, p 28-29.

L;:SILVER-PLATED BRASS ROD —1 Q/IG:LENGTH,IM:DIA.
L, SILVER-PLATED BRASS ROD—2 I/8" LENGTH,1/4"DIA.

Solid-State Communications,”’
1966, p 259.

500-MC SMALL-SIGNAL—Uses 2N3570 silicon
transistor to give 16 db gain.—~Texas Instru-

ments Inc.,
McGraw-Hill, N.Y.,
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-28v
HIGH INPUT IMPEDANCE FROM 100 CPS TO 3 d
230 KC—For transducers requiring input im- 130Kg  $487K < 140uf
pedance above 1 meg. Requires only single + 15v
power supply, for direct coupling of low-
level high-impedance sources. Voltoge goin 30u0
is stable within 0.05 db of 20 db from —25 3
to +125°C. Power gain is 46 db and power gBuf_ $200K =) LT ﬁ) 2N330
consumption is only 65 mw.—Texas Instru- K 2N241) 22mo
ments Inc, “Solid-State Communications,” 15v O\, a2
McGraw-Hill, N.Y., 1966, . )
cGraw-Hi 6, p 294 Rg=I MEGOHM $ )
330K | 99v 166K 33
. - A -133v
43K EE _L 2%0»1
g + [5v
7
<> {Shunting effect of 8IAS NETWORK
= IN2069 @D 180002 | ejiminated by effect of positive feedback loop )
= 100K 68pf
@ 23m _lMEc 0% S
. R s
1 S O
= 6v —1_68pf
¢ + 15v
-— R =3.3K
1-5 pf =
C2
110 pf
L50—Q
500 L2 Load 60-MC AMPLIFIER—Design equations are given
¢ Loa gn eq 9

ond example worked out for 10-Mc band-
width at 60 Mc and gain of 11.5 db, using
2N743. L1 is 1.5 turns of No. 14 wire and

'—Q L2 is 2 turns, both 0.25 inch in diameter. VEE
s is 5 v.—Texas Instruments Inc., "Solid-State

Communications,” McGraw-Hill, N.Y., 1966,

p 87.
777 o s
(Set for 5 ma)
0Q 2\N2415
SOURCE N 20 10 500

F— L0AD

450-MC R-F FOR AERONAUTICAL BAND—
Common-base configuration gives slightly 22K
more power gain at this frequency than ’ ’
common-emitter circvit. Power gain is 20 db,
noise figure 4.5 db, and bandwidth 10 Mc.
~—Texas Instruments Inc., “Solid-State Com-
munications, McGraw-Hill, N.Y., 1966, p 298.

Li=1%" of %" DIA. BRASS STOCK
TAPPED AT % FROM GROUND

Lo=1%"of %" DIA. BRASS STOCK
TAPPED AT % FROM GROUND

1000('—‘1\
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-28v

IN751A
2.2K

ELECTRONIC CIRCUITS

Q4
2N1613 OUTPUT
2N3608 LY )o, %830
K
o IN225A 10
JD Dq v
INPUT > r
§ STABLE 600-MC CASCODE—Gives high gain
2 without external capacitor to neutralize nega-
RK tive feedback of collector-base junction.—M.
! D. Wood, Cascode Amplifier Stabilized by Re-
BIAS ducing Interna! Feedback, Electronics, 38:11,
ADJ. 03 p 70.
2N1613 < R
IN645 ¢ 3
L]} 470K
Q 7 GAIN
F'R) 2n329 O ADJ. aox 1|2
1MEG e
0.1
{ IN699 K
IN?S1A 1.2K
v, Ye
+28v
1KC €650
10mv
INFINITE INPUT RESISTANCE—Uses metal

oxide semiconductor field effect transistor as
buffer to give input impedance of 10'% ohms.
Amplifier gain is unity within 0.1% for 100K
load. When adjusted, output equals inpu:
within 10 mv over ollowable range of 10
v above or below ground.—A. D. Delagrange.
Amplifier Provides 10'*-Ohm Input Resist-
ance, Electronics, 39:17, p 99.

GAIN-CONTROLLED LOG AMPLIFIER—Based
on fact that gain of common-emitter fet
stage is almost inversely proportional to
emitter resist , and resist of fet
operating below cutoff is linear function of
grid voltage. Can be used as agc amplifier
and as multiplier.—Y. J. Lubkin, Gain Con-
trolled Log Amplifier, EEE, 10:9, p 91.

| Shield el
50 Q —— O
Source
50Q
_{2.5_ 0.013 | oad
A7 e Qe
500 pf |2.5-17 p P
500 pf r—% 500 pf
0.15 ph
0.014 ph e
500 pf
VCC

disk, approximately chassis thickness, remains.
—Texas Instruments Inc., “Solid-State Com-
munications,” McGraw-Hill, N.Y., 1966, p 97.

450-MC R-F AMPLIFIER—Gives average power work, designed with Linvill chort. Lead in-
gain of 8.6 db, bandwidth of 48 Mc, and duct was imized by removing most of
noise figure of 6 db. Uses linear active net- the Teflon from TO-18 socket so only thin
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PLATE-CATHODE FOLLOWER—Has low output
impedance, good gain stability, wide re-
sponse, and low distortion, making it ideal
as bridge driver for Wien-bridge oscillator.
—K. H. Liv, Plate-Cathode Follower Wien-
Bridge Oscillator, EEE, 11:2, p 27.

VDD=—25V
A

L
S 100k 315k 3 I0k 3
1 <

27

CilpF D|
IL nl
—r L
INPUT 2 F’I—IOpF c3—-[
I
]
| 2N364 50K !
)
| / 1 $9TNO.28
| J 150 K : Lz |
_ TloeF ! IZTNO.ZBI
| 2000 :,ooo-»—i[]}—l : I
X-TAL
| 'OK% 27425MC l;f] |
i
+18V 0sc 0.001 7'_ |

COIL FORMS LS-6 CAMBION

HIGH-IMPEDANCE PARAMETRIC AMPLIFIER—
Wide-band amplifier vses diode biased with
r-f to give 40-db gain. Input impedance is
above 10 gigohms, and frequency response
is within 3 db from 3 cps to 200 kec. Diode
D1 is energy storage element. Crystal-con-
trolled transistor oscillator is pump frequency
source.—D. Roveti, Diode Amplifier Has Ten-
Gigohm Input Impedance, Electronics, 34:51,
p 38-40.

8uf

e__?
QI

D(

{
Rg;;sek

GLF
L

2N2498

2N2412

47 puf
) 37

e

Q3
2N929

$5.1k

10k $3k 32k

Qq

O-—————A~-—-———--0
S
b

<

HIGH-INPUT-Z FET AMPLIFIER—Bias current
is obtained from b current gen-
erator Q2. Q3 and Q4 function as comple-
mentary current multiplier. Bootstrapping for
RB is obtained directly from emitter of Q3.
Voltage gain is 2 and input impedance is
200 meg. Response is flat within 3 db from
1 to 500 kc with generator resistance of
1 meg.—Texas Instruments Inc., ’‘Solid-State
Communications,” McGraw-Hill, N.Y.,, 1966,
p 187.

12K
(__‘.

0.l
2N35

>
22K
0,053 22K b4

"3
2203

+18v

12Kg 0.
—out

2N35

M

L 0.0532.2K

+25v

Cl
Spuf

CRI
IN645!

CR2 Y
IN645

PREFERRED EMITTER-FOLLOWER—Used to
match high-impedance circuit to low-imped-
ance load. Will accept positive and negative
pulses or sinusoidal input. Low output im-
pedance for pulses resvits in high operating
speed into capacitive loads. Bandwidth for
600-ohm source impedance is 50 cps to 3.5
Mc. Voltage amplification is 0.8 and power
gain is 12 db.—NBS, “Handbook Preferred
Circvits Navy Aeronautical Electronic Equip-
ment,” Vol. Il, Semiconductor Device Circvits,
1962, PSC 22 (originally PC 222), p 22-2.

100-DB AMPLIFIER—Used in distortion monitor
to drive indicating vtvm.—G. H. Smith, Distor-
tion Monitor Checks Linear Amplifier Chorac-
teristics, Electronics, 34:27, p 57-59.
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-28v
| =
130k :;REZ-Luo,u
30uo—» ) 1487k [+5y
2N930
—>|00ua
DIODE-STABILIZED BIAS—Positive shunt feed- $200k # (Qz hyq & 400
back concels shunt impedance of bias net- 2N241 .
work and transistor. REl is made small to il
¢ and ‘ ° € Q, 2.2mo
obtain gain of 10; as o result, input impe- 68uf N hf.ﬂ 34
dance is limited to 1.5 meg. Excellent bias '85"' -9.9y _ h?Gk
stability is obtoined. Three diodes compen- \/ 330k . 4 -
sote for variations in base-emitter voltage Rg'“".o :E "Sk:: —I‘ZOOFJ
of Ql, and negative d-c feedback from RE2 ] R 1t—$ I1Sv
further increases bias stability. Response is IN2069 wgln::
flat within 3 db from 100 cps to 500 kc.— ° 1
Texas Instruments Inc., “Solid-Stote Commu- 9 = I":"A“AI?EK +6]8y._f
nications,” McGraw-Hill, N.Y., 1966, p 184, = 4 (':" AP -L'sepf
t }{v +15v
Totol power & 65.5mw 1-5pt Ry =3.3k
+20
150K 10K 150K 10K 150K 10K
3 1K ,l{OO KK %Z’E 47K
K o oal LA Q2 Q3
i 2N708 2N708 2N708 PASSIVE REDUNDANCY IN A-C AMPLIFIER—
,3;’, Uses two amplifiers connected in parallel on
10K $390 10k $390 PI0K  $390 individual-stage bosis, with 1K isclation re-
sistors between stages. Amplifier is opera-
10K - 100K tional type having closed-loop gain of 10,
Emn Eour open-loop gain of 1,000, and 3-db open-loop
20 frequency response from 30 to 1,500 cps.
180K oK 150K oK 180K 10K Both open-loop gain and frequency response
100 are functions of failure mode of circuit, with
- v -4 " I'(b.. b most types of failure offecting performance
K . L oz ly slightly.—T. B. Booker, Designing R
n zugndn z'?,so' zuq’%‘ only slightly.—T. B. Booker, Designing Re-
47 dundant Analog Amplifiers, EEE, 13:2, p
1ov E 55-59
$I0K  $390 10K $390 10K $390 :
-
+28
Rq —Q-12V
100K s Ry
R 10K
5 Q; Q3
22K 2r?||6|32N||3| 2NI1131 2N3763
4
CI RG CZ luf
0.00! 33k Io.or o)
R INPUT ¢
2 = “1 1
1L5M = = 10K R, \ OUTPUT
RI y v o 40 : _121
50K R3 z:r 40 1 '(:5‘”t Ry
= Ol 1.5M 23?&3 od foutput E T
IN ] Re | 2N3735
( ]
4,700 2K '
= $ —O-12vV

ADJUSTABLE INPUT IMPEDANCE—Q4, Q1, ond
Q2 in negative feedback loop encompass Q2
and Q3 in positive loop, to give stable am-
plifier with input conductance of zero (infinite
impedance) and unity gain for almost any
output load, with output of 10 v p-p at 1 ma.
—R. L. Willett, Positive and Negative Feedback
Multiply Amplifier Input Impedance, Electron-

ics, 34:27, p 52-53.

ALL RESISTORS 172 WATT

4-W WIDE-BAND AMPLIFIER—Uses comple-
mentary tronsistors for operation vp to 100
ke with low distortion.
All leads should be kept short, to minimize
tendency to oscillote.—N. Freyling, "A 4-Watt
Wide-Band Solid-State Amplifier,” Motorola
Application Note AN-209, Mar. 1966.

Output is class B.
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4”% 4.7K. ‘%m
Vaa
e 12BHTA —ouT
Cy 10pF -IN
L st ov .
GRouND F o 8
OPTIONAL : +ay
-300v CoMP - s $
%ISOK 368K [-so0v 2.2»% I5KS 330K
16-KC COMPENSATED OPERATIONAL AMPLI-
FIER—Uses pentode V2A as voltage amplifier 50-KC  OPERATIONAL AMPLIFIER—Develops
to provide up to 140 v peak signals at grid full rated output of 100 v into 10,000-0hm
of output cathode follower V2A. Will go vp load up to 50 kc. Open-loop gain is 36 db.
to 50 ke without compensation.—H. Koerner, —H. Koerner, How to Extend Operational
How to Extend Operational Amplifier Re- Amplifier Response, Electronics, 33:46, p 90—
sponse, Electronics, 33:46, p 90-91. 91.
i € > A =]
#V00.9.49V0LTS) : AT
K Ry # ‘ ey 3
f' 5 . ian 62k Ny S2.2k
LINPUT ik - AN
CONSTANT-CURRENT DIODE AS COLLECTOR f
LOAD—Gain is 45 with 4.7K resistive load, : '
and increases to 750 with CCD as load. _L
Gain-reducing effect of external load parallel- = 0
. .. . ; yTPUT
ing CCD can be eliminated by using emitter- d ocr2 4
follower to isolate load from collector circuit. i - 8-5V D-C.
~T. K. Hemingway, Applications of the Con- | VATIS 2 47x < TERMINED BY
stant-Current Diode, Electronics, 34:42, p 60— ! cco (.;'gsx) S ‘:“5 X) Ry \Rp AND +v
63. =V{=9v)
1 + 1oV INDUCTANCE DATA
ISHIELD 1000pf COIL NO AIR DUX NO NO_TURNS
0.68yh RFC L o :
sauRe o° 000 L o 2
ot L, Wl oo U ] 3
LOAD 250-MC POWER AMPLIFIER—Gives good per-
2.7-30pf 9.180 formance for both small and large signals.
pf —Texas Instruments Inc., “Solid-State Com-
munications,” McGraw-Hill, N.Y., 1966, p 320.
Vec==—22V
(k) 27K R¢ 27K +20v
iOK ) 500pf
Yo A
56K 500 I b8uh ¢o0
Vin 2N1225 SOURCE INAI0L g 18uh LOAD
—=0.4uf O AuF
2N1225 = » # 500pf 500pf
— 170 9.0-
04 0, 780pf 180pf
PS| PSI
V900 V800 ™
50-MC POWER AMPLIFIER—Power output is

ADJUSTABLE-BANDWIDTH AMPLIFIER—Band-
width can be varied from 190 to 280 ke by
varying bias voltage on varicap diades be-
tween 0 and 10 v. Used in frequency-re-
sponse equalization and other system appli-

50K
BIAS VOLTAGE =

up to 1 w and collector efficiency above
50% for common-base operation.—~Texas In-
strumenfs Inc., “Solid-State Communications,”

cations requiring automatically adjustable
bandwidth in low-pass circvit.—M. G. Wilson,
Llowspass Amplifier with Adjustable Band-
width, Electronics, 39:11, p 90-91.

McGraw-Hill, N.Y.,

1966, p 317.



CHAPTER 3
Analog Circuits

ANALOG DIFFERENTIAL AMPLIFIER—Input im-
pedance is above 300,000 ohms and output
impedance 1 ohm, in d-¢ amplifier for ana-
log input channel. Q3 and Q4 provide gain
and phase inversion for feedback through

complementary emitter-follower Q5-Q6 to dif-
ferentia! amplifier Q1-Q2.—N. Aron and C.
Granger, Analog-To-Digital Converter Uses
Transfluxors, Electronics, 35:20, p 62-66.

—— TO COMPARATOR

R +I0V
IO& _____ Qze Re
R . 2n1e3 300
Qo X T
NI23 5
$66 ' T
T 4
S6Ge 1566 sec_*a e
1 Cy AAN i SEEETES
40 | K %IK
L dE S e 1
{FROM  FROM

{
FROM_CURRENT DIGIT 2
SWITCH IN DIGIT CARD | LShi

SUMMING AND WEIGHTING NETWORK—Con-
sists of eight identical circuits. Precise value
of direct current from constant-current source,
fed into first node of resistive ladder net-
work, produces 2.5-v step at summing ond
weighting network output, or half of maxi-
mum onalog input of 5 v.—W. B. Towles,
Transistorized Analog-Digital Converter, Elec-
tronics, 31:31, p 90-93.

AMPL AND INV FOLDER AND STRETCHER VOLTAGE AMPL
AND CURRENT DRIVER
-6 -30 -12 -30
READ DRIVE
| TP- ] TP-2 TP-3
READOUT DRIVE
50K (SENSE)
I DiZ D2
4.1
1 S
= Q 0s 2N598 | 0g -30
2N404 | 2N404 2N598 é
1 Q15
> 5"3 e 2301
INPUT - L-653C4 (7V)
FROM (2)
MULTIPLIER Q, Q Q4
l 2N598 2N598 2N4T2
(7
s,
>
SK
300 2300 -
Q2 Q¢
2N357 2N357
, | 10
5K 250 2K $2K
R L— >
2K Ry 240
+6 e 100
R, I :
10 5K =
1 POLARITY ) 0 H gbf:? e
= OETECTOR +25 -6 -3V 46V = 425 +6 -

INVERTER AND PULSE STRETCHER—Circuit

takes saompled output of multiplexer and

provides current required for driving trans-

30

fluxor in analog-digital converter that pro-
duces six-bit binary Gray code.—N. Aron
and C. Granger, Analog-To-Digital Converter

Uses Transfluxors, Electronics, 35:20, p 62—66.
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-0 AAN AAN
R R
RECORDER o2l
Ec+
§2R 350V
-5
Q 0 Ry
2N396
COMPLEMENT ) o
| oo cate N 30 B Egteov —e
Ry Dr, _D:‘_K 23 L_i:‘— Da22 Ry .
33K [ Dy u,,: | 13.3K
Ra Dio & 2! K D20 Ryo
{ z 7 4
21.4K Dy - Dio 27.4K
o 3
Ry Dg Ly ¢ S Dig Ry
b w = 4 ! Qx
53.6K | o: : & - :o: | 53.6K
7 = g 17
o
Ry D4 Le 22 3K Dis Re ar =
! = ! !
LOGIC CONTROL VOLTA
0K 0 § p:,5 | 110K GE
R, D4 L 2 . Die Ry LADDER-TYPE NETWORK DECODER—Transistor
A o ! o 215K replaces s'pd' switch fc':r bllnury ) of
analog signal. Transistor's own saturation
ALL DIODES IN457 L 2° K R¢ voltage (shown as ground for simplicity)
ALL RESISTORS % STORAGE REGISTER A serves as lower reference, while diode pro-
vides upper reference. Chief drawback is
DIGITAL-‘ANALOG CONVERTER—Converts bi-  Measures Frequency lJitter, Electronics, 34:27, poor temperature stability.—C. R. Pearman
nary digits to analog form.—K. H. Brackney  p 54-56. and A. E. Popodi, How to Design High-Speed
and D. R. Gosch, Pulse Comparator Circuit D-A Converters, Electronics, 37:8, p 28-32,
LN -
T B Re 75K 100K
\ \‘ \- MVv WYV ~300
— +300 \ v = oK OFFSET ADJUST
)] i i Rq
= ( E ) . \
‘\ \‘ IMEG 10K
NE2 \ \
\ —
OECIMAL \ ] IMEG =
POINT \ \ 125K Rs
INOICATORS \ i MA %
\ \ 5ok |
VIN “ ‘\ =
\ | MEG IMEG
13K 1 MEG \ \ A
e A ! 1 AR AARY
o—q
R I MEG R3
IMEG v A 7(
9 30K Ra 100K
IMEG 0.5 MEG 5K
—\2
I3, oN NE2 §
OVERFLOW S 100K
INOICATOR
f ’__)l [Py
I 1%
0.01 ook O
p— -300 0,Y
EXT CAL VOLT INPUT 100V = 4
o—————— = FROM
CALIBRATION b one
BUTTONS SHOT
470K 0,&  OUTPUT
EXT REF 2
-300 v MAA—{1 > TO GATING
B TUBE
0k S F 100k 18K
ATOF _300
348K | SLOPE AOJUST
6K o
02
FROM V-R TUBE

(+150 VOLTS)
DIGITAL VOLTMETER CALIBRATOR—Calibra-

= ALL OIODES INE43

tion voltages of 100, 10, ond 1 v are de-

voltage is converted to pulse whose width
is proportional to input amplitude. Used for

rived from reference voltage, for use in

gating clock pulses into digital counters for

calibrating digital voltmeter in which

dout.—B. Barker and M. McMa-

%iBOK
+300

han, Digital Voltmeter Employs Voltage-To-
Time Converter, Electronics, 34:18, p 67-69.
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2
R7
]
Rz
2K 1M
03
MAG
MO0
7 TURNS
N ot
NZV
6T
N3
16T
ANALOG
?gITAL INPUT ONE SWITCH OUTPUT
PER
0 8IT

-6V

-3V

ELEVEN-BIT DECODER—Well-regulated transis-
tor power supply and binary-weighted net-
work of precision wire-wound resistors give
high-precision conversion of 11-bit digital
value to current analog. Output goes to
magnetic modulator. Regulated 320-v supply

ALL DIDDES : PSS56I
DECODER R'S : £0.005 PERCENT

(not shown) uses silicon junction diodes in
full-wave bridge, with silicon zener diode as
reference.—N. Aron, Precise Converter Takes
Current Analog of Digital Voltage Pulses,
Electronics, 35:32, p 68-71.

| 470 oV
+12v0C

680K | 27K, 100K 33K,

470
-i2voc oV
ANALOG
VIDEO
INPUT  SIK

VIDEO

VIDEO PROCESSOR—Analog video input from
closed-circuit tv microscope is converted to

R-C network from Schmitt trigger Q6-Q7.—
N. F. Izzo and W. Coles, Blood-Cell Scanner

binary video output by difference amplifier  Identifies Rare Cells, Electronics, 35:17, p
Q1-Q2, squaring amplifier Q3, pulse shaper 52-57.
Q4, and emitter-follower Q5 which buffers
INTERROGATION RESET
PULSEU_ PULSE
-2V +20V " ﬂ
50 50
200 200
A= AV )]
SIGNAL QUTPUT
INPUT 2N9I7
-sv| = T0-104 (GE) T0-104(GE)
BIAS — —
ISOLATION THRESHOLD MEMORY
STAGE TUNNEL~ TUNNEL-
DIODE DI0DE

——\AA- £ N
15K If Q3
S16 0UT 2N1302
JARN -
Lal e Ll
\& o, IN270
BLEEDERT T
RESISTOR|
&
<‘
zmx%
i al
L] »t
IN270 | IN270

| G
gzox 0K

= T
@

UJT CONVERTER FOR ACCELEROMETER—Con-
verts digital output to voltage analog that
indicates rate of acceleration or, when
bleeder resistor is removed, actval distance
traveled.—F, W. Kear, Unijunction Transistor

Pulse-Circvit Design, Electronics, 35:21, p
58-60.

GERMANIUM

1p:4.45MA

Ro I, 1.55MA ( 20
il ¥
20 V= 260MV "\I°

(TAILORED BY
CONVENTIONAL DIODE) |

GERMANIUM

Vil 1,-4.75M4 2
Iy - IMA DZGQ
Vet a95MV

235m GALLIUM ARSENIDE

Vo Ip=5.9MA
1y=0.25MA 0369 22
Ve =1,100MV

THREE DIODES PROVIDE B STATES—Three dif-
ferent tunnel diodes, each switching at a
different input voltage level, act together to
convert analog input voltage to digital form.
—B. Rabinovici and J. Klapper, Designing
Tunnel-Diode Circvits Using Composite Char-
acteristics, Electronics, 35:7, p 46-4B.

50-MC SAMPLING AND THRESHOLD CIRCUIT
—Threshold tunnel diode receives signal cur-
rent to be sampled and interrogation pulses
repeating at 50 Mc. Diode fires when signal
current is below threshold level, making
memory tunnel diode switch into its high-
voltage state. Current level differences of
less than 50 microamp can be resolved in
0.3 nsec, sufficient for converting input into
six bits corresponding to 64 levels.—H. R.
Schindler, Semiconductor Circvits in a UHF
Digital Converter, Electronics, 36:35, p 37-40.
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-12v RESET i
PULSE 1K psom $2K 2OV
¢ +6.
ks TRANSMiSSION H L) &5V
1 TRANSFORMER ) Ll
{SEE TEXT) 1003 2N9I7
FROM 3 2N976
THRESHOLD 70 = 50000
TUNNEL 100 40 5,000pF =<
DIODE L—‘ " 3' pF CURRENT
Te—_ SWITCH
MEMORY CURRENT =
TD-103(6.E.) (M%) TUNNEL TD-103(G.E.) (LY ) AMPLIFIER =
DIODE TUNNEL-DIODE

WEIGHTING CIRCUIT—Circuit introduces pre- 1SOL
cise amount of current into point P within
few nsec in response to output of threshold
tunnel diode, contributing to accurate con-
version of wideband analog signals into 64

levels that are described by six bits of P

( ( ) [ | f | .
binory languvage.—H. R. Schindler, Semicon- INPUT 1SOL | IISOL
ductor Circvits in a UHF Digital Converter, DELAY

Electronics, 36:35, p 37—40.

AN ' A

-5V b IK [ i
38 $5.6K N404 +IN38A Z' I:2}
L 330
0.001 IN294I1A Y -10V REF COM

COM = COMMON TIEPOINT OF POWER SUPPLIES

AN fzu\; 15V TUNNEL DIODES READ 5-.APERTURE CORE—
ZNZW L Circvit olso controls switching of binary
weighted current generators used in analog-

COM digital converter.—~W. G. Trabold, Tunnel

Diodes Save Parts—Continvovs Readout of
Magnetic Cores, Electronics, 36:36, p 38-39.

PARALLEL +15V
CLEAR : TRANSFER
TRANSFER
c
A ﬁ':\l o B
¢ OuTPUT
A B
SINE Q Q2 SQUARE
WAVE 2N3436 2N2439 WAVE R,
10K

100 pf T 0, D, T 100pF -
10K FET VOLTAGE COMPARATOR—Circuit uses
b Vv =10V spdt configuration. Used to switch reference
voltage (such as ground) to successive points
S.4K on binary v ladder vntil parator
l l | M @ 03 determines that ou'pu' of ladder is equal to
) < that of unknown voltage. Sine and squore-
________ Sike wave inputs at A and B produce output at
C. Used also for low-level differential switch-
] ing.—J. Gulbenk ond T. F. Prosser, How
! Modules Make Complex Design Simple, Elec-

E +10V tronics, 37:32, p 50-54.
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IL
COMPUTE — ¢ 2
0.1 0.005

FIF
| sk 40K 8.2K r'(_ 355‘,,( iE'K

+15v

0
HOLOD ) 1 I
TIMING 75Kk 75K . IKS | 40K 200pF
CONTROL S > $ 2'2“"(‘1 213 | our
10K AN Qz .03 \
2NI24T's
PULSE INPUT G IK
FROM REFERENCE SWITCH [ 1t
A 39.2K
10K
%47
-15v
0z, Qs, Qq, HAVE COMMON HEATSINK

COMPUTE AMPLIFIER—Converts digital output  for transfer to hold amplifier.—R. M. Centner ics, 35:34, p 32-35.
of reference switch for serial decoder to  ond J. R. Wilkinson, New Approoch to Serial
equivalent analog voltoge ond holds voltage  Decoding Eliminates Static Storoge, Electron-

='l AvAvAv
IN270 10K -2
Q3 .
i 2N404 POLARITY DETECTOR—Q1-Q2 amplify nega-
0 tive analog somples greater thon 100 mv,
= ﬂ_e to provide sharp pulse output for driving
OUTPUT TO SIGN monostoble mvbr in analog-digital converter.
BIT OF OIGITAL —N. Aron and C. Granger, Anoclog-To-Digitol
TO SIGN BIT REGISTER ON ENCOOER Converter Uses Transfluxors, Electronics, 35:20
OF QUTPUT 22psEC— 0 E""V | PANEL 266 g v 39340
SHIFT REGISTER | < re0 ampL 0 P 2
T cuear puise

0-C BIAS -30 +6 _[__—‘ -30 SENSE AMPLIFIERS (5) -6 vorcator T30
-12 LAMP
240 '
: )
2,(3 m
ZKé 5.1KS 2K 110 A-C
f )
-12 -6
- Qu
2N404 FLIP-FLOP
2! REGISTER
¥ 653C4 p
407 X
— Qi
2N404 IN270
>
-6
L 390
READ DRIVER 475K
2N404 2N404
31 INFORMATION
ANALOG SET
DRIVER
301A COLL 3.3K
+6
+6 = 560
5 NOISE = B T
119 COMPENSATION
INPUT TRANSFLUXORS ! =
FROM
TIMING 5K 5
J'—u | AUTOMATIC
_[__° L RESET
5 — 5 RESET
& = '8 STROBE PUSH
AUXILIARY BLOCK ORIVER = INPUT BUTTON -6
ENCODER—Used between transfluxor and analog inputs to six-bit binary Gray code. Converter Uses Transfluxors, Electronics, 35:20,

digital shift register of converter thot changes —N. Aron ond C. Granger, Anolog-To-Digital p 62-66.
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+28vV Uy +50v 4300
ANaLOG VOLTAGE-TO-TIME CONVERTER—Produces out- o S 123 18K $2.2ME6
54K 20K put pulse whose width is accurately propor- 9 "551__0)-' v S
12W/° ?/%?”/' tional to unknown input valtage. Pulses are Via 8 0.04
AN MSB then used to gate clock pulses into digital — 4
. counters for voltage readout. Conversion oc- 5965 P4
b AR curs each time converter is switched on by MONOSTABLE 2 EXT
) G +20v monostable mvbr. Thyratron resets counters 47K MULTIVIBRATOR = RIS
S | ofter each conversion.—B. Barker and M. - | NE2
6.8 McMahan, Digital Voltmeter Employs Voltage-
I To-Time Converter, Electronics, 34:18, p 67-69.
= = . > '_) +300
10K 5 RE2S 0.)
0.05% S NEON OSCILLATOR
o 1 .
A WNIOODF ::‘4"
v D7 | TEN-BIT D/A CONVERTER—Ten identical stages
| ' (three are shown) use selected 2N2501 tran- 8.2K
o Gl sistors and matched FA2054 clomping diodes o
< to convert digital signals to equivalent analog =30 2}5’
I > voltages for driving servomotors, pen re- 47K
= = ; corders, and deflection circvits of oscillo-
scapes.—C. R. Pearmon ond A. D. Popodi, To EstEﬁI;’:ioch ; +300
How to Design High-Speed D-A Converters, )
Electronics, 37:8, p 28-32. -300 2220k
AN LSB 66K
¥ 0y 1MEG :_Lo.on
-—=-d 20K ) \/
| I 0.05% % sox | 2
I 1/8W RESET - RESET 10
al 1 L THYRATRON COUNTERS
B B i L 30mH KING43
+ 150V - -
MANUAL
INPUT _L”, ________ 12AXT
-
5 0.25 i
e ——
10 POTENTIOMETER ERROR COMPUTER—Compen-
[ sation technique eliminates need for precise
high-gain isolation amplifiers when lineor
! potentiometers are used as precision voltage
MEG§ 150K L2== ” dividers in analog computing circvits. Error
0 1.0 . is reduced by factor of 100.—M. Kanner, How
il Ep to Reduce Errors in Loaded Potentiometers,
-150v o T L Electronics, 32:34, p 34-35.

+64V REG
10K ézm é.ox ézm 10K ézm 10K %zm 10K zzxé IOKé mézm
+10V  UNREG. < < < < < <
l . 27K 27K . 27K
0.5 10K < 18K -AAA
e 0.005 0.005 0.005 005 0.005
l A ; A 0. h N335 | 2N328A
B — s C ( §
2N335 |2N328A |2N335 |2N328A 2N335 |2N328A 2N335 |2N328A 2N335 |zuszsA
PULSE 1N4g§2 IN4B2 IN482 27K
ﬂ’- 27K 27K 27K IN4B2| a7k J/ 27K —AA
> > >
oot 27K | 27K K 10K 27K 12K 239K 27K 18K 15K Serk et 6BKO27K 47K 2.4%27!(
COMMON
M 0.005 [ 1 1 1
1

il
RANDOM-PULSE CONVERTER—Transfarms ran-  svitable for multiplexing, and pravides mem-  tranics, 32:44, p 58-62.
dom information, as from radiation counter ory between events.—O. B. King, Multiplexing
and micrometearite detector, into analog form  Techniques far Saotellite Applications, Elec-
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s e
[ R l 100
PRy | AMP
| 1 TKS
a3xs i) | K bye 27K;
T pnes | 2N°9'4A' Qs 1000| olK 470uuf RESET
3 upl -
—Hi—t [ 2mzs t 2n9a af—1—— o3| GATE
ANALOS “« LK AMP e
(il A UMMING[AND A INISB% s R%%ET
2N94A WE‘I’GHTING ] IOK: GGENE
LA YT emirTeRSS 1ok 008 T %
arx FOLL $100 T|
b3 IK% 100 . 4°i

COMPARATOR—Comparator action begins
when summing and weighting output exceeds
analog input and negative pulse is coupled

through C1. Trailing edge of blocking oscil-
lator pulse activates reset-rate generator.—
W. B. Towles, Transistorized Analog-Digital

~15V
$R3 Ra
3K 22
Q
2N656
<’R p
< $10k Eour
it 2N656

En
—w——@o‘ ]
Ry 2N2386

Q3
2N2386

=

PULSE WIDTH TO ANALOG DEMODULATOR—
Circuit integrates incoming pulse and holds
final value until next pulse arrives. Output
then returns to zero for next integration.

Output range is 0 to 10 v for input pulse
width range of 0 to 1 microsec.—D. Knowl-
ton, Modulated Pulse Width Converted to
Analog Voltage, Electronics, 3B:20, p 99-100.

AAA

10100 pF
.
P
AA AMPL
100K Q1% A

6v
ZENER

100K 0.I%

Converter, Electronics, 31:31, p 90-93.

—ANAN——— NA—
Eq+20V R i
MATCHED DIODES S 2R Exs-+o0V

N P Ry
. 1 1
| E, 1, D2 : I; :
, -
Lol __J E2

i"z 0k

T =
LOGIC CONTROL VOLTAGE

TEMPERATURE-COMPENSATED DECODER—
Matched diodes in ladder-type network de-
coder change one reference voltage of tran-
sistor switch to compensate for temperature
effects.—C. R. Pearman and A. E. Popodi,
How to Design High-Speed D-A Converters,
Electronics, 37:B, p 28-32.

ANALOG SAMPLE-HOLD CIRCUIT—Uses diode
bridge as switching circuit. Operational am-
plifier A delivers maximum current of 10 ma.
Chopper-stabilized operational amplifier B
delivers 100 v at 10 ma.—T. A. Brubaker,
Precision Analog Memory Has Extended Fre-
quency Response, Electronics, 34:39, p 141-
143.

SET PULSE OUT SHIFT PULSEIN SHIFT SERIAL TO NEXT
CARRY IN ouT FLIP FLOP
-0V
SHIFT
MONOSTABLE
x Iu) o 0! |x| $igk CARRY
Cs o Ry MULTIVIBRATOR « 18 T s« K$ 30 DELAY MmONosTAapLE X! | [220 |47 TO SUM
220 +'0K$ 9, 22ks |35 (s [S] 77 g0 8:8_] N MUETIVIBRATOR Q3 | [eef [k 1 13T anD
s N I o K$ZIZ o e 4 WEIGHTING
puf < 10,0001 PaLS NypNgs | Z 1=y [Ce 82upf:  2N94A & NE TWORK
L oskdel gnpal s L [ Qe X@e [ L T330] s [17T0s Sx@s | LKL o
TOK 2 0% 0K T JTIOK 3 uuF|uio8 | - TI0K
VAt sk [* T
22 1220upF | Dy 220uF, 68} S22 0.000i < CURRENT
22K3 | 347K 38 tnioe, | o3t 22xiarci K3 3K gimos | woe 22k | | & 2NS4A| SwiITCH
+IOV. -3v
RESET| GATE FLIP FLOP
| +3v ¢ - _|3v SHIFT SHIFT
INITIATE CARRY GATE  ENABLING
PULSE T0 90-4 SEC GATE GEN — L RESET GATE IN KsX 1,000 57 CAIERE
CODING DIGIT CARD—Initiate pulse starts cod- at maximum sampling rate of 5,000 inputs ized Analog-Digital Converter, Electronics,

ing in digit card of analog-digital converter
and vltimately provides positive shift-carry
pulse for next card. Codes inputs up to 5 v

per second with 0.5% accuracy. Eight binary-
digit result is shifted out serially at 100,000
digits per second.—W. B. Towles, Transistor~

31:31, p 90-93.
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} TO SIMILAR FROM OTHER ' ™ 7] ouTPUT
ANALOG MULTIPLEX SWITCH MULTIPLEX SWITCHES | __ !
INPUTS -1
SAMPLED
NI2B QUTPUT 3
TO AMPL 2 2N446A
SAMPLE PULSE INPUTS
T ] SIMILAR _ NS
INPUTS 5.(:; K 7)INT05  =7=0.01
<
0
_ﬂ. - Q
S 1O 2N404
D, L@ 2504 ¥ 3.3x
TO AUXILIARY SHIFT REGISTER RESET | o
OF CONVERTER = L= )
(FOR THIS SWITCH ONLY) - oF -
REFERENCE SWITCH—Provides low-zero-offset
SAMPLER AND MULTIPLEXER—Sample of sig- S-microsec pulses with stabilized amplitude,
nal input voltage is fed to output when obtained from synchronous flip-flop. Output
sampling pulse from external digital timing pulses switch from zero to —5 v, for driving
matrix is applied to primary of pulse trans- compute and hold amplifiers of serial de-
former through Q3.—N. Aron and C. Granger, coder.—R. M. Centner and J. R. Wilkinson,
Analog-To-Digital Converter Uses Transflux- New Approach to Serial Decoding Eliminates
ors, Electronics, 35:20, p 62—66. Static Storage, Electronics, 35:34, p 32-3S.
DATA ACCEPT I B g '
[ L a7 15V -30v 47 :
0.1 0.1
F/F =
5K 100K 10K
0 VWA AN — A~
STORE 7 )¢ ) y
TIMING 27pF <4 300K g 300K < K< 3.3KkS
CONTROL I’ = 3300k 22K, ] oK { Ul
25K " 2 03 0.001
= Ry o IN4ST X ’ 2N124T's
INPUT FROM 5K E 1K L
#VAVA'—" - —_
COMPUTE AMPLIFIER =
| 169K Qs
. 2N1395
iy
47
. 0.1 INT05 750
= o
02, 03, Qq, HAVE COMMON HEATSINK = = utd

HOLD AMPLIFIER~Samples output of compute
amplifier at end of each word, to provide d-c
output for serial decoder and permit time-

sharing of computer amplifier. Full-scale out-
put is —10 v d-c.—R. M. Centner and J. R.
Wilkinson, New Approach to Serial Decoding

Eliminates Static Storage, Electronics, 35:34,
p 32-35.
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+22 VOLTS
+225V (‘32 1.8 mA
v
> e - Ry 3R
5 SRy T' 12 1%  oureur
SR, Re 12X $ost [INTIEA .
€ 500K 8.2k ==C
ok 319 Wt ‘2 ¢
0 <6.2K 0.01uF  0.01uF  0.01uF .
2N3059 e (_1 - 2N2270
> |
> '7 9 +
"250‘( Cy 34D ::_..L INPUT R,
w EL j" R Re (ADIUSTS
Tee + 1ok 20K > CIRCUIT Q)
25 03 (FREQUENCY
c - 2N3059 Q4 CONTROL)
| Q c
~do 2 + > 4
‘|’5,15 2N3089A ] (QUTPUT %?3« 100,F
SRy Cy 20V
INPUT | 2 10,000K 25 1
1 TUNED A-F—R2 tunes three-step lodder net-
. A = work of feedback loop from 800 to 1,000 cps.

SINGLE-FET CASCODE—Costs less than two-fet
version, but has somewhat poorer stability.
Voltage gain is 500 for 33,000-ohm output

impedance.—8. Smith, Low-Noise FETs Sound
Good To Circvit Designers, Electronics, 37:31,
p 56-62.

Circvit is stable. Used in a-c bridge.—J. F.
Delpech, Simple Circvit Tunes Audio Amplifier,
Electronics, 38:6, p 84-85.

[ T
50 > 100
pt < i 450
= $10K 1: 10w
470 pF S{ 18M 5
> als
D4
Q l t u212
0.01 >
arox M 2 100K
W 2.2K
180K A LINE o
SUPPLY
0027 5 e
< <
0.0045 SPEAKER
PHONO PREAMP—High input impedance of ter-follower driver transforms low input of 1 w.—V. Harrap et al., Researchers Turn

mos fet will not load ceramic cartridge rep-
resented by 470K and 470 pf. Q2 as emit-

38

impedance of Q3 to sufficiently high valve
for required voltage gain at power output

to Germanium For o MOS Field-Effect Transis-
tor, Electronics, 37:30, p 64—68.
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Total har
is less than 0.3% at reference level output

39

dulation distortion

or inter

pedances, Equalized auiput is constant with-
in 1 db from 40 cps to 12 kc.—'Transistor

Co., 1964, p 252

+ + + +
| deom IK% g‘ K 50#,: %loox e -l—
2Ms 35 MONITOR 22K
1 ¢ QUTPUTS
izlox 4 gi00K CONTROL
= VOLTAGE
47K
27M
GATEIN
180K N
680 pF-2uf J. 5
0010 | | |oPERATION|MoT (0.1- 300 MS) EAA9I ©
€
TRIG&ER |
i o ] |
IM i OFF L |
i | AR
FREQUENCY (0.2- -4C/8) |
éQMERl%AN TU%E +
UIVALENT | A
EB8CC = 6DJ8 | o 8 8.2k
ECCB2 = 12AU7 POSITIVE SUPPLY: 4225V $ -
NEGATIVE SUPPLY: ~I70V +
DRIVER FOR FADER—Con be operated either
in free-running mode ar in triggered or gated ELECTRONIC FADER—Used to fade avdio sig-
mode, to produce control voltage that will nals on and off without producing audible
drive electronic fader, Correction network at switching transients, Signals from matching
lower right transfers control voltage to fader network of driver are applied to points A
and minimizes switching transient.—E. de and B.—E. de Boer, Electronic Fader for Avdi-
Boer, Electronic Fader for Avditory Research, tory Research, Electronics, 33:50, p 85-87.
Electronics, 33:50, p 85-87.
l SWITCH POSITIONS
5
ca .o%ez I | PHONO (RIA:\ EQUALIZATION)
X 20% | 2 | TaPE - 7 172"/ SEC. (NAB)
BT 3 | TAPE -3 3/4"/ SEC
e L TREBLE L o 0 4 | MICROPHONE(MAGNETIC) OR TUNER
EQUALI- c7 . "
K 1 NOTE: ALL RESISTORS 1/2 WATT,
30KT  ZATION, 2Ry ooes= I RU ! £5% TOLERANCE 18 -a0T0
20 /.T ] ALL CAPACITOR VALUES-uf [ V"—° _aev
|
] -22v 4.25mo0 —* 4—.4.25"'0 2ND STEREQ
. : GE CHANNEL
R6 c3 :’ 20K 3 4 SRI3 24XL228
sek ! J q 10K 03 4
TUNEROR s s—| | ——4 1l 2 10.7V / /" \2NS08 OR 8
FM DECODER [ oo
500K 1 - on an3zz BASS ’_"1 B
AN c1 3w/ v - -
Q INPUT 20 ol 2N508 800ST gge
= LEVEL +|~'>V 2N508A A
® - - OR <RI4 i
°““_'_@>znsoa 2 o
.7 HENRY
2 RI 500
<,|g<.)/:< g2 MAX, DC
< RI6 S 1
S 220k LSV s s+ I
< 2.9v LEVEL clo
20ut
$he 15V
247 co - $Ris OUTPUT
_j- IOO:— :,2 7K
R4 ¢ =2 By
= T
.
MAGNETIC PHONO  TAPE HEAD OR L
CARTRIDGE MICROPHONE
PHONO, TAPE, AND MICROPHONE PREAMP-— of 1 v. Will take most magnetic pickup im- Manval,” Seventh Edition, General Electric
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p
)

100K

10K

0 -12V

100K

2N1414

2-STAGE R-C COUPLED AUDIO AMPLIFIER—
Input impedance for basic circvit is about

“Transistor Manual,” Seventh Edition, General
Electric Co., 1964, p 242.

1,300 ohms. Design equations are given.—
PHA RT 100K
X SE INVERTER ANA +325V
50
\
l._l
100
Yl
A
100K
X
Vi S
---Yy128x7 g 8
l 400
| 8=
MEG PREAMP ]
680 IMEG
K=X 1,000 =

20-W SINGLE-ENDED PUSH-PULL OUTPUT—
Daubling number of output power tubes dou-
bles power output and halves loudspeaker
impedance requirement. Seporate cathode R-C
assembly for each pair of output tubes is

recammended, but only ane double choke is
required. All pentodes are 6CW5.—J. Rodri-
gues De Miranda, Push-Pull Amplifiers Drive
Speaker Directly, Electronics, 31:29, p 76-79.
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' +40V
0
0 L Z¢ )

10,00 LE,C_J X284
3 l;
TN

Vin Vout

Ry S3.5 MEG

100-MEG INPUT RESISTANCE—High d-c input
resist is obtained with grounded-collector
circuit operating under starved conditions.
A-c input impedances of 100 meg are obtain-
able at avdio frequencies, as required for
photoconductive devices.—B. M. Bramson,
Starved Transistors Raise D-C Input Resistance,
Electronics, 32:5, p 54-55.

o+ 22V
{2mo)

/T

Cortridge copocitonce:
1,000 to 10,000 pt =

PHONO PREAMP—Two planar passivated sili-
con transistors give RIAA equalization for
ceramic cartridge.—General Electric Co. (ad),
Electronics, 37:17, p 38.

+40V
'
3.7K
A'A“' lN758 +25v
47K 3 310K I
It { 2N657
b S
$100K 315K y
2N657 %
L 20uf
Sut ™ sov
0—-{ +7-
+ & 2N929 2N657 0K $ —
56K 590%t
T]20u¢ g
< — f
. ISK%: 6V \25%':/ 1sen
200uf - =
ev T2 ) J O
330:: 3.9K:: T v
= 22K

VWA

1-WATT FET AUDIO AMPLIFIER—Valtage am-
plifier is followed by split-load phase inverter
and push-pull output stage. Emitter-followers

drive output stage to improve frequency re-
P , with pling through nonelectrolytic
capacitars.—L. J. Sevin, Jr., "“Field-Effect Tran-

sistors,” McGraw-Hill, N.Y., 1965, p 98.
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12-14V
oo
>
Q6
>2N457A
oK
—)}—W\— |_?loo
INPUT mln
] LOAD
= Q 473 3pen
2N1377 Q >
Q; 1
2N132] =
>
SSK% 250:'. 390 a
+ =250 <I80
L 1,000
39K 20
| T +
= It ¢ ‘:Rf ~1,200pF
257 | R, IK| 22K

COMPLEMENTARY-SYMMETRY AUDIO AMPLI-
FIER—Provides nearly maximum power theo-
retically ovailable from single d-c supply.
Distortion is low. Large feedbacks, both a-c
and d-c, make amplifier insensitive to unbal-

ance of output ftr s.~R. S. Richards,
How to Design Transformerless Audio-Fre-
quency Power Amplifiers, Electronics, 35:46,
p 50-52.

B'+

vy Rg
Li2ax7 | 600K

-—- PHASE L (G4}
INVERTER R(TM*
L)

120K

T

10-W SINGLE-ENDED PUSH-PULL OUTPUT-—
Feeds vaice coil directly, making output trans-
former unnecessary. First preamplifying stage
has positive feedback to point of oscillation,
while amplifier and output stages have nega-

tive feedback. Circvit has low distortion, fiat
response, and only a few degrees of phase
shift over audio range.—J. Rodrigues De Mir-
anda, Push-Pull Amplifiers Drive Speaker Di-
rectly, Electronics, 31:29, p 76-79.
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TO OTHER o
CHANNELS CHANNEL 3 100K GT3
AR BAY
Ll I OYTPUT
==oJz -
- 8.2k
AV~
31K v
CHANNEL 2 100K g3
— Y
4.5H ouTPUT
Tmz 82K
ANV
4.2K v
CHANNEL | 100K 673
Ve
6.8H ol OUTPUT
INPUT —[O.l T
= ¢4y K=X1,000

Q MULTIPLIER—Circvit shows three channels
of multi-channel selective a-f amplifier (190,
216.5, and 235 cps) vsing various coil-capaci-
tor binations with tr Q multiplier
to provide staggered r freq d
Used in frequency-selective calling systems.—
G. B. Miller, Transistor Q Multiplier for Audio
Frequencies, Electronics, 31:19, p 79-81.

Vi
6005/6AQ5 W
or

"1 1

PREFERRED POWER AMPLIFIER—For 6AQ5W,
with plate supply of 250 v, output is 115 v
ta transformer at 2.21 w for 6 v rms input.
For 5902, with plate supply of 150 v, output
ta transformer is 75 v at 0.B w for 5 v rms
input.--NBS, “"Handbook Preferred Circuits
Navy Aeronavtical Electranic Equipment,”
Vol. 1, Electron Tube Circuvits, 1963, PC 61,
p 61-2,

—0
TO SPEAKER

33K
—ANM\-
47K 2NI141S
T2
2N323 -
\ 1.2K
=0 = =
Sout
LK Teev 2N14IS
2200
SW
sowr L= <o .
6v + + 6V =
T

[
<

6-V PHONO AMPLIFIER—Provides 300 mw ot
10% distortion. Bass control R1 and treble

cantrol R2 are 50K linear taper. Volume con-
tral R3 is 10K avdio taper.—~'Transistor Man-

val,” Seventh Edition, General Electric Ca.,
1964, p 376.
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+ 150V

FROM
DRIVER
STAGE

VOICE COIL

—& ECC‘ -12v

BASIC CLASS-8 PUSH-PULL OUTPUT—Design ent temperature is below 55°C.—'Tronsistor  PREFERRED VOLTAGE AMPLIFIER—Amplifies 10
procedures are given. Resistor in emitter  Manual,” Seventh Edition, General Electric 10 70.mv signals to level needed to drive au-

leads prevent thermal runaway when ambi- o, 1964, p 242. dio power amplifier. For 5751, amplification

is 335, maximum output is 23 v rms, and
3-db response is 10 cps to 20 kc. For 6112,
’ ¢ O - 46V maximum output is 26 v rms, amplification is

1550 370, and 3-db bandwidth is 10 cps to 30 ke.
—NBS, “Handbook Preferred Circuits Navy
6800 Aeronautical Electronic Equipment,” Vol. |,
B Electron Tube Circuits, 1963, PC 60, p 60-2.
OR
2N297a
zofi‘ ;: DELCO]
28y 172 A(TYPE
AGC OR 3AG)
iy o sorieh,
150001
sov
10-W DIRECT-COUPLED POWER AMPLIFIER—
22 Has excellent low-frequency response, along
with d-c feedback for temperature stabiliza-
20ut tion of all stages. Q2 and Q3 operate class
K 2033 B in Darlington connection to increase current
2N297A ouTPUT gain. Fuses protect output transistors against
(0ELCO) ——o.22 continuous sine-wave output above 10 ke.
Power response at 1 w is flat from 30 cps
INPUT e ta 15 kec.—"Transistor Manual,” Seventh Edi-
OR 3AG} tion, General Electric Co., 1964, p 260.

O- O
=
CRYSTAL
CARTRIDGE INPUT 2N141S
50ut, 12V 15,12V
-+ -+
470K —t9
LuM
vo RE| 150K uox§ 4700 47K 33K§4.7K 4700
= S50uf | — - c—
9-V PHONO AMPLIFIER—Provides 400 mw at L 2y TS, on | e T
10% distortion. R1 is 5K audio toper and M ,\K/\, AAN— b —o—0
R2 is 25K linear taper.—"Transistor Manual,” SW

Seventh Edition, General Electric Co., 1964,
p 377.
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DYNAMIC
MIC IN

150

CARBON
MIC IN

77

AV
2.2K

ZONED PUBLIC ADDRESS IN PLANE--Uses
single preamplifier and up to five power am-
plifiers and speakers to distribute sound uni-

K= X1,000

formly throughout seating area of plane.
Air-ground output switch acts on all ampli-

fiers i ly to for dif-

P

Rotary function switches

+24v
FLTEROUT o
2N235
50 428V +24V
FILTERED
OUTAUT TO
PREAMP Ry
out 1.8K PREAMP
Si=
Qg
2N43
G 100K
50

>
|5xj?_

ferent noise levels on ground than in air.—
Transistorized P-A System Adjusts to Aircraft
Noise, Electronics, 31:7, p 106-107.

(multiple decks)
=120V -150V
o
B.l
— 100K $ 100K
b
ol 22 meqif
68 pf
’T‘ Output
—O
: 2N2497
2N2497 e{)
L $ox |2N696
27K 2 |.004 S
a7k | #47M 3 | | | )
{ v 2750pt S Feedback
:EIK 21.2M SIK }J: p3El tone control
9 9 p circuits
47K¥
=
HI-FI FET PREAMP-—Breakdown Itage of led d tion with low-cost Effect Transistors,” McGraw-Hill, N.Y., 1965,

commercial fet's is extended by using direct-

p
germanivm transistor.—L, J. Sevin, Jr., “Field-

p 73.

=21V

| g |
|3 ? 2N2102 &
| (2N2219) D
| MM999 7500 Ak 3000600
/)
1—%—- +5% [ T
€o
. | |
! 36 N§ oy
|| DA »
€in ! 5% I TELEPHONE-CHANNEL AMPLIFIER—Thick-
:: 47:: 22 L film construction gives 36 db gain and is
I > 15%2 £5% I T distortion-free up to 65 mw. Input and
L ” | output impedances are 600 ohms, for fre-
Y T - T quency multiplex equipment.—N. A. Zellmer,

Getting the Most Out of Feedback, Elec-
tronics, 39:2, p 66-72.
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KX 1,000
PREAMPLIFIER FOR DYNAMIC PICKUP—Ac-
N cepts I from variable-reluct car-
15 tridge. Includes RIAA frequency-correcting
network, variable bass and treble compensa-
0K tion, volume control, and lovdness control
that attenvates midfrequencies as loudness
level is decreased, to emphasize lows and
highs during soft musical passages.—R. Min-
100K ton, Designing High-Quality A-F Transistor
Amplifiers, Electronics, 32:24, p 60-61.
RS
L 1500
Rei AN +50v
6807 $he, @
c3 + Q4
20ut — 2nzi%6, 2107
S0V Yo OR 7A3I (G.E)
IN4I54 OR
p FI-1/2A (TYPE 3AG) STANDARD Msosn(ef.) FI
FUSE
ALL RESISTORS /2 WATT IN9I - ©a
a3 s ! LOAD
-1 c2 t
SreReo SR T2zt ( g)z"‘”‘ 5 3V
Ry ANCE g 22
Ci 2N2196
47K 0K 2.7 |, gy 2N3416 sV 2N2107
O EE}"' VW @ OR 2N336A OR 7A3 OuTPUT
20ut L2v GE) 22
N 15V < R4 — < RIO
INPUT 315¢ R? 2 ca 5820
390 ¢ g
STABLE AUDIO AMPLIFIER—Provides low in- i T™
put and output imped g with stabl, gg.( -
gain for wide range of transistor parameters VWA

and thus for temperature and supply voltage
variations, as required for sound level meter.
—W. V. Richings and B. J. White, Transistor-
ized Sound Level Meter, Electronics, 33:25,
p 64-66.

8-W SILICON-TRANSISTOR POWER AMPLIFIER
—Ou'pu' |mpedonce is 0.5 ohm, for good

Resp is down only 3
Powcr response is flat within

db ot 86 kc

0.33 db from 30 cps to 15 ke at 6 w output,
—~'Transistor Manval,” Seventh Edition, Gen-
eral Electric Co., 1964, p 263.

A _T_ ;v‘.‘. Re
403 530 1.2K
——AAA——§
:& Ry I
¢ 8.2k = b g -
T | +
g; 2N2431 =
TO PRE-AMP —] (— Q
— 2N2428 Rio Cs
27 1,000
______ =T
Dy |
0A7 [ Rig
[ 16
| -
___________ o | =
r j Ry3 |
[ 330 |
| 1l 1
| =
| = 25 — !
| - 8 :
|
i S J

A-F OUTPUT TRANSISTOR PROTECTION—When
ovtput of 3-w avdio amplifier is short-cir-

cvited, protection circvit reduces overall gain
by 20 db.—E. Segatis, Circvit Protects Ampli-

fier Against Short Circvit, Electronics, 37:23,
p 61-62,
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€
RESISTORS: All /2 watt, TI Type CDI/2MR
CAPACITORS:
-0t
Cp-5.6uf-TI Type SCM 5658P035C4
C3,C6,C7—-220uf-TI Type SCM 227HPOIOC4
C4, C5 - 1.0pf-TI Type SCM 105FPO35C4
Cg~10uf-TI Type SCM 1068P020C4
Cg9-68uf-Ti Type SCM 686GPOISCE

. 4 -0-50v
L
30K 2 400K
2N24 2N
Q3 )04
s .
1K 5KS J@

>
IKS
SIKS

51 KIE;LI_C-,

— AAA

VW~

62K

60-DB LOW-NOISE FET AMPLIFIER—Gives
maximum valtage gain of 60 db, canstant
within 0.5 db frem —55 te +125°C with

quency respanse, alang with extremely low
naise, as little as 5 db at 10 ¢cps. Used with
law-level transducers, null detectars, recarders,

ment.—Texas Instruments Inc., “Salid-State
Cammunicatians,” McGraw-Hill, N.Y., 1966,
p 293.

built-in gein adjustment. Has goad law-fre-  ascill pes, and dical research equip-
ca R@
—i' 330K
RS TREBLE R7 3
SWITCH_POSITIONS 560K EQUALIZATION 12K
1 | TAPE - 7 1/2°/SEC (NAB) aas e l—“""—"
2| TAPE-3 3/4"/SEC c3 20K '? ‘
3| MICROPHONE (MAGNETIC) OR TUNER + VA
NOTE: ALL RESISTORS 1/2 WATT, £5% TOL. S R4
ALL CAPACITOR VALUES -t 3K +22v
S SR': ::)9.( 2 @3.5ma
ook 1 1 Q3
TUNER OR !
FM DECODER [} weg — Q2 < @>2Nzg:52.zsgsza
LEVEL 2N2924 oSS
¢ 5 L7V f:‘:) B0OST
& 23308 \1
- @
TAPE - MICROPHONE PREAMP—Uses silican ., c2 $RIO
pl npn tr s, king it y RI ::_zgv [ 62 0.7 HENRY
ta have temperature-camp gr in b vl MAX. OC
emitter circvit of first stage. Naise level is i LEVEL o } o
66 db belaw reference level autput with § v .32 C 20 -
weighted measurement. Frequency respanse ! 'é':g
is flat within 0.25 db fram 30 cps ta 15 ke, = J SUTET
and tatal harmenic distartian is 0.01% at 1.2 347 oot gRu TRy
v autput.—"Transistar Manval,” Seventh Edi- e !
tian, General Electric Ca., 1964, p 256.
TAPE HEAD OR ! ]
MICROPHONE
o
13 MEG.$ $910K $330K $680K 375 W)
Ce
Cs ————0
¢ —— ouTPuT  RESISTORS=—ALL 1/2 watt, Ti type CDI/2 MR
/? ﬁ7> CAPACITORS
° -)I’T' e L) Q J2N929 €1, C3, C5,Cg — 2uf, Tl type SCM 225FP020C4
INPUT H A——— K C2,Caq 20yf, T1 type SCM226BPOISC4
33003 15K =" 33003 10K Ix)l:‘ C7 20uf, TI type SCM2266P035C4
y 1 1 GAIN
820K 3 1 ADJ. S1MEG.
1 B <t + | "9 e
820K C2 8202 Cq 180K $ C7
. T T T

LOW-LEVEL LOW-NOISE HIGH-GAIN—Gives
gains up ta 1,000 (60 db) far high-impedunce

micraamp ond generatar resistance abave 1
meg. Such performance was previausly avail-

Texas Instruments Inc., "Salid-State Cammu-
nicatians,” McGraw-Hill, N.Y,, 1966, p 291.

transducer applicatians, with typical naise
figure of 1 db ot emitter currents belaw 1

able anly with vacvum tubes and fleld-effect
transistars. |deal far space applicatians.—
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1200 pt 210
P I|—%‘ 120K +22v +Vpp
2mo l
120K 2N2924
J_ A4 812V OR 2N2926 %Ra
50K
1509t 310 MEG
0% 3 OuTPUT
2N2924
LEVEL 9
CARTRIDGE — eN3oss
CAPACITANCE {n0uo
1,000 TO OUTPUT
10,000 pt | g Re
>
2K
VELOCITY-RESPONSE PHONO PREAMP~De-
signed for use with wide range of ceramic
cartridge capacitances. Input impedance,
which is 30K ot 40 cps, decreases with in-
creasing frequency to give velocity response TWO-FET CASCODE—Gives high audio voltage
from cartridge, so that preamp frequency re- gain (40 db), high impedance, low-noise op-
sponse is like that required for a magnetic eration, and good temperature stability with
cartridge. Output is equalized within 1.6 db low supply voltage. Q3 serves as load re-
from 40 cps to 12 ke.—''Transistor Manual,” sistance.—B. Smith, Low-Noise FETs Sound
Seventh Edition, General Electric Co., 1964, Good To Circuit Designers, Electronics, 37:31,
P 258. p 58-62.
—O + VCC
25v
Component values:
Ry = 560 ohms
Ry = 16 kilohms
R, R; = 6.2 kilohms
R3 = 1.6 kilohms
E, R4 = 1.0 kilohm
—0

THREE-STAGE CASCADED COMMON-EMITTER—
Gives current gain of 90 db at 1 ke. Output
voltage swing is 2 v peak-to-peak. All tran-

sistors are 2N1565. Values of C1 and C2 de-
pend upon frequency response desired; typi-
cal values are 10 and 100 mfd respectively.

—Texas Instruments Inc., “Tronsistor Circuit
Design,” McGraw-Hill, N.Y., 1963, p 205.

@’;523’:0 3N126
31000 XL
1 ALL RESISTORS 172W ¢
bShe
E
> Q2 A
$ 3900 2N3414 L L f33es
= - U
1 > CERAMIC s g
PHONO
+ CARTRIDGE =
Wput —=
25v ~ F  SILICON ,
DIODES 3470
IN4154 OR
SD974  (GE) 69 +120vDC
© LoAD R R2
‘\._JVW—”—.-JVW«L’:O vDC
>
2130k >—€ - PR 3
15V 2700 > Ql I
w23 ) 2n3302 = = =
re | e Tha, ) OUTPUT = = =
1St 8sv LOW-COST LINE-OPERATED PHONO—Provides
T+ .22 1 w output with only two transistors. High
18K 3 < P y
INPUT S 390:: * 10outd 3470 input impedance (above 10,000 meg) of fet
’ = 3V permits direct drive by high-output cartridge,
while MJ2252 npn silicon transistor operates
gak -=L directly from 120 v d-c output of simple

2.5-W TRANSFORMERLESS AMPLIFIER—Uses
economical transistors and diodes. Requires
330 mv input for full output. Total harmonic
distortion ot 1 k¢ is less than 1% ot full
output.—“Transistor Manual,” Seventh Edition,
General Electric Co., 1964, p 266.

power supply using Motorola 1N4004 sur-
metic silicon rectifier. Values are: C1—100
mfd; C2—0.1 mfd; C3—100 mfd, 3v; R1—330;
R2—10K; R3—3K; R4—1 meg; R5—5K; R6—
100K; R7—33.—D. L. Wollesen, “A Line Op-
erated Solid State Phonograph Amplifier,”
Motorola Application Note AN-183, Feb. 1966.
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PREAMPLIFIER  TONE AND VOL CONTROL PREDRIVER DRIVER OUTPUT
N
} -45v
5.6K2 50 | 50 222K |
it K*X 1,000 | it 3903 cBs
27K 50 $22K 3.9k$ g22K 50 uo-sz
L —H voL 10 ) 7
=r10 "L sg :tuo L oerx 25 4}
3 02 ¢ AV [T 3
4.7KS __“_1 100K $ L 347
2560 15K 150
(] ’ 1
4 |/> }— nar ] B ')? /[ ./)cas LT-52
Lo \S 24— sk [0 /P)zuzn L 28 %
3¢ SRR 10 10K AN \SY %a__L2el W
azs |aors L Taele Lo £ T\
s | T 10k | TF=F 3 F 247 1000==
[ S 5 agao 2| 31X | 30To st
3 68K 0.25= ? 50K 140 —
% s 3 0,05 =CF sivsidRio | RS
_C ik  Seso 005 a0z dogmerghio | g

SINGLE-ENDED CLASS-B OUTPUT—High-fidelity
10-w amplifier uses capacitors and diodes to
couple class A driver to single-ended class B

ovtput feeding 16-ohm speaker. Input stages
are equalized for RIAA curve. Frequency re-
sponse is flat within 1.5 db from 30 to

15,000 cps.—H. C. Lin and B. H. White, Sin-
gle-Ended Amplifiers for Class B Operation,
Electronics, 32:22, p B6—B7.

2NI6I14

AAA
VWA

an

=N

OUTPUT

-~50 vde 500 ¢ 0 -4y
b3
° 210w
[ ¢ TI3031
3 100K 3 100K g
0.1
) ’ 0470
—‘H y $0.560 3w
0.1 TD ————— - — = P 172w By
< ; IX
i 2N3336 $ II%OVQ C
_____ -~ v
v. out ) 13031
in
$im 15K $IM 315K E ’ 0470 40
) . > 3!
T s 0.560
= < /2w
BUILDING-BLOCK  AMPLIFIER—Has  voltage 70 W FROM PAIR OF T13031"5—Provides av. =
?;"'Md l"‘oo: :_:dl_?um'b:,"dw“:'h pro:l::' :: dio amplifier output stage with high power-
desi c'd '9,""' elity °: to I:" ::"P o with to-cost ratio, with no need for transformer
esigned wi P e e ages, on coupling to speaker coil.—Texas Instruments
equalization network and one with tone con- Inc.. "Solid-State Communications.” McGraw-
trol network.—L. J. Sevin, Jr., "Field-Effect Hili' NY. 1966, p 315 '
Transistors,” McGraw-Hill, N.Y., 1965, p 74. JLADLLALZICIES
+60V
FUSES - F4,F5,F6,F7 1500 @400MA
I/2A (TYPE 3AG) STANDARD | RS
ALL RESISTORS )
1/2 WATT $ 6800 Q2
{ Rs 2N2108
C3 1 ‘ E >
20#1*:: Q4 8 Q6
sov - ¥ o = 2N2107's
IN4I54'S | cs
+60V ¥ D2 :; ,I‘Ke F4 Fé I.';%(ed
BIAS 30v i
1F
\ 168
i LOAD
5

Q3
= 5 & a7
2N2107'S
L .22
K ¥ Igg' F F7 ‘|' cé

15-W  TRANSFORMERLESS AMPLIFIER—Uses
additional input stage to increase input im-
pedance from 3K to over 200K. Power fre-

RI2
33K

!

qiuency response is flat within 0.5 db from

20 cps to 20 kec. Output impedance is less
than 0.3 ohms, for good speaker damping,

and harmonic distortion at full power is less
than 0.25%.—"Transistor Manual,” Seventh
Edition, General Electric Co., 1964, p 269.



48

SOURCEBOOK OF

CARTRIDGE R3 4 10040
CAPACITANCE¥ T

5,000 TO o L ™% Sre OUTPUT
10,000 pt !'Io.,.-l- $ 33K

i0 MEG 2N2924
620K @50~
1 — R5
_L LEVEL
5K

+22v
“@®2ma
< R2
120K 2N2924
10V OR 2N2926

—e

CERAMIC-CARTRIDGE PHONO PREAMP—Gives
RIAA equalized output. With Astatic model
137 cartridge, output reference level of 1 v
is 13 db below maximum output and 69 db
above unweighted noise level.~"Transistor
Manval,” Seventh Edition, General Electric
Co., 1964, p 258.

12-W  TRANSFORMERLESS AMPLIFIER—Uses
two transistors in parallel for each of the
outputs, to cut saturation resistance in half
and thereby increase power output. Parallel
operation also serves to reduce distortion.

Operating efficiency is 67% at 12 w.—"Tran- o 2ok

sistor Manval,”” Seventh Edition, General Elec- o— A

tric Co., 1964, p 267. Zlosa\;'
INPUT

ALL RESISTORS /2 WATT

C
'?1':' | LRZ
1€ V

ELECTRONIC CIRCUITS
-ov
ouTPUT
LOW-NOISE AUDIO AMPLIFIER—Power gain
is 44 db, input impedance 440,000 ohms, and
hum and noise 57 db down for 3-db fre-
quency response of 20 to 100,000 cps.—L. E.
Clark, €. B. Mack, and R. C. Hejhall, High-
lights of Small-Signal Circvit Design, Efectron-
ics, 36:49, p 46-50.
+50V
$rs (@ 360ma
21500
2N3416
$ R 7832 (G.E)
> 6800 OR 2N2108
i L 41
IN4I54 OR
74
!!0209
160
. LOAD
RIl
Q5 & Q7 22
2N2107'S oUTPUT
OR TA3S
RIS RIS ce
am 470 -|-.22
riz 1
3

T2
2Ni41S
- —O
ik T 08 TO LOUDSPEAKER
& *: 6ut 330 —
12V 2N322 WA
g
>R \w 108
I
B0k 10K 2N
< o f
470 A<I00u
3 T $2.7x
2200
(1S A= 50,¢
% Te v
ol
v
RG
1.1K

0.010v

RI-VOLUME CONTROL
| MEG AUDIO TAPER

R2-TONE CONTROL
25K UNEAR TAPER

0+ V¢

Ti-DRIVER TRANSFORMER
PRI, 20K/SEC 2K CT
T2-OUTPUT TRANSFORMER

PRI. 3008 CT/SEC v.C.

12-V AUDIO AMPLIFIER—Input sensitivity is
10 to 20 mv for 0.5 w output. Maximum
power output at 10% harmonic distortion is
500 mw. Design calcvlations are given.—
“Transistor Manval,” Seventh Edition, General
Electric Co., 1964, p 246.

TWO-STAGE CASCADED COMMON-EMITTER—
Design procedure is given for low-level ampli-
fier that is one of the most-used circvits in
all tr pplications, for boosting milli-
volt-range signals to workable level of sev-
eral volts. Capacitance coupling is used for
a-c operation along with d-c stability. Total
power gain is 64 db. Voltage gain is 1,000.
—Texas Instruments Inc., "“Transistor Circvit
Design,” McGraw-Hill, N.Y., 1963, p 198.
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560 KNl -6v
AN~ —0
| 2 KN
5Mmag 2N930
1 5 ufd
Ic
0.1 pfd 2N2500 +I\ ~
, o
C S s
I KQ2
100 pfd 1% I KQ
51 K0 A 1%
I WA
=X
—0 - 12 vdc
$510K $22K $5.1K
< < < 10uf
50v
Cm
vm Input
ok 1L )
f
|\
oM ¢ —1c—
6vdc
ibook 315K

CAPACITOR MIKE PREAMP—Fet provides re-
quired high input impedance. Can easily be
mounted in microphone. Emitter-follower with
output impedance of about 100 ohms will

drive 500 feet of microphone cable without
appreciably affecting frequency response.—L.
J. Sevin, Jr., "Field-Effect Transistors,’’
McGraw-Hill, N.Y., 1965, p 75.

I - — ey 1
+28 |
i
SRy |
224k |
: Rp ¢ Ca_L
t | am§ 50T
$100k |
¥
Q, )
i I-l GEB | GE2
| ‘N Mt B 5 AN
f L : o 2 100K |

10-W POWER AMPLIFIER—Q1 provides bias
current for low-power complementary-sym-
metry push-pull output stage Q3-Q4, which
drives power transistors Q5-Q6. Q7 provides

voltage bias for Q2,.—H. W. Parmer, Two Easy
Ways to Stabilize Power-Transistor Hi-fi Am-
plifiers, Electronics, 35:43, p 56-58.

49

FET-PNP DARLINGTON—P-channel fet is com-
bined with pnp transistor in equivalent to
Darlington connection, for use with high-
input-impedance low-frequency transducers.

Spot noise figure is 7 db at 10 ¢ps ond 3 db
at 100 cps. Broadband noise figure from 10
cps to 10 ke is 1.7 db with 200K generator
"Solid-

N.Y.,

Instruments Inc.,
McGraw-Hill,

resistance.—Texas
State Communications,”
1966, p 136.

Vv~
o
w
AAA
Vy—4§
2
o0

AAA
v

"

BOOTSTRAP FET—Input impedance is high at
low frequencies (180 meg at 10 cps), but
drops to 3 meg at 10 ke. High collector cur-
rent contributes to high over-all noise level.—
B. Smith, Low-Noise FETs Sound Good To
Circuit Designers, Electronics, 37:31, p 58-62.

10

R scopE
680K

AAA~

PHILBRICK
K2-X

0-C
AMPL

D-C BAL

TUNABLE SUBAUDIO AMPLIFIER—Commercial
d-c amplifier with twin-T feedback tuning ele-
ment tunes from 0.5 to 100 cps, for analyz-
ing low-frequency comp ts of pl
waveforms.—J. M. Reece, Subaudio Tunable
Amplifier, Electronics, 32:45, p 72-74.
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STABILIZED MULTI-INPUT AUDIO PREAMP—
Switch gives choice of input impedance, fre-
quency response, and level-compensation
networks. R5 is tone control. Q4 provides
bias current to base of Q1 for stabilization.
~H. W. Parmer, Two Easy Ways to Stabilize
Power-Transistor Hi-fi Amplifiers, Electronics,
35:43, p 56-58.

2N43 Tp ™
Ll
1002 2N220 (s o
<
o >
5886 . 5K
UNDERWATER PREAMPLIFIER—Used in pack- $33] S0
age with hydrophone for meosuring ambient
ocean noise over periods of months, as one A 510
basis for sonar system design. Output is fed
through cable poir to shore instollation.—J. 300¢ - ”%J SIG
V. Schaefer, Remote Preamplifiers for Under 5| 50
Ocean Work, Electronics, 33:28, p 60-62. % 20K
510 b
, 2N220 93
1,500 & HYORO~ 0
pF 4§ PHONE v 2
IOk K=X 1,000
! CoM
K A >
MS ¥ X E
. +24v 3 l CAL
2 Ry
S C 3,9K
< 3 A
\ R, < 2 MEG L0.01 OUTPUT 0% vy
S ‘ A \r
iyt 0.0!
s
<
<
Rq Cz i
IMEG T o1 +18VD-C .
i
1 T0
MOS FET AMPLIFIER—Circvit drows only 6 :DECODER
microamp while providing voltoge gain over i
200.—G. G. Lvettgenav and S. H. Barnes, De- L AAA-L—
signing With Low-Noise MOS FETs: A Little 2.2K
Different But No Harder, Electronics, 37:31,
p 53-58.
~2.2
=

TONE CONTROL—Unlike bipolar tronsistor, fet

maintoins full dynamic range while loading

300pF

CLASS-AB PUSH-PULL AUDIO—Sensistor R1 in
a-c pled driver compensates for effects

R-C tone control network.—FET’s and RC Net-
works (Siliconix ad), Electronics, 39:4, p 71.

of temperature on amplifier gain. Negative
feedback stabilizes frequency and phase re-

510pF

sponse. Circuit drives 20 decoders in Mercury
spacecraft command receiver.—R. Elliott, First
Details on Mercury Spacecraft Command Re-
ceiver, Electronics, 36:5, p 32-35.



100-350 CPS RECEIVER—Input signal from
electrodes of crevosse is ot ted
to svitoble level at constant impedance of
1,000 ohms by T-pod and passed to 2N107
preumplifier whose supply voltage is stabi-
lized ot 5.8 v by reversed T1620 silicon diode
shunt operating ot zener point. Signol is
then fed through bondpass L-C filter to am-
plifier, driver, and final 355 class A stage
that drives recorder pen motor and relay-
meter.—H., P. Van Eckhordt, Crevosse Detec-
tor Blazes Glacial Trails, Electronics, 31:3, p
63-65.

datocd

Ry
33,000
Ry |
27003

3 ——+4.5V

SYNTHETIC PUSH-PULL—Single transistor in
sliding class-A output requires no input trons-
former, while approximating push-pull closs-B
output stage.—J. A. Worcester, One-Transistor
“Push-Pull,” Electronics, 32:24, p 74.

B+

oue
IN

)
&)

DARLINGTON AMPLIFIER—Useful vp to 100
ke, but high input impedance makes it par-
ticularly desirable for oudio preomps. Gives
goin of two stages with dissipation of only
one.—L. Pollock and R. Gutteridge, Latest
Design Techniques for Linear Microcircuits,
Electronics, 35:41, p 47-49,

TRANSISTOR

(‘ «— BASS BOOST

BASS BOOST OR LOUDNESS CONTROL--Op-
erates on output of preomp. Gives operator
independent control of level of boss or
amount of bass boost desired. May also be
vsed as loudness control.—“Transistor Man-
val,” Seventh Edition, General Electric Co.,
1964, p 254.

AUDIO CIRCUITS 51
10K 00N 2 2 mES AGC
w2 s VEHICLE
C 100K P €
AY
N 355 SIGNAL
a T.-Pén N107 [ ADJUST
220
OH
=]l
3300
220 100 I
vy 2ZNi85 100 <+
220K +12V
VEHICLE
AMP
INSI
I—AGC CALIBRATION
Mt SIGNAL
I RECORDER INPUT SIGNAL
L;mL__ K= X 1,000
) = ~PART OF JUNCTION ASSY

560

Q7
2NS6I
Q

T2

} VC:
r | 16 OHMS
L
] —i >-—0r\__[[]
>
8
2N561
CPC
3926

25-W CLASS-B POWER AMPLIFIER—Uses bal-
anced negotive feedbock, with input Q5 ond
driver Q6 operating closs A. Output stage

is temperature-stobilized.—R. Minton, Design-
ing High-Quality A-F Transistor Amplifiers,
Electronics, 32:24, p 60-61.

150v

Lcs ]

1500,

=
e
x
|

PREFERRED AUDIO POWER AMPLIFIER—Deliv-
ers 2 w with less thon 5% distortion to suit-
ably matched load. If push-pull tubes ore
dynomically matched, screen and cathode

bypass capacitors C4 and C5 may be omitted.
~NBS, ‘“Handbook Preferred Circuits Navy
Aeronautical Electronic Equipment,” Vol. |,
Electron Tube Circuits, 1963, PC 64, p 64-2.
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kD

TAai34

Qq
2N301A

Cs 1,000

— === AAN -
&2

4,7K
45-W A-F OUTPUT—Operates with convection
cooling over temperature range of —10 to

+50°C. Forword voltage drop of diodes de-
creases with increasing temperature, to hold

172 12AYT 172 12AUT
(15 1=
2l
é 3 IMES
@
w
6.8k 33 &

K= X 1,000 +250v

REDUCING ODD-HARMONIC DISTORTION—
Grid-plate transfer characteristic of class-B
amplifier is linearized to eliminate harsh odd-
harmonic distortian, through use of compen-

Cq 0.0022

M—“_Ti(ao__

¢ aa

S

emitter currents essentially constant. Uses
i try.—M. B. Hersch-
er, Designing Transistor A-F Power Amplifiers,

1 4
L it 4

9 P

Electronics, 31:15, p 96-99.

HD2135 369K
HD2i35 257K

+350v =40V -25v -17V  +250V +350V

sation network having nonlinear transfer
function. Distortion is cut to 2.6% at 16 w
ovtput.—B. Sklar, Reducing Distortion in

Class-B Amplifiers, Electronics, 32:21, p 54-56.

out

o )

20K 2K

50K

8+

DARLINGTON WITH VOLTAGE DIVIDER—Ad-
ditional resistors in voltage divider reduce
bias voltage, to simplify manufacture as
integrated circuit. Useful up to 100 ke.—L.

Pollock and R. Gutteridge, Latest Design Tech-
niques for Linear Microcircuits, Electronics,
35:41, p 47-49.

+iov

953

200V AT 2MA

500-MEG D-C INPUT RESISTANCE—Bootstrap-
collector circuit uses starved transistor to pro-
vide 500-meg d-c input resistance with 100-v
input signal. A-c resistance is even higher,
in the 1,000-megohm region at low audio
freq ies.—B. M. Br , Starved Transis-
tors Raise D-C Input Resistance, Electronics,
32:5, p 54-55.

45-W SERIES-TYPE POWER AMPLIFIER—Uses
split-load phase inverter, capacitance-coupled
to common-collector class B driver, which in
turn is direct-coupled to class-B common-
emitter output stage. Driver and output
stages are each in series for d-c collector
supply. No transformers are required.—M. B.
Herscher, Designing Transistor A-F Power Am-
plifiers, Electronics, 31:15, p 96-99.
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+22v
.0027 @3.5mo
£10%
Jt 47Ok $ 10K
$62K OK 01 £10% { Q3
) ) 11521V {)znsssmuzsu
\2/ " or 2n2925
al | 3/4V 2\ ez
20 2n2925 Q} gN2928
-“l+ ()
P N S82
L '.%25’1 v { Ll
b4 5K <
S8k 4o 1
$ 220 ®$ 1__!303 OUTPUT

MAGNETIC CARTRIDGE

NPN PHONO PREAMP—Input of 6 mv at 1
ke from magnetic cartridge gives 1 v output,
which is 15 db below clipping level and 72

equalized autput is within 1 db fram 40 cps
to 12 kc.—"Transistor Manval,” Seventh Edi-
tion, General Electric Co., 1964, p 257.

db above unweighted noise level. RIAA
T0
> AMPLIFIER
1 322K Qs 560 GROUND
1 2N3527 IN713A
10 — 1
Oq_l‘ ] 10K
COLLECTOR] 100K
Gn
Q¢
2N3527 -~
H 1 o.02
50 (- ouTPuT
I S 1000 @ 12V
g 22K Q7
1 2N3527 +12V
AT 6

MILLIAMPERES

FET OUTPUT STAGE—Bootstrapped input,
Darlington driver, and White follawer give
valtage gain of ane, input impedance of 1

meg, and output impedance of 10 ohms.—B.
Smith, Law-Noise FETs Sound Goad To Circuit
Designers, Electranics, 37:31, p 58—62.
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. P
ohzn Q+ 50V.
5W

DTG-1108
L 5:750:\
> 5W
0470
> sw
DTG-1108
< 7500 8n
< 5w -
- 50V,

50-W TWO-STAGE OUTPUT—Produces over
50-w rms avdio power and has simple drive
requirements.—High-Pawer Nu-Base Germa-
nium Transistors (Delco Radio ad), Electronics,
39:7, p 20~21.

SINGLE-STAGE AUDIO AMPLIFIER—Design pro-
cedure is given for basic transistor stage.—
*Transistor Manval,”” Seventh Edition, General
Electric Ca., 1964, p 241.



CHAPTER 5

Automatic Frequency Control Circuits

IF PULSE SEARCH CONTROL TUBE | - toov
AMPLIFIER DISCRIMINATOR AMPLIFIER STOPPER
+ov oK
i ar 9
VWA~ ¥
{ ::s.us:ssx 2.2x iE 470K S
<
2.45 215K 0.0t J 0047
uh 2 v4 # 5;;7 L v7 )
- 5702 A~ 5784 #am0 3"
% 2700 00! -—— »
vi o # z=c 680K .:\l—‘
5702 N\ 204 VA, = /] [ ) 10
245 Vi <
35 E"‘ Sesox - ‘5" z.zu:‘; SaroK REPELLER
34 1 ]
i PRESET
ol Si00
0 b
" 4 Swox  S2.2K s6M S Arc Sim
5829 o1 b4 3 338 arox $
+ c8K ‘_&l ’ 4.7 M
DIODE-PHANTASTRON AFC FOR AIRBORNE f'wt - RO
RADAR—Pentode i = Ceedd
; entode is os'ob!e phon'.os'ron dur- —jgov 50K 1 &5k Oy AANGE
ing search and d-¢ amplifier during lock-on. - SEN
Operation is nearly independent of tube char-
octeristics. Provides tight control of locol os-  pentode furnishes direct control of klystron Novy Aeronoutical Electronic Equipment,”

cillator frequency because during lock-on,

30mc IF
+150V

repeller.—NBS, “Handbook Preferred Circuits

Vol. 1, Electron Tube Circuits, 1963, p N13-6.

PREFERRED 30-MC [-F PULSE AFC—For use in
I dulated sy , to maintain o dif-

VIDEO SEARCH  CONTROL
AMPLIFIER STOPPER CIRCUIT
gnlessﬁ otherwise ztoted;
inohms; Linuh; RI6 ™= RI9
C >l inpf; C<linm". 470K 15K
cie ci3
DISCRIMINATOR " B R20
ve S 68K
5725/,
ASE
— R22
) === Jox SR23
SRI4 3
mo | ERe
- sw 10
O ¢———20
RIS >R17 AFC REPELLER
470K L (NOTE 2)
R2I L
%ssx ;R24
5726/ 5726/ R25 R27
6ALSW ALSW MR A A A
LS 6AL. e Ig%?( 1

be reversed. Circvit is a hunting system, be-
cavse local oscillator is swept over band of

p
ference of 30 Mc between ftr and
local oscillator frequencies. If local oscillator
is required to operate 30 Mc below trans-
mitter, discriminotor diodes V3 and V4 should

54

freq ies to find correct operating point.
During search, phontastron VB octs as saw-
tooth generator to provide sweep voltage for
control element of local oscillator (repeller of

6.3vTOV7 8 ‘3" RANGE SET
V8 HEATERS

klystron).—NBS, "Handbook Preferred Circvits

Navy Aeronavtical

Electronic

Equipment,”

Vol. I, Electron Tube Circvits, 1963, PC 53,

p 53-2.
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PHASE KLYSTRON
REC DISC REFLECTOR
B- N +
2N43A
KZ47K
Disc 20 § 120 IN34 AFC
20K IN
0.25 -
4 K
< 27
(4) 2N43A
MATCHED-DIODE 120
CHOPPER-QUAD 68K (20
Ti-600
308
A EMITTER-CURRENT-CONTROL 40-MC AFC OS-
30Kk =<20 CILLATOR—Error signal, usvally derived from
120 external discriminator, is applied in series
| with base bias network to give sensitivity of
U about 1.5 Mc per v and nearly straight volt-
3.5-KC RESFULPEPC&OR age-frequency characteristic.—T. P. Prouty,
K=X 1000 SUPPLY -400V Using Varactors to Extend Frequency-Control

Range, Electronics, 36:45, p 48—49.

MICROWAVE KLYSTRON AFC—Uses signal  error signal from discriminator will unbalance
from discriminator of 6,000-Mc¢ microwave network and pass 3.5 k¢ on to error ampli-
receiver to stabilize frequency of local-oscil-  fier.—M. C. Harp, Nonvacuum Devices Control
lator klystron. Balanced silicon-diode input Klystrons, Electronics, 32:7, p 68-70.

chopper lattice is excited at 3.5 ke, but only

6.8pF (@ -10V
T-1695 8F @ | T-1695
1
L
: & I ¢ soe
AFC 0.004 AFC
IN T 0 - K T o0
D HIXER _—— 4 !
= $330
' R2
< = > l >
1;330 Io.om j:'ZK 0.001  $330
+9v = = = +9v =
VARACTOR-CONTROLLED 40-MC OSCILLATOR COLLECTOR-VOLTAGE-CONTROL AFC OSCIL-
—Oscillator transistor also acts as a d-c am- LATOR—Afc input signal acts through series
plifier between afc input and varactor diode resistor to vary collector voltage of 40-Mc
to give electronic tuning over range of 11 Mc oscillator. Sensitivity is 2.5 Mc per v. Bias
with sensitivity of 5.8 Mc per v.—T. P. Prouty, network adjustment is critical.—T. P. Prouty,
Using Varactors to Extend Frequency-Control Using Varactors to Extend Frequency-Control
Range, Electronics, 36:45, p 48-49. Range, Electronics, 36:45, p 48—49.
I1F PULSE SEARCH SWEEP
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+108v
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604 Ftouf
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THYRATRON AFC FOR AIRBORNE RADAR=  Seeley, and requires no special i-f transform- —NBS, “Handbook Preferred Circuits Navy
Uses Weiss discriminator, which for large er. Employs two thyratrons to generate re-  Aeronavtical Electronic Equipment,” Vol. I,
bandwidths is easier to adjust than Foster- quired control voltage for repeller of klystron.  Electron Tube Circvits, 1963, p N13—4.
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IF PULSE CATHODE SEARCH CONTROL
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PHANTASTRON AFC—Pentode is astable phan-  direct control of klystron repeller.—NBS,  Tube Circuits, 1963, p N13—6.

tastron during radar search, and d-c ampli-
fier during lock-on when pentode furnishes

“Handbook Preferred Circuits Navy Aeronau-
tical Electronic Equipment,” Vol. 1, Electron

IF PULSE SEARCH CONTROL
AMPLIFIER DISCRIMINATOR AMPLIFIER STOPPER TUBE—IOSV
+150v :,‘70'(
. o (I
VWA~ ve
3%0 i;ooo ::IZK := 10K 3900 B6ASEW
< < x
Va4 4
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220k === oo RADAR—Pentode is astable phantastron dur-
".? 5 % =y Tomz |.5u;: a:: ing search and d-c amplifier during lock-on.
2 4 470K 180 r s 2.2mM2 Operation is nearly independent of tube char-
i’m 130 sAvLssw 1 T acteristics. Provides tight control of local os-
q cJ MS  Serox cillator frequency because during lock-on,
ok 4rox < 9 pentode furnishes direct control of klystron
vi z:_ 78] 4 repeller.—NBS, “Handbook Preferred Circuits
6AKS \ %0-' I RANGE _ 08y Navy Aeronavtical Electronic Equipment,”
v3 Stk SEY Vol. 1, Electron Tube Circuits, 1963, p N13-6.
6ALSW
Ciaq
24pF :
9 >
CRYSTAL DISCRIMINATOR IN AFC LOOP— : Lay Ry23
Gives narrow bandwidth at 23-Mc crys'ul ! 3.3uH “_Cst 100K
frequency, for controlling drift of voltage- ° C|39 15 H +[ IN903
controlled oscillator.—F. L. Carroll, How to s e S CR2q
Achieve Stability in Space Telemetry, Elec- } 1(;45;: c J_C +cr
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THYRATRON AFC FOR AIRBORNE RADAR-
Uses Foster-Seeley discriminator to produce
series of pulses varying from zero at cross-
over to maximum of 0.5 to 2 v at frequency
of maximum response. Polarity may be ei-
ther positive or negative, depending on
whether incoming signal is above or below
crossover frequency, and can be changed by
reversing the diodes. Two thyratrons gener-
ate required control voltage for repeller of
klystron.—NBS, “Handbook Preferred Circuits
Navy Aeronavtical Electronic Equipment,”
Vol. 1, Electron Tube Circuits, 1963, p N13-4.



CHAPTER 6
Automatic Gain Control Circuits
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q 310

AMPLIFIED AGC—Uses d-c amplifier in age

circuit to keep output of communication re-
ceiver more nearly constant despite widely
varying input signal.—NBS, ““Handbook Pre-
ferred Circuits Navy Aeronavtical Electronic
Equipment,” Vol. 1, Electron Tube Circuits,
1963, p N12-4.

AMPLIFIED AGC—Uses d-c amplifier in agec
circuit to keep output of communication re-
ceiver more nearly constant despite widely
varying input signal. One drawback of am-
plified agc is that when d-c amplifier plate
current drops, bias voltage at its cathode in-

creases agc output and thereby reduces gain
of controlled staoges.—NBS, “Handbook Pre-
ferred Circvits Navy Aeronautical Electronic
Equipment,” Vol. 1, Electron Tube Circuits,
1963, p N12-4.
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Gain Control of Transistor Amplifiers, Elec-
tronics, 34:17, p 10B-110.

CASCADED AGC—Double-conversion i-f uses
two separate agc amplifiers to get good tem-

perature stability and low noise figure with
transistor amplifiers.—J. S. Brown, Improving
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A-C Al ~ A-C
N ) VW out
A
+50v
Q

|
2N1132

0-C
CONTROL
VOLTAGE

VOLTAGE-CONTROLLED GAIN—Response of
two-transistor a-c amplifier, controlled by d-c
voltage, can be made linear by adding svit-
able feedback. With no d-c control voltage
on base of Q1, both transistors are satu-
rated, and effective shunt resistance of cir-
cvit is about 500,000 ohms. When d-c
control voltage is increased positively until
Q1 is cut off, effective shunt resistance drops
to 200,000 ohms.—L. C. Bowers, Attenvator
Controls Amplifier Gain, Electronics, 34:39,
p 150-153.
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GAINs= 27db

N.F. < 3db

70-MC NEUTRALIZED GAIN-CONTROLLED AM-
PLIFIER—Gain is 27 db, with typical noise
figure below 3 db. RC for reverse gain con-
trol is 0 ohms, and for forward gain control
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is 1,000 ohms. Reverse control range is 35
db, and forward gain control is 47 db.—
Texas Instruments Inc., “Solid-State Commu-
nications,” McGraw-Hill, N.Y., 1966, p 215.
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AUDIO AGC FOR 40-DB RANGE—Automatic db. Intelligibility of speech is ensured by Level Variations, Electronics, 33:31, p 103~
gain-adjusting amplifier produces constant allowing i ks to r in.—L. 106.
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s0n ( ler ~~ _i#2.5- 3Jo.013 3 L"’:A%
SOURCE \ TN Tan2ais\h/ ,% 7™ 17 pt uh
/l 0.014 {0.15ph /7-7 450-MC GAIN-CONTROLLED STAGE—Has gain
§ wh ;RFC ; U LICLE ) 500t of 8 db with typical noise figure of 4 db.
! 0.15uh Reverse gain control is 21 db for collector
SIK R‘FC current of 20 microamp, and forward gain
TYPICAL control is 26 db at 7 ma collector current.—
\ l Texas Instruments Inc., "Solid-State Commu-
PERFORMANCE o) A ) :°° ot nications,” McGraw-Hill, N.Y., 1966, p 220,
VCB“GV |c'-2m0 c
GAIN = 8 db pe +d ps _
N.F.s 4db AGC VOLTAGE Vee
| SHIELD
68 |
'0 Ql L - T, 2500 pf
00 @ ZNZ'B@G 60pt !
-eUp
N N 500
30-MC HYBRID GAIN CONTROL—Q2 acts as  SOURCE , ~ z LOAD
variable impedance to give emitter degenera- 0.35 2500; 9- 2K
tion, which is o form of external gain con- LU 180pt $ 2500
trol. Q2 also controls collector current of Q1 j\ |
to give reverse gain control action, which is [ Suh
internal gain control. Gain control range is
33 db, with 2:1 change in bandwidth.—Texas 6.8K /4 L, & T, SAME AS IN
Instruments Inc, “Solid-State Communica- FIGURE 6

tions,” McGraw-Hill, N.Y., 1966, p 222.
P AGC VOLTAGE o—anX a2 Vee
2N13083 TYPICAL PERFORMANCE
2500 pf Veg=-9v  lc2-1.5ma
GAIN = 15 db
N.F. = 5.5db
Rz 4 R < C)
- 4 15k2 (r#® )04 !
8202 12K e 339K
ot ) +300V
R| < D
1803 8%
B
\ AAA, *
1003 R V2
T ) Vi 4 02 D\ELB4 :gs
l gLod —/ 925K
Va 0= NESS
FREIER [ +H130V +265V
v s 100K2 :u'ss FREQUENCY RESPONSE COMPEN-
Rp 1.8K s 393 b2 o SATION IN V; NOT SHOWN.
! 1 VIDEO -C L R2
Re 24K Y6 473 QUTPUT  [COUPLED 20MH 68K
r <
1 4.7k
Rg 3.3K A\ 563 T
B >
4 10
el o ¥e 63 Aby 3 SioK
1 50K 1
| R z.a-@v, as
‘.ﬂ‘ ]
S ok sy *° I=a
= = 640V AGC

SIGNAL LEVEL CONTROLS GAIN—Amplifier is
vsed with li circuit el s to get
D-versus-log E characteristic approximating
that of positive color film being scanned.
When no signal it applied to grid of V1, all

stage gain is highest. As signal level in-
creases, diodes V4 through V9 successively
stop conducting, with V9 turning off last to
make stage gain a minimum.—R. M. Farber
and K, M. St. John, Scanner Analyzes Color
Content of Movie Film, Electronics, 34:48, p

diodes in its cathode circuits are ducting,
equivalent cathode resistance is lowest, and

3841,

BACK-PORCH KEYED AGC-—Composite of d-c
coupling for dark scenes and a-c coupling for
bright scenes, with agc referenced to back-
porch (blanking level) rather than to sync
tips, approaches ideal P for avto-
matic control of tv picture.—L. Solomon, New
Tubes and Circvits for Consumer Electronics,
Electronics, 36:2, p 47-49,
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{SHIELD 13.8 pf
! |
| 1
L
500
son i N34 PN~ A15-150316uh | Zlonp
A ~
SOURCE >~ 0.001Ipf
9-180pf 0.001ut ~ 30-MC GAIN-CONTROLLED TETRODE—Collector
0.82 : ¥ ) voltage and current are kept constont and
_é uh 0.001pf gain is changed in occordance with base-2
2.7-30pf 7 10 K ? 1Buh current. Gain is 21 db, and typical noise fig-
L 0.001 pt vre is 60 db.—Texas Instruments Inc., “'Solid-
2100 K State Communications,” McGraw-Hill, N.Y.,
” 0-25 K ) ] ) 1966, p 213.
TYPICAL PERFORMANCE »
Vee *20v ig=1.3ma e
GAIN = 21db i 10 K i)
N.F.= 6db - BASE- 2 BIAS ADJ. +
Vee Vee
2500 pf
T P T, - N, =10t ¥30 WIRE
Nz = 3t%30 wiRE
500 N 50N 8IFILAR WOUND ON
SOURCE 2 LOAD ctc®pLs62C4L/20063D
S COIL FORM
- *
2500 15ph L) - 6t AIR DUX™ 408
f
30-MC GAIN-CONTROLLED STAGE—Gain is 15
db. Typical noise figure is 5 db. Reverse
R¢ gain control range is 25 db from collector

CONTROL — 100001 FOR

0N FOR REV. GAIN
(FWD. GAIN CONTROL )

current of 1.5 ma to 20 microamp. Provides
20 db of forward gain control.—~Texas Instru-
ments Inc., “Solid-State Communications,”
McGraw-Hill, N.Y., 1966, p 211.

AGC VOLTAGE Vee
tLG , { 18 [ +30V
001 $20k T $10K —{15]-6.5v
\ ° 5.1KS
=t F JKS 18K |
9, e.a:—lf_ 351K 351k e 5.1K ¥ —{17]+6sv
= EMITTER = AMPL $10K 470p 1K 2.2Kg 4k GATE S
FOLLOWER 470pF =5 — 6 [our
0.01
= SCHMITT
weut 1 [1H 470pF @cj@_ )TRIGGER (14]-30v
{ l e 03 = Q4 05 ¢ C =L 6.8
51K CTP521 | 430 15K +
kS 1 $ 30K 5IK B
% 310k €L = =L -
= ————— 9 |VOLTAGE
+30V 1
! -6.5V
[ +6.5V
- GATE 2
—{27]our
INPUT __(El REF
2
4 \ZIOLTAGE
$ 30K [2 ]
-30v 26
33
+ -
CTPS21E  $10K T I g

SLICER AND GATE FOR AGC—When peak-to-
peak value of input signal exceeds preset
reference voltage, slicer Q2 conducts, making
Q4 apply amplified signal to Schmitt trigger

for squaring. Q7 then delivers output gate
that changes fixed-gain amplifier to unity
gain to give effect of fast agec for monopuise
rador omplifier.—W. W. Smith, Fast AGC

Amplifier Locks Monopulse Radar on Target,
Electronics, 36:39, p 34-36.
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Ein
:Ls.ex | «I;s.m GD
SI0K 318K
=100 1.2K o
YW —t
100
OO
Q3 <40 Q4
312K 3470 T’l.ex =100
2N
Q = F
2N94 - 2N94 L
3.3k
Q3 THRU Q) = 10K
2N696 51K
TRANSISTOR AS ATTENUATOR—Servo-type age 001
for transistor receivers holds audio output |
tant desp in r-f input. Wide-
band low-noise amplifier is uvsed in trans- 22k INe95 0.02
mission loop, while direct-coupled grounded- I te 1'
emitter amplifier drives detector circuit in
feedback loop.—F. Susi, Solving the AGC Di- 10K
lemmo—Servo System Uses Attenvator, Elec- ==001 ==I00 ZXZIN695
tronics, 36:29, p 60-62.
10 L[+ |
35vd-c7|_
= 47 K +25vd-c
NVN— o
D N
1*1 659 t_.l“f ] 1
100K §6.8K Tevdc| =T 18vde
Rs 1N659
§33K §680K 33K 12K 12K 22K
Qy 0.1
2N929 0.0012 Rg _L ; IL AN
Q. disk S22K el e o1l ..@s 33K
2N929 2N1309 ls'v 2N1309
Input | > disk. >
0.01 0.0012 \l>
disk Qs
470K —I 2N1309
Vaee Qs 0.001 Output
_ TI484 disk —|—o
150K < 82K 6.8K 0.2
0.1 82K
47 § -1_0.0027 . §
disk'| 6v d-(j‘_
' o1 =
All resistors 1/, watt 5 g -
e * 47K 33K 10K 75v
disk
D, i
e n
1N659
LOW-NOISE LOW-LEVEL AUDIO AGC—Q1 and maxi input signal is 2 mv. Noise figure  cuit Design,” McGraw-Hill, N.Y., 1963, p 179.

Q2 are active amplifier elements. Agc range
is 60 db, maximum output signal is 1 v, and

D1.—Texas Instr

is 6 db. Agc circuit here uses shunting diode

Cir-

ts Inc., “Tr
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22 Rl 6112
" 100K
2
5726 470K
5896
C2 R4
33002 220K
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T0 SOUELCH

R3

4.7K
PREFERRED AGC AND SQUELCH CONTROL—
Furnishes bias voltage for r-f and i-f stages
of receiver, to minimize chonges in output
volume as input signal fades or as receiver
is tuned to station having different signal
strength. Additional output controls squelch

VWA
220K

=i50v

absence of input signal. Moaximum i-f input
is 7 v rms. Moximum d-c output level is
—27 v for miniature tube and —3S5 v for
subminiature.—NBS, “Handbook Preferred Cir-
cvits Navy Aeronavtical Electronic Equipment,”
Vol. |, Electron Tube Circvits, 1963, PC 63,

CIRCUITS

"OFF”

N
N0
I"—“_l
At
Q 2

. Z

1

o

ny

(—M‘V\

BRIDGE WITH AGC FOR ON DIODE—Input
signal is opplied in push-pull to two diodes,
then combined by two capacitors. Reduction
of ogc bios increases ottenvotion of signol
by bridge.—W. A. Rheinfelder, Designing
Avutomatic Gain Control Systems, EEE, 13:1,
p $3-57.

tube thaot suppresses background noise in p 63-2.
+20vdc
4 ITOV '
: e P
gm " R8 2 56K 2100K
| 100K 7 1
15K | Cc3 Ou’puf
I — Suf
AUDIO INPUT I 0.047 I +
Locl o——) 2N930
" P 25w
| 0.047 \Y4 +2|s;,:f
15v : SZ,S '
R et et ‘D
RS o $120K 2N2498
IOOB 100K 2N3328 [5)
14y Ace
R3
"
330K
squeLcH o1 L
INPUT RE
15K FET FOR AGC—Uses 2N2498 fet as vurloble-
emitter resistor in itter tr
amplifier. Low-current 2N3328 is used to
c2 supply constant emitter bias current and

PREFERRED SQUELCH—Used in sensitive re-

10.047

beyond cutoff and thereby silence it wuntil
ble signol arrives.—NBS, “"Handbook Pre-

ceivers having age, to suppress objectionabl
increase in noise output when no signal is
present, as when receiving intermittent trans-
missions. Uses d-c amplifier that is added to
grid circvit of first audio stage to bias it

ferred Circuits Navy Aeronautical Electronic
Equipment,” Vol. I, Electron Tube Circvits,
1963, PC 64, p 64-2.

have very light dynamic loading on emitter
for moximum agc range. Since varioble re-
sistor is capacitor-covpled to emitter of tran-
sistor, there is no change in bias current
when strong agc voltage is suddenly applied.
Absence of transient thump makes circvit de-
siroble for broadcast h pressors.—
L. J. Sevin, Jr., "Fleld Effect Transus'ors,"
McGraw-Hill, N.Y., 1965, p 78.

il

; :-to.u f°-' ;
K = 2K ST
82 336K 82
= 100
P onzea 2388 anzgs 2% PF}”E j
&

~0.1

[
2K 0.15100 ==0.1¢2K =
T $

plifiers, Electronics, 34:22, p 49-51.

[
%2»( =:o.|%zx = %oo TO.I%ZK =

Bandwidth is 1.25 Mc and moaximum gain is
91 db.—J. F. Perkins, Transistor Cascode Cir-
cvit Improves Avtomatic Gain Control in Am-

AGC FOR WIDE-BAND |-F—2N417 transistor
is gain control efement for 10-Mc tuned i-f
amplifier using transistor cascode circuit.



AUTOMATIC GAIN CONTROL CIRCUITS

63

D " TRESONANT A/2 DIPOLE :i”» 5102< Q;  ==<50 ”E
! 2NI638 3
d \}\\ b
le—GAMMA ROD
| D
P 47¢ 2.2»(5t 0l i
b 2Nt742
n :[ < ¢Rq Rs Czl
- L 2ok 210K 22K o.|I
| AGC IN ——¢ = =
<
22003 ZZ0.0IF ==50
w—t Bor _g———" [R-F outPuT REGULATED
- D-C INPUT = 1ov
001 uF I —
N (— 0.0tuf — A/4 CHOKE PREVENTING CLIPPING IN CONTROLLED
MID = 1,800 | STAGE—Agc bias controls negative current
POINT CONTROL VOLTAGE feedback in each controlled i-f stage. Diode
OF DIPOLE D2 prevents clipping when forward bias falls
VARIABLE-GAIN ANTENNAFIER—Use of for- below peak valve of signal.—P. V. Sparks,
ward agc permits varying gain of amplifier Servo Filter and Gain Contro! Improve Auvto-
mounted on dipole, as required for arrays.— matic Direction Finder, Electronics, 34:23, p
J. F. Rippin, Making the Antenna an Active 110-113.
Partner, Electronics, 38:16, p 93-96.
-0V
-15v
2K S 82
AGC_CONTROL 2Nai7 N384 2KS T pF 330
TA
VOLTAGE 2N1143 Py
{ : o D%
SIK l 0.0l
A It"sv 100 =01 $47K g %2»(
AGC WITH DIODE T-NETWORK VARICAP—
CASCODE I-F WITH AGC—Q3 is gain control Voltage-controlled capacitor circvit minimizes
t for d binati Q1-Q2 in effect of shunt capacitance, thus reducing res-
10-Mc¢ i-f amplifier.—J. F. Perkins, Transistor onance peaks and preventing regeneration,
Cascode Circuit Improves Avutomatic Gain but insertion loss is high (8 db).—W. A. Rhein-
Control in Amplifiers, Electronics, 34:22, p felder, Designing Avtomatic Gain Control
49-51. Systems, EEE, 13:1, p 53-57.
ISHIELD Spt
| ]
| 1
" JL18-
12 pt AN13p¢ 50N
Sgt?l:}:E i€ { L2 LoAD
|00pl 100
pt
1.8 13 5¢ ﬁf
0.68.uh
Vodd RFC
0.68uh
Ll 100 pt
TYPICAL PERFORMANCE P
VCB '-sv c ==|.5ma |0°pl
GAIN » |Tdb
”
BRIDGE WITH AGC ON BOTH DIODES—A N.F.= 3db + -
o AGC VOLTAGE Vee "“ \72] "4

is applied to center tap of transformer, to
turn one diode off while other is being turned
on. Attenvation can be 40 db over band-
width up to 250 Mc with agc bias of 0.5 to
3 v. Insertion loss is only a few db.—W. A,
Rheinfelder, Designing Automatic Gain Con-
trol Systems, EEE, 13:1, p 53-57.

Inc.,
Hill, N.Y., 1966, p 218.

200-MC GAIN-CONTROLLED STAGE—Has gain
of 17 db with typical noise figure of 3 db,
24 db of forward gain control, and 33 db
of reverse gain control.—Texas Instruments
"Solid-State Communications,” McGraw-

LI =1/4"X 1/32" COPPER STRAP BENT
AS SHOWN ABOVE.

L2=2t3# 22 SOLDEREZE CLOSE
WOUND ON C.T.C.
PLS62C4L /7200 63 NO SLUG.
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-I5V -15v
}
¢
.00 .00 .00 00!
3 oy i
L ™ .
0 TO -isv 018 -isv

AGC WITH VARICAP—Basic voltage-controlled
capacitor circuit vses capacitance variation
with voltage of back-biased diode constructed
to have large capacitance changes, such as
Varicap. Circvits give different insertion losses
and gain changes. Left: 5 db insertion loss
and 16 db gain control range for agc bias

.001 IN67A 00!
M i s U
n ™~ "
RFC ING7A
RFC
K .00 AGC
0 TO -3v
-i5v = e

DIODE L-ATTENUATOR AGC—Two diodes pro-
vide maximum agc control. Circuit gives con-
trol range of about 15 db with agc voltages
to 3 v. Above 200 Mc, frequency response
changes irregularly with attenvation.—W. A.
Rheinfelder, Designing Automatic Gain Con-
trol Systems, EEE, 13:1, p 53-57.

00!

ELECTRONIC CIRCUITS

—iSv

OA%-ISV

2NI1638

of 15 v. Center: 2 db loss and 11 db gain
range. Right: 7 db loss and 18 db gain
range. All can be reasonably flat for 200-
Mc bandwidth.—W. A. Rheinfelder, Designing
Avtomatic Gain Control Systems, EEE, 13:1,
p 53-57.

~15v

»l
Ll

b "H..J

AGC QO TO-15V)

AGC WITH VARICAP DIODE BRIDGE—Uses
voltage-controlled capacitors to provide very
large gain control range, greoter than 30 db.
—W. A. Rheinfelder, Designing Awvt ti
Gain Control Systems, EEE, 13:1, p 53-57.

—n | 18 | +30v
S10K | Soik  $2K "o nog
| _j_'s 8 347K It
== 0.1 = 1¢
Q P}
£ = :E3.9K w ‘:6 &
0.0 L 3 SS0K So0 =247 I .
INPUTIB-——AF\-—i| = 34T 4 90 T L

' B o B
Ry R, 47K A ) ] ouTeuT
6

= QUTPUT
S

. =1
STAGE  FIXED # 1% + TRIM POT 0y L 4.7K i
1608 | 360 + 100
8DB 1K + 1K
4DB | 3.6K + K
208 | 8.2K + K
DB | 13K + 10K l
1/20B | 20K + 10K as L
1/4DB | 30K + 10K
+
= 0 147
INPUT2@—«}:\—|(7 T
Ry 0.01 L
R,‘L
6.
Qg

NINE FIXED-GAIN STAGES GIVE AGC—Mono-
pulse radar amplifier stages are used in cas-
cade, each with different fixed gain ond o
slicer that switches from that gain to unity
gain if signal exceeds predetermined refer-
ence level. Give gain up to 80 db in 0.5-db

GATE 2
27 IN

steps, equivalent to fast agc, to give con-
stant 10-v output for signals ranging from
1 mv to 10 mv.—W. W. Smith, Fast AGC
Amplifier Locks Monopulse Radar on Target,
Electronics, 36:39, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>