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. /A PPLICATION of the transistor to electronic circuitry is a striking
A exai‘nple'of technological progress. Eight years prior to this
writing, very few knew how the transistor worked and some were
openly skeptical of its future. Today, many people need transistor
circuit information. They range all the way from the scientist and
engineer to the casual experimenter. -
This book is a collection of pracucal transistor circuits, each of
which has been tested by the author in his own laboratorv. These
_ circuits are prcsented with the expectation that they will save mapy
- hours of design time. As building blocks with values already
-worked out, they may be employed singly or (in systems) in combi-
‘nation with each other or with other circuitry. Slight modifications
~of component values will allow the reader to obtain results different
from those originally intended. ‘A study of the chapter ‘headings
will show ‘that an effort has been mnde to cover a wide range of
interests.
The circuits in this book have been desngned by many persons or
are based upon their inventions. Noclaim is made or 1mphed that
they are of the author’s invention. Transistorized circuits have be-
come s0 numerous that already their use is becoming * ‘customary.”’
That is, a.certain circuit becomes so useful and commonplace (even
as with vacyum-tube circuits) that eventually the originator's name
*is dropped, although no less respected.
No space is devoted to theory, except in occasmnal instances
where it appears necessary for a clear understanding of the circuit
* under discussion. For a general treatment of the subject of tran-
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sistors, the reader is referred to the author's book Transistors,

Theory and Practice from the same publisher.

Several of the circuits have been taken from articles which have
appeared previously under the author’s name in various magazines.
These are listed as references at the end of each chapter so that the
reader might explore the subjcct more extensively. For permission
to use this material, the'author is grateful to the editors of £ udio-
craft Elactrqmcs Popular Electronics, Rapio-ELEcTRONICS Maga-
zine, Radio & Television News and Tele-Tech & Electronic In-
dustries.

' RUFUS P: TURNER
Los Angeles, Calif.

PRELIMINARY NOTES

1. Al resistances are specified in ohms, all capacntances in micro-
“farads, unless labeled otherwise.

2. All resistors are 14-watt ratmg unless labeled otherwise.

-3. P-n-p transistors are shown in most of the circuits: N-p-n tran.
. sistors havmg the same characteristics may be substituted, provndcd

the battery connections are reversed as well as the conncctxons of dc
meters, electrolytic capacitors and photocclls

4. Where ‘a ground (chassis) connection is shown with dotted

lines, a ground might improve the circuit stability but cannot al-

. ways be guaranteed to do so.. The reader therefore should tess the -

circuit with and without the dotted-line grounds. Results vary wnth -
different layouts and workmanship.

5. Use the exact component values specified. When the circuit is

to be modified to suit individual 1cqu1rements. wire it first accord-

ing to the book and verify its operation against the author’s repre-
sentations. Then undcrtakc the changes.
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audio amplifiers

THE first widespread practical applicadon of tramsistors was in

audio amplifiers. The reason for this it easy to understand when,

it is remembered that the eatly transistor essentially was a low-fre-
quency device. Its small size, low dc voltage and current reqmrc-
ments and high efficiency suit-the transistor naturally to use in hear-
ing aids, which, are small-sized audio amplifiers.

Since the eariy developmental period, great progress has been

made in the devign and manufacturé of transistors and allied circuit:

components and in ampuﬁer circuit design. Numerous circuits
have Been offered to ihe engineer, technician and hobbyist.

Répresentative audio‘amplifier circuitsare described in this chap-
ter. .

Single-stage, R-C-coupled, common-base amplifi er |
Fig. 101 shpws the circuit of a single-stage resnsnr‘ce—capacnance-

C oupled amphﬁer employmg the common-base conﬁguranon This

circuit sometimes is called “grounded base.”

This amplifier provides a voltage gzm of 30 when operated into
a high- 1mpedance load. Power output is 1.8 milliwatts. Its input
unpedance is' 130 ohms and output impedance 5,000 ohms. The
maximum input signal voltage which may be applied before output-

‘vohage peak ‘clipping appears is 0.1 volt rms. The corresponding

maximum output signal voltage is 3 volts rms. Fig. 102 shows the
frequency response. -

Two batteries are requlred in‘ the common-base amphﬁer, Bl
(1. 5 volts) for the emitter bius and B2 (6 volts) . for collector. blas




Battery B2 supplies approximately 0.8 milliampere dc and battery
B1,0. 85 ma. The dpst switch (§1-52) makes and breaks connections
. to both batteries simultaneously. ‘

An alternative, single-battery circuit is shown in Fig. 108. Here,
a voltage divider R3-R4 is operated with a single 7.5-volt battery.
‘Current flowing thzough' the divider develops the emitter voltage
asa drop across R3 and collector voltage across R4. The bleeder

current is 9.62 ma.

SIGNAL INPUT

o+ CK721 @ +
v ‘38;- .
SIGNAL OUTPUT
:‘_-,“ o R2Qsum .
~ : 2
PO WO o L. T S i

Fig. 101. Single-stage, R-C-coupled,

\

- All resistors in Figs.

common-base ampilifier.

101 and 103 are 14 watt. Capacitors C} and

C2; may be miniature, low-voitage tantalum electrolytics if submini-,

atunzanon is desired.

L

|
ol o N
1 .
Y . .
|
o % :
< FREQ
. Fig. 102. Frequency -response of single stage, R-C-coupled, .

common—base amplifier.

Single-ahgv, fransformer-coupled common-base ompliﬁu

In any transistorized amplifier, the hlghest per-stage power gain is
obtained only with transformer coupling between stages or between

* input and output:

Fig. 104 shows the circuif of a typical common—base. transformer-,
coupled single-stage amplifier employing a General Electric 2N45
- transistor, This amplifier has been designed for 50,000 ohms input
impedance-and 509 ohms ocutput impedance. Power output-is 2
milliwatts and power gain is 500 times, or 27 db. This means that .
an’input-signal driving power of 4 microwatts will give full output!
' Mmlatutc transformers are employed for input (T1) and outpm

. -
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(T2) coupling. If these transformers are mounted close together,
they must be oriented in such a way that their cores are at right
ang]es to prevent feedback.

a. CK721
. H.T"_—_H__T——“’_c
SIGNAL INPUT 1 $ SIGRAL OUTPUT
LM\‘ sk Rz
!
o — - o
/3 A4
‘A'A'A 'A'A'A
| 1€0a L 620
- a w

o + .SV ON—OFF
- Fig. 103. Alternative arrangement using
single'batte:ry and voltage divider.

_Bypass g.apautors( I and G2 may be standard 25- \oh electrolytlu
or miniature tantalum electrolytics. . Variable resistor R is a 2,000-
ohm miniature ‘wirewound rheostat. Initially, this control is set for
a dc collector current of 1 milliampere.

AT~ 2N4s :;AR: e

3 .

- ’ SIGNAL INPUT x
: NTER TAF
o2 ROT USED
&
#
=
W ok
’ ‘ ’ - = -
o si ‘......--....-.......?!‘..'Pff ...... 52
o, T
. B 82
' M o
, it n g e
s T A

Fig. 104. Single-stage, transformer-coupled,
. common-base amplifier.

Sing?e’-stdge, R-C-coupled common-emitter amplifier

Thc common-emitter circuit, also called gmundcd emitter, pro-
vxdes high voltage and high power gain and is adapted readxly to
smg‘le-battery operatxon :

Fig. 105 gives the circuit of a single-stage, R-C-coupled, common-
emitter amplifier employing a Sylvania 2N34 transistor. Fig. 106
shows its frequency response. The input impedance, measured at
1,000 cycles, i€ 780 ohms: the output impedance 10,000 ohms. The
voltage gam 1s 80 when the amplifier is operated into a high-im-
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pedance load:. (Higher values.of gain may be obtained with indi-
vidual transistors.) Maximum input-signal voltage before output-
voltage peak clipping is 20 millivolts rms.’ Corresponding maxi-
mum qntput-sngnal voltage is 1.7 voltc rms. Total current drain is
500 mxcroamperes dc. -

21
. _.__.-_¢QA__._
’ -2N24 2 oyt ,
4 r—o .
o_._._"-—-.h__
a o o SN outRur
SIHAL INSUT o
~
7] T
8 \Oﬂ'w
.
e 1
| <
‘v
c3 s
! Iog¢  +T
R

Rig. 105. Single-stage, R-C-coupled, common-
emitter amplifier.
The transistor operating point is stabilized by the ste'tdy valuc of
base bias voltage supphed by voltage dividér R1-R3 and emitter re-

tstor R2. Thea 1atter is bypassed by capacitor C3 to prevent degen-
eration.

0 - g
-.2 /# . F\

1 X

o 06 T 0 100 -
FREQ

Fig. 108. Frﬁq‘uency 'response of circuit shown in Fig. 105.

~

- The electrolytic couplmg capacxtors Cl and (‘" and bypass ca-
pacitor C3 may be standard-size 25-volt components or mmlamre,
tantalum electrolytics.

Smgle-stage, tmnsfcmer-coupled common-emmar amplifier

Transformers are employed for input and r;utput coupling in the
‘common-emitter circuit shown in Fj ig. 107. This allows very nearly
the full 39-db power gain of the transistor- ( Raythepn C K722) to be
obtained. ' -

' Miniatute transformers are used While the 200-ohm secondary
of T1and the't5 000-ohm primary of T2donot match the transistor
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input and output impedances exactly, the match is close enough for
good power transfer. The secondary of T2 may be connected di-
rectly to the base-input circuit of a similar amplifier stage.

* CK722 - -

P — - M

~ s m" ""'.‘.'o.*y‘E L M"‘%’f_ +
$E MNPUT BN ‘ 2000 i 6 2004, SIG QUTPUT &

: ; g a el . -

. Aa +5

&

\ s . —t

Fig. 107, Sz’ng'le-sta/ge, trén_sfmmer—muvled, com-
, mon;«emzttgr ampliﬁer.' . .

_ Dc Hase bias is supplied by the R1-R2 voltage divider. Further
stabilization of the operating point is provided by emitter resistor
R3 which is bypassed by C2 to prevent degéneration.

. ’ ' : ) c g \
Single-stage, R-C-coupled, common-collector amplifier

~ The common-collector circuit (also known as the grounded col-

lector). has the highest input impedance of the three transistor am-

plifier/configurations. Its operation and characteristics resemble
- somewhat those of the vacuum-tube cathode follower and, for this

reason, the common collector often ‘is referred to as an “emitter
follower.” ) : S

k4 o ) CKT2% @ pr
.o Lo - [ . T —o
: » 3 ’ SIGRAL QUTPUT
g P C el RP3ames | 30K
Fig. 108. Single-stage, R-C-s .
. coupled, common-collector ° . _s\ON-0FT
amplifier. . T_ .
. ~ +. |8
' | ‘ w

)
Wi
!

Fig. 108 shows a single-stage, resistance—capacitarice-coupled,
- common-collector amplifier employing a Raytheon CK725 .tran-
siston. At 1,000 cycles, the input imyedance of this amplifier is 1
megohm. Output impedance is 30,000 ohms. The input impedance
varies with the signal frequéncy, being 1.2 megohms at 20 cycles
" (Fig. 109-a) antd 160,000 ohms at 50 kc. '

The voltage gain of the amplifier is constant at 0.96 from 20

A\'~ ‘v ) "I‘v e R ‘. ‘ T "
:’""., v, . \ - K v . .
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‘cycles to 10 ke (Fig. 109-b) ,and falls slowly-to 0.88 a1 50 ke. The
maxinmium input-signal voltage before positive-peak (‘lipping, ap-

i 11| AL .
1 1. I i T
N . Py
| N
A} 7 ‘\
S
* (MEGA) ) N , \ 4
6
V
4 REN —_—
. N
e d
i“2 N::
1
0 200 50 00 500 L' -1 0 50
B 516 FREQ
qa .
! T % T {' Y SO N
a* )
a
. g ~ i T L]
- 20 50 00 . 500 KL .5 10 50
! OSIG FREQ
A

Fig. 109-a, -b. Characteristics of common-collector amplifier: {a) input *
’ impedance variation;. (b) frequency response.

pears in the output signal is 0.52 volt rms. The corresponding max-
‘imum output-signal voltage is 0.499 volt rms when the external load
~i§ 300,000 ohms or higher. Power gain is 30.74.correspording to
14.87 db. - ' '

Singlé—sfu’ge, transformer-coupled, common-collector amplifier

' The common-collector amplifier is converient for coupling into
a lowimpedance line. However, 7, varies with fhe output im-
pedance (Z,), with the result.that Z, drops to approximately 20,000

"ohms when Z, = 500 ghms. o

The most sa;isfactory operating conditions therefore are obtained
when the common-collector output is transformér-coupled to the
lower-impedance line. Fig. 110 shows a common-collector ampli-
fier with transformer output. Here, the input impedance tollows
the curve given in Fig. 109-a and the output impedance is constant
at 100 ohms. S ' :
'y Theé common-collector amplifier may be transformer-coupled to

. ¥ . .
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the base-input circuit of a coimnor}-emitter amplifier by employing -
a ransformer having a 1,000-ohm secondary, -

' AHGONNE AR-150
- CK72% T -
: ('__‘ . 100a
oMt l" — Y SIGNAL CAITPUT
H
< . ! °©
M e
, ::nma S
. . . ofF
SINAL INPHT . 53 N o
AT .
8 Jrov
]

. -

Fig. 110. Smg(e-stage, tmﬁsformer-coﬁpled, common-
' . collector amplifier. .

Multistage R-C-coupled amplifier . -
Fig. 111 shows the circuit of a four-stage, resistance—capacitance-

‘coupled amplifier employing Sylvania 2N34 transistors. Each stage
utilizes the common-emitter circuit. '

T e
i '1L )
nzgon | RS 6 ouTeur
R0 't Ri%
AN, VAA/
te . HK
L. c? L{EY
LK & % S :Y}co
3.6K 2 |3 |
ON-OFF K
) 2t
. 4} ..4.?
) . 8% ™

' Fig. 111, Multistage R-C-coupled amplifier.

""" With the GAIN CONTROL setat maximum, this amplifiér provides
a voltage gain of 4;000. The maximum input-signal voltage before
output-voltage peak clipping is 0.2 millivolt rms. The correspond-
ing maximum output-signal voltage is 1.2 voltsrms. At 1,000 cycles,
the input impedance is approximately 1,00 ohms. The noise level
was meadured as 5 millivolts, with the input terminals of the ampli- -
fier short-circuited (72 db below maximum output voltage) . Fig.
112 shows thie frequency response. )

‘Stabilizing bias isapplied to the basés of the transistors by voltage-

~ divider nétwerks R4—R5%5, R9--R10 and R13—-R14. To prevent de-
generation, emitter resistors R6, R11 and Ri5 are bypassed by
capacitors C6, C7 and. C8. Emitter resistor R2 in the input stage is

E left’ unbypgssed for a small amount of degeneration in this stage.

g{. K A -. ‘ , 13
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Capacum C9 and resistor R7 form a dec o-..phng network to suppress

" motorboating. - i , .
— NN
2 J
4 J \

4 7 1

ol LA LT
® 1/ l . !§’ \
' Ui
e 100 ¥ 0 )

FREQ
Fig. 112 F'requency response of the circuit shown in Mg 111.

Total current drain is approximately 8 mllhamperes dc from the
6—volt battery

. Mulhs?age transformgr—céup!ed ampiifier

‘A three-stage transformer-coupled amptifier employmg Raytheon
CK722 wansistors is shown in Fig. 113. This circuit provides an
overall power gain of 80 db (with carx CONTROL R5 set 10 maxi-
mum) and a power output of 6 militwatts. The input nnpe‘dancc
is approximalely 1,000 ohms and the ouaiput jmpedance 1,200 ohms.
. The dc base ‘):as is stabilized in exch stage by means of voltage
dividers R1-R2, R6-R7 and R9-R{0. Emitter currentlimiting
resistors R3, R8 aﬂd R1lare bypa~sed adeqguately by C2, C5 and 7
0-prevent degenexauon Capacitor C3 and resistor R4 form a de-
‘coupling network to suppress motu*ona'm The towal current
dram from the g-yolt nane") is 7.3 mnlhampercs dr.

ewr2z | ,8894 . cKme2 B cervez 259
O c4 - 1’3} o
Dty
A &

2

Fy
Vv

VA

bﬁ.nz % *—1‘2,,"(""

| :
2.2k T25 < [ %22'\.\ J'c; L;r
N § ” T Sn
& 3 : | .|.1'* °“
»

Flg 113. Three-stage transformer-coupled amplifier.-

In the construction of this amplifier, the miniature transformers
Tt, T and T3:must be mounted far enough apart that their mag-
niétic fields do not interact. When a compact layout necessitates
close spacing, the transformers must be oriented i in such a way that

.their corcs are at. «right angles.

Yy
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Push-puli eutput circuits
As in vacuum-tube practice, push-pull cutput amplitier stages and
~ drivers are employed when more signal power is desired than can be
suppiied by a single-ended transistor stage. Fig. 114 shows typical
class-A and class-B push-puil output stages. y

2N43

A ARGONNE 4R 167

T2,
\ . )
A Y / SIGNAL OuTPUT
3.2n (0 32a
oFF VOICE SO >
o

CLASS B
5
Fig. 114-a, -b.- Pv;sh-pull amplifiers: (a) class A;
.’ L (b) class B. - .
- Clase A ‘

- (Fig. 1i4-a) . Here, two General Electric 2N45 iransistors are em-
- ployed. The input impedance is 20,000 ohms. (The 20.600-0hm
primary. of the input transformér T1 can act as the collector load
of a single-ended transistor input stage.) The output impedance
' matches the 3.2-ohm voice coil of a loudspeaker. At 5% total har-
'manic distortion (measured at 1,000 cycles) , the power output is
. 75 milliwatts and the overall power gain 30 db, or 1,000 times.
A The total continuous current drain is 12 milliamperes dc from
"+ the22.5-volt battery. The collector-circuit efficiency is 42%. Stabil-
izing dc'bias is supplied to the bases of the transistors by the voltage
divider:R1-R2. ‘Thé emitter current-limitihg resistor R$ is by-
passed by C2 to prevent degeneration.

15



.Class B i ‘

At in tube practice, class-B transistor output amplifiers are pre-
ferred to class-A units because of their higher collector-circuit effi-
ciency. In the class-A circuit (Fig. 114-a), a rather large collector
currerit flows continuously, while in class‘B circuits large values
flow only on audio peaks and at other times the *‘resting’’ collector
current is regligible. ,

~ Fig. 114-b shows a typxcal class-B circuit employing two RCA
N 109 transistors. The input impedance of thisamplifier is 50,000
ohms and the output impedance 3.2 ohms to match the voice coil
of a loudspeaker. At approximately 8% total harmonic distortion

(measured at 1,000 cydes) the power output is 75 milliwatts and -
. overall power gain is 30 db, or' 1,000 tlmes Thc collector-circuit

efficiency is 64%.

"~ The Lero-slgnal total collector current is approxxmately 4 ma dc,

and the maximum-signal total coilector current approxxma'clv 26

milliamperes. The base-bias voltage dlnder R1-R2 draws approx-
_imately 1.6 mlihampercs

Phuse inverters

The i mterestmg properties of transistors permit the design of in-
- genious phase inverter circuits. Fig. 115 shows two types.

Slnglo-m:mistor type
. (Fig. 115-a) . This is a simple circuit employing one Raytheon
CK721 transistor and is similar to the so-called “hot-cathode’ phase
inverter sometimes used with triode vacuum tubes. A portion of
the output-51gnal voltage (OuTPUT 1) is developed across the collec-
tor load resistor R4'and a second portion (OUTPUT 2) across the
‘emitter resistor R3. Due to phase shift, which is inherent in the
. comimon-emitter circuit, oUTPUT | is out of phase wjth the input
- 'signal voltage while outpuT 2 is in- phase with the input. The two
‘ outpm-slgnal voltages accordingly are out of phase with each other.
“A 20-millivoit rms input-signal voltage will give output voltages
of approx\mately 0.8 volt when the phase inverter feeds into high-
impedance loads. Actually, these two output voltages are not ex
actly equal because the circuit is not perfectly balanced. However,
they may be made very nearly. equal by adjustment of R3 either
above or below the specified 4,700-ohm value. as requlred ’

- Complomcn’ary-symﬂty type . .

The cnrcmt shown in Fig. 115-b makes use of the prmcnple of com-

2
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