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™ PERATING between a variable-
J reluctance pickup and a con-
itional 16-ohm loudspeaker, the
plifier to be described has a
guency response flat within 13
from 30 to 15,000 cps and tone
ltrols with boost and cut for bass
i treble.

A discussion of some considera-
1S in a transistor phonograph
plifier precedes the description
e circuit.

Distortion

Uistortion in a transistor ampli-
I8 usually due to variations
il current of either the current-
Plification factor, the trans-
uctance or both. When driving
Stounded-emitter transistor am-
Her stage from a current source
flerator Z >> input Z) dis-
H0n depends on the variation in
*tior-to-base current-amplifica-
! factor, At high currents, the
Fent-amplification factor usually
iishes.*

N :a grounded-emitter tran-
f amplifier stage is driven
' & voltage source, (generator
S< input Z), distortion may
%€ from the dependence of trans-
“iClance  on  base-to-emitter
ke. This nonlinearity in tran-
“tlance may be caused by too
% too high an operating cur-
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rent, Either of these distortions
can be reduced by negative feed-
back.

Frequency Response

A system employing an RCA
SPC-1 variable reluctance pickup
and the RIAA recording character-
istic requires high and low-fre-
quency equalization in the repro-
ducing amplifier. High-frequency
equalization can be obtained by
making the amplifier input re-

Compact transistorized amplifier uses 12-watt filam

secondary, as power lransformer

V.89, nhe.d

UMMARY —— Transistorized phonograph amplifier uses a quasi-comple-
mentary output circuit to provide 6 watts output with less than 1-percent dis-
tortion at midfrequencies. Input signal passes through three preamplifiers and
a predriver stage before reaching the quasi-complementary output stage. Out-
put feeds directly to loudspeaker voice coil. Operation is satisfactory over
temperature range from 0 to 50 C

gistance equal to 7,000 ohms. Since
the common-emitter transistor in-
put resistance is generally less
than 7,000 ohms, the input resist-
ance can be increased by adding
resistance to either the base or
emitter circuit.

If a resistance, Ry is connected
in series with the emitter, the in-
put resistance is increased by ap-
proximately 8 R, where B8 is the
collector-to-base _current-amplifica-
tion factor. Here the input re-

ent transformer, with rewound
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sistance depends directly on the
value of 8, which may be different
for different transistors.

Noise

The noise performance of these
two input circuits is not the same.
For a low-power transistor oper-
ating at an emitter current of
about one ma, the s/n ratio of the
eircuit with added base resistance
is generally 10 to 15 db lower than
that of the circuit with added emit-
ter resistance. Hence, the configura-
tion for better interchangeability of
transistors is not compatible with
the configuration for lower noise.

The required low-frequency
equalization can be accomplished by
an R-C low-pass filter in which the
attenuation increases at a rate of
8 db an octave. Above 500 cps, the
attenuation stays constant. The
location of this filter is dictated
by noise and overload. Location at
the amplifier input may cause ob-
jectionable noise. Location at high-
level stages may cause overloading
at high frequencies in the early
stages. A good compromise is to

place the filter immediately after
tue first stage.

Quasi-Complementary Circuit

The basic quasi-complementary
circuit is shown in Fig. 1A. If a
sine-wave signal is applied to the
input terminals, the two upper
transistors conduct during the
negative half-cycle and the two
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FIG. 1—Basic quasi-complementary circuit (A) and modified circuit to lower

resistance (B)

lower transistors conduct during
the positive half-cycle. During the
conduction of the two upper tran-
sistors, emitter-following action
makes the emitter voltage of Q. fol-
low closely the input voltage at the
emitter of @; which, in turn, fol-
lows the input voltage at the base
of Q.. Since the input current is
amplified by Q; and @, the output
current is equal to jB.8; times the
input current.

Similarly, during the conduction
of the two lower transistors, emit-
ter-following action makes the
voltage at the emitter of Q, follow
closely that at the base and the out-
put current is equal to BB times
the input current. If B8 = BiBe
the input resistance during either
half of input signal wave is ap-
proximately equal to BB There-
fure, the quasi-complementary eir-
cuit is in balanced operation.
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In practice, the basic configura-
tion presents too high an input re-
sistance so that the d-c coupling
resistor of the preceding stage ust-"
ally tends to shunt a large portion
of the input signal current.
high input resistance can be re-
duced by connecting one or both of
the stages in common emitter con=
figuration.™*

Modified Circuit

For the quasi-complementary cir-
cuit, a scheme as shown in Fig. 1B
may be used. Capacitor C is con=
nected between output junction
point A of the geries-connected out
put transistors and tap D on cou=
pling resistors R,R.. This returns:
the input current through C &
R. So long as R, is much great
than the input resistance between
the driver base point B and puiﬂ
A during conduction, useful signal
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FIG. 2—Complete amplifier gchematic. Tone controls provide either boost or cut
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‘will not be diverted into R..

 For the negative half cycle the
{pput resistance between B and A
4s approximately 7,4 8.7, where
y, and - are the base lead resist-
ances of @ and Q.. For the posi-
tive half-cycle, the input resistance
is approximately 7, the base lead
yesistance of Q,. For perfect bal-
ance, these input resistances could
he made equal by connecting R, in
eries with the emifter of Q,, as
shown. However, R, can usually be
dispensed with if R, is large. R,
should be much greater than R,
gince the former is in shunt with
he latter.

Complete Circuit

The complete schematic diagram
pf the amplifier is shown in Fig.
). There are six stages, consist-
ng of the quasi-complementary
river-output eircuit, a predriver
nd three preamplifiers. Transistor
) is an experimental transistor
imilar to the 2N104 but with
pmewhat higher -collector-to-base
urrent-amplification factor g = 85.
[ransistors @Q, and @, are experi-
lental prp transistors with charac-
eristics similar to those of the
N109 but with a eollector break-
own voltage of over 40 v. Experi-
lental npn  transistor @, has
faracteristics complementary to
it of Q. Both @; and Q, are
Mp power transistors.

In the first stage, an unbypassed
ssistor R, connected in series with
i¢ emitter reflects an input resist-
e of 7,000 ohms at the base.
*' base-to-emitter bias is fur-

__'. ors with collector resistor R,
stitute a d-c feedback circuit for
hilizmg the operating point
fainst ambient temperature varia-
003" Similar biasing arrange-
;."’- are used in the next two
“iges. Bypassing capacitor C,
“inected to the junction of R, and
* Dresents degeneration. Resistor
* Unearizes the transconductance
* Q. and reflects an input re-
“lice of approximately 800 ohms.

Predriver

€ predriver @Q,, operates class
e output is directly coupled
{18 input of the driver. Resistors
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FIG. 3—Curves show distortion with change in power out (A) and frequency response

for two input conditions (B)

R,, R, and R, form the return path
for the d-c collector current of Q..
The flow of d-¢ through R,, creates
a forward base-to-emitter bias for
drivers @, and Q, which eliminates
crossover distortion. The required
bias voltage to maintain class B op-
eration of the driver decreases with
increase in temperature. The
thermistor, in parallel with R,
provides this bias.

Since the voltages at the emitters
of Q, and Q. follow closely the volt-
age at the collector of @, any
change in collector current will up-
set the balance of the subsequent
stages. To hold @, collector current
constant, emitter resistance R, and
negative d-¢c feedback through R,
are used.

Feedback

Since the output is capacitively
coupled to the 16-ohm load, the d-¢
power supply need not have a
center tap. Negative feedback is
applied from the hot side of the
loudspeaker voice coil to the base
of @, through R, and R.. C, is con-
nected in parallel with R, to give a
step-response in the feedback loop
for stability. The use of R,, between
emitters of the drivers helps to tem-
perature stabilize the driver stage.
Resistor R,, also serves this purpose
by reducing the external d-c re-
sistance between base and emitter
to a low value.

The peak a-¢ voltage swing at the
collectors of the transistors Q,
through @, is nearly equal to the
supply voltage. Since the no-signal
supply voltage is 40 v, the tran-
sistor breakdown-voltage must be
in excess of this.

Output

The envelope of the power-output
transistor is electrically connected

to the collector and must be in-
sulated from the main chassis. The
envelope should also have good
thermal contact with the main
chassis to remove the heat gener-
ated in the transistor. For these
purposes, an anodized aluminum
plate which insulates electrically
but conducts thermally, is sand-
wiched between the power tran-
gistor and the main chassis.

Performance

Amplifier distortion is shown in
Fig. 3A. Note that the distortion
for 100 cps and 400 cps is below
1 percent at six watts, whereas the
distortion for 5,000 cps is some-
what higher because of the reduc-
tion in current gain and negative
feedback.

The frequency response is shown
in Fig. 3B. Measurements were
made with the tone controls at mid-
position and the volume control at
maximum. The upper curve shows
the response to an RIAA test tone
record using the SPC-1 variable re-
luctance pickup. The lower curve
was taken with a signal generator
whose output voltage was adjusted
to conform with RIAA charac-
teristics and connected in series
with a wvariable reluctance pickup
head. At other volume control set-
tings, the frequency response does
not vary appreciably,

REFERENCES

(1) W. M. Webster, On the Variation
of Junction Transistor Current Amplica-
tion B‘a.ctor With Emitter Current, Proec
IRE, . June 1954.

(f) L. J. Glacoletto, Power Transistor

ELECTRO

For Audio Output Circuits, NICS,
27, Jan. 1954,
(3) D. D. Holmes, T. O. Stanley and

L. A. Freedman, A Developmental Pocket-
size Broadcast lteceiver ploby ng Tran-
sistors, Proc IRE, 44, June 1

(4) A Aronson, Transmtar Audio Amp-
lifiers, “Transistor I,"” p 5§15, RCA Labora-
tories, 19566,

(5) H. C. Lin and A. A. Barco, Tem-
perature Effects ln Clrcuits nx June-
tion Transistors, “Transistor p 369,
RCA Laboratories, 1956,

175




