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Quasi-Complementary Transistor
Amplifier

SUMMARY - Transistorized phonograph amplifier uses a quasi-
complementary output circuit to provide 6 watts output with less than |-
percent distortion at mid frequencies. Input signal passes through three

preamplifiers and a predriver stage before reaching the quasi-
complementary output stage. Output feeds directly to loudspeaker voice coil.
Operation is satisfactory over temperature range from0 to 50

By H. C. Lin*
Research Engineer, RCA Laboratories, Princeton, N.J.
*Now with CBS-Hytron, Lowell, Massachusetts

Operating between a vaiable reluctance pickup, and a convetiond [6-ohm loudspesker, the
amplifier to be described has a frequency response flat within 1.5 db from 30 to 15,000 cps and tone
controls with boost and cut for bass and treble. A discusson of some condderations in a trangstor
phonograph amplifier precedes the description of the circuit.

Distortion

Didortion in a trandgtor amplifier is usudly due to variaions with current of ether the current
amplification factor, the transconductance or both. When driving a grounded-emitter transstor
amplifier stage from a current source (generator Z » input Z), distortion depends on the variation in
collector-tci-base current-amplification factor. At high currents, the current-amplification factor usudly
diminishes.

When a grounded-emitter trangstor amplifier stage is driven from a voltage source, (generator Z <<
input Z), digtortion may aise from the dependence of the transconductance on base-to-emitter voltage.
This nontlinearity in transconductance may be caused by too low or too high operating current.? Either
of these distortions can be reduced by negative feedback.

Frequency Response

A system employing an RGA SPC-1 variable reluctance pickup and the RIAA recording character-
idtic requires high and low-frequency equaization in the reproducing amplifier. High frequency
equalization can be obtained by making the amplifier output resstance equal to 7,000 ohms. Since the
commortemitter trangstor input resistance is generdly less than 7,000 ohms, the input resistance can
be increased by adding resistance to either the base or emitter circuit.

If aresstance, Re is connected in series with the emitter, the input resstance isincreased by ap-
proximatdy b.Re where b isthe collector-to-base current-amplification factor. Here the input resstance
depends directly on the value of beta, which may be different for different tranastors.



Noise

The noise performance of these two input circuitsis not the same. For alow-power transistor
operating at an emitter current of about one ma, the gn ratio of the circuit with added base resstance is
generaly 10 to 15 db lower than that of the circuit with added emitter resistance. Hence, the configura:
tion for better interchangesbility of trangstorsis not compatible with the configuration for lower noise.

The required frequency equdization can be accomplished by an R-C low- passfilter in which the
attenuation increases at arate of 6 dB an octave. Above 500 cps, the attenuation stays constant. The
location of thisfilter 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 frequenciesin the early
gages. A good compromiseis to place the filter immediately after the first stage.

Quasi-Complimentary Circuit

The basic quas-complementary circuit isshown in Fg. I1A. If agne-wave sgnd is goplied to the
input terminals, the two upper transistors conduct during the negative haf-cycle and the two lower
trangstors conduct during the positive haf-cycle. During the conduction of the two upper transstors,
emitter-following action makes the emitter voltage of Q; follow closely the input voltage at the emitter
of Qs which, in turn, follows the input voltage at the base of Qs. Since the input current isamplified by
Qs and Qy, the output current is equd to bs.b7 timesthe input current.

Smilaly, during the conduction of the two lower tranagtors, emitter-follower action makes the
voltage at the emitter of Q6 follow closdly that a the base and the output current is equa to be.bg times
the input current. If bs.b7 = be.bg the input res stance during ather half of input Sgnd waveis ap-
proximately equd to bs.b7.R. . Therefore, the quas-complementary circuit isin balanced operation.

In practice, the basic configuration presents too high an input resistance so that the d- ¢ coupling
resstor of the preceding stage usdlly tends to shunt alarge portion of the input sgna current This
high input res stance can be reduced by connecting one or both of the stages in common emitter
configuration.>*

M odified Circuit

For the quasi-complementary circuit, a scheme as shown in Fig. 1B may be used. Capecitor Cis
connected between output junction point A of the series-connected output transistors and tap D on cou
pling resistors Ry R». This returns the input current through C and R.. So long as Ry is much gresater than
the input res stance between the driver base point B and point 4 during conduction, ussful sgnd will
not be diverted into Ry,

For the negative hdf cycle the input resistance between B and A is gpproximatdy rs +b7rz7, where
rs and r7 are the base lead resistances of Qs and Q7. For the positive hdf-cycle, the input resstanceis
approximately the base lead resistance of Qg. For perfect balance, these input resistances could be made
equa by connecting R; in saries with the emitter of Qg, as shown. However, R, can usudly be
dispensed with if R; islarge. R, should be much greater than Ry since the former isin shunt with the
|atter.

Complete Circuit
The complete schemeatic diagram of the amplifier isshown in Fig. 2. There are Sx stages, consst-

ing of the quas-complementary driver-output circuit, a predriver and three preamplifiers. Transstor Q1
is an experimentd trangstor smilar to the 2N 104 but with somewhat higher collector-to-base current-



amplification factor b = ¢.85. Transstors Q. and Qs are experimentd pnp transistors with charac-
teristics smilar to those of the 2N109 but with a collector break-down voltage of over 40 V. Experi-
mental npn transistor Qs, has characteristics complementary to that of Qs. Both Q; and Qg are pnp
power transstors.

In the first stage, an unbypassed resstor Ry, connected in series with the emitter reflects an input
resstance of 7,000 ohms at the base. The base-to-emitter biasis furnished by R; and R, connected be-
tween collector and base. These resisters with collector resistor R3 congtitute a d-c¢ feedback circuit for
stabi lizing the operating point against ambient temperature variations.®> Similar biasing arangements
are used in the next two stages. Bypassing capacitor C,, connected to the junction of R; and R, presents
degeneration. Resistor Rs, linearizes the transconductance of Q. and reflects an input resistance of
gpproximately 800 ohms.

Predriver

The predriver Qg, operates class A. The output is directly coupled to the input of the driver.
Resistors R, Ry, Rip form the return path for the dc collector current of . The flow of dc through
Rio creates a forward base-to-emitter bias for drivers 3 and @ which diminates crossover distortion.
The required bias voltage to maintan class B operation of the driver decreases with increase In
temperature. The thermigtor, in pardle with Ry, provides this bias.

Since the voltages a the emitters of Qs, and Q, follow dosdy the voltage at the collector of Qa, any
change in collector current will upset the balance of the subsequent stages. To hold Q4 collector current
constant, emitter resistance Ry and negative d-c¢ feedback through Ry are used.

Feedback

Since the output is capacitively coupled to the 16-ohm load, the d-c power supply need not have a
center-tap. Negative feedback is applied from the hot aide of the loudspeaker voice cail to the base of
Q4 through R11 and R7. C2 is comnected in pardld with R11 to give a sep-response in the feedback
loop for gability. The use of R12 between emitters of the drivers helps to temperature stabilize the
driver stage. Resistor R12 aso serves this purpose by reducing the externd d-c resistance between base
and emitter to alow vaue.

The. peak a-c voltage swing at the collectors of the trangstors Q4 through Q8 is nearly equal to the
supply voltage. Since the no-signa supply voltage is40 V the transistor breakdown-voltage must bein
excess of this.

Output

The envelope of the power-output transstor is eectrically connected to the collector and must be
insulated from the main chassis. The enveope should aso have good thermd contact with the main
chassis to remove the heat generated in the transistor. For these purposes, an anodized duminum plate
which insulates eectricaly but conducts thermally, is sandwiched between the power transstor and the
main chasss.

Performance
Amplifier digtortion is shown in Fig. 3A. Note that the distortion for 100 cps and 400 cpsis below

| percent at Six watts, whereas the distortion for 5,000 cps is somewhat higher because of the reduction
in current gain and negative feedback.



The frequency responseis 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 reluctance pickup. The lower curve was taken with asigna
generator whose output voltage was adjusted to conform with RIAA characteristics and connected in
series with a variable reluctance pickup head. At other volume control settings, the frequency response
does not vary appreciably.
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List of Figures

Fig. “A” — Compact trangdorized amplifier uses 12-wait filament transformer, with rewound
secondary, as power transformer.

Fig. 1 — Basic quas-complimentary circuit (A) and modified circuit to lower input resstance (B).

Fig. 2 — Complete amplifier schematic. Tone controls provide ether boost or cut.

Fig. 3 — Curves show digortion with change in power out (A) and frequency response for two input
conditions (B).



