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L ow Distortion Class B Output

New approach to the problem of cross-over distortion in transistor audio
power amplifiers

For some time desgners or trandgtor high-fiddity amplifiers have been redtricted to a choice
between three types of class B output circuit: (1) a pair of matched complimentary transagtors, (2) a
par of identica trandstors in series cascade with a twin-secondary driver transformer, and (3) a
quas-complimentary  circuit usng identicd output trandstors in  series cascade but  with
complimentary driver trandstors. All three raise problems in desgn and manufacture, the best known
ones being lack of circuit symmetry, difficulty of proper control of trandstor quiescent currents and
problems of the L.f. rolloff. Now a new type of output circuit has appeared which, the designers say,
overcomes these problems and makes possble a trandstor power amplifier of exceptiondly high
performance. The circuit shown in Fg. 1 in dightly modified form, has been developed by The
Acoudtical Manufacturing Company for anew power amplifier.

As will be seen from Fg. 1 the drcuit is redly a devdopment of the quas-complimentary
arrangement, but each haf of the class B system contains three directly coupled transistors insteed of
just the usud driver and output. The first two, Tr; andTr, are low power complementary types, the
second two, Tr3 and Trs, medium power complementary types and the find two high power identicd
devices. One reason for this arrangement is to avoid the distortion which normdly occurs in the
quasi-complimentary circuit as a result of the asymmetry of the upper and lower haves of the output
dage. In the Fig. 1 arrangement each of the trangstor “triples’ can be congdered as an “emitter
follower”, as brought out in the much samplified foom of Fg 2. And each of these “emitter
followers’ has the usud characteridtics of this device: high input impedance, low output impedance,
and the voltage across the emitter resstor (and hence the current through it) following the base
voltage independently of the characteristics of the active device. For these conditions to hold, of
course, the loop gain of the “emitter follower” must be very high, and this is assured by the use of the
three transstors — the overdl current gain gpproaching the product of the three individud beta
vaues. The two units shown shaded in Fig. 2 can be conddered as two “black boxes” exactly
equivdent to a complimentary par of output trangstors of very high current gain. The arrangement
has, however, a very important advantage over a complementary pair when we come to consder
quiescent current end temperature effects.

Idedly in a class B amplifier the two trangstors should be biased so that one is completely cut off
while the other is conducting. In practice this cannot be done because it results in crossover
distortion. It as necessary in fact to apply a smdl forward bias to the trandstors to obtain a suitable
value of quiescent current that will reduce this digtortion to a minimum. The required quiescent
current should be kept congtant, but in many power amplifier circuits this is difficult to, achieve
because the quiescent current depends on the temperature of the base-emitter junction of the power
trandstors and this in turn varies from moment to moment due to variaions of audio power and
thermal Storage time congtants.

In the Quad circuit the voltage developed across the 0.3 Ohm resistors by the quiescent current is
compared with a fixed reference voltage at the Try and Tr, base-emitter junctions. Since these are
operating a very low power there is negligible change due to temperature resulting from varying
audio power. Ambient temperature changes are exactly compensated by the same temperature
change in the diodes D, and D, providing the reference voltage. Thus the two ‘black boxes’ can be
seen to be the equivadent of acomplementary pair with thermally isolated base emitter junctions.

The other two diodes, D3 and D4, are limiting devices which prevent the output transstors from
exceeding their current ratings. If; in either haf of the class B circuit, the current through the 0.3



Ohm resistor attempits to exceed a given safe upper limit (approx. 3A) the increased voltage across
the resistor will cause the corresponding diode to conduct and thus prevent the corresponding
trangstor (Trl or Tr2) from being turned on further by the incoming signd. As can be seen, the
arrangement is symmetricd, providing limiting for both directions of output current swing.

List of Figures

Figure 1; The output section of the Quad 303 power amplifier (dightly smplified) showing the two
transgtor triples.

Figure 2; Smplified representation of the Fig. 1 circuit as two “emitter followers’.



