
Class B amplifiers are prone 
to crossover distortion, which 

occurs in the output stage in which 
conduction transfers from one transis-
tor to the other. To prevent crossover 
distortion, a bias current must flow in 
both transistors simultaneously. The 
bias current prevents both transistors 
from turning off in the transition re-
gion. Classic bias circuits keep a con-
stant dc polarization voltage between 
the bases of the two transistors. Often 
manually adjusted, it keeps the two 
transistors on the edge of conduction 
when there is no signal present. Such a 
circuit is sensitive to temperature and 
needs some form of compensation to 
prevent thermal runaway, which can 
lead to failure. Figure 1 shows an ap-
proach in which automatic bias elimi-
nates the problem.

In this Class B amplifier, R1 sets the 
bias current at idle mode with no sig-

nal. Emitter current for Q3 is (VCC�
VBIAS�VBEQ3�VBEQ1)/R1, where VCC is 
the power-supply voltage, VBIAS is the 
dc voltage on the emitters of Q1 and 

Q2, VBEQ3 is the base-to-emitter voltage 
of Q3, and VBEQ1 is the base-to-emitter 
voltage of Q1. Q1 and Q2 mirror this 
current because Q1 and Q3 share the 
same base current, as do Q2 and Q4. 
Assuming that the four transistors are 
perfectly matched, all of them have the 
same base current and the same collec-

For higher frequencies, you must 
use smaller resistor values, smaller 
timing-capacitor values, or both. For 
predictable results, the value of the 
timing capacitor should be no less 
than 10 times the inverter’s input ca-
pacitance, which ranges from 3 to 10 
pF for a typical CMOS, and R should 
not be so low that it significantly 
loads down the output. As a precau-
tion, the value of the hysteresis ca-
pacitor should not exceed that of the 
timing capacitor so that it does not 
exceed the maximum input voltage 
on Stage 1. If the value of the hyster-
esis capacitor were much greater than 
that of the timing capacitor, then the 
threshold voltage and the hyster-
esis voltage would approach 7.5 and 
�2.5V, respectively. The 74VHC04 
part proves the calculations using 5% 
resistors and 20% capacitors.

Table 1 summarizes the results, 
which are within the component tol-
erances. Figure 5 shows a typical input 
and output plot.EDN

Class B amplifier has automatic bias
Pierre Corbeil, Paradox Innovation, Montreal, PQ, Canada

�

C3

C2

C1

VBIAS

R2 R3

Q4

Q3 Q1

R1

IC1

�

�

VCC VCC

Q2

Figure 1 A bias current flows in the transistors that prevents Q1 and Q2 from 
being off simultaneously.

Figure 5 The circuit is well-behaved at low frequencies.
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tor current, so the emitters of Q1 and 
Q2 precisely mirror the current in R1. 
Transistor matching is unnecessary, 
however. With unmatched transistors, 
either Q3 or Q4 must operate in satura-
tion, and, because the mirror effect de-
pends on the transistors’ current gain, 
hFE, the difference between Q1/Q2 bias 
current and the current in R1 can be 
significant. This circuit automatically 
adjusts the voltage on C2 to compen-
sate for temperature and the transis-
tors’ characteristics.

When a signal is present, the cur-
rent gain is the hFE of output transistor 
Q1 or Q2 (the same as for a classic Class 
B amplifier). On the positive part of 
the signal, Q1 carries the load current. 
Because the base current increases, Q3 
enters saturation. On the negative part 
of the signal, Q2 carries the load cur-
rent and Q4 saturates.

Figure 2 shows the ac-current path. 
The maximum average load current is 
the idle current in R1 times the current 
gain of Q1 times two. The op amp must 
be able to sink the base current of Q2 
(load current/hFE)�((VCC�VBE�4)/
R1). A typical application of this Class 
B amplifier delivers 0.25W into 8� 
(Figure 3). Figure 4 shows the total 
harmonic distortion over the 45-Hz 
to 50-kHz band—that is, 1V rms into 
8�.EDN
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Figure 4 This graph shows distortion as measured on the circuit of Figure 3.
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Figure 2 On a positive half-cycle, current flows from Q1 through C1 to a load (a). On a negative half-cycle, current flows 
through Q2 (b).
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Figure 3 A typical application of this Class B circuit is a headphone amplifier.
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