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A New Distortion Mechanism in Class B Amplifiers*
EDWARD M. CHERRY

Department of Electrical Engineering, Monash University, Clayton, Vic. 3168, Australia

Mutual
introduces
harmonic
physically

inductance between power-supply wiring and signal wiring in class B amplifiers
even-harmonic distortion. A circuit technique is described for constraining
currents in power-supply wiring to well-defined loops, and these loops can be
located so as to minimize mutual inductance.
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During some recent experiments with class B audio
power amplifiers, an even-harmonic distortion mechanism was encountered which, to the author's knowledge, has not previously been described.
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Inspection of the circuit shows that all components of
current except the fundamental
circulate around the
loop formed by the output transistors and the power
supplies. If there is mutual inductance M between this
loop and the signal output loop after the point at which
negative feedback is derived, a distortion voltage is induced in the output:
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of the signal output, the har-

Admittedly, 1 /aH would be a very large mutual inductance between power supply and loudspeaker wiring,
and the distortion does fall in proportion to frequency.
However, the mutual inductance could easily be tens of
nanohenrys. The first amplifier in which this distortion
mechanism was actually noticed by the author hadD 2 =
30 ppm (parts per million) at 10 kHz, corresponding
to 10 nH.
If the mutual inductance is between the power supply
and the signal input loop, the percentage distortion is
increased by the voltage gain of the amplifier at the
frequency of the harmonic concerned.
If the amplifier includes a preamplifier with equalization for disk recordings, the problem is further compounded. To a crude approximation
the RIAA equalization is an integration,and therefore the distortion
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mechanism becomes independent of frequency. As a
numerical example, if the input sensitivity is such that
1 mV produces 50 W output into 8 fi at I kHz (typical
for a moving-coil pick-up), then
D 2 = 0.33% per nH between power supply and

board bypass capacitors with their controlled figure-ofeight layout rather than into the main power-supply
wiring with its uncontrolled layout. Typical 500-3tF capacitors have a series resistance of the order 0.1 fl; if
the 15 ktH and 0.15 11 were not present, a substantial part
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2 A SOLUTION
In principle, the solution is easy: reduce the mutual
inductance. However, the layout of power-supply
wirlng is not ordinarily well controlled, and the last numerical example shows that tiny mutual inductances can be
significant.For whatthe statistic isworth, in a group of
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Fig. 2. Power-supply filtering and separate ground tracks for
forcing the harmonic currents into the on-board bypass capacitors.
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shows a typical circuit, and Fig. 3 shows the correspondlng circuit-board
layout. Note the figure-of-eight shape
of the loop formed by the two 500 tzF capacitors, 0.5-11
resistors, and the power transistors in Fig. 3; the tracks
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Fig. 3. Suggested circuit-board layout. Note the figure-ofeight shape of the loop formed by the 500 ktF capacitors and
0.5 11 resistors. The area between the tracks to the power
transistors is negligible.

extreme cases the input and feedback tracks can also be
laid out as a figure of eight to reduce magnetic coupling
into this most sensitive part of the circuit,
The 500 _F, 15/aH, and 0.15 Fl constitute a critically
damped low-pass filter which forces components
of

of the current at all audio frequencies would flow into
the main filter capacitors.
At frequencies below 1.5 kHz ihe loudspeaker current
enters the circuit board via the (twisted) power-supply
leads; the return path is via the chassis ground at the
loudspeaker terminals. Above 1.5 kHz the loudspeaker
current is confined to the bypass capacitors and the
output and noisy ground tracks on the circuit board; the
small area between these tracks minimizes signal induction into the low-level circuits and also minimizes indue-

transistor

tive voltage drops along the tracks.

leading to the power transistors are spaced so closely
that the area between them is negligible, and therefore
they do not contribute to any mutual inductance. In

current above 1.5 kHz to flow into the onr*
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The bypass capacitors carry 5-10% of the powersupply ripple current, and perceptible hum voltage is
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Fig. 1. Class B output stage, showing the path of the circulatingharmoniccurrents.
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The 10-Fl resistor provides

a high-frequency

the reactance ofa 100-nF bypass at frequencies up to 1
ground ends of the bypass capacitors; 10 fl is less than
MHz, but is large enough to reduce hum current in the
quiet
ground between
track to the
the order
a milliampere.
connection
quiet of
ground
track and the
Dr. Cherry'sbiographywas publishedin the March issue.
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