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ative feedback. The bandwidth is –3dB at 
about 1Hz and 100kHz. The (unweighted) 
noise is about 80µV. The input impedance 
is about 14kΩ, and the output impedance 
is about 3Ω (a damping factor of 2.5).

The upper and lower output devices 
share the same value of DC current, but 
as mentioned before, this circuit can be 
adjusted to vary the AC current contribu-
tions from each. When the values are set 
equal, then the classic push-pull balance 
is achieved. By adjusting P2, you can 
shift this balance so that one device takes 
a larger share of the output.

As you turn P2 clockwise (note the 
“cw” on the schematic), a greater percent-
age of current comes from the upper de-
vice Q3, and as you turn it counterclock-
wise, a greater percentage comes from 
the lower device Q2. Fully counterclock-
wise results in the upper transistor bank 
functioning as a constant-current source, 
with all the gain in the lower bank, op-
erating as a purely single-ended Class A 
circuit. An 80% clockwise rotation of P2 
gives about a 1:1 ratio between the de-
vices (as the pot rotates through about 10 
hours of a clock, with full clockwise as 11 
PM, you would set the pot to 9 PM).

Linsley Hood spent some time ex-
perimenting with his circuit using mis-
matched output devices and noted that 
if you don’t have equal gain, it is better 
to place the devices with greater gain on 
the bottom of the circuit. I confirmed that 
this was the case by adjusting the bal-
ance between the positive and negative 
halves of the output stage, measuring 
and listening to various settings.

I spent a great deal of time playing 
with this balance, trying to reconcile the 
best curves to the best sound. At low and 
mid-band frequencies, setting P2 to a 
value that gave equal contribution to the 
output current resulted in the lowest dis-
tortion versus output power. By compari-
son, setting the value so that the lower 
half delivered two-thirds of the output 
current gave about twice the distortion, 
but it remained more constant over the 
audio band.

This more “single-ended” output stage 
showed a more pure second harmonic 
type distortion than the more “push-pull” 
output stage, which contained more third 
and higher harmonics. This was not a 
completely apples-to-apples comparison, 
though, as increasing R5 also had the 

effect of slightly increasing the open loop 
gain, and thus the amount of negative 
feedback.

I encourage you to try varying P2. Re-
member that you can confirm the ratio 
of upper versus lower output current 
by measuring the AC voltage across the 
source resistors R8 and R9, while run-
ning a low-frequency sine-wave into a 
resistive load at about 5W or so.

Figure 9 shows the distortion versus 
power into 8Ω at 1kHz, with the lowest 
curve showing the 1/1 ratio (push-pull 
operation) and the highest curve showing 

a 0/1 ratio (P2 fully counterclockwise), 
where Q3 operates as a constant-current 
source and the circuit is operated as sin-
gle-ended Class A.

Figure 10 shows the distortion versus 
frequency at 1W, and you see that the 
differences between the two settings tend 
to go away at the highest frequencies, 
where the variations in capacitance of the 
devices do not tend to cancel. Also, there 
are some harmonic content differences 
over the range of settings. The lowest 
distortion curves have greater content of 
higher order harmonics, which tend to go 
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