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The Essex Echo:
Audio According to Hawksford, Pt. 2

Jan Didden continues his discussion about audio technology with Professor Malcolm Hawksford.

JD: Let's move to amplifier electronics,
because one thing that comes across clear-
ly from your publications is that you enjoy :

electronic circuit design.

MH: Is it that clear? But it is true. My
first amplifiers were tube-based, of course,
and | still have a certain fondness for

cuits, with some pleasant coloration usu-
ally added by self-induced microphonics
and vibrations. Different manufacturers

using different tubes even with similar :
circuits show up different issues, but they :

err benignly, so to speak. It is very seldom
that a tube amplifier's sound can't be en-
joyed despite its technical limitations; the
errors tend to be quite musical.

correction (EC)?
MH: Peter Walker’'s Current Dumping

concept did that. I thought it an extremely
clever and elegant solution (still do), and
a “thinking out of the box” amplifier de- :

sign that was en vogue at the time. There
are various ways of looking at Current
Dumping, but | explained it as a combi-

that it allowed you to design a structure
that didn't require infinite gain to obtain
theoretically zero distortion over a fairly

broad bandwidth. In a feedback amplifier, :
as you move up in frequency, the feedback

decreases leading to increasing distortion.
In this (then) new concept, the feed-
forward path compensates for the loss of

feedback with frequency, and in theory
you can keep up the “zero distortion” over

the audio band. Of course, it depends on
what stage of the amplifier produces dis-
tortion. It started me thinking about some

way to generalize the concept of combin-
ing feedforward (ff) and feedback (fb)—

which, of course, is at the core of Current
Dumping—and explore other trade-offs
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in ff and fb. As the most objectionable :
distortion in a power amplifier is gener- :

ated in the output stage, would it be pos-
sible to locally correct that output stage so

that the remaining distortion signals that
are fed back from the output to the input
- stage would be much cleaner (i.e., devoid
them. Most were simple, first-order cir-

of output stage distortion) thus also con-

tributing to lower input-stage distortion? :
As N (the uncorrected output stage gain)

approximates to 1, the error tends to zero
and this makes the difference (correction)
amplifier much more linear as it only am-

when the output voltage swing is large.
The conceptual view (Fig. 8) made it

- clear that, in theory, combining ff and fb
- can completely eliminate the forward loop -
JD: What triggered your interest in error

nonlinearity, without the need for infinite
loop gain, simply by choosing suitable
combinations of transfer functions a and

cal ff or fb networks will most probably

need to have some active components and
will thus be at least first-order low-pass

make “b” a conjugate sT/(1 +sT), and the

elimination of distortion independent of :

frequency still holds.

Now, for the feedforward component
“h,” there is the practical problem of com-
bining the forward and feedforward signal
in the output (power) stage, so that is less
attractive. Therefore, one solution would
be to use only the “a” fb path, as it is much
easier to combine low-level signals at the
amplifier input. Because you now can
no longer compensate for the first-order
rolloff, the full curative properties of the
system break down at higher frequencies

- S0 zero distortion is out of reach.
plifies small signals, and this holds even

Yet, employing this type of error correc-
tion locally in, for instance, output stages
still has significant advantages. Such fast-
acting local correction does a good job to
linearize the output stage by one or two
orders of magnitude and, as a bonus, give
very low output impedance before global

: feedback is applied. I also showed that you
b in Fig. 8 providing (a + b) = 1. Practi- :

can implement a correction circuit virtu-
ally without needing more components
than those used for biasing, so it’s essen-

 tially free.
circuits. But, if the “a” network has a first
. order 1/(1 + sT) characteristic, you could
nation of feedback and feedforward tech- :
niques. The clever bit, as | saw it, was

The local loop does not impact stability
much, so you can have your cake and eat it,
too. You end up with a more linear power
amplifier for the same parts investment
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FIGURE 8: Generalized ff-fb error correction structure.
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