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@® A big area where theory and prac-
tice apparently differ occurs in feed-
back application, The deviations can
take all forms, depending on the cir-
cumstances. We will content ourselves
here with a couple of fairly simple ones,
where the effect of feedback in reducing
distortion isn't what calculations would
predict.

Just to make it fair to that devious
devil feedback, we'll take one case
where he gives us more than we expect
and one where he sells us short.

Many who have put together their
own amplifiers must have experienced
the first, with both tube and transistor
circuits. You start with a circuit with-
out feedback, that has a curvature giv-
ing say 3 per cent harmonic distortion
at full output.

You are faced with a compromise
problem, it appears, in that you don't
have too much gain to spare. You can't
really spare more than 6 dB feedback,
from which you'd expect to reduce dis-

tortion only to 1.5 per cent, which isn't
low enough. And you don’t want to go
to the trouble of adding another stage
to get more gain. You feel it isn’t worth
that, with all the extra stability prob-
lems it could cause.

So you try 6 dB, as that is all you can
spare, hoping for a miracle. And be-
hold, a miracle happens. The distortion
drops to about 0.4 per cent. How did
that happen? It violates feedback
theory, it seems.

Of course, it can't in fact. Somehow
or other, you're getting more than 6 dB
feedback, although it only looks like
6 dB. How can that be? Well, here’s one
example. FIGURE | shows the essential
part of the schematic. This isn't the part
where the main distortion comes in,
which is the higher level output stages.

Each transistor shown has a nominal
current gain of 100. The first stage op-
erates with a collector voltage about
1/6th of supply. The 33K resistor pro-
vides about 15.6 dB of d.c. feedback, to
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Figure 1. The circuit portion under discussion in the text. The column below
illustrates the various degrees of over-all feedback in tabular form,




stabilize this operating point. The a.c.
feedback over this stage depends on col-
lector load, but is always less than 15.6
dB.

The middle stage operates with its
collector at about Y¥rd of suppy volt-
age, stabilized by the 47K feedback re-
sistor, which provides about 9.5 dB of
feedback, both a.c. and d.c., because
the third stage doesn’t materially load
the collector of this stage.

The third stage is a phase splitter.
With 1K collector and emitter loads, it
has a base input resistance of 100K,
paralleling the 33K from base to
ground. This makes 25K for the bottom
part. Using 75K for the top sets the
base voltage at Yath of supply. So the
third stage emitter voltage is Yath of
supply, and the collector voltage 34th
supply, giving maximum signal-han-
dling capacity at this point.

Now let's figure what happens with
various degrees of over-all feedback, If
you add this by changing the value of
the feedback resistor, you'll find it never
gives quite as much gain reduction as
you'd expect. We've tabulated the cal-
culations for simplicity.

The first column is the AB factor for
the over-all feedback, given as a multi-
ple of the base input signal current at
the middle stage, where it is injected.
Column 2 gives the effect of this feed-
back in reducing distortion (from later

stages), obtained by taking 20 times log
to base 10 of 1 plus the factor in col-
umn [.

This is the effective feedback from
the viewpoint of distortion. But how do
you measure it? You can't. What you
measure is the change in over-all gain.
So we'll figure that, to see how the effect
we found happened.

Column 3 shows the factor by which
current gain of the middle stage is re-
duced. With no over-all feedback con-
nected, this is 3, because of the 47K re-
sistor, which feeds back a signal current
equal lo twice the base input signal cur-
rent, so that 3 times the input signal
current is needed from the first stage.

Column 4 is the second stage gain,
found simply by dividing the normal
gain, 100, by the factor in column 3.
Column 5 gives the base input imped-
ance of the middle stage, found by mul-
tiplying the 39-ohm emitter resistor by
the working current gain, which is the
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Figure 2. A commonly used feed-
back connection.

figure in column 4,

The collector load for the first stage
is the parallel combination of the resis-
tance calculated in column 5, with the
collector resistance of 1.5K. This result
is calculated in column 6.

The first stage feedback product
(AB) is found by dividing 33K by the
total collector load value (column 6)
and then dividing this into the normal
gain of 100. Adding | to this AB factor
gives column 7, which is the factor by
which first stage gain is reduced by the
33K feedback resistor.

Now divide 100 by the factor in col-
umn 7, and we have the working first
stage gain, column 8. Finally, the over-
all gain, from input to the phase splitter
input, is found by multiplying columns
4 and 8, the individual working stage
gains. This is entered in column 9.

Finally, the gain change, as measured
externally, resulting from connecting
the over-all feedback, is found by divid-
ing the gain with feedback (column 9)
into that without feedback (the top fig-
ure in column 9). Converting this to
dB gives column 10,

From this, we see that 6 dB actual
gain reduction corresponds with an ef-
fective over-all feedback somewhere
between 16.9 and 1B dB. This is what
reduces the distortion from 3 per cent
to 0.4 per cent, although gain is only
reduced 6 dB.




THEORY AND PRACTICE continued

Now for the other case. This could be
either a transistor or tube-type ampli-
fier, and we'll only consider the type of
feedback connection. It’s shown in FiG-
URE 2. The response of the feedback
connection shows a boost of about 14
dB, over a 5:1 frequency range.

Suppose the over-all externally meas-
ured frequency response of the ampli-
fier is essentially flat up to 25 kHz, be-
yond which the fall-off is fairly sudden
(FIGURE 3), As the |oop gain adds the
feedback connection response 1o this,
the real, closed loop gain actually has a
14 dB peak before it finally falls off.

It is morally certain that when it does
take its dive, the feedback is no longer
negative, but goes through the 90-de-
gree point somewhere near where it
turns over. The amount of feedback at
this point will be virtually nil.

This means that any spurious compo-
nents at 25 kHz generated internally by
the amplifier won't get reduced by feed-
back. They may get changed a little, but
very little.

Now suppose the amplifier without
feedback has distortion consisting of 3
per cent 3rd harmonic and 0.8 per cent
5th harmonic. The fundamental, of 5
kHz, will get about 14 dB feedback. So,
compared to the final level of funda-
mental, after feedback, it will be 5
times what it was compared to the fun-
damental with no feedback (assuming
the levels are readjusted to be the
same). So we will have about 4 per cent
5th, with feedback.

The 3rd is in better shape. Probably
the phase shift will be about 30 degrees.
So it will produce about 86 per cent
cancellation of 3rd, multiplied by the
feedback factor for 3rd, which will be

about 1.6 times its value for 5th, Feed-
back factor changes to about 1.4 on a
6 dB/octave slope, bringing the 3 per
cent down to about 2.15 per cent.

Here is the net result, then. Without
feedback, the distortion was 3 per cent
3rd and 0.8 per cent 5th., Feedback
changes it to 2.15 per cent 3rd and 4
per cent 5th, which is scarecly an im-
nrovement. If the distortion reducing
effect is measured at | kHz, there is
probably in excess of 20 dB feedback
to fundamental and at least 14 dB feed-
back of the 5th harmonic, which is now
at 5 kHz.

So the results measured at 1 kHz
would be changed to 0.4 per cent 3rd
and 0.16 per cent 5th, which is more
acceptable. As harmonic measurement
is usually made at 1 kHz or not much
higher, the amplifier may measure ac-
ceptably on harmonic distortion. But
how about IM, the kind that the inter-
national method, using difference fre-
quency should measure?

This measurement could also look
satisfactory, if we take two frequencies
100 Hz apart, in the vicinity of 5 kHz.
This is because the filter would only
look for a 100 Hz component. But the
5th harmonics of the two waves would
be in the vicinity of 25 kHz, where no
feedback is operative. Any non-linear-
ity would cause rectification, generating
a spurious 500 Hz difference signal.

This could be found by exploring for
frequencies other than 100 Hz. But, on
music with difference tones and over-
tones in these regions, really nasty inter-
modulation might be audible, much
worse than the measurements and speci-
fications of the amplifier would lead
you to believe.
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Figure 3. The loop gain necessary to provide a flat externally-measured re-
sponse.




