Let’s Get Started 19:
MORE — OR LESS? — FEEDBACK

Iy A» BLACKBURN

N THE WHOLE, LAST MONIIES ARTICL
O presented a rather glowing plelure of
the effect of negutive Teedback o
amplifier performance. We discavered (hal
it boasted of such ndvaniages wr Inceensing
freguency respotse, decrensing buatn oy
ring in the amplifier, and redocing Jistortion,
all of which rexull, unfortunadely, in low ol
gain, We found, further, that the oulput
performance is  modifled  according to
whether voltage or current feedback is used.
Our closing paragraph last time, however,
hinted darkly that practical appiication of
the system was not without its difficulties.

wn 0 stunidn will we succeed in getting the
aienosd e feam the sysiem,

Overall Yeedbuck

Wwe alrendy hnow that (vedback may be
appliod over Ry numher of stages, and
frequently s applied fiom output 10 inpul.
The imprtant question In, how much feed-
ek whontld be wsed? 'The vbvious anawer
wouwld seem to be ax mueh os possible
without unduly reducing the galn. Unlort.
unately, il isn't qulte us ximple ay thal, In
a previous article we deall with phase shift
and its causes at some length, and it is this
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Az we shall see when we come (¢ designing
an amplifier, indiscriminate application of
. negative feedback will get us nowhere,
Only by judicious handling and with due
regard for the performance of the amplifier

that throws the spanner in the works as
far as feedback is concerned.

Fig. 1 shows two stages of an RC coupled
amplifier. The . dotted capacities - are the
strays produced by valve inter-electrode



capacities and the wiring. Fig, 2a is typical
of the frequency response curve for such an
amplifier, and 2b shows what happens to
the phase over the frequency range in one
of the couplings, say, Ci-R;—Ci. Don’t
forget that the wvoltages at the grid and
anode of a valve are 180° out of phase.
So in Fig. 1, if there were no strays and the
coupling circuit - introduced no phase shift,
the output of V2 would be in phase with the
input to V3. However, the phase shift
caused by the strays and coupling modify,
to an extent dependent upon frequency,
this input-output relationship. Fig. 2b
shows that the phase shift is zero over the
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middle range of frequencies, where the
frequency response curve is flat, Try not to
confuse the [80° shift produced by the valve
with that produced by the components
outside the valve.

For the moment we will stick to the idea
that the feedback voltage is applied to the
cathode of V;, Where the phase condilions are
correct to produce negative feedback.
Because the feedback wvoltage would be in
phase with the input, connection between
input and output of this amplifier would
produce posilive feedback over the fat
portion of the frequency response curve.

But only over the flat portion. We can see
from Fig. 2b that a phase shift of 9%0° occurs
at points A and B, representing high and low
frequencies respectively. Fig. 2b, however,
only gives us the phase shift for one coupling
circuit, In Fig. 1, though, we have two such
couplings. At points A and B, the phase
shifts are now doubled, and bccome 180
This means that, although over the range of
middle frequencies the feedback is negative,
at the extreme ends of the band it will
become positive. The gain at these frequen-
cies has, however, dropped (Fig. 2a) to a very
low level, but if there is sufficient gain left,
the amplifier will oscillate. The likelihood
of oscillation is also controlled by the amount
of the output voltage fed back. If this were
very small, the gain would have to be very
high to enable osciltation to eccur. But in this
particular condition the gain happens to be
very low, :

And therein lies our first conclusion. If the
amplifier has a poor frequency response, it
will have a poor phase response, and the
application of large doses of feedback will
cause oscillation. So, before an attempt can
be made to improve performance, it has to be
pretty reasonable beforehand.

If continuous oscillation dees not occur, it
may bc bercause there is just that tiny
tnsufficiency of feedback voltage. [n this case,
If an input voltage of the right frequency were
applied, oscillation would occur for the period
over which this signal were present. This is
quite common in amplifiers and often goes
unnoticed, but the qualily suffers for it.

With an even smaller feedback voltage,
and the phase and frequency responses at
either A or B, the positive feedback may
cause a rise in the characteristic, as shown in
Fig. 3. This again represents deterioration in
performance,

- With the increase in the number of stages
is the increased danger of oscillation. since
the phase shift increases as the gain rises.

. 8o far, of course, we have only considered
RC couplings, If transformers occur in the
circuit, the phase shift is even further
increased, A common practice is to derive
the feedback voltage fromn the sccondary of
the oniput transformer, which, if it is of good
design, may be a very satisfactory scheme, as
it includes the transformer in the feedback
loop and helps to offset any undesirable effect
which it might have upon the performance.

If we use overall feedback, we are going to
be faced with two scemingly irreconciiable
conditions which 1t is possible to overcome.
From what we have already said, we can see
that we must make sure that the gain in the
amplifier is tco low to allow oscillation, when
the phase shift 15 180°. We have also seen
thar, as the gain drops, the phase shift will
increase, There doesn’t seem to be any way
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W pather looks as thmu‘h
we shall haveé 1o

pp with such g mirerab {v
smatl damaunt Yeedback as to nmuhke il
scarcely worth wisdle bothering, anywuy.

1t hsn beod shown, however, that it the
varions wupllng circuits bave different 11me
connlunts, Bage to stage, an improvenent i
this unhappy state of affairs can he effected
If one stage of the amplifier has it whier ban
than the others, considerably more ferdhack
may be used than in the case where il slajgas
are equal. To give the stage thls extin bak
width, it is necessary to reduve 1he ansnle load,
If a transformer is included in the Inug. the
RC conpled stages should have & wides band-
width tﬁan the stuge with 1he irRaRfaRfer.
The same principles apply a1 iheé low fre-
quency emd ol (he rewnyieg alad, Sreeps s
an extended bandwidih a1 thiv end calls for
larger voupling s apayitoreor higher grid leakn,

The Yolume Coatrol

we sald last month that the ouiput
impedance of the amplifier was alfected b
feedback., This applies only in the overall
case, when the feedback voltage is derived
from, say, the secondary of the output
transformer.

It was also explained that the extent of the
change in output impedance ‘was dependent
upon the gain of the amplifier. If there is a
volume control somewhere within that part
of the amplifier over which feedback is
applied, then operation of the control will
change the output impedance. And we don’t
want that to happen because a large change
in the setting of the control may cause
considerable mismatching of the loudspeaker
to the output valve, accompanied by loss of
power, and possible distortion.

In some cdesigng, feedback is applied over
one or {wo umrn only, a certain amount of
overall feedback being applied and augmented
by one or even iwo small loops within the
amplifier itself. 11 is particalarly undesirable
to include & volume cortrol within such an
amplifier.

Tone Control

Fig. 4 shows u amull amplifier with negative
feedback applicd between output transformer
and input. This ts not intended to be a par-
ticularly practical circuit, but merely as a

: iy S
demonstration. The faclor = + BA figured

fargely in last month’s arlicle, in showing how
nearly everything depends on it. For example,
the gain with feedback is:
gain without feedback
1 — B x gain without feedback
Mow p is determined by the resistors Rl
and R2 in Fig. 4. :
R2 Yoltage fed back

= Ri + R2 ™ output voltage

Now suppotg we insert a capacitor at the
poiit morked € in Fig. 4. If this were a small
sipuilty, the back circuit would become
FEFTEHHH! snsitive, because the reactance of
the espaeltor would rise as the frequency
iguaﬂad. P herefore, would drop alse, and
l e iati of they mmplifier would rise, at the
ower Frequencios.

——— T -
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~ If, en the other hand, 4 capacitor were pul
in paraliel with R2, its reactance would drop
as the frequency were raised, and it would

- shunt R2. The potentiometer formed by Rl
. and R2 would introduce a higher attenuation

of the feedback voltage, and £ would decrease.
The result would be a rise in gain, this time
at. the high frequency end of the band.

‘The point of alt this is that, if the feedback
circuit contains elements which cause it to be
frequency sensitive, it may be used as a tone
control. The danger lies, of course, in the fact
that if the feedback circuit is frequency
sensitive, it will ajso introduce phase shifi.
Ii would be particularly harmiul to introduce
such elements for tome control in overall
feedback, although they may be used in the
overall case to deliberately introduce phase
shift in opposition to that occurring in the
amplifier itself, thereby allowing more feed-
back to be applied without the consequent

- risk of oscillation.

Circuits

By now you probably feel lost in a maze of
ifs and buis. But let's take a look at a few
practical circuits, and that might help to
clear things up.

No doubt Fig. 5 looks, at first sight, Tike any
innocent stage of amplification, and the
un-bypassed screen and cathode resistors
have a bearing on the subject,

With a positive going signal at the grid, the
current through the valve increases. The
voltage drop across the bias resistor also
increases, and the cathode moves positive..
The resultant change in voltage between the
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grid and cathode is less than the applied
change. The anode voltage change is less

than if the voltage across the bias resistor had |

remained constant, that is, if it were bypassed.

The same action occurs at the 'screen. As
the grid goes say, positive, the screen current
will increase, the screen voltage will drop, and
the current reaching the anode will be less
than if the screen voltage had remained fixed.
Once again, therefore, the anude voltage
change wﬂl be less, .

Fig. 6 shows a simple method for intro-
ducing feedback over one stage, in this case
the output stage. If V1 is a pentode, and Rg
is of the order mentioned above, the fecdback
factor § is, very appmxlmately, R2 .

RI + R2

A mote accurate determination of B is

RaR2

(Ra + Ri}R1 + R2)
where Ra is the AC anode impedance of V.

Fig. 7 shows a similar method which only
involves one resistor in the feed back circuit.

Rf
Here B = Rf = R where R is the paralied
combination of Rg, Rl and the Ra of ¥1.

There are innumerable examples of feed-
back circuit-too many in fact to deal with here,

I have not, of course, dealt with this subject
in detail—that would not be possible in two
articles—but I hope I have outlined it
sufficiently clearly to enable you to at least
avoid the major practical pitfalls and to give
vou a lead on further research if you find it
helpfnl,



