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_INCLUSIVE MILLER (M PENSATION .

Since typing p. 29, I regret to say that several months have
elapsed, owing to the unstoppable intrusion of several other
topics!

In your Article 7 you raise the question of whether to include
the output stage in the Cqom feedback loop, and comment that you
have not so far found "incfusive Miller compensation" to be
workable.

I notice that Edward Cherry (a delightful character, who
visited me very recently) has, however, like me, found the scheme
to be workable - EW + WW, Jan 1995, He comments - and I agree -
that if oscillation does occur, it is normally a purely local
parasitic, and suggests trying a 50 pF collector-to-base
capacitor, with very short leads, on the driver transistors.

He says the frequency is usually "several MHZ", but my experience
is that it is quite liable to be well over 10 MHz.

Some months ago I devoted much thought and experiment to this :
problem, and feel I obtained some useful enlightenment, as follows.

Certainly, in the past, like you, I have found that feeding
Caop from the amplifier output instead of from the VAS collector
usually does provoke HF parasitic oscillation, at least at some
output levels and/or load conditions, and I have tended, therefore,
to regard it as a very questionable technique, probably better
avoided in practice.

At these quite high parasite frequencies everything tends to be
exasperatingly difficult to understand fully - one is never quite
sure what the equivalent circuit really is, since every lead
inserts inductance and the transistor equivalent circuits become
more complex than can be properly represented by the normal
hybrid-m equivalent circuit. And in experimenting it is so easy,
for example, to try shorting out a tentatively-inserted 470 pF
capacitor with a miniature-croc.-clip lead a mere 1" long, only to
become aware a little later that what one has really done is to
convert this capacitor into a moderate-Q parallel tuned circuit;
0.1 pH across 470 pF gives 23 MHz.
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My recent approach has been to say that if changing the Cdom
connection from terminal A to terminal B above provokes HF
oscillation, the reason is likely to be that the driver and
power output transistors, at the high parasite frequency,
introduce quite a large additional phase lag into the local C4,p
loop - the power transistor at least will have ceased to
"transist" at such a high frequency, since 'its fqp may not be
above 1 MHz.

The normal common-emitter hybrid-7 equivalent circuit may be
re-oriented to represent an emitter-follower as shown on the next
page. Though, as mentioned above* the hybrid-7 circuit is not
an accurate representation at VHF®, it will nevertheless be
assumed that it is a useful guide to the effects that occur.

*
i.e. at frequencies above the fp of the transistors concerned.
#1 have made further detailed investigations very recently.



Considering the above circuit in relation to the output power
transistor, cpte will have almost short-circuited ry,, at the
parasite frequency, which will be much above the transistor's
fp, so that Vy1e will have been reduced to such a low level
tgat the gp generator hardly gets turned on. Transmission
from b to e is therefore effectively just by a passive network,
and the significant elements of this network are ryp: and cyig,
which will introduce a phase lag; in practice the phase lag is
liable to be greater than these simple elements would give,
since the true equivalent circuit is believed to be of a
distributed nature at VHF., Thus even if the output emitter
were not significantly loaded, a substantial extra phase lag
will be introduced into the Cg,, loop; tests suggest =45%t 15MHz.

When the output is significantly loaded, a further mechanism
introducing a phase lag between A and B (page 30) becomes
operative. This is because, for a given voltage at point A,
the output impedance at B rises with increasing frequency as
transistor 6 gives up operating effectively as an emitter
follower. If tr. 4 base were fed from a low-impedance source,
the impedance at its emitter would be the ro or 1/ of this
transistor - perhaps quiescently 20 if it is runngﬂg at a little
over 1 mA. This low impedance will mrmally be maintained up to
guite high frequencies, since driver transistors usuwally have
fp values of at least 50 MHz. The output power tramnsistor, at
low and moderate frequencies, is still operating effectively as
an emitter-follower, so that at these frequencies the impedance
at its emitter will be far lower than the above 202 figure, and
in the 10 region. But as the frequency rises and tr. 6 ceases
to "transist", the impedance seen at its emitter will rise until
it ultimately becomes approx. the 200l output impedance of tr.4.

The above can easily be investigated experimentally by shunting
a large electrolytic from tr.2 collector to earth and feeding
current from an oscillator onto tr. 6 emitter, the resultant
emitter voltage being displayed on a CRO. A result so obtained
is shown on page 32. For frequencies above 10 MHz, a resistance-
substitution technique was used, since these fregquencies were
above the 1limit of level response of the CRO used. The reason
for the peak at about 30 MHz has not yet been investigated, but
I should mention that this curve was actually obtained for the
complete Peak Sound amplifier, which has a complementary
feedback pair in one half of the output system, and not just
for a simple double-emitter-follower stage as depicted on page
30, For the present I shall ignore the effects above 10 MHz;
up to this frequency the characteristic is basically as would
be expected from the page 30 circuit, It might be worthwhile
sometime to do tests of a more refined nature, with only
double emitter followers, or only complementary feedback pairs
in the output stage, but the page 32 result will suffice for
present purposes.



o

ey T

The above type of characteristic is of importance both with
regard to the mechanism of possible parasitic osecillation if
Ciom is fed from the output, i.e. point B, and also with regard

to the amplifier's siggal—fre§uengx t;ﬁggient regeongg to a step
input. The latter aspect w e considere rst.

An output stage with two transistors in each half of it,
as here being considered, may be regarded, at least up to
about 10 MHz, as being approximately equivalent to an ideal
single, low-output-impedance, emitter follower, with a parallel

L and R circuit in series with its output to represent the rise
in Zyyt at high frequencies, as shown below.
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With the ordinary position of Cqom shown, input current Ijp
gives a voltage at A lagging by about 90° (+ inversion), and on
no-load the voltage at B is almost the same as this*. When
overall NFB is agplied, the only significant lag in the overall
feedback loop, at frequencies for which the loop gain is unity
or more, is this 909, and a simple non-overshooting exponential
output transient response is therefore obtained when a step-
function signal input is applied.

* Except at very high frequencies, only of concern when the
parasitic-oscillation aspect is being considered.
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But when the amplifier output is loaded, it will be assumed
by a resistive load, the presence of the L'/R' elements
introduces a further transitional lag into the overall NFB
lgop, causing the step response to develop an overshoot or
ring.

The effect of adding Ry when Cg,y, is taken to point A is
clearly shown by photo 8 on one o? the enclosed waveform-
photo sheets, and is fairly typical of the behaviour of many
practical amplifiers.

However, if C can be successfully fed from B instead of
A without provoﬁgﬂg parasitic oscillation, the local feedback
via Cgop will then hold the output impedance seen at B very
low, up to frequencies far above the frequency of unity loop
gain for the overall feedback. Then adding Ry will have
negligible effect on the amplifier's step response - as shown
by photo 9.

But it is interesting to observe that on applying the load,
"the waveform at the VAS collector now develops a considerable
overshoot - the overall feedback makes it do this in order to
ensure that the output waveform shall still rise virtually as
on no-load even in the presence of the newly-introduced
transitional lag caused by L' and R'. Approx. observed WF's:-
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In practice, when "inclusive Miller feedback" is applied,
the frequency of unity loop gain round this local Miller loop
is liable to be 10 MHz or more, and if too much associated
phase lag is present, parasitic oscillation at some such
frequency will occur, as already mentioned. However, if
suitable measures, as discussed below, are taken to keep this
phase lag adequately low, reliable freedom from parasitic
oscillation may be secured.

With unity gain reached at 10 MHz or more round this local
feedback loop, there will be quite a lot of feedback in
action round it at the normally much lower frequency, e.g.

1 MHz, at which unity gain occurs in the overall signal
feedback loop round the complete amplifier. Consequently,

so far as the stability and transient response of the overall
feedback loop is concerned, the forward gain of this loop is
attenuated, at significant frequencies, only by C3opm, in a
perfectly simple 20 dB/dec, manner. The. phase lag Tnherent
in the output stage behaviour (see p. 32) does not appreciably
affect this, because it comes inside the Cgom feedback loop.
This latter local feedback makes the HF output impedance,
even in the absence of overall feedback, so low that putting
the load on and off has little effect on the forward gain of
the amplifier's overall feedback loop, and therefore has
little effect on the transient response of the amplifier to
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a step or square-wave input. This response.is a simple
exponential one without overshoot, both on-load and off-load.
No other compensating elements are required in the amplifier
to secure this result.

With the ordinary, or "non-inclusive", Cjom scheme, the
normal experience is that the step response will tend to
overshoot, or ring, on-load, but not off-load* - and in the
interests of avoiding overshooting even on-load, a small-
value capacitor is often added across the overall feedback
resistor to put in a bit of a compensating phase-lead at
frequencies in the neighbourhood of the ring freguency.

When "inclusive Miller feedback" is used, there seems to be
little if any justification for such a phase-advance
capacitor, and it is, I think, better omitted. If used,

and especially if no resistor is put in series with this
capacitor, the frequency for unity gain round the overall
feedback loop is liable to become extended to many MHz, and
fairly long PCB conductors may form part of the circuitry
involved. It is better to confine such high-frequency loop
gain - as elaborated upon below - to a very localized circuit,
involving only the VAS at the very highest frequencies; very
short leads indeed may then be used.

I have found the scheme sketched below to be an excellent
one for ensuring stability when "inclusive Miller compensation"

is used.
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I have represented the output stage on a similar basis to
that adopted on p. 32, but since we are now concerned with
very high frequencies and parasitic oscillation, I have
included a "box" to simulate the attenuation and phase lag
given by the output system even on no-load, as mentioned near
the top of p. 31. The output impedance of the box at terminal
2 is taken to be the same as the emitter-follower output
impedance seen at terminal 1 - a magic box if you like!

C, and Cq are connected with short leads to the collector
and base of Tr, 2, and at frequencies of significance from a
parasitic point of view, i.e. frequencies in the region of
10 MHz or more, act in series to provide direet transfer from

* In the earlier stages of this experimenting I misled myself
by using a wire-wound 15n load resistor and overlooking the
fact that it had a series inductance of 3.3 mH, which has a
reactance of 15n at 720 kHz! I later rendered this purely
resistive by shunting it with
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collector to base, the value of the resistor R being made
high enough not to have a very major influence on this direct
transfer. Depending on the detailed design, a value, for
example, of 682 might be used - a good deal higher than the
high~-frequency output impedance of the output stage. Thus at
these very high frequencies, at which parasitic oscillation
might otherwise occur, the system shown behaves approximately
like an ordinary one with "non-inclusive compensation", C4 and
Co in series constituting Cyqop.

However, at lower frequencies, e.g., 1 or 2 MHz, at which the
overall loop gain of the amplifier will typically have fallen
to unity, the reactances of C4 and C, are much higher than the
value of R, so that the presence of R now has little influence
and the behaviour approximates closely to what it would be if
the top end of C4 was connected directly to the amplifier's
output terminal. Thus, at all frequencies of significance for
the signal-handling performance of the amplifier, "inclusive
Miller compensation" is effectively provided.

During the development phase of such an amplifier, R may be
temporarily replaced by a pot., say 1 ka . The effect of
varying the pot. setting is best seen by arranging to display
the distortion waveform with the amplifier fed from a very-
low-distortion oscillator at e.g. 10 kHz, and a load applied.

With the pot. at maximum, or open-circuited, substantial
crossover glitches will probably be seen, but as its value is
lowered the amplitude and width of these glitches will be
found to fall off, ultimately becoming attenuated by a large
factor as fully-effective "inclusive Miller compensation" is
approached. There should be no difficulty in arriving at a
setting which is low enough to give virtually the full degree
of glitch reduction without unnecessarily reducing the margin
of safety against parasitic oscillation.



