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Current dumping analysis

Class B amplifiers without crossover distortion

by H. S. Malvar, M.Sc. University of Brasilia

The current dumping technique, as pre-
sented by P. J. Walker!, is a very elegant
solution to the problem of reducing the
crossover distortion in class B audio power
amplifiers, because it eliminates the re-
quirement of a quiescent current on the
output transistors, and the thermal prob-
lems associated with biasing. However, the
amount of controversy?® that followed Mr
Walker’s article denotes that the current
dumping principle has not received a com-
plete treatment. The purpose of this work
is to show, by means of a more complete
analysis, that current dumping does re-
duce the crossover distortion more than
conventional feedback but it is not able to
totally cancel this distortion on the output
stage, even with a “theoretically perfect
balance” or infinite feedback factor.

In Fig. 1, the general arrangement of the
current dumping technique, the class A
amplifier has a finite gain A, and it is
shown later that the balance condition does
not require A to be infinite. This configu-
ration is general in the sense that all the
current dumping circuits are possible reali-
zations of it. The flow-graph of this config-
urdtion is presented in Fig. 2, and helps to
understand how both feedback and feed-
forward are employed.

The two basic equations for the ampli-
fier in Fig. 1 are

Vi=A(Vs—kVy), 1
Vo _VJ_Vo VZ Vo =

Ry Rs = Rs

where Rp=RL//R3//R4. These equations
cannot be solved for V/V unless a third
equation is introduced, if no particular
values for R; and R, are assumed. The
action of the dumper gives this equation.
Its transference from V; to V, can be
written as
V=BV,

where B can be a highly non-linear factor,
in which are present crossover effects.
With this relation equations 1 and 2 be-
come

A
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which, combined, finally lead to

Vo R, A R3 ]
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which is the desired relation between input
and output. The heart of current dumping
is to make the denominator of the second
factor equal to the third factor, which is
attained if

Ry

R, =kA 6

Making this substitution in equation 5 the
term 1+kAB is cancelled, and

Vo Rp .

V. R A 7
This result is the reason for all the excite-
ment that has involved the people that
worked on current dumping, because it
states that the output signal does not de-
pend on the dumper transfer characteris-
tic! This is highly impressive, because a
look to Fig. 1 reveals that if R3<<R4 the

"dumper will be the main source of power

to the load when it is on (i.e. at medium-
and high signal levels). But as the dumper
gain B is not present in equation 7, its
crossover distortion will not appear at the

output voltage. (Remember that A is the
gain of a class A amplifier, and hence free
from crossover effects.)

The results of ec%uations 6 and 7 were
already known!3>%7 in different forms
but with the same meaning; that was well
defined in an assertion by Mr Walker*:
«, .. there is a theoretically accessible
state where the output stage distortion will
cancel to zero, without calling upon infi-
nite loop gain . . .” Is this really true? Can
one get the power of an amplifier (in this
case, the dumper) without getting its
distortion, too?

In fact, the situation is not so good as it
may appear at first sight. A very important
point was missed out of the analysis so far,
and it was also missed from previous
analyses of current dumping!3>%7; the
distortion of the class A amplifier. This
low-power amplifier must have a very low
distortion level, because its distortion will
appear at the output, which is clear from
equation 7. Because it operates in class A,
a very low distortion is not so difficult to
achieve, and this problem was left out.
However, if the gain A is distorted, even
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by a small amount, the balance condition
of equation 6 will not hold for all signal
levels, and the term 1+kAB in equation 5
will not be perfectly cancelled.

To clarify the situation, the distortion of
both amplifiers must be considered in the
analysis. In fact, if one is looking for a
distortion reducing scheme, all the distor-
tion sources must be taken into account. A
simple way to introduce these distortions is
to write the gain of the low-power ampli-
fier as A(1+Da), and that of the dumper as
B(1+Dg), where A and B are fixed con-
stants and D4 and Dg are random variables
with unknown distributions that represent
the distortion of the class A amplifier and
the crossover distortion of the dumper,
respectively.

Hence, equation 5 becomes

Vo Ry A(1+Dy) )
Vs R; 1+kAB(1+Dy)(1+Dg)
R; ]
[1+EB(1+DB) 8

From this it is clear that there are no finite
values for A and R3/Rj that can cancel the
effects of Dg on V,/V (remember that
R3/R4=kA(1+Dj) cannot be written, be-
cause a random variable cannot be always
equal to a constant). An interesting result
is obtained if the loop gain is made infinite,
i.e. if A—o. It is easy to see, from equa-
tion 8, that

lim Vo_Rp | 1

A-=V R3 kB(1+Dg)

R;
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— RP [ +& 1 ]
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This shows that even with an infinite loop
gain, crossover distortion will be present at
the output. It is interesting to note that if
the feedforward transmission in Fig. 2 is
nulled, i.e. if R; is made infinite, thus
converting the current dumping into a
conventional feedback arrangement, the
output will be free from both Dy and Dg.
This is the classic result from conventional
feedback: infinite loop gain (which is far
from being physically realizable due to
instability) means zero distortion.

Thus, current dumping is not theoreti-
cally able to cancel totally the crossover
distortion of a class B power amplifier,
either with a finite or infinite loop gain,
but it is better than conventional feedback
for a finite loop gain and assuming that the
balance condition holds. To see that this is

true, it is necessary to express the effects of -

Dy and Dg on V/V more clearly than in
equation 8, which can be written as

Voq.Re. [ Ry ] :
7 =A R 1+R4 B(1+Dg)
14Dy
14kAB(1+Da)(1+Dp)

As |Dj|«1, the last fraction can be ex-
panded in a Taylor series for Da, around
the point Dp=0. Using the fact that

o[ _LDs -
aDX L 1+kRAB(1+Dp)(1+Dp)

(=1"*'nt [RAB(1+Dp)]"*!
[1+kAB(1+DaA)Y1+Dg)"*!
the final result is
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whereh~m

e kAB(1+Dg)

AN M= RAB(1+Dp)

If the balance condition 6 is satisfied, a
simplification can be made in equation 10
(and this is the reason for the minimum
in the output distortion already verified
experimentally’-%)

Vo ,Rp

Zo AP (14
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which shows that current dumping gener-
ates high-order distortion, as does conven-
tional feedback.

At this point, it is useful to separate the
analysis in two cases, corresponding to the
off and on conditions of the dumper.
'‘Dumper off. This condition corresponds to
B(1+Dg)=0, which implies =1 and n=0.
Thus equation 11 becomes

Vo

Vs
So, when the output power transistors are
off the transmission from V| to V; is
nulled, which breaks the feedback loop.
Therefore, as the output signal is supplied
by the class A amplifier only, with no
feedback, the distortion factor of V/V,
must be Dy, as stated in equation 12.

Dumper on. When the dumper is on, i.e.
one of the output transistors conducting, it
has little distortion, because it is acting as
an emitter-follower, which is implied in
|Dg|<1. As kAB>>1 (which follows from
the fact that R3; must be much greater than
R4, the balance condition is R3=kAR4 and
B=1), h«1 and n=1. Hence the series of
equation 11 can be truncated to the first
‘power term with little error, and
1+kRAB(1+Dg) can be replaced by
RAB(1+Dgp).
These considerations lead to

VvozA&[1+_D—A_ ] .

=A-—_P + . 12

Vs R3 kAB(1+Dg)
1
As m)gl—DB+Dﬁ—D§+ ...=1-Dg

for |Dp|<«1, it follows that

Vo Rp[ DA__DADB} _
v, AR\ A raB)
So the output has two main distortion
components: one due to the distortion of
the class A amplifier, which is Dy reduced
by RAB (this was expected because Dy is
generated within a feedback loop with loop
gain kAB), and the other due to the
intermodulation of the two distortions,
that is

With |[Da|<«1 the effect of the distortion
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Dg is reduced by an amount greater than
the feedback loop gain RAB. Therefore,
the current dumping technique can reduce
the effects of the crossover distortion more’
than conventional feedback, given the
same loop gain, even though this reduction
cannot be total anyway.

Hence the current dumping allows the
design of a power amplifier with output
transistors in true class B, avoiding the
well-known thermal problems in conven-
tional AB output stages. Further, it is also
correct to say that the performance of a
current dumping power amplifier is dic-
tated mainly by two factors: the linearity of
the low power class A amplifier (see equa-
tion 13) and the precision of the balance.

Another important point is the effect of
the output impedance of the amplifier A,
and the input and output impedances of
the dumper, the last two being highly de-
pendent on whether the dumper is on or
off. The variation in the output im»edance
of the dumper can be accommoadated by
the distortion factor Dg, and then does not
affect the results. But its input impedance
will affect the term Dy, as the amplifier A
cannot have zero output impedance.
Therefore the transistors of the dumper
must have very high current gains, to
minimize the effects of the loading of the
linear class A amplifier by a non-linear
load. In practice, these transistors must be
Darlington pairs or triplets.

From a practical viewpoint, the balance
condition is not too difficult to achieve, if
the class A amplifier has its gain stabilized
by local feedback!-37. Even if this condi-
tion is not satisfied, a balance can be ob-
tained by adjusting £° or the resistors R3 or
R4. As the gain A must have some kind of
compensation in frequency due to the
feedback loop around it, it seems that the
equation 6 will not hold for all frequencies.
However, if the compensation is made by a
single pole in A, the resistor R4 can be
replaced by a series connection of an in-
ductance and a resistor, in order to create a
zero that can cancel the polel®.

Finally, it seems that the current
dumping technique is “the state of the art”
for reducing to very low levels the cross-
over distortion (see, for instance, the re-
sults of the evaluation of a power amplifier
that uses current dumping®), thus allowing
the construction of high-fidelity amplifiers
in true class B.
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