Current aumping audio amplifier

Output power transistors’ non-linearity
amplifier transfer characteristic

by P. J. Walker

Acoustical Manufacturing Co. Ltd.

does not appear in

if Harold Black did not actually invent negative feedback, he was certainly the first to show
a comprehensive understanding of the subjectin his famous patent of 1937. Nine years
earlier he took out a patent on feed-forward error correction'. Relatively small variations
on this nearly 50 year old concept have led to the development of a new type of audio
output circuit with attractive properties. The circuit was the subject of a paper presented
to the 50th convention of the A.E.S. by M. P. Albinson and the writer earlier this year.

An audio power amplifier is required to
produce an output signal that differs
from the input signal in magnitude only.
It must therefore have occurred to
every circuit designer that it should be a
simple matter to take a portion of the
output, compare it with the input to
derive an error signal. It is then only
necessary to amplify this error signal
and add it to the output in the correct
amplitude and phase to cancel comple-
tely the distortion of the primary
amplifier. Of course, one is left with
distortion of the error amplifier but
being of very low power this can be
made negligibly small without much
difficulty.

There is a special appeal in feed
forward error correction for transistor
power circuits. Because of thermal
limitations, the output transistors in the
majority of audio amplifiers operate in

class B, in which alternate output
transistors handle the negative and
positive signal excursions. The output
transistors are carefully biased to obtain
a reasonably smooth transition from
one to the other. If the bias is
insufficient there will be a discontinuity
in the transfer characteristic. If the bias
is too great, there will be a region of
overlap when the mutual conductance
will be doubled. The curvature of the
characteristic near cut-off precludes
there being a perfect bias condition and
this is further aggravated by the fact
that the junction temperature and
hence the bias is a varying factor
depending upon both the long term and
immediate past history of the pro-
gramme dynamics. A compromise is

Fig. 1. Basic circuit parameters.
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selected and overall feedback is applied
to obtain an acceptably linear charac-
teristic. Excellent amplifiers have been
produced along these lines. Neverthe-
less, whereas feedback reduces distor-
tion to a small and no doubt negligible
amount, feed-forward carries the
promise of reducing to zero the distor-
tion of that part of the amplifier over
which it is applied. If this is the class B
stage, then not only does the distortion
itself disappear but all the parapherna-
lia of quiescent current adjustment an

thermal tracking disappears with it. b

Feed-forward has only really flour-
ished in areas where stability problems
prohibit the use of feedback?. In the field
of domestic audio amplifiers, it has
failed to fire the imagination of all but a
few®; presumably due to the extra
complications and the undoubted prac-
tical problems of adding the error
channel to the main ‘stiff’ output in an
elegant manner.

If feed-forward is applied within the
loop of a feedback amplifier, its stability
advantage is necessarily forfeit. Ne-
vertheless, in return, the need for a
separate error amplifier can disappear
and mutual loading problems disappear
with it. A circuit developed on these
lines carries an error component
bypassing the main output transistors
and so largely releasing them of linear-
ity requirements. This technique has
become known as ‘current dumping’
since this is descriptive of the rather
mundane functions they are called upon
to perform:.

The basis of the new approach is
shown in Fig. 1. Amplifier A is a small
class A amplifier capable of providing
the total required output voltage swing
but with limited output current capabi
lity. Tr, and Tr, are current dumpin
transistors which supply the major part
of the load current.
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It will help in visualising the opera-
tion if the impedances are assumed to be
resistors of vatues Z,=1k ohm;
Z,=100k ohm; Z,=100 ohm; and Z,=1
ohm. In the interest of simplicity we
have assumed Z, to be negligibly small
compared to Z,, and for the time being
we will assume that the voltage output
of amplifier A is completely defined by
the external impedances.

With ‘I, and Tr, turned off, amplifier

will deliver current to the load via Z,.

he current with the values suggested
will be 1.01 amps/volt because the
second term in the brackets is zero (no
I, current from the dumpers). When
half a volt or thereabouts appears across
Z, one or other of the dumpers Tr, or
Tr, will begin to turn on and pass some
current I, into the load. We have
selected resistor values such that
2,2,/Z,Z, is unity so that the second
term in the expression for the I, current
is exactly equal and opposite to I, (this
second term is the feed-forward error
correction component). Currents I;and
1,add in the load so that no matter what
the magnitude of I, the overall mutual
conductance remains constant. We can
say that any distortion in Tr, and Tr,
produces perturbations in the current I,
and since this causes exactly equal and
opposite perturbations in I, no dis-
tortion appears in the ioad.

Tr,and Tr, have only one function to
perform and that is to dump current
into the load sufficiently accurately and
sufficiently fast to come to the rescue of
the class A ampilifier and prevent it from
overloading. If this is achieved then the
class A amplifier, although it may have

onsiderable gymnastics to perform,

ill be in complete control of the load
current at all times.

Fig. 1 does not look like a practical
hi-fi amplifier since its output is con-
stant current and the input is floating
relative to the power supply. Neverthe-
less it is obvious that if the input is
returned to the other end of the load all
the unique properties of Fig. 1 will still
apply though perhaps a little less simple
to visualise. This done, we have an
amplifier whose output source impe-
dance is Z, and Z, in parallel.
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Two further M¥anges are desirable. A into the clag A stage and whilst the

practical amplifier is required to have
an internal impedance small compared
to the load at audio frequencies and
stability requires that the internal loop
gain falls with frequency. Both these
conditions are met by the use of an
inductor for Z,, a capacitor for Z, and
resistors for Z, and Z,. The requirement
for zero distortion from the dumpers is
that Z,Z,/Z,Z, is unity at all frequencies
of interest. This is achieved if L=RRC.
Fig. 2 shows the circuit with the
modifications carried out. (In order to
keep the system operating at all fre-
quencies it is necessary for a resistor in
series with the inductor to have a
conjugate match with a parallel resistor
across the capacitor. This has been
omitted for simplicity.)

Fig. 2 begins to look very familiar, in
fact just like a conventional amplifier
with the biasing removed and a small
inductor added. Is this really all that is
necessary to produce the perfect
amplifier? The answer, of course, is no,
not quite; the circuit is over-simplified.
We have pushed all the problems back

distortion would indeed be zero if the
class A stage were perfect, this cannot
be completely so in practice. We
assumed in our analysis that amplifier A
was completely controlled by the exter-
nal impedances, that it had a perfect
virtual earth at its input which implied
perfect regulation at its output. The
effect of departure from this ideal can be
assessed by calculation from a deliber-
ate unbalance of the four component
bridge, whether this is due to tolerances
of any of the components or to inade-
quate ‘stiffness’ at the output of ampli-
fier A. With the values shown in Fig. 2, a
5% error in any component value will
produce maximum intermodulation
products of around 5pV at lkHz;
maximum possible i.m. of 0.01%, the
maximum absolute level of these com-
ponents being some 140dB below full
power. Although frequency dependent,
it is clear that balance is by no means
critical and standard tolerance fixed
components can be used without
adjusting facilities.

We have said that the dumpers have

Fig. 2. Basic diagram of principal
elements.
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to be sufficiently fast to come to the
rescue of the class A amplifier to
prevent its overloading. Clearly they
must be sufficiently fast to achieve this
over the audio spectrum of the pro-
gramme. There is, however, nothing
whatever to say that they must do so at
frequencies outside the audio range
provided that steps are taken in the
design of the whole amplifier to ensure
that any such frequencies that may be
present do not embarrass the amplifier
performance within the audio range. If
the system is properly designed it is
possible to use relatively slow devices —
inherently more rugged than fast
devices — and to show in theory and

Fig. 4. Full circuit diagram. Resistor R,
is a protective connection provided to
ensure earth continuity in the event
that Tr,and its associated component
panel are disconnected from the
common earth chassis.

Fig. 5. The Quad 405, a commercial
realization of the circuit design.

practice that they will never fail to come
to the rescue of the low powered
amplifier on any programme. If, how-
ever, the criteria are thought to be
response to step functions, square
waves and other factors not relevant to
programme, then of course faster
dumpers must be used commensurat.
with the rise times involved.

Fig. 4 shows a commercial amplifier
circuit (the Quad 405) developed along
these lines, Fig. 3 being a simplified
diagram to indicate the relevant areas.
The class A amplifier serves also as the
driver for the top dumper. To counter
this extra burden, the class A amplifier
is a triple to give a very effective virtual
earth. The mid frequency distortion of
this amplifier measures about 0.005%. a
region where slight component non-
linearities etc. tend to deprive such
measurements of any true meaning.

Anextremely attractive feature of the
technique is the complete absence of
adjustments or alignment requirements
and no thermal problems. Nothing to
set up in manufacture and nothing to go
out of adjustment during life. One may
expect that after several years there will
be far less variation, set to set, than is
presently realised with most conven-
tional circuits.
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Packing

The amplifier is supplied with an input lead, mains connector,
two voltage limiting resistors, and a spare mains fuse. The
oacking material comprises a two part expanded polystyrene
shell and a cardboard carton and should be retained for re-use
'n case the unit has to be returned at any time.

Service

If servicing is required the amplifier may be returned to The
rcoustical Manufactuning Co. Ltd. Huntingdon, or to the
agent for the country ot purchase, wathout prior notification.

2 brief note giving details of any s mptoms and the address for
-aryre of the unit should he enclosed with the amplifier.

Guarantee

Tnis amplifier 1s guaranteed against any defect in maternal and
~rorkmanship for a period of twelve months from the date of
purchase. _

Within this period we undertake 10 supply replacement parts
free of charge provided that failure 7as not cccasioned by
~vsuse, accident or reghyence.

SIMPLIFIED
SCHEMATIC OF
405 AMPLIFIER
SHOWING
CLASS A,
DUMPERS &
BRIDGE
COMPONENTS

Description

The Quad 405 1s a two channel power amplifier primarily
intended for use in high quality sound reproducing systems. The
amplifier is usually used with the Quad 33 control unit though
other signal sources can readily be accommodated.

The amplifier uses a current dumping output circuit, a Quad
invention which eliminates many of the problems associated
with transistor amplifiers

in a current dumping amphter there is in effect both a low
powered very high quahty amphfier and a high powered heavy
duty amplifier. The low power amplifier controls the loudspeakers
at all imes, calling upon the high power section to provide most
of the muscle. The small amplifier 1s sO arranged — it carries an
error signal — that provided the larger power transistors (the
dumpers) get within the target area of the required output
current it will fill in tne remainder accurately and completely.
The reproduced quality s solely dépendent on the smali
amplifier which because of 1ts low power can be made very
good indeed.

Probiems of crossover, crossover distortion, guiescent current
adjustment, thermal tracking. transistor matching. all disappear.
There are no interna’ adiustments of alignments and the choice
of power transistor types IS less restrictive.




QUAD 405 SPECIFICATION

Measurements apply to esther channel, with or without the
other channel operating

Power Output
The amplifier is intended for use with loudspeakers of 4-16Q
nominal impedance.
Power and distortion for various frequencies.
Continuous sine wave ;170 81 resistive load.
100 Hz any level up = 100 watts <0-01% D tot

1000 Hz any leve! up tc 100 watts <0-01% D tot
10,000 Hz any level up to 100 watts <0-056% D tot
For other impedances and frequencies see graphs.

Notes:

1. In addition to the performance into a resistive load R, the
amplifier will maintain. full voltage within the same distortion
rating into a load R - |X where X is any value frcm zero to
infinity.

2. With the additional power limiter inserted the max:mum
output voltage is imited to 20V rms + 10% (50 watts 84Q);
all other performancse figures unchanged.

Output Internal impedance and Offset
3-3uH in series with 0-03 4
Offset <7mV.

Frequency Response

Ref. 1 kHz
Low frequency -~1dB at 20 Hz. Filter attenuation as curve.
High frequency -0'5dB 20 kHz - 3dB 50 kHz.

Signal Input Level

0-5V rms -+ 0-5dB for 100 watts into 8. Amplifier [caas the
input by 20k Q in parallef with 220pF.

Signal Input Slew Rate Limit

0-1V/uS.

Provided the rate of ChaIDQG of inptitvvoltages does nct exceed

R S T S

total of all distortions appearing in the audio range (20-20.000
Hz) due to transient or repetitive waveforms with frequency
components inside or outside the audio range will be at least
80dB below full rated power. If the major portion of the input
energy is wanted signal then —80dB (0-01%) represents the
maximum possibie distortion on programme.
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Signal Input Overioad
instantaneous recovery .c ¢ +20dB overload.

Crosstalk

(Input loaded by 1kQ) &3dB @ 100 Hz
70dB @ 1 kHz
5CdB @ 10 kHz

Hum and Noise

‘A" weighted —95d8B = ‘. cower

Unweighted —80dB ref il power (15-7 kHz measurement
bandwig*~;

Protection

The amplifier is suitabie *=r use under the most arduous music
conditions and s electr:2aily protected by current limiters ;

7 amps in-phase current at peak voltage and 34 amps at zero
voltage. Shorting both cuiputs simultaneously on signal for an
extended pernod (minutes; s not protected.

Stability
Unconditionally stabie v..:~ anv load and any signal.
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Power input

110-120-130V, 220-230-240V
50-60 Hz, 30-350 watts depending on signal level.

Dimensions

Height 115 mm (4-57)

Nidth - 3405 mm (13-47)

Depth 195 mm (7-77)  allow an extra 38 mm (1:5") for
plug and socket.

Weight
9 Kg. (20 Ibs)

INSTALLATION

The Quad 405 carries no controls and may be mounted out of
sight in a cabinet or any other conventent location.

Tre Quad 405 15 provided with a substartal heat sink, and
must always be adequately ventitated, particulariy if positioned
'n a cabinet or cunkcard.

Fused in close prox ity 1o the contrcl unit, winer or magnetic
cartridge, care shew d be taken 1o ensure thai turm s not
induced by radiat:o~ from the mains transformer of the 405.

Mains Supply

A

A mains voltage se'actor 1s fitted on e rear panei of e
amplifior (except for CSA unis), v bt has s7x pos:tions and
must be adjusted before the amplifier 1s connected tc the mains
supply. The operat' =3 voltage is indicated by the arrow-inead
acove the voltage seiector, the voltage selector being rotated to
e required voltage

Earthing (Grounding)

The supplied means connector is terminated at one end by a
tvo-pin plug. When the Quad 405 1s used with a Quad 33
control unit, which should itself be earthed, the 405 wili be
earthed via the audio lead and should not be connected 1o the
earth lead in the mains cable. In other cases, where the 405

must be earthed cirectly, a three-core mains lead should be used.




Input Level Control

When the Quad 405 is to be driven from an unbalanced or
fioating 600 line, the circuit shown In Fig. (ii) should be used.

QUAD 405 INPUT ADAPTOR

- . 3}
| S PIN 1 LEFT
TERMINATE - OR PIN3
P

o BRIDGE S mcht
LINE ‘ QUAD 405

‘ = INPUT

-

< o PIN 2

SENSITIVITY ADJUSTABLE BETWEEN 0dBm and ~ 20 dBm

Fig. ii

Additional Loudspeakers

Fig. (1) shows the switching arrangements if more thar one
nay of loudspeakers 1s to be used. The switch may be either of
e rotary type or one of the proprietary swvitch boxes which are
readly available.

LOUDSPEAKER SWITCHING FOR QUAD 405
SWITCH OPERATION

e _

A LEFT * A+ B

l

—] I ONE CHANNEL ONLY SHOWN
!
l

SECOND CHANNEL iDENTICAL
TO LQUDSPEAKERS

,L QUAD 405
—_— . ._.__4P

T AT
B LEFY - -

o ©

Fig iii
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Fuses

in addition to the mairs supply fuse on the rear panel of the
amplifier, each channe! .s protected by two internal fuses,
located on the printed circuit boards.

The main fuse 1s a 2'5 amp surge-resisting (2-5AT) type for
200-250 volt supplies wmie a 5 amp surge-resisting (SAT)
fuse 1s required when cperating with 100-125 volt supplies.

In either case all four i~:e-nal fuses are 4 amp quick blowing
(4AF). To reach the internai fuses it is necessary to remove the
top cover of the amplifier. by undoing the two retaining screws
and shiding the cover atout 10 mm, (0-5"), backwards before

lifting it clear. Withdraw the mains plug before removing the cover.

The indicator lamp on the amplifier 1s powered from the =50
volt supply. If the indicater tamp is on, the main fuse must be
intact, but illumination of *he indicator lamp does not imply
that the internal fuses are ntact.

When the mains supp!y s drawn from the Quad 33 or similar

fused source, the currert rating of the source fuse should be

the same as that of the man fuse of the 405. See above. The

spare fuse packed with tte amplifier may be used.

Note: Existing Quad 33 s are fitted with 2AT fuses in 240V
models and 4 AT fuses in 110V models.

input Connections

The mput lead supplied «::h the Quad 405 should be used with
signal sources other thz~ e Quad 33. The phono plugs are
marked L and R and srcutd be connected to the appropriate
output sockets of the pre-amplifier or mixer.

When used with the Quagd 33 control unit, the standard four-pin
Din/four-vin Din lead sugphed with the 33 should be used.

For remote installation up to 30 metres of screened lead of
60pF/metre maximum czpacity may be used.

peTS,

Loudspeaker Connections
The Quad 405 s provided with spring loaded speaker terminals

24/0-2 mm flex with a rating of 6 amps, or similar, should be
used to connect the loudspeaker to the amplifier. For very short
runs, up to five metres, 16/0:2 mm flex is permissible.

Each loudspeaker should be connected to its appropriate
amplifier output 30 that the two pairs of wires are connectec In
the same way. ‘o ensure that the speakers operate in phase. The
sutout terminals are colour-coded to facilitate this.

Snhould there be any doubt the phasing can be checked fater
experimentally (See Page 11.) Where one loudspeaker only is
used for mono. either channel may be used and the term:nals of
the other channe! lefi vacant. A dummy load resistor is not
required.

In cases where icudspeakers, such as the electrostatic _
Joudspeaker, alsc require an energising supply, the instructions
provided with tre loudspeaker should be followed.

Each loudspeaker should be capable of handling the full output
of the amplifier. or the protection facility described below
should be usec.

The red output terminals must not be connected tn paraiiel.

Loudspeaker Protection

The loudspeaker manufacturer usually states a meximum
recommendec amp!:fier power for his foudspeaker. {f this figure
is below 100V (into 8.2) then the limiter facilites provided witt
the amplifier sihculd ce fitted. Failure 1o do s0 may cause
damage to the ioudspeaker and infringe its guarantee.

Maximum safe nower for most loudspeakers is time and
trequency deperdent and so 1s difficult to define precisely for a
music signal Stme manufacturers will permit their loudspeakers
10 be used wit~ ampiifiers exceeding the quoted handling
capacity provided certain precautions are observed. This can
sometimes be zdvantageous in enabling short duration high

level peaks to ba handled without overload. The advice of the
loudspeaker mzrufacturer or his agent should atways be obtained
before embarki~g on such a procedure.




Voltage Limiting

To timit the voltage of the Quad 405 to 20V rms,
the cover should be removed by undoing ihe
two retaining screws and shiding the cover about
10 mm, (0-5"), backwards before hfting it clear
and the two 1-8k Q resistors provided shcw'd be
inserted in the sockets marked R11. (See
iliustration.) The sockets are spring loadec (see
diagram), and the resistor should not be
soldered. Withdraw the mains plug before
removing the cover.

An adhesive label is provided to show that the
limiters are in position

o, N

Quad Electrostatic Loudspeaker

The Quad 405 amplifier should always he. = the voltage limiters
in place when driving the Quad electrosts: ¢ loudspeaker.

Failure to observe this precaution will resu.7 1in inevitable damage
to the loudspeaker.

Note .

Quad electrostatic loudspeakers prior to serial number 16800
(March 1966) need slight modification be " >re being used with
the Quad 405 unless they have already been modified for use
with the Quad 303.

Loudspeaker Phasing

if there i1s any doubt about the way in which the ioudspeakers
are connected {see Page 9 ). their phasing may now be checked
by playing a morc disc over both channels, when the sound
should appear to emanate from a point midway between them.

If this is indefinite the connections to either of the loudspeakers.
but not both, should be reversed. Correctly connected the
loudspeakers witl give a definite centre sound source
accompanied &y a more full-bodied sound in the tenor and bass
registers.

Headphones

Headphones s~ 2uid be connected to the Quad 405 outputs in
place of the Ir.asceakers and a typical winng arrangement 1s
shown in Fig. -} Any of the headphone switch units on the
market will prc. 22 the necessary switching and many of them
also provide fcr :incorperating the Tesistors which adjust the
signal tevel to su:t most magnetic headphones The Quad 405
does not require dummy load resistors

Electrostatic o- ~*ne- tvpes requiring a high level input should
be connected -~ ac-ordance with manufacturers’ instructions.
The loudspears: 27,1 leads (which may be commoned if
necessary) must e taken to the black sockets and neverto
chassis or eart:

e~ T T T T —_\
RED : 8 ohm Headphones SWITCH UNIT
O : Yt T —aC +
LEFT CHANNEL LEFT LS.
oO— )

'
|
T
BLACK . !
|
n | T100UTWE 50w
QUAD 405 j HEADPHONE
ouTPUT | , ) JACK
101 3W
I 1001 tW
|

i
BLACK | 1
tr—‘_ I T
RIGHT CHANNEL | 421/ 1 o

- L ‘ _]

Fig. i 1




CURRENT DUMPING
AUDIO AMPLIFIER

I have had many enjoyable discussions with
P. J. Walker, M. P. Albinson, P. Blomley and
R. C. Bowes in the quest for the ideal audio
amplifier which would be totally free from
audible distortion, have no adjustments of
any kind, and be economical and straight-
forward to manufacture. Numerous fascin-
ating schemes have been considered, and
assessing their overall relative virtues has

* been quite difficult — and indeed, at times,
very perplexing.

When the Quad 303 circuit was first
evolved, it was evident that the very good
linearity of the individual triples, resulting
from their internal feedback, was, in a sense,
being partially wasted, because the existence
of some residual crossover distortion in the
transfer of current from one triple to the
other necessitated a large amount of overall
feedback in addition. A superb performance
is, of course, thus obtained, but one was left
feeling that if only a circuit could be devised
that would sense when both triples were on

e
i
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together and apply extra negative feedback
to prevent the gain from increasing, then a
more economical design, preferably free from
preset adjustments, might be possible.
Countless hours were spent scratching
around trying to solve this and related
problems, and there were moments of elation
when it was thought that an answer had been
found. But then it turned out that the
proposed solution, to work ideally, involved
the concept of infinite loop gain — camou-
flaged, maybe, as a requirement for a zero
source impedance at some internal point in
the circuit. In other words it turned out
merely to be an example of Mr Halliday's
“familiar assertion that the distortion can be
made negligible by huge amounts of feed-
back”.

Then Peter Blomley’s fundamental and
excellent new idea came along' — a class B
amplifier in which both halves of the output
stage retained their full mutual conductance
throughout the whole audio cycle. This
seemed to me at first to be the total answer to
the problem of an adjustment-free amplifier
with first-class performance, and I did a good
deal of very encouraging experimental work
leading to simplified circuit designs. It
became evident, however, that though the
technique is basically absolutely sound, the
major practical problem is to ensure that, in
the absence of any kind of adjustments or
selection of transistors, the quiescent current
will fall within reasonable practical limits,
albeit quite uncritical ones, without wasting
too much output power in highish-valued
output-stage emitter resistors, or requiring,
somewhere in the circuit, transistors having
closely-matched V,, values at a given:
current. Circuits using dual transistors, or
i.cs, in the quiescent-current-determining
circuitry, were inclined to become undesira-
bly complex, though excellent results were
obtainable.

I tried to persuade Peter Walker, at an
early stage, that Quad would do well to
develop an amplifier based on the Blomley
idea, but he and Michael Albinson, with
remarkable intuitive wisdom, sensed that the
economics of such an approach might well be
less than ideal, and they continued to
investigate other techniques. The current-
dumping scheme as conceived and developed
by them seems to me to have an impressive
elegance and economic “rightness’” about it.
Much of the practical success of the 405
design is due to the master-stroke of making
the class A amplifier into an integrator, with
an inductor elsewhere in the circuit, but
there is also the ingenious economy of
making the integrator output transistor (Try
in Fig. 4, page 562, December 1975 issue)
function in addition as the driver for one of
the dumper transistors. (For practical
reasons the dumpers-off regime is displaced
to one side of the zero-load-current state.)

Forthe record, it may be mentioned that R.
C. Bowes independently put forward a
proposal for a current-dumping amplifier
circuit, in which the current fed by the
dumpers to the load was monitored not by a
resistor directly in series with the load, but by
small resistors in the collector leads of the
dumpers. A negative-feedback voltage was
derived from the sum of the voltage drops
across these resistors, and values were so
chosen that the gain of the system was
independent of whether or not the dumpers
were in action. So far as 1 can recollect,
however, nothing comparable with the
integrator-and-inductor scheme was
envisaged.

Having just completed a chapter on
amplifiers for the forthcoming Butterworths
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publication “Radio, TV and Audio Technical
Reference Book”, I thought some Wireless
World readers might be interested in the
simple explanation there given of the Quad
current-dumping technique. It seems to me
that this rather different approach has the
virtues (a) that it is more directly related to
very familiar ideas and (b) that it provides a
simple and convincing physical argument
that the scheme must work, without
recourse to any algebra. I believe that it is
always very much worthwhile to seek the
simplest possible, sound, non-mathematical
explanation of any circuit, to supplement the
algebraic analysis which may already have
been done.

Consider first diagram (a). In the absence
of overall feedback via R, and assuming for
convenience a resistive load, the transfer
characteristic will be as at (b), giving gross
distortion. With overall feedback, the
transfer characteristic is much better, as
shown at (c); but however much feedback is
applied, it can never be quite perfect. Clearly
what is wanted is to apply a little more
negative feedback in the AB and A’B’ regimes
than in the AA’ regime, thus equalizing the
slopes in the three regimes. This is achieved
with the (d) arrangement, in which R,
receives a small extra voltage component
(the voltage drop in R,) only when the
dumpers are in action. If R, is made too large,
there will evidently be too much extra
feedback, and the gain will then be less in the
AB and A'B’ regimes than in the AA’ regime.
The correct value of R, will thus give exactly

"equal slopes, and there is clearly no need for’

infinite gain to exist anywhere in the circuit
for this result to be obtained.

If R, is made very large, the system wilt
have a large forward gain and there will theh
be a lot of overall feedback. Consequently,
even with R,=0, the characteristic shown at
(c) will have nearly equal slope everywhere,
so that a very small value of R, is all that is
then required for perfect slope equalization.
Thus, if R, is replaced by a capacitor, giving
high forward gain at low frequencies only,
the impedance element replacing R ,needs to
have an impedance which is very small at low
frequencies but which increases in propor-
tion to frequency to offset the effect of the
falling forward gain introduced by C. An
inductor is therefore required, as shown in
(e).

When the circuit shown at (e) is handling a
high-level sine-wave signal, the voltage
waveform at ‘P’ is, of course, very non-sinu-
soidal, and it is therefore necessary for the
class A integrating amplifier to have a clean
performance up to much higher frequencies
than the upper limit of the audio band. A very
simple circuit is capable, however, of giving
the required performance.

One way to arrive at the correct choice of
values for distortionless results with circuit
(e), assuming a perfect integrator, is as
follows. Consider first the ideal limiting case
that the dumper stage is not only on, but that
it has infinite mutual conductance. Then the
incremental output impedance of the com-
plete circuit is clearly that of R, and L in
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"parallel, for at the left-hand side of both of
these elements we see the zero output
impedance of an ideal feedback circuit. Now
consider the other limiting case, where the
dumpers are completely off, and work out the
output impedance (or, more conveniently,
admittance) of the circuit which then applies.
It will be found that if L is made equal to
R R, this output impedance is equal to that
of L and R; in parallel, as before. Now any
system with a distortionless no-load output
voltage, and an output impedance indepen-
dent of loading, must be distortionless.

P. J. Baxandall,

Malvern,

Worcs.

1. Blomley, P., “New Approach to Class B
Amplifier Design”, Wireless World, Feb.
/1971, pp. 57-61 and March 1971, pp. 127-131.
(Also in Wireless World “High-Fidelity
Designs” book.)

In the April issue of Wireless World, Mr P. G.
Walker tries to prove that the feed-forward is
linear, referred to the input. It would then be
possible for the A gain (or G,,) to be
arbitrarily low and the current dumping to be
linear at the same time. This is not the case.
The error in the top figure on p. 55 is that it
does not show the interaction between G,
and G, If G, is nonlinear it is impossible for
G,, (or A) to have a linear voltage and
current gain consistent with linear load
current. During the cross-over instant, when
‘the power-section is cut-off, the total gain is
only A-R./(Z;+R). During the remainder of
the cycle the gain is A, because the
power-section has approximately unity
voltage gain. This causes some cross-over
distortion if the gain of A is not infinite. No
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more proof is needed to show that the
feed-forward is not linear, referred to the
input terminals.

One may look a little closer at the
non-linear feed-forward, or shall we say,
non-linear gain, assuming the existence of
one of the following extremes of A and the
power-section. Independent of how the
amplifier A is fed back, it may have one of the
extremes of voltage or current feedback or
no feedback at all. Amplifier A may thus, by
design, have a constant-voltage or con-
stant-current output.

Constant-voltage output in series with Z,
gives a constant G,,, — as long as Tr, and Tr,
take no input current. But when they draw a
base current comparable to the current in Z,
the G, is no longer constant. Constant
current generated by A has the same error.
The conditions for constant G, do not exist
as long as Z, is connected in parallel to the
variable input impedance of Tr, and Tr, In
other words there is no way to make A linear,
which was required to make term I, disappear
from the equations. Since there is no linear
relationship between the output voltage and
the output from amplifier A, the “rigidity of
interconnection” is. missing, as pointed out
by Mr A. Sandman.

The current dumping method acquires a
linear feedback current, i.e., it is proportional
to the total output current, but this goal can
with the same merit by arranged by common
voltage feedback (assuming constant load)
as shown by Mr J. G. Bennett. The feedback
from each output path is made proportional
to the output current in that path. This holds
both statically (feedback resistors only) and
dynamically (feedback resistors, capacitors
and inductors are used) because of the design
rules suggested by P. J. Walker:

feedback current_ Z; Z,_ k
output current Z, Z,

That is: 1 mA of output current (or 1 mA/ps)
causes k'l mA feedback current, whether the
current is sensed by Z, or Z, In addition,
there is only one summing point. The audio
amplifier can not sense from where the
feedback signal originates — all the output
current branches being equally weighted by
the rule of design. The forward linearity will
not be changed by the divided feedback
loops, since the same input voltage differen-
tial V' is needed to drive the current I ,and the
base current of Tr, and Tr, irrespective of
how the feedback is taken.

The current dumping method would be
unique if the feedback network could
separate the different output paths. But it
cannot, and the mode of operation is not
different from one feedback resistor sensing
the output current or output voltage or parts
of both. The use of reactances, as in Fig. 2 in
Walker’s first paper, causes the feedback to
increase with the frequency in the same way
as if the single feedback resistor is shunted by
a small capacitor. There is one implicit
feature — that of current continuity, accom-
plished by Z, If Z has a low impedance, any
non-linear amplifier would be less non-linear.
The existence of Z, causes an improvement,
but not a change of nature of the amplifier.

One arrives inevitably at the conclusion
that the current-dumping scheme has the
same forward nonlinearitv and identical
feedback collection of output current infor-
mation, as an ordinary amplifier with zero
bias current and with the same amount of
feedback. In fact there is no difference at all.
Bengt G. Olsson,

Xelex AB,
Stockholm.
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