Design for a 20-Watt High Quality

Amplifier

By W. A. FERGUSON,*BSc.(Eng), A.CG.I, Grad.LE.E.

Choice of Valves and Operating Conditions

lN recent years remarkable improvements have been
made in the field of sound reproduction. Progress in
the design of pickups, amplifiers and loudspeakers,
coupled with the introduction of high-quality disc and
tape recordings and v.h.f. sound broadcasting has set
new standards for discriminating listeners. The
amplifier and associated control circuits form the core
of a sound-reproducing system and much interest has
been focused on their design requirements and the
manner in which high quality can be achieved.

The basic requirements of an amplifier designed
for high-quality sound reproduction have previously
been discussed in these pages' ?. It is proposed here
to discuss further some aspects of high-quality ampli-
fier design, with emphasis on the output stage, and
it is hoped to describe in a subsequent article a design
for a high-quality 20-watt amplifier using 25-watt
high-slope pentodes in the output stage.

The principal features of a good amplifier can be
briefly recapitulated:

1. Very low harmonic and intermodulation dis-
tortion.

Linear frequency response in the audible range.
Good response to signals of a transient nature.
Low phase shift in the audible frequency range.
Low hum and noise level.

Adequate power output to allow peak passages
to be reproduced without overload.

. Low output resistance to provide electrical

damping for the loudspeaker system.

Qutput Stage.—Although the power-handling
capacity of an audio amplifier is not the most im-
portant factor from the listening point of view—a low
distortion level being usually judged pre-eminent—it
is nevertheless of prime importance from the point
of view of the designer.

It is generally considered that for realistic repro-
duction of orchestral music in the home a peak out-
put power of 10-15 watts is required, assuming the
efficiency of the loudspeaker system to be about
5%. Apart from loudspeaker efficiency, the
required power depends on the size and acoustic
nature of the room and to a lesser extent on the
taste of the listener. Thus, whilst 10 watts is
found to be adequate in many, perhaps, the majority
of, cases conditions in large rooms and small halls
may merit a power reserve of at least 20 watts.

There exists a choice of two basic forms of out-
put stage from which an effective output of 10-15
watts can be delivered to the voice coil of the loud-
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speaker. These two well-known forms of output
stage are:
1. The Class AB push-pull pentode or tetrode
stage.

* Mullard Valve Measurement and Application Laboratory.
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2. The Class A or Class AB push-pull triode stage.

The choice between these is largely a balance
between economy and performance.

Pentode Output Stage.—The use of pentodes or
tetrodes of the 12-watt anode dissipation class, oper-
ated in a conventional Class AB push-pull stage,
enables an effective output of 12-13 watts to be
obtained easily, assuming an output transformer effici-
ency of about 80%. This latter value is typical of
present practice. The appropriate supply voltage,
limited by valve ratings, is about 300-320 volts. The
overall power efficiency of such a stage is fairly high,
being 50% for a typical stage employing Mullard EL 84
output pentodes. Harmonic distortion is, however, of
the order of 39%-49 at full output, and in conse-
quence a high degree of negative feedback is neces-
sary to reduce distortion to low levels, say below 0.59%
at rated output.

The conditions for Class AB operation normally
recommended and published by the valve manufac-
turer are based on measurements made with con-
tinuous sine-wave drive. The bias under zero-drive
conditions and the anode-to-anode load resistance are
so chosen that optimum performance is achieved
when the working point of the valves is displaced
under drive conditions. This displacement is due to
the influence of increased anode and screen-grid
currents in the cathode bias circuit. For a typical
output stage on a 310-volt supply using EL84 pentodes
the rise in cathode current, and thus, cathode bias
voltage at full drive, is about 409 with a sinusoidal
input voltage.

When such a stage is used in the reproduction of
speech or music, however, operating conditions are
rather different. The mean amplitude of the input
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Fig. I. Comparison of distortion curves under steady-state
sinusoidal input conditions for a pair of EL84 valves in
Class AB push-pull (1) with normal cathode bias, (2) with
fixed bias under the same conditions, (3) load reduced for
optimum fixed-bias operation.



signal is now very small compared with the peak
values which occur from time to time and thus the
mean variation of cathode current is also very small.
Due to the relatively long time constant in the bias
network the displacement of the working bias, even
under peak signal conditions, is small enough for the
stage to be considered as working with virtually fixed
bias. If the normal Class AB stage (cathode biased)
is measured under the corresponding fixed-bias con-
ditions with a sine-wave input, it is found that at high
output levels distortion is greater than when cathode
bias is used. These two conditions are illustrated
for the Mullard EL84 output pentode by curves 1
and 2 in Fig. 1. The quiescent bias is the same in
both cases, curve 1 showing normal published opera-
tion with cathode bias, curve 2 operation with fixed
bias. These results indicate that in practice, a
cathode-biased Class AB stage designed on a sinu-
soidal drive basis will produce increased distortion
when peak passages of speech or music are being
reproduced.

One method of improving performance in practice
is to adjust the quiescent operating conditions in the
output stage so that they are nearly optimum for
fixed bias working, although cathode bias is still used.
This entails a smaller standing current and lower
anode-to-anode load impedance. These changes
result in larger variations in the instantaneous anode
and screen-grid currents when the stage is driven,
but the effect of these is at least partially compen-
sated since the time constant in the cathode bias
network has been increased at the same time. The
excursion of the working bias is still kept very small
under driven conditions.

It is found that good short-term regulation of the
power supply is ensured by the use of large value
(50pF) electrolytic capacitors for anode and screen-
grid feeds. Peak currents corresponding to near
overload conditions are effectively supplied by the
capacitors with a reduction in line voltage of well
under 0.5%, and the instantaneous power-handling
capacity of the stage is not impaired.

Such a design, combined with a high degree of
negative feedback (26 db), which includes the output
stage and output transformer, is an alternative
operating condition in the output stage of the 10-watt
Mullard high-quality amplifier circuit®** and has
proved very satisfactory in practice. A secondary
feature of the use of these operating conditions is that
the 12-watt output valves each run at a mean anode
dissipation of only 7.5 watts. The corresponding fixed
bias conditions in this case are illustrated in curve 3
of Fig. 1.

This form of operation is, however, suitable only
for use in speech or music reproduction and cannot
be used with a sine-wave input without excessive dis-
tortion. For this reason it is difficult to measure
directly the distortion levels which obtain under prac-
tical conditions.

A second method of improving performance, des-
cribed later, is to use distributed load conditions in
the output stage. Depending on the precise loading
used, the variation in anode and screen-grid currents
can be reduced to such a level that almost identical
performance is obtained under cathode and fixed bias
conditions.

Triode Output Stage.—A low level of inherent dis-
tortion can be obtained in a push-pull triode stage
operating under virtually Class A conditions. It is
found that with 25-watt pentodes or tetrodes strapped

as triodes a power output of 12-15 watts can be
obtained at harmonic distortion levels below 1% using
a supply voltage of 430-450 volts.

Maximum power output and the corresponding dis-
tortion vary appreciably with the value of load im-
pedance and Fig. 2 illustrates typical performance of
the Mullard EL34 high-slope output pentode, triode-
connected in a push-pull stage operating slightly
below its rated anode dissipation of 25 watts.

For anode-to-anode load impedances below 7,000
either a common, or separate cathode resistors (by-
passed) can be used; above 7,000() improved opera-
tion is obtained with an unbypassed common cathode
resistor. Operating conditions approach Class A as
the anode-to-anode load impedance is raised and
optimum performance for high-quality output stages
1s obtained with a load impedance of about 10,0001,
An output of 14 watts is then delivered by the valves
with total harmonic distortion well below 19.

This type of output stage has found favour for a
number of years in high-quality amplifiers giving
about 12 watts effective output. Because of the low
inherent distortion less negative feedback can be
used to give acceptable linearity as compared with
that required in pentode or tetrode output stages
giving similar power output. Furthermore, in 3- or
4-stage amplifier designs, with most of the feedback
applied over the whole amplifier, including the output
transformer, it is then possible to achieve increased
margins of stability for a given distortion level.

Distributed Load Conditions.—Increasing interest
is being shown in various forms of distributed loading
in the output stage®. These involve the application
of negative feedback in the output stage itself. In
the simplest form, the screen grids of the output
valves are fed from suitably positioned taps on the
primary of the output transformer and the stage can
be considered as one in which negative feedback is
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Fig. 2. Performance curves of two triode-connected EL34
valves in push-pull.



applied in a non-linear manner via the screen
grids. The characteristics of the distributed load
stage are intermediate between those for pentode
and triode operation, approaching triode opera-
tion as the percentage of the primary winding
common to anode and screen-grid circuits
increases. It is found that under optimum condi-
tions about two-thirds of the power-handling
capacity of the corresponding pentode stage can
be realized with much reduced distortion, whilst
at power levels corresponding to triode operation,
a similar order of distortion is obtained. At the
same time the output impedance is reduced to a
level approaching that obtained when a conven-
tional push-pull triode stage is used.

Such a stage can thus be used with pentodes
of the 25-watt class in high-quality amplifiers
designed for power outputs well in excess of 15
watts, the overall power efficiency being appreci-
ably greater than with triode operation. Con-
versely, the performance of 12-watt pentodes can
be improved appreciably, although the power-
handling capacity is somewhat reduced. How-
ever, effective power outputs of 10-12 watts can still be
obtained.

A comparison is given in Table 1 of triode, pentode
and distributed load operation for the Mullard EL34
and EL84 output pentodes. For valves of the EL.34
type, comparison with triode operation is of most
interest. It will be seen that distributed-load opera-
tion using a tapped primary output transformer
enables the power-handling capacity to be more than
double that possible with triode operation, whilst at
the same tume distortion in the stage can be held to
a very low level.

Although with a common winding ratio of 0.2, i.e.,
with 209% of the primary winding common to anode
and screen-grid circuits, the distortion level is com-
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Fig. 3. Performance of EL34 push-pull pentodes under dis-

tributed-load conditions with screen tappings at 43%, of pri-
mary turns.

parable with triode conditions, it has been found that
appreciable improvement is obtained at higher power
outputs if the common winding ratio is further in-
creased. Progressive improvement in overall per-
formance has been obtained with the percentage of
common primary winding increased up to 40-45%.
Although with this increase power-handling capacity
is still further reduced, at least 35 watts output can
be obtained with distortion at the onset of grid current
at about 2.5%.

Performance typical of the EL34 when used with
an output transformer having a primary winding
tapped at 439 of the turns is shown in Fig. 3. The
output transformer used for these measurements was
the Partridge type UL2 and the values of power out-
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TABLE 1
Operating conditions Total distortion
(per cent)
Valve Mode of operation Vv, Vo R, R,_. R,
type (V) | (V) (Q) (kQ) Q) atl0W| 14W | 20W | 30W
Triode connection 400 * 470 10 * 0.5 0.7 - —
(per valve)
| Mullard | Distributed load:
. EL34 439%, common winding 400 | 400 470 6.6 1000 0.6 0.7 0.8 1.0
| (per valve) (per valve)
Pentode connection 330 | 330 130 3.4 470 1.5 2.0 2.5 4.0
| (common) (common)
at SW | 10W | 15W
Triode connection 300 * 150 10 * 1.0 — —
(common)
Distributed load:
Mullard 209% common winding 300 | 300 270 6.6 — 0.8 1.0 1.5%
EL84 (per valve)
439, common winding 300 | 300 270 8.0 — 0.7 0.9 —
(per valve)
Pentode connection 300 | 300 270 8.0 — 1.5 2.0 2.0
(per valve)
*Screen grid strapped to anode. 1See text.



put quoted are those delivered to the load in the
secondary circuit.

With valves of the 12-watt dissipation class, such
as the EL84, comparison with normal pentode opera-
tion is more significant. Appreciable reduction in
odd harmonic distortion is again obtained under dis-
tributed load conditions and approximately 15 watts
1s delivered by the valves with a common winding
ratio of 0.2,

From the figures in Table 1, little advantage would
appear to be gained by further approaching triode
conditions. There are, however, at least two advan-
tages in using a tap at about 409% of primary turns,
particularly with the EL34 where a high power out-
put is still available. In the first place almost identical
performance is obtained under cathode- and fixed-
bias conditions, since with the closer approach to
Class A triode working, variations in anode and
screen-grid currents are reduced when the stage is
driven. Secondly, as with normal triode operation,
power output and distortion are less dependent on the
precise value of load impedance. With a primary tap
at about 40% of turns little change in performance is
produced by a change in anode-to-anode load im-
pedance of 6,000 to 9,000€2. In addition the output
impedance of the stage is still further reduced by the
use of the larger common winding ratio.

Circuit Arrangements.—The penultimate stage of
the amplifier must be capable of providing a well-
balanced push-pull drive of adequate amplitude and
low distortion content. With 25-watt pentodes such
as the EL34 the maximum drive voltage required is
approximately 2 x 25 volts r.m.s., whilst for valves of
the EL84 type the corresponding input is about
2x10 volts rrm.s. Input voltage requirements are
similar for triode, pentode or distributed-load
operation.

Bearing in mind the need to ensure stability when
feedback is applied over the whole amplifier, the
circuit should contain the minimum number of stages,
in order to reduce phase shifts to the minimum. Thus
if the functions of phase splitting and amplification
can be combined in the penultimate stage, so much
the better. This can be conveniently achieved by
using the cathode-coupled form of phase splitter®.
A high degree of balance is possible with this circuit,
combined with a low distortion level at maximum
drive to the output stage. By using a high-impedance
double triode, an effective stage gain of about 25
times can be simultaneously obtained. This, com-
bined with a preceding high-gain stage, enables a
high overall sensitivity to be obtained, even when a
high degree of negative feedback is used. A high
sensitivity in the main amplifier enables the output
voltage requirements of pre-amplifier and tone con-
trol circuits to be reduced; low distortion in these
circuits is then more easily obtained.

It should be remembered in this connection that
circuits preceding the main amplifier must be capable
of handling, without appreciable distortion, voltages
ffmﬁch greater than are necessary to load the amplifier

ully.

With the use of such a valve as the Mullard EF86,
which is particularly suitable for use in a high-sensi-
tivity input stage, due to its low hum and noise
levels, it is found that when feedback is applied input
sensitivities of 50 to 100mV for rated output can
be achieved whilst at the same time hum and noise
levels are low enough for high-quality requirements.

Negative Feedback.—In an amplifier employing

single-loop feedback from output to input, instability
will occur if the loop gain—the product of amplifier
gain without feedback and the attenuation of the
feedback network—exceeds unity at frequencies for
which the total phase shift round the loop becomes
either 0 or 360° and so renders the feedback signal
in phase with the input. The conditions for negative
feedback imply a phase change of 180°, so that
instability is approached as the additional phase shift
in the amplifier and feedback network approaches
180 degrees®.

Since phase shifts are often difficult to measure,
it is normal practice to utilize for design purposes
the relationship between phase shift and attenuation
characteristics. A simple CR low or high pass filter
produces an ultimate phase shift of 90° and a rate
of attenuation which approaches 6db/octave asymp-
totically. Thus an ultimate phase shift of 180°
corresponds to a final rate of attenuation of 12db/
octave. To preserve adequate margins of stability
it 1s usual to design for attenuation rates not exceed-
ing 10db/octave in the region where the loop gain
varies from say 10db through unity gain (0db) to
—10db.

It is thus necessary to control the amplifier charac-
teristics over a frequency range much in excess of
the designed working band. As the degree of feed-
back increases, this control becomes more difficult
and is usually limited by the leakage inductance, self-
capacitance and primary inductance of the outout
transformer.

It i1s a formidable task in practice to provide a
constant and high level of feedback over the whole
audible frequency range in a 3- or 4-stage amplifier
where the main feedback loop includes the whole
circuit and the output transformer. An adequate
margin of stability in such circumstances is very
difficult to obtain. Thus it is more usual to find
that the effective feedback decreases towards the
upper and lower audible frequencies.

Adequate feedback must, however, be available:

1. At frequencies in the region of the fundamental
resonance of the loudspeaker system, to provide the
low output impedance needed for efficient electrical
damping.

2. Up to the highest audible frequency for which
harmonics lie within the audible range, a frequency
which can be taken as around 10 kc/s.

Output Transformer.—The performance of a high-
quality amplifier is ultimately dependent on the
quality of the output transformer. The use of
distributed-load conditions does not modify the
essential features of a first-class component—on the
contrary the output transformer may be a more
critical component, since precise balance of primary
windings must be maintained.

The requirements in a very high-quality design
are well known and have been previously described
in some detail'; it is not, therefore, proposed to do
more than refer briefly to them. It may be said that
the better the compromise effected between the
requirements of high primary inductance, low leakage
inductance and self-capacity, generous core size and
low winding resistances, judged solely from the view-
point of performance, the more expensive is the out-
put transformer. This is particularly so if it is
designed to handle power outputs in excess of 15
watts,

Whilst the best performance necessitates a costly
component, it is possible to achieve, in amplifiers of
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10-12 watts power output, a suitable compromise
which results in a very high standard of amplifier
performance with a transformer of moderate cost.
A low value of leakage inductance is, for example,
obtained more easily if the shunt inductance require-
ments are lessened, and appreciable negative feed-
back can then be used to offset the increased
distortion at low frequencies due to lower primary
inductance, reduced core size and less expensive core
material. _

Summary.—When the power handling capacity of
a high-quality amplifier is not designed to exceed
10-12 watts it is possible to achieve extremely high
performance with 12-watt pentodes or tetrodes. Such
advantages as are possessed by 25-watt valves
strapped as-triodes are offset by a negligible increase
in power reserve and the need for a larger and more
expensive power supply.

The introduction of distributed load operation,
using valves of the 25-watt class permits the design
of efficient high-quality amplifiers with power-hand-
ling capacities up to 30-35 watts. Whilst it is very
doubtful if such a power reserve is necessary for
domestic sound reproduction—it necessitates in any
case a loudspeaker system capable of handling such
peak powers—amplifiers of this description find appli-
cation where larger audiences are present.

It should always be remembered that the per-
formance required of a high-quality amplifier must
be judged in relation to the quality of the equipment
with which it is to be used. If the use of a high-
quality amplifier meriting the term is to be really
justified, the pickup, pre-amplifier circuits and the
loudspeaker system must themselves have a very high
standard of performance.

The use of high-grade equipment in association
with the power amplifier is implied in the design for
the 20-watt amplifier using Mullard EL34 output
pentodes under distributed load conditions, which it
is hoped to describe in a subsequent article.
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PART 2

Constructional Details and Performance

lN the first part of this article some considerations
were discussed which affect the choice of valves and
circuit arrangements in the output stages of amplifiers
designed for use in high-quality sound reproduction.

In amplifiers designed to handle power outputs
greater than 12 to 15 watts and in which low-distortion
operation towards peak power output is still required,
the use of distributed load operation with valves of the
25-watt anode dissipation class i1s of particular interest.
By using this method of valve loading the effective
power output of a low-distortion triode push-pull
stage (approximately 12 watts) can be raised to 30 to
35 watts whilst the benefits of low inherent distortion
and relatively low output impedance are well main-
tained. Performance typical of the Mullard EL34
output pentode with partial screen-grid loading was
illustrated in Fig. 3 of the previous article.

The present article describes a design for a high-
quality amplifier of 20 watts rated output in which
similar load conditions are used for the EL34 valves
in the output stage. The amplifier is intended to
allow of the highest standard of sound reproduction
when used in association with suitable pre-amplifier
circuits, high-grade pickups and loudspeaker systems.
A summary of the overall performance of the amplifier
is given in Table 1.

A circuit diagram and list of component values is
given in Fig. 1. The circuit arrangement is basically
similar, except for the output stage, to that used in
the Mullard 5-valve 10-watt high-quality amplifier
design in that the output stage is driven from a
cathode-coupled twin-triode phase-splitting amplifier
which is in turn preceded by a high-gain voltage
amplifier stage. The first stage in the amplifier is
d.c. coupled to the phase splitter in order to minimize
low-frequency phase shifts. The main feedback loop

includes the whole circuit, the feedback voltage being
derived from the secondary of the output transformer
and injected in the cathode circuit of the first stage.
QOutput Stage.—The main feature of interest in the
output stage is the use of the Mullard EL34 high-
slope output pentode with partial screen-grid loading,
the screen grids being fed from taps on the primary

TABLE I |
Summary of Performance of Prototype
Amplifier
Power output:
20 watts minimum from 30 ¢/s-20 kc/s.
Power response:
within 0.5 db of 1 ke/s level at 20 watts over
range 30 c/s-20 kc/s.
Frequency response (1 watt level):
within 1 db of 1 kc/s level 2 ¢/s-100 ke/s.
Harmonic distortion (400 c/s):
<0.059%, at 20 watts.
Intermodulation distortion (40 c¢/s,
ratio 4:1):
0.7%,, with peak corresponding to 20 W sine-
wave power.
1.09%, with peak corresponding to 29 W sine-
wave power,
Hum and noise:

—89 db relative to 20 W with 10-kQ source
resistance.

Sensitivity:
220 mV for 20 W output.
Phase shift:
10° maximum at 10 c/s.
20° maximum at 20 kc/s.
Output impedance: -
approximately 0.3 Q at 40 c/s, 1 kc/s and 20
kc/s at 20 watts output,

10 kcfs;




General view of top of prototype 20-watt amplifier, which
uses EL34 output valves.

of the output transformer. Measurements during the
course of design showed that optimum conditions are
obtained <4n this form of output stage when about
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40% of the primary winding of the output trans-
former is common to anode and screen grid circuits.
In the present design a C-core transformer is used
which has tappings at 439 of primary turns.

The anode-to-anode loading of the output stage
is 6.6 k(2 and, with a feed voltage of 440 at the centre-
tap of the output transformer primary the combined
anode and screen-grid dissipation of the output valves
is 28 watts per valve. With the particular screen-
grid to anode load ratio used, it has been found that
improved linearity is obtained at power levels above
15 watts when resistors of the order of 1,000 are
inserted in the screen-grid feeds. The slight reduction
in peak power-handling capacity which results is not
significant in practice. Separate cathode-bias resis-
tors are used to limit the out-of-balance d.c. current
in the output transformer primary; the use of
further d.c. balancing arrangements in the out-
put stage has not been considered necessary.
It is likely, however, that some improvement in per-
formance, particularly at low frequencies, would result
from the use of d.c. balancing. It is necessary in
this type of output stage that the cathodes are by-
passed to earth even when a common cathode resistor
1s used. Thus a low-frequency time-constant in the
cathode circuit cannot be eliminated when automatic
bias is used.
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INDICATOR LAMP HAINS

R,

LIST OF COMPONENT VALUES

R; 1 MQ }watt +209% Rig 470Q 3 W min +59%
R, 4.7kQ } watt =209 Rig 2.2 kQ } watt 4+209%
R; 2.2 kO* +109, Rsp 15 KQ + watt 4209
R, 1000 159 Ro; 1 kO 1 watt 109,
o R.o 1 kQ § watt +109%
Rg 47kQ } watt +109% R..[ May be required for voltage
Ry 100 kQ* 4109, R:.E control depending on mains
R; 390 kO* +109, 24 | transformer.

Rg 1.0 MQ } watt +209%

Ry, 82kQ }watt -+109%

R;; 180 kQt 4 watt +109,

R;3 470 kQf + watt +109,

R;4 470 kQf 3 watt 109,

R;; 8.2 kKQ* (15-Q load) +59
Rie 2.2 kQ § watt +209%

Ry 47002 3 W min 4-59

* High-stability carbon.

+ Matched within 59;,. Ry > R,;.

Ros 56 kQ 1 watt  —-10%

Ry =06k made of two 12k 6 watt
resistors in parallel --209,

C, 47pF +109%

Cp, 50 uF 12 V wkg.

C, 0.05 uF 350 V wke.

C, 8 uF 450 V wkg.
Cs 0.25 uF 350 V wke.
Cs 0.5 uF 350 V wkg.

C, 0.5 uF 350 V wkg.
Cg 220 pF (15-0 load)
(Cg Ry = 1.8 p sec)

Cy 8 uF 450 V wkag.
Clﬂ 50 ,I-I-F 50V Wkg.
Cl]. 50 j'AF 5[} V Wkg-
CIE a8 1l'--l-‘.F 500 V Wkg.
Clg 8 [.-'.F 500V wkg.
CH, 3 ,uF 500V wkg.
Cys 16 uF 450 V wkg.
L, 10H, 180 mA, 200 Q
T; Power transformer
Secondary 410-0-410V, 180 mA;

5 V, 3A; 63 V, 4 A centre-
tapped; 6.3 V 2.5 A centre-

tapped.
Ts Partridge Type P3878
V; Mullard EF86
Vs Mullard ECCB83
V35 Vg Mullard EL34
VE Mullard G‘Z32

i Preferably matched within 59%,.



+40
Power  Supply. — The

IRAELIL
LOOP GAIN

power supply 1s conven- +30

tional and uses a Mullard

t

GZ32 indirectly heated full- +20

wave rectifier in conjunction
with a capacitor input filter.

+10

OVERALL RESPONSE (WITH FEEDBACK)

Pnu1 = | WATT |

Paper smoothing capacitors
have been used in the

RELATIVE GAIN (db)

|

Poyr = 20 WATTS ———>|

prototype amplifier, though

the alternative use of elec-
trolytic capacitors 1s pos-

100°

sible. The wvalue of the
limiting resistors R,, and

R,, will depend on the

LAG
—

SHIFT (WITH FEEDBACK)

winding resistances of the
mains transformers used.

LEAD
PHASE SHIFT

:

Their purpose, when re-
quired, is normally one of

o

If

S

voltage control only. Where lcfs 10c/s
a transformer having very
low winding resistance is
used, a secondary voltage
rated at 400-0-400 may be

found adequate.

100¢/s kaé Wk/s 00kfs IMc/s

FREQUENCY

Fig. 2. Loop gain and frequency response and phase shift characteristics with feedback.

. : 300

The rating of the mains !Fﬁmh‘:f"‘*_——-"? ’/A
transformer is such that an mﬂ‘ﬂ*{/ —
additional 30mA may be 200 Elﬂw.i— *l?—% 5
drawn from the h.t. supply - L ¢ (Rt J
to feed pre-amplifier cir- E W hﬂhM 7 ¢ e
cuits and radio feeder = e e 8 : / 3~

- . v = bG WITHOUT =

Additional decoupling will = 100 ———4 R o FEEDBACK /7 , B
be required for these L M ! 7s) TFEEDBACK ,
supplies. ' E__ TOTAL_HARMONIC msmnrlmﬂ (400¢

Driver Stage.—This stage 0 : o s 50 %% 30 35 20 0
113?! E Mullard ECCS3 = {HM'TS)
twin-triode and fulfils the . ! o , , | ,
combined function of phase 0 2'5 5 75 10 125 5 17°5 20 225

splitter and driver amplifier.
It is of the cathode-coupled
form and enables a high
degree of push-pull balance
to be obtained. With the
high line voltage available the required drive voltage
for the output stage is obtained at a low distortion
level, which is approximately 0.4% for 20 watts
power output. The anode load resistors R,, and
R,, must be matched within 5%, R,, having the
higher value for optimum operation. Optimum
balance is obtained when the effective anode loads
differ by 3%. It is necessary also that the grid
_resistors R,, and R,, in the output stage are of small
tolerance since they form part of the anode loads of
the driver stage. High-frequency balance will be
largely determined by wiring layout since equality of
shunt capacitances is required. Low-frequency
balance is controlled by the value of the time constant
R, C; in the grid circuits and this value has been
chosen to ensure adequate balance down to very low
frequencies. A disadvantage of the cathode-coupled
form of phase splitter is that the effective voltage
gain is about one-half of that obtained from one
section used as a normal voltage amplifier. Due to the
high u of the ECC83 (100) the effective stage gain
in the circuit is still about 25 times.

First Stage.—This stage is a high-gain pentode
voltage amplifier using the Mullard EF86 low-hum
pentode. The stage gain is approximately 120.
High-stability cracked-carbon resistors are used in
anode, screen-grid and cathode circuits and give
appreciable improvement in measured background

10

Vgur (VOLTS)(R, g, 5= 150)

Fig. 3. Harmonic distortion and inputfoutput characteristics of prototype amplifier.

noise level as compared with ordinary carbon
resistors. This stage is d.c. coupled to the input grid
of the phase splitter in order to minimize low-
frequency phase shift in the amplifier and improve
low-frequency stability when feedback is applied.

Negative Feedback.—The sensitivity of the
amplifier without feedback is 6.5mV for 20 watts
output. With feedback approximately 220mV is
required for the same output level, the designed
overall loop gain being 30db. The loop gain, overall
frequency response and phase shift characteristics of
the complete amplifier are shown in Fig. 2.

In spite of the high degree of negative feedback
used in the present design an adequate margin of
stability has been achieved. Complete stability is
maintained under open-circuit conditions in the pro-
totype amplifier. An increase in feedback of at least
10 db, obtained by-reducing the value of R, should
be possible before signs of high-frequency instability
occur. In the form of design used oscillation with
capacitive loads is the form of instability most likely
to occur, but even with very long loudspeaker leads,
instability is unlikely to arise.

Distortion.—The harmonic distortion of the proto-
type amplifier at 400 c/s, measured without feedback
under resistive load conditions, is shown in Fig. 3.
The distortion curve towards the overload point is
also shown for feedback conditions. At the 20 watt



level the distortion level POWER OUTLET MAINS

without feedback is well L.S. OUTPUT RADIO PEEDER %1 SLEeln ﬁ MAINS INPUT

below 19% and with feedback = ' T : - : T 1 1

applied falls to below 0.05%.

Harmonic distortion at 400 Cis

c/s reaches 0.1% at ap- _ 2N

proximately 27 watts output. = =[| oUTPUT

The loop gain characteris- 3=z|| TRANSFORMER MAINS

tics are such that at least §“%|| Ciz TRANSFORMER

20 db feedback is main- 2 ||

tained from 15c¢/s to 25 ke/s " N

and 26 db down to 30 c/s. i e e e e ot e e e e BT B - 9in.
Measurement of inter- P L e L E e ;

modulation products has | ~ Group CoMPONENT BoARD [

tl;.u-:e:n made,f 'ﬁ]m]f ia carx;t:r e sminaaren s ]

requency o c/s, and a A !

mn%iulatﬁig frequer:c:.r of S e e e L,

40 c/s, with a ratio of 40-c/s g :

to 10-kc/s amplitudes of &3[] e

4:1, With the combined ™ e t

peak amplitude of the mixed . ' -

output at a level correspond- éﬂﬂ%ﬁlﬁd

ing to the peak sine wave - I5in. -

amplitude at 20 watts r.m.s.
power, intermodulation pro-
ducts expressed in r.m.s. terms totalled 0.7% of the
10 kec/s carrier amplitude, and at 29 watts
approximately 19%.

The output/input characteristic shown in Fig 3
shows that excellent linearity is obtained up to 20
volts across 15 £, corresponding to 27 watts output.

Sensitivity.—The sensitivity of the amplifier is
approximately 220 mV for 20 watts output and 300
mV at the overload point at mid frequencies. The
background level in the prototype amplifier was 89 db
below 20 watts, measured with a source resistance of

Fig. 4. Layout of principal components in prototype amplifier.

10k, This is equivalent to about 5.5V at the
input terminals. It is possible to increase the overall
sensitivity of the amplifier by 6 db whilst still main-
taining a low background level, high loop gain and a
high margin of stability. @ However, considerations
involved in the design of suitable pre-amplifier cir-
cuits, in particular the need for adequate signal-to-
noise ratio, render a higher sensitivity of doubtful
advantage.

Power Response.—It is important that adequate
power-handling capacity is available at the low-

e e oy S Bl s

POWER FOR et Nl
- PRE-AMPLIFIER = ©

LS. QUTPUT -
QUTPUT TRANSFORMER

POWER FOR

Hzﬂ RI? H.m DECOUPLING FOR
.~ RADIO FEEDER i
Cio // c / ON-OFF SWITCH
——Vs
MAINS
TRANSFORMER
HT. FUSE \ MAINS FUSES \
MAINS MAINS INPUT
VOLTAGE SELECTOR

RADIO FEEDER

Underside of chassis showing one possible grouping of the smaller components,

11



frequency end of the audible range. This is deter-
mined chiefly by the characteristics of the output
transformer employed, and it is desirable that
associated pre-amplifier circuits should attenuate the
very low frequencies which the amplifier is incapable
of handling at rated power output without excessive
distortion. With the output transformer at present
employed at least 20-watts capacity is available down
to 30 ¢/s, and the frequency response at the 20-watt
level is linear from 30 c/s to 20 kc/s.

Output Impedance.—Due to the low inherent
output impedance of the output stage, combined with
a high degree of negative feedback, the output imped-
ance is very low, measuring approx. 0.3 {2 on a 15-{2
termination for 20 watts output at 40 c/s, 1 kc/s and
20 kc/s. This corresponds to a damping factor of
approximately 50.

Phase Shift and Transient Response.—In practice
a compromise must be effected between the phase
shift of the amplifier, particularly at high frequencies,
and the margin of stability required with a given loop
gain. In the present design emphasis has been laid
on ensuring as high a margin of stability as possible.
The phase shift is held to a comparatively low level
in the audible frequency range and, as seen from
Fig. 2, reaches about 20° at 20 kc/s. Excellent
response to signals of a transient nature is obtained,
gnd the rise time of the amplifier is of the order of

psec.

Mechanical Construction.—A diagram of the layout
of the chief components as used in the prototype
amplifier is shown in Fig. 4. Although this differs
extensively from the layout used in the original
experimental circuit no difficulty due to instability
has been encountered in either arrangement. A bus-
bar earth return has been used with chassis connec-
tion at the input socket. With minor exceptions all
resistors and capacitors are mounted on group ter-
minal boards, shown dotted on the diagram.

GZ34 Rectifier.—The recently introduced GZ34
rectifier can be used in this amplifier instead of the
GZ32 originally specified with no change of base con-
nections or mains transformer. The values of limiting
resistors R,, and R,, which depend on the type of
mains transformer must be increased. For example,
with the Partridge P3878 used in the prototype ampli-
fier R,; and R,, were each 82(). These should be
increased to 1002 when the GZ34 is fitted. With
eiﬂ}er rectifier they should be 6W wirewound
resistors.

2204
='G 3
[}
¥
E [ ]
E 15
= INTERMODULATION DISTORTION
E 40c[s & 10kcfs (AMPLITUDE RATIO 4:1)
O 4
o __'_,..f“"
.n.s -'-'-'_-—-F'-—-F—FT
BEAT-NUTE DISTORTION (I:1 RATIO)
ldkefs & ISke/s
=t 9kefs & I0ke/s
o 5 ) s 20 25 30 35 40

EQUIVALENT POWER OUTPUT (WATTS)
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Extra Parts

1 % Co-axial Socket. Belling Lee 1L.734/S

1 x Elcom 6-way Socket. List No. S.06

1 % Elcom 4-way Socket. List No. S.04

1x¥ulgin} 3-pin Mains Socket. List No. P340 (Main
nput

3 x Belling Lee Fuseholders 1.356

1% Mains Selector. Clix List No. CTSP/2

1 X Bulgin 2-pin Socket, List No. P350 (L.S. Qutput)

1 X Bulgin 2-pole Mains Switch. $300

1 x Indication Lampholder. Bulgin D180/Red

2% 10-position Tag Boards. Bulgin. List No. Cl14

3 % Octal Base

1 x Noval Base (Nylon Loaded, Skirted)

1 x Noval Base (Normal)

Fuses 2x2 A, 1 x250mA

Smoothing Choke

f1 f2
2 &in. 2 $in. Gurdners C.251.A
2%in. 1%in. Partridge P.3879 VDE/442B
34in. 2 fin. Partridge P 3879 PMN/442B
Output Transformer
Manufacturer List No. Style
Parmeko P.2647
Partridge P.3878 Z£.371107
Partridge P.3878 Z.371062
Mains Transformer
Manufacturer List No. Style
Parmeko P.2646
Partridge P.3877 DN/436B
Partridge P.3877 PMN/436B
Key to Holes on Chassis Drawing
A — Mains Transformer
B — Output Transformer
CcC — 10 H 180 mA Choke
D #in. Bulgin Indicator Lamp D180/Red
E  iin. Bulgin Mains Switch S.300
F  fin. Belling Lee Co-axial Socket L.,734/¢
G  %in. Noval Valve Base (Nylon Loaded)
H 1iin. Electrolytic Capacitor 504+ 50uF
I 3in. Noval Valve Base (Nylon Loaded)
J 1%in. International Octal Valve Base
K — Elcom 6-pin Socket S.06
L 1iin International Octal Valve Base
M 1}in International Octal Valve Base
g i:ﬁ } Capacitor 8:F
5 1. Capacitor 8u.F
R 14in. Bulgin 2-pin Mains Plug P.350
S — Elcom 4-pin Socket S.04
T  §in. Belling Lee Fuse Holder L.356
U  1jin. Clix Mains Selector CTSP/2E1
V  fin. Belling Lee Fuse Holder 1..356
W {in. Belling Lee Fuse Holder L..356
X  14in. Bulgin 3-pin Mains Plug P 340
Y 6 B.A.C.
Z 4B.A.C.

Intermodulation distortion and *‘ beat note '’ distortion.
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Main chassis drawing for the 20-watt amplifier.
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Drawings of cans and lids for components on the 20-watt amplifier chassis.
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PRE-AMPLIFIER Powgg

WIRES DRAWM DOUBLE LINE ARE PV C_coverep
OTHERS ARE PART OF THE NOAMAL LENGTH OF WIRE
OM THE COMPONEMT.
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Point-to-point wiring diagram for the 20-watt amplifier.



