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Noise level. (Simple power supply) -8OdB w.r.t. 1 W. (These figures 
are, respectively, better than -8OdB, and -8SdB with the regulated 
power supply. 
Feedback factor. 46dB (typical). 
Input voltage for max. output. 8SOm V r.m.s. 
Load stability. Unconditional. 

For the perfectionist, a suitable design for a regulated d.c. power 
supply, with re-entrant short-circuit and overload protection is 
shown in Fig. 10. This gives approximately IOdB improvement 
in the hum and (r .m.s.-weighted) very low frequency noise. 

The gain/frequency, and power output/frequency graphs are 
shown in Figs. 4 and S, and the relationship between output power 
and distortion, and signal frequency and distortion are shown in 
Figs. 6 and 7. The square wave performance into a IS-!Jresistive 
load, with any value of shunt capacitance up to O.I,uF, at 1kHz, 
10 kHz, and SO kHz are shown in Fig. 8. The sine wave output at 
1 kHz, and ISW with a IS-Q resistive load (42.5 V p-p) and the 
associated harmonic distortion (representing 0.02%) is shown in 
Fig. 9. 

Listening trials 
As described last month, a number of experiments were done duri� 
the development of this circuit to try to relate audible effects to the 
phenomena observable and measurable in the laboratory, and a 
transfer distortion analyser (British patent application No. 792S/ 
1970) was made to judge the performance with non-sinusoidal 
waveforms. (A point was reached in the earlier stages of the design 
where the author's ear was no longer able to detect the subsequent 
improvements.) 

The transient response of the 10-watt class A design (as origin
ally published!, without the modifications2, suggested in October 
1969 to reduce the hJ. bandwidth) is superior to that of the present 
circuit in the range SOkHz-2Mhz under load conditions of fairly 
low capacitive reactance. Under more adverse load conditions the 
present design will be (technically) better. However, the most care
ful comparative listening trials, with several of the author's long
suffering friends, have failed to uncover any audible difference 
between these two designs, both of which will almost certainly 
surpass in performance the best available valve-operated, 
transformer-coupled units. 

Constructional points 
The layout used in one of the prototypes of this design is shown in 
Fig. 11, using a O.IS-in matrix copper strip board. The layout 
should not be particularly critical provided that normal precautions 
are observed, such as keeping the output and input circuits reason-
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Fig. 6. Power output/distortion characteristics. The 8-Q load 
characteristic was measured using the modified output-stage 
components. 
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Fig. 7 Influence of signal frequency on distortion (1 W into 15 Q) 

ably well separated, and making sure that the power supply leads, 
and the loudspeaker return lead, connect to the board at a point 
close to that to which the collector leads of the output transistors 
are soldered. 

Since the circuit has unity gain at d.c. the occurrence of a switch
on 'plop' in the loudspeaker can be avoided by the use of a suitably 
long time-constant in the decoupJing circuit which provides the base 
bias for Trl" The voltage at 'X' (Fig. 3) will then follow the base 
potential of Trl as it slowly rises following switch on. It is undesir
able to have the full h.t. voltage applied during this period, and this 
is avoided by the incorporation of a thermistor (Radiospares TH2A 
or equivalent) in the mains transformer primary circuit. Since this 
will cause a drop of some 1O-1SV, this should be allowed for in the 
tapping point on the mains transformer. Also, since the thermistor 
becomes quite hot under operating conditions (this is necessary) 
it is important to mount it in such a way that this does not damage 
associated components or wiring. 

The dissipation of the output transistors is normally about 8W, 
and the output pair can both be mounted on a single 3+in x 4in. 

Fig. 8. Square-wave performance into 15Q in parallel with 
o-().I,uF. (Scale 2V!cm) (a) 1 kHz, (b) 10kHz, (c) 50kHz. 

Fig. 9. 14-W l-kHz sinewave into 15-Q resistive load. 
Distortion 0.018% on scale 35mV!cm. Fundamental on scale 
lOV!cm. 
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Fig. 10. Stabilized power supply with re-entrant short-circuit protection (12-49V). 

black anodized, ribbed heat sink. The heat sink should be earthed 
-very simply by omitting the mica washer on the MJ49 1. 

The driver-transistor dissipation is of the order of 2W in some 
circumstances, and this is somewhat in excess of the power which 
can be handled safely by the normal TO-S cased device, such as the 
2NI6 13, unless very careful heat sinking arrangements are employ
ed. T he use of such devices as the 2N30S4 or the Motorola MJES2 1, 
mounted on a small piece of black -painted aluminium sheet, say I in 
x I tin, gives a very large safety margin in this stage. The perfor
mance of the Motorola MJES2 1 is slightly to be preferred, and was 
used in all the prototypes. This stage, however, is not a very critical 
one, and these transistor type variations are unlikely to make a 
significant difference to the system's overall performance. 

The Texas BC2 12L and 182L are the preferred transistor types 
for Trl and Trz, although the 2N 16 13 was also used in some 
development models as Trz with identical results. The Motorola 2N-
3906 and 3904 could also be used in the Trl, Trz positions with 
almost equivalent performance, but this has not been tried. The use 
of t-W carbon film S% resistors is suggested except in the points 
where higher wattages are required. RI and Rz should be of small 
diameter or low inductance. The various electrolytic capacitors 
can be of higher value or voltage working without ill effect. 

A suitable printed circuit is obtainable from Al Factors, of 
Nottingham, who can also supply the other components. 

Appendix 1 
Calculation of power output levels obtainable with given quiescent 
current in class A operation. 

The maximum output power which can be obtained from a power 
output stage such as that in Fig. 3, in class A, is entirely determined 
by the quiescent current and the load impedance provided that ade
quate h.t. voltage is available. At frequencies which are low enough 
for the 'wattless" components of the load current to be ignored, 
the maximum current excursion which can be caused to flow 
through the load without taking one or other of the output transis
tors beyond cut-off is equal to twice the quiescent current (laY 
through the output stage. Since this is the 'peak' current through 
the load, if the waveform is sinusoidal, the r.m.s. equivalent current 
will be 21qIV2, and at low frequencies, the power developed in the 
load will be 21/. RL• 

For example, if the stage is required to operate in class A up to 
one watt, with a IS-Q load, the peak current swing through the load 
must be I = 21/. IS, or Iq = 183mA. Similarly, for an 8-Qload, 
Iq = 2S0mA. 

With the standing current suggested (200mA), 1.2 watts or 
640mW will be given for IS-Q and 8 Q loads respectively. This 
should be adequate for most normal listening. For full class A 
operation up to ISW, quiescent currents of 7 10mA and 970mA 
respectively will be required. 

Fig. 11. Layout of components on 0.I5-in matrix strip board. 
The 'set current' and 'set mid-point' potentiometer, and the 
power transistors, are off the board. 

Appendix 2 
Output transistor protection 
The use of class B output circuit configuration (and class AB 
comes within this category at the power levels concerned) in tran
sistor power amplifiers of this general type leads to the possibility 
that very high instantaneous currents can flow, which will lead, 
regrettably, to the equally instantaneous destruction of the tran
sistors involved, if the amplifier is operated at maximum drive into 
an effective short circuit, and this could be a load with a very 
high capacitive reactance, in some cases. 

The classic system for output transistor protection, using two 
input bypass transistors, is that due to Bailey), and this is also 
applicable to the output circuit of this design. However, because 
of the d.c. asymmetry between the potential at the base of Tr) and 
the output point 'X', a much simpler arrangement can be used,con
sisting solely of a good quality (low leakage) zener diode between 
these two points, with the positive zener end connected to the base 
of Tr). Any 4-4.7V zener will do provided that the leakage current 
at 3V reverse, and O.4V forward, is less than lO�A. The ITT 400-
m W series ZF 4.7 is quite suitable. Again, for 20 W output into 8 Q, 
the resistors RI and R2 must be reduced to 0.47,Q. 
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