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A single board, 20W per channel, higl'! q~lity amplifier . 
with inputs for disk, compact disk, radiO, video and tape. 

ith the 
Class 
0 n e INPUT 

Sound 
Amplifi 
er, the 
stand
ard of 

construction you can 
achieve without the 
use of specialist tools 

GRAHAM NAllY 

is equal to the very Fig. 1. Block diagram for the preamplifier stages. 
best manufactured 
amplifiers. The 
DM20 (Dual Mono. 20W~ has ?een 
designed as a very spe~al proJec~. It IS not 
simply anothe~ amphfier proJect, but 
designed to be the best that could ~e 
produced using today's technology, m 
terms of value for money, sound quality, 
presentation and the education value of 
construction and testing. 

Sound Quality 
The DM20 has several features which im
prove its sound q~ty over . amplifiers 
which the reader might constder com
parable. 

1. Oversize power transformer, rated 
at twice the full power output of both 
channels together. 
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2. Separate transformer windings, rec
tifiers and reservoir capacitors for left and 
right channel for improved stereo perfor-
manre. . 

3. Separate rectifiers and reservorr 
capacitors for low and high curre~t parts 
of power amplifier and for preamplifier. 

4. Large heatsink for low temper~ture 
generated distortion as well as reliable 
operation. 

5. T0220 driver transistors for low 
temperature generated distortion. 

6. Cascode circuitry in drive stage of 
power amplifier for greater linearity and 
improved high frequency perfo:manre. 

7. Special two-transiStor rnput stage 
for improved sound quality (see later ex-

planation). 
8. Power 

amplifier negative 
feedback AC path 
taken outside the 
output capacitor. 

9. High quality 
metal film resistors 
and plastic film 
capacitors used ex-
tensively. 

10. Two stages 
of power supply fil
tering for preamp. 

11. Special disk circuit designed for 
good power supply ripple rejection. 

12. High quality plated switches used 
for signal switching. 

Educational Value 
The DM20 provides excellent oppor
tunities for electronics teaching. The most 
attractive feature is the high motivation of 
students to complete it so they can use it. 
Also the preamp and power amplifi~r 
stages have different levels of compleXity 
and can be used on their own for students 
at different levels. 

Students wishing to gain experience 
of making printed circuit boards ~ fm? 
the preamp section easy for making therr 
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own layout while a single channel of the 
power amplifier will provide a more exact
ing challenge for experienced students. A 
major problem for educational estab
lishments is the cost of purchasing com
ponents for a project. Savings can be made 
by using 5 per cent carbon resistors in 
place of metal film resistors, and 
electrolytic capacitors in place of polyester 
capacitors (provided the correct polarity is 
observed, but not C3, C4, C103, C104) and 
substituting the switch system for one four
pole two- way rotary plus a toggle for tape 
monitor. 

Single winding transformers can be 
used provided one lead is connected to 
both fused input lines and the other is con
nected to both non-fused lines. Such 
measures will reduce the sonic perfor
mance of the amplifier but the amplifier 
will still work. Note: test voltages may be 
different to those measured using a trans
former with separate winding5. 

The use of separate power supplies 
for each stage makes testing of the 

amplifier a more logical process and en
hances its value as a training exercise. 

Circuit Design 
The circuit uses standard components 
which are easily obtainable. Many readers 
might be expected to see the latest audio 
integrated circuits, but there are several 
good reasons why discrete components 
are used Firstly, the use of integrated cir
cuits would require more complex power 
supplies. Secondly, building the amplifier 
with integrated circuits would make the 
project less useful for educational and 
training purposes. Thirdly, I see no reason 
why the use of integrated circuits could 
improve the sound quality. 

Tone controls are not included in this 
design. 

Preamp 
The preamplifier is a simple but very 

effective circuit. Its operation is very easy 
to understand and it contains three stages: 

Stage 1: common emitter .amplifier 

usingnpn transistor. 
Stage 2: common emitter amplifier 

usingpnp transistor. 
Stage 3: emitter follower. 
All other components are included to 

enable these three stages to work effec
tively and a full block diagram is shown in 
Fig. 1. The preamplifier circuit diagram is 
shown in Fig. 2. 

1. Cartridge loading resistor Rl. This 
has two functions. The first is to set the 
DC potential of the input side of Cl to 
ground so that no large transients are 
generated when a cartridge is connected, 
and the second is to provide the required 
resistive load to the cartridge to enable the 
cartridge to perform at its best. The fre
quency response of the cartridge will vary 
with varying load resistance. 

2. DC blocking capacitor Cl. This al
lows all audio frequency signals to pass, 
but blocks DC. This is necessary because 
the circuit requires different voltages be
tween the input and the base ofTRl. 

3. DC bias circuit Dl, D2, R3, R4. 
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Fig. 2. Tl1e schematic for the preamplifier stages, showing inputs for disk, CD, tuner, and tape. 
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Class One Sound Amplifier 

Transistor TRl requires a DC voltage of 
around 0.8V to l.OV to work properly. 
Diodes Dl and D2 are conducting with a 
current taken from the supply via R3. This 
gives a voltage close to 1.2V at the anode 
of Dl. Current flows via R4 to the base of 
TRl. The product of TRl base current 
XR4 gives a voltage of around 03V to set 
the base ofTRl at around 0.9V. 

4. Radio frequency filter R2, C2. This 
prevents any radio frequency signals which 

Fig. 3. Basic amplifier circuit 

Fig. 4. Applying negative feedback via 
resistor Rp. 

1-

Fig. 5. Switching the npn and pnp transis
tors around. 
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see the leads from the cartridge as an 
aerial being demodulated by TRl. 

5. First amplifier stage TRl, R5, R6, 
R7, C3, C4. The DC current through TRl is 
determined by the DC voltage at the base. 
The base emitter junction will have a volts 
drop of 0.6V and so the voltage across R6 
will be around 03V. As the transistor has a 
high gain, the DC current through R5 will 
be the same as through R6. A low frequen
cy AC signal at the base of TRl will be 
amplified by the ratio R5/R6, but as the fre
quency of the signal increases the gain will 
decrease, due to the effects of C3 and 
C4/R7. This frequency selective circuit 
provides equalization for records which are 
recorded at higher lyvel at high frequencies 
to reduce the overall noise. 

R:3,2,;!.32 ......... , .... ;' ............... 1 

R:?3,133, ................ ,: ............ .. , 
R34~~3.4.~ ............ , ......... 22k 
R:?5,135 ...................... :.., ..... ., · 
R36 ..... ,}~ .. -..................... ~ .... : .. _~ -~ ... ~~- ···· .. ··•· 

Potentio._ters 
VR1,10;t,, ....................... lk 
VR2,102 .................. . 
VR3,1Q3 50k or lOOk dual 

~rs 
cr,s,to:r;tos ........... 220n 
C2,102 ......... ;; ...... .lOOp pnl 
C3;103 ................ 33n 5% 
C4~104 ····: ......... ;LOOn 5% p 
Cp,14,106,114 .......... wlu po,yes\~~ 
C7,107 470n optionalbypass '\ 

6. DC blocking capacitor C5 enables 
DC potentials to be different at either side 
while allowing all audio frequency signals 
to pass. 

7. DC bias D3, D4, R8, R9. Operates 
as in paragraph 3 above, but is referenced 
to the supply. 

8. Second amplifier TR2, RlO, Rll. 
Operates as TRl but in reverse polarity 
and constant gain at all frequencies. 

9. Emitter follower TR3, Rl2. This 
reduces the output impedance of the cir
cuit. If this were omitted and a tape deck 
were connected at the output, the gain of 
the circuit would be considerably reduced 
by the effect of the tape input impedance 
in parallel with Rll. 

10. DC blocking capacitor C6 prevents 
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the DC at TR3 emitter reaching the output. 
11. DC grounding resistor R13 holds 

the output at zero DC voltage. 

Power Amplifier 
To the newcomer the power amplifier 
mc;ty look rather complex. It is quite 
simple, but has a number of features 
added to make it work exactly as we re
quire it. If we look at the circuit of Fig. 3, 
we see a circuit that looks like the preamp, 
but omits the frequency selective network 
on TR1 collector and the DC blocking 
capacitor between the two transistors. The 
gain of the circuit can be calculated: 

Gain = (-R5/R6)(-R11JR10) 

Now look at Fig. 4. Negative feedback 
is applied to the input via Rp. If the cur
rent fed back via Rp is much greater than 
the current through TR1, the voltage at 
the emitter of TR1 can be approximated 

TPdEST POI NT 

at R6/(R6 + Rp) times the output voltage. 
If the open loop gain defined by equation 
(1) is much greater than (R6+Rp)/R6 
then we have a negative feedback 
amplifier which has the advantage of less 
harmonic distortion and a wider frequen-

Fig. 6. Adding a complementary output 
stage (TRll, 12 ). 

0 11 
1NI.002 

cy response than the circuit without feed
back. The theory of negative feedback is 
an important part of any basic electronics 
course and can be covered far better by op 
amp theory, so I do not wish to go into it 
here. Comparing Fig. 4 with Fig. 5, you 

+V 

"" 

Fig. 7. hnproving the distortion factor of 
Fig. 6. 
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Fig. 8. Cornplete circuit schematic for the power amplifier section. 
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Class One Sound Amplifier 

will notice that Fig. 5 has a number of 
changes: 

1. The circuit has been inverted by 
changing the pnp and npn transistors 
around 

2. As the circuit is now looking more 
like the power amplifier, we have changed 
the names of some components to refer to 
their equivalent number in the power amp 
circuit. 

3. The base of the input transistor has 
a DC bias equal to half the supply voltage. 
At the same time we have put a DC block
ing capacitor to ground in series with R6. 
This makes the audio frequency gain 
equal to (RF + R6)/R6 but reduces the 
DC gain to Xl. In other words it sets the 
DC voltage of the emitters of TR4 and 
TR12 at approximately the same, the dif
ference being Rp X Ic( of TR4). 

4. To maintain current supply to 
TR12, R12 has been reinstated. 

In Fig. 6, emitter followers TR12 and 
R12 have been replaced by a complemen
tary output stage comprising TRll and 
TR12. The current 
that passes through 
the output stage is 
determined by the 
voltage difference 
between the bases of 
these transistors and 
the value of R27 and 
R28. 

The change in 
negative feedback is 
shown in Fig. 7. 
While the circuit of 
Fig. 6 works well 
there are a number 
of unacceptable 
compromises. Frrstly 

TR5 enables the current through R21 to 
be increased. At the same time the current 
through R22 is greatly reduced by a factor 
of the HFE (DC gain) of TR5. This 
enables R22 to be increased. R30 and R31 
provide a fraction of the output after C17 
to be fed back to the input so that distor
tions of the signal caused by passage 
through C17 can be corrected As this sig
nal is at zero DC voltage a blocking 
capacitor C14 is used. The value of this 
capacitor can be made as low as lu as a 
result of increasing the value of R22. The 
low frequency response limit (-3dB) of the 
amplifier is calculated at the frequency at 

Fig. 9. Adding a capacitor to maintain 
lzif!}t frequency pe1jonnance. 

the same DC current Fig. 10. The block diagram of the power amplifier. 
through TR4 collec-
tor flows through Rp 
and R21. Now we would like to increase 
the current through R21 because this will 
increase the slew rate (the fastest change 
of voltage with time, which is related to the 
highest frequency that can be reproduced) 
of the amplifier. But this will give a large 
DC voltage drop across RF, which will 
reduce the maximum output voltage. 
Secondly, we have two electrolytic 
capacitors Cp and C17 in the signal path. 
As electrolytic capacitors are known to 
distort sound quality, we would really like 
to eliminate them or reduce their effects. 

The circuit of Fig. 7 achieves all these 
objectives, and tests with a completed 
amplifier show that the sound quality is 
considerably improved The addition of 

which the impedance of lu equals the im
pedance of (R22 X R31)/(R30 + R31). 
This is equal to 16Hz. 

Power Amp Circuit 
The completed power amplifier circuit is 
shown in Fig. 8. If we compare this with 
Fig. 7 we see a number of further changes, 
which all contribute to the high perfor
mance of the circuit. 

1. TR8 is added; this has several ad
vantages. The cascode connection im
proves both the linearity of TR7 and its 
high frequency performance. By maintainc 
ing the collector voltage of TR9 almost 
constant, we improve the linearity because 
the gain of the transistor changes by a 

small amount due to large changes in col
lector voltage. Also, transistors have 
capacitive effects between collector and 
base, and the effect of varying the collector 
voltage is to apply feedback (see Fig. 9). 

In the actual circuit a real capacitor 
C15 is used to control the high frequency 
performance in order to maintain stability. 
Another advantage is that while a high 
gain low power transistor is used for TR9, 
a high power transistor can be used for 
TR8, and its gain is not so crucial, but the 
thermal sinking effect of its metal tab 
reduces temperature generated distortion. 

2. A network comprising VRl, R26 
and TRlO provides accurate biasing of the 
output transistors. Mounting TRlO on the 
heat sink not only improves reliability by 
reducing the bias voltage when the output 
transistors get hot, but also improves the 
sound as a result of lower temperature 
generated distortion. 

3. Rll is replaced by a constant cur
rent circuit TR6, TR 7, R23; this has two ad
vantages. Frrstly, it provides adequate cur

rent to drive the out
put stage as the out
put voltage before 
C17 approaches the 
supply voltage. 
Secondly, as the cur
rent is constant, it 
carries far less of the 
ripple in the AC 
supply into the circuit 
than a resistor. 

4. Darlington 
transistors are used to 
provide two stages of 
gain converting the 
current of 6mA 
through TR 7, TR8 
into several amps 
available to drive 
loudspeakers. 

5. A Zobel network comprising R29 
and C16 is added to improve the stability 
of the amplifier at high frequencies. 
Without it the amplifier could turn into a 
high frequency oscillator under some ad
verse load conditions. 

A block diagram of the power 
amplifier is shown in Fig. 10. As all the in
formation on how each stage works has 
been covered, a summary is not required. 
However, it would prove an excellent 
teaching exercise to identify each part in 
each block and describe its function as we 
did earlier in the preamps. 
Tire amplifier project will be contimted next 
month, with final details of constntction, 
wiring and testing. • 




