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In this second and final part of the article we describe
and balance control stages, followed by the construction of the

Like the CMOS switches described in Part
1, the volume control switches are con-
nected in an amplifier circuit in such a way
that they have no potential drop across
them. This results in very low distortion,
so that the preamplifier can be used in top-
quality stereo installations.

The basic principle of the volume con-
trol circuit is illustrated in Fig. 9. Since it is
not easy to design an electronic switch
with, say, fifty positions, two cascaded at-
tenuation networks, each consisting of
eight voltage dividers, are used.

Each network is switched in steps of
1.25 dB and the second (coarse) in steps of

10 dB. When the ‘fine’ attenuator reaches -

maximum attenuation (8 x 1.25 =10 dB),
the ‘coarse’ one is switched by one step
(=10 dB). A total attenuation of 78.75 dB in
8 x 8 = 64 steps is therefore provided. This
number of steps could not be provided by
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a standard rotary switch.

Each attenuator section is resistivély
coupled to the input of an 8-to-1 multi-
plexer. The output of each multiplexer is
applied to the inverting input of an op-
amp, so that there is no voltage drop
across the multiplexers.

A control circuit ensures that the multi-
plexers are switched correctly and that the
attenuators for the left- and right-hand
channels can be used independently with
the aid of balance switches.

A preset key makes it possible for the
volume to be set to a predetermined posi-
tion.

Circuit description

In the circuit diagram of Fig. 10, the buf-
ferred signals from the input circuits are
fed to the’fine” attenuator (R94 —-R101 for
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Calculation of voltage dividers

Each of the voltage dividers in the attenu-
ators of Fig. 9 is basically configured as
shown below.’ o

() x-uin

890170-1-14

Each voltage divider is formed by resis-
tors Ra and Rb, the ratio of whose values
depends on which branch of the divider
they are located in. The 10 kQ resistor is
connected via the multiplexer to the in-
verting input of the opamp (virtual
earth), so that, as far as the potential di-
vider is concerned, it is connected to
earth. .
The voltage at the junction of the resis-
tors is xUin, where x is the attenuation
factor (no attenuation: x = 1; maximum
attenuation: x = 0).

In the computation, the value of Ra + Rb
is taken as 10 kQ, which gives a value for
x of:

= Rb// 10k
Rb//10kQ+ Ra

and for Ra of (10 kQ — Rb).

Substituting these values and re-
arranging the formula for x, gives a value
(in kQ) for Rb of:

0-2,. /%8

2

If it is desired to change the value of the
steps, x must be replaced by 10529, where

y is the desired ati‘.enuai:mn.m_dB_pgr bad
step. Remember that from the result for
each step the result of the previous step
must be deducted. Resistance values so
calculated must, where necessary, be
rounded to the nearest standard value.
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Fig. 9. Fundamental set-up of the volume control circuit.
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Fig. 10. Circuit diagram of the volume and balance control stages.
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the left-hand channel and R110-R117 for
the right-hand channel). Each branch
of the attenuator is connected via a
10 kQ resistor to the first multiplexer
(IC27 and IC29 for the left-hand and
right-hand channels respectively. The
output of the ‘fine’ attenuators is ap-
plied to the ‘coarse’ attenuators,
R102-R109 and R118-R125, via buffers
A20 and A2z respectively. The output
of the ‘coarse’ attenuators is applied to
a second multiplexer, IC28 and IC30 re-
spectively, each of which is followed
by a buffer, A19 and A21.

Buffers A19 and A21 are configured
rather differently from A20 and A2, in
that they have an additional, comple-
mentary pair of transistors, T2-T3 and
T5-Té.

The three diodes between the bases
of these transistors ensure an adequate
quiescent curreht. :

The output impedance of these cir-
cuits is very low, so that long leads to
the power amplifiers will not cause
any problems.

The 22 Q resistors, R174 and R179,
provide short-circuit protection. The
outputs may be connected direct to
600 Q headphones.

The relay contacts at the outputs
connect the outputs to earth to obviate
audible clicks- when the mains is
switched on or off. It was not possible
to replace the relay by an electronic
device. Fortunately, the contacts are
not in the signal path, so that the
sound quality can never be affected by
them.

The multiplexers are switched by
Type 4029 preset up/down counters:
[C23-IC24 for the left-hand channel and
1C25-1C26 for the right-hand channel.
DIP switches allow the volume to be
preset to individual taste. Each time
the preamplifier is switched on or
when the reset key is pressed, the pre-
set counter positions are assumed.

The carry-out pins of the counters
are interconnected in a manner to en-
sure that the gates which provide the
clock pulses, N2 for IC23-IC24 and N1
for IC25-1C26, are both blocked the mo-
ment one of the counters reaches
nought or maximum. This arrange-
ment ensures that the balance setting
is maintained when the volume is ad-
justed to nought or maximum.

The plus and minus volume keys
are connected to start/stop oscillators
N7 and Ng respectively. A momentary
depression of a key causes a single
pulse at the output of the associated
gate, while a sustained depression
causes a pulse train. If the speed of
this control is found to be too low, it
may be increased by lowering the
value of C51 and Cs3, and possibly also
of Cs5 and Cs7.

The pulses associated with the
+key are fed to N3 via D1 and to N1
via De. The ensuing signals are taken
to the clock inputs of the counters via
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Nz and N1 respectively.

When the —key is pressed, the gener-
ated pulses are passed to the clock inputs
of the counters via D3-N3-N2 and Ds-Ng4-
N1 respectively.

Two bistables, N5-N¢ for the left-hand
channel and N¢-N10 for the right-hand
channel, provide a signal that drives the
up/down inputs of the counters. The level
of this signal depends on which key is
pressed.

The circuit of the balance control is vir-
tually identical with that of the volume
control. An exception is that the bistables
are configured in a way that causes the
left-hand counter to receive an ‘up’ signal
when the right-hand counter gets a ‘down’
signal. Thus, if the left-hand balance key is
pressed, the left-hand counter counts up
and the right-hand counter counts down.
Pressing the reset key returns the circuits
to the position set by 51-54. That position
need not be the same for the two channels.
This is useful where, for instance, there is a
small difference in balance between the
two speakers.

The power supply provides a separate
voltage for energizing the output relay. Be-
cause of the (relatively) low value of Css,
the relay is deenergized immediately the
mains is switched off. On power-up, there
is a delay provided by R180-C71-T4.

The remainder of the preamplifier is
‘powered by the regulated, symmetrical
voltage provided by IC33 and 1C34.

Construction

Populating the PCB shown in Fig. 11
should not present any problems. All ICs
and DIL switches may be mounted in
sockets, but this is not obligatory.

The two electrolytic capacitors in the
power supply are types that should be
mounted upright. Each of the regulator ICs
should be fitted on a heat sink.

It is convenient to provide all connex-
ion points with a solder pin. Not, by the
way, that for each control signal two solder
pins may be fitted: this will facilitate the
possible extension with remete control at a
later date.

It is advisable to set all DIP switches to
zero before the board is installed in the en-
closure. The counters are then at nought at
first power-up and that is a safe starting
point.

The preamplifier may be installed in a
19-inch, 2-unit (88 mm) high, enclosure.
The enclosure used for the prototypes — see
Fig. 12 - has a double front panel. Rectan-
gular holes are cut in the back of this panel

over which the control boards are screwed. -

If an enclosure with a single front panel is
used, the three control boards may be fit-
ted direct to the rear of the panel with the
aid of small metal brackets.

The LED located on the board with the
volume and balance controls should be
bent sideways by a few mijllimetres so that
it comes directly behind the relevant open-
ing in the front panel.

Note that self-adhesive foils for the

front and rear panels of the enclosure are
available through the Readers' service (see
Fig. 13).

The boards for the input and system
control stages dealt with in Part 1 should
be fitted near the left-hand side of the rear
panel.

The board for the volume and balance
control stages should be fitted at the left-
hand centre of the enclosure in such a way
that the relays are located nearest the input
boards. The mains transformer, the mains

on-off switch and the mains cable entry
should be fitted at the extreme right-hand
rear of the enclosure, as far away as possi-
ble from the printed-circuit boards.

Note that the mains earth should be
connected only to the appropriate termi-
nal on the volume control board.

A wiring diagram for the complete
preamplifier is shown in Fig. 14. For all
analogue signals suitable screened cable
should be used; all other connexions may
be made in standard insulated circuit wire.
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Fig. 11. Component mounting side of the printed-circuit board for the volume and balance control.
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Fig. 13. Self-adhesive foils are available for the front and rear panels.
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Fig. 14. Wiring diagram for the compliete preamplifier.

Some ribbon cables were already described
in Part 1 and these may now be shortened
where necessary. If the connectors are dis-
mantled carefully, they may be refitted to
the (shortened) cable without any prob-
lems.

After all the boards are fitted and inter-
connected, a few simple checks can be car-
ried out. Make sure that DIP switches S2
and 4 are OFF, otherwise there is the like-

lihood of a deafening sound from the loud-
speakers when the preamplifier is con-
nected into the audio system.

After the mains has been switched on,
it should be possible to select all the inputs
for tape-out and line-out. The volume and
balance controls may also be tested: the
LED should light when the minimum and
maximum positions are reached. Briefly
pressing the reset key should bring the vol-

ume back to the preset value.

Finally, you will have noticed that the
preamplifier is DC-coupled throughout
and normally this should not create any
problems. However, if the input of your
power amplifier has no capacitors, it may
be advisable to connect a couple of good-
quality capacitors (for instance, 4.7-10 uF
metallized polypropylene or polystyrene
types) in the line outputs.
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