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by Dr. W.J. Phillips

his article describes the

I construction and de-
sign of a voltage con-
trolled clock which outputs a
train of square waves at stan-
dard TTL level. It was de-
signed to fulfil a need for my
particular system which in-

custom-built analogue seaq-
uencers, custom-built patch-
board, programmable per-
cussion machine and
recently an Amdek pro-
grammable rhythm gener-
ator. However, there's no
reason why the unit shouldn’t

When performing live orin
a studio it is convenient to be
able to have sequencers and
percussion generators
running together in synchro-
nisation. Itis also convenient
to be able to change the
speed at which the units are
clocked quickly and easily,
preferably with a bank of
presets. Accordingly it was
decided to use a Voltage
Controlled Oscillator as the
heart of the circuit and the
CEM3340 IC was chosen for
this purpose. It’s not the
cheapest available but if the
correct high stability com-
ponents are used in the freq-
uency-determined circuitry it
is very stable and very relia-
ble. If it's good enough for
Sequential Circuits to use |
felt it was good enough for
me!

Since it's useful to have
different modules running at
different speeds, the VCO is
followed by a divider circuit
which divides the basic clock
pluse down by five stages.
The outputs are buffered and
each output can drive two
standard TTL loads. The unit
was originally configured on
a9” x 3" panel sothatit could
be incorporated within the
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Foil pattern

“\ ot
voltage controlled clock 0

esiser. The Curtis chip pro-
duces square waves, tri-
angles and sawtooths as
standard and therefore when
not being used as a voltage
control clock this unit can be
used as a voltage controlled
low frequency oscillator.

Circuit Description

The heart of the unit is the
CEMB3340 voltage controlled
oscillator. To understand
how this works fully, the best
thing to do is to get a
CEM3340 data sheet from
those awfully nice Digisound
people. The frequency con-
trol voltage is injected into
pin 15. The design allows for
coarse and fine controls and
also a preset mounted on the
board, namely TP2 which
sets the initial frequency
with no other control voltage
applied. Preset control volt-
ages via R3 come from a
variety of sources; in the
prototype four 100K linear
pots were mounted on the
front panel and two jack
sockets were provided for
external control voltages.
These were then selected by
a six-way interlocking switch
bank. A cheaper alternative
would be to use a six-way
rotary switch.

The facility to inject ex-
ternal control voltages
means that the frequency of
the clock can be controlled
from a one octave per volt
synthesiserkeyboardor from
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The VC Clock (top right) located within the author’'s modular synth rack.
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a bank of digitally stored con-
trol voltages via a digital to
anologue converter. Capac-
itor C4 is a fregency-deter-
mining component and
shouldbealow-leakage type.
The 3340 has temperature
compensation incorporated
into it through a very clever
arrangement which the data
sheets go into. This is an
important factor in the
design of a stable system

a hefty output for a CMQOS
device and should be
adequate for most clocking
arrangements. However, it
would be possible to buffer
these outputs further by
means of CA31400p-amps or
transistor stages should this
be required.

Moving further round the
circuit we come to TP1 and
TP3. In the prototype these
were ten turned precision

type connector. It is impor-
tantto observe the polarity of
C7,8,and 9.

Various options are open
to the user. Indication of
clock-rate can be provided
via a simple transistor driver
and LED as shown on the cir-
cuit diagram. It can be usefut
to switch all of the clock out-
puts to a low state and this
can be done by fitting switch
S1. Should this option not be
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clock and perhaps one of the
best reasons for using the
Curtis chip. The triangle
waveform is the one that we
are concerned with and is
taken from pin 10 and
buffered by a BC212L tran-
sistor. It is important to use
theright polarity of transistor
otherwise the Curtis chip will
become as hot as one of its
deep-fried brethren and not
be much use afterwards!
The square-wave isderived
from the triangle by using
IC2, which is a CA3140 op-
amp, as a comparator. The
common connection of R11
and pin 7 of IC2 is taken to
positive 5 volts for a 5 volt
gate or positive 15 volis fora
15 volt gate. However, since
we are concerned with TT
levels the positive 5 volts is
used in this application.
IC4024 is a CMOS divider
chip and the outputs of this
are buffered by a Hex buffer
IC5, a 4050 type. The out-
puts of this can each drive
two TTL loads which is quite
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cermets. TP1 is to set the
octaves per volts relation-

“ship, ie. it is adjusted until a

one volt control voltage
applied via R3 increases the
frequency output by a factor
of 2. TP3is provided to adjust
the high-frequency range. in
this particular application
this degree of accuracy isnot
required and it is quite per-
missabie to replace each of
these trimmers by acouple of
resistors of the value of equal
to half the preset resistance.
On-board 5volt supply forIC2
4 and 5 is derived by IC3 at
78L05.

Construction

This is quite straightfor-
ward. The usual CMOS
handling procedures should
be adopted for IC2, 4 and 5
and since IC1 is not a cheap
component, observe hand-
ling precautions for this as
well. Power supply can be
connected to the board via a
Digisound standard ‘ChilV’

TP2

\\Wper P& 'Fine’
Pre-set CV input

Wiper P5 ‘Coarse’

required, a link is fitted
between points XandY on the
PCB.Theoutputs of the clock
are all TTL pluse levels with
50% duty cycles. This may
not be suitable for some
applications and indeed was
not found to be suitable for

the Powertran sequencers.
For use with the Power-
tran sequencer it was found
thatthe small circuit labelled
Network 1 on the circuit dia-
gram was necessary. There-
by the clock outputs were
connected to a 10nF capac-
itor and a 47K resistor was
connected across the output
of thistoearth potential. This
gives a short spike pulse
which triggers the Powertran
unit satisfactorily. It was
found that, despite what was
said in the instructions, the
Amdek RMK100 triggered
quite satisfactorily from the
unmodified clock outputs.
However, this only occurs
with my unit: | wouldn’t like
to take the consequences
should any damage occur {0

anyone else’s rhythm unit!
In other applications
which require short pulses of
precise duration, it would be
possible to derive such a
pulse from the use of Net-
work 1 coupled with a 4047
CMOS monostable chip. One
further modification that
comes to mind is the in-
clusion of another control
voltage input to allow a cer-
tain randomness to be intro-
ducedto the clock frequency,
allowing a more human feel
and less metronomic tempo.
E&MM

VC Clock Parts List
Resistors

1% metal film
R1 — 150k
R2 - 1M5
R3 - 100k
R4 - 24k
R5 — 470k
R7 — 1k8
R10 — 5k6
R18 — 1M

5% carbon film

R6, R17 — 470R

R8 — 1M5

R9 — 910R

R12, R13 — 100k
R11,14,15,16 — 47k

R19 — 10k
R20 — 22k
R21 — 1k
R22 — 220R
Capacitors

C1 — 680uF polyester

C2, C3 — 10uF polyester

C4 — 10uF polycarbonate
(must be low-leakage type)

C5 - 100uF polyester

C7 — 4u7 16v tantalum
C8, C9 — 22uF 25v electric

(mini)

Semiconductors

IC1 — CEM 3340

IC2 — CA 3140

IC3 — 78LO5

IC4 — CD 4024

IC5 — CD 4050

T1 — BC212L

T2 — BC 548

LED1 — TIL 209

(or equivalent)

Potentiometers

TP1, TP3 — 10k Cermet
Multiturn

TP2 — 1 Meg Cermet

Notes:

(1) TP1,TP3 = Octavel/Volt +
HF Track

These are fitted only if pre-
cise setting up of octaves/
volt law and HF track are
required. In normal use they
canbereplaced by 2 x4K7/2 x
470K resistors.

(2) R1, T2, R22, LED1 are a
option not shown on PCB.
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