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A single VCO on a synth is, to be honest, pretty boring.
Generate rich multiple oscillator sounds by hooking it up to one
of cur multiplier boards. Design by David Ward-Hunt.

M oy syninessers, both mono
P ‘ anic. utilise two
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chorusing sound. Crorus or phasing
=™ sent of a sirgte VCO can go
SUree WY tOWarGs ivening up the
sound, but these tend to suiter from
a rathor repetitive saeep and on
Some units a consiterabie amount
of background noise during periods
of silence — not to mention aliasing
when used with high frequency
righ harmonic content waveforms
which any decent svathesiser is
capakbiz o1 produci
The beauty of using two or
more stichtly detuned oscillators is
tnat n aaditon to producing a full
chorusirg sound. the problems of .
background noise and bandwidth
are eliminated. However, multiple
VCOs don’t come cheap! An
aiternative method of achieving a
‘restiote oscillator sound’ s to
_ crate additional waveforms from
the existing VCO output. If each of
thene ‘new’ waverorms 1§ out of
ph with the orig.nar and with
each other, then a funer <ound will
neheard. Howaver, the richness of
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ratier than Mhase Cirerence.
Therciore it '« necessary not only to
have additiona!l out-or-phase
waveforms but their phase
differences snould be continually
moving with respect to each other
and the original.

A Passing Phase

The ci-cuit described here does
it that, bwil accept sawtooth,
i of sine wave inputs, though
atter two the output will
o ate resemblance to the
omnnal waveiorm due to the circuit
action. however. they are still useful
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The picture shows how the prototype was mounted in a Teko Alba A23 case, but
this is not essential and most people will build the boards into their synth.

sounds to experiment with. The
circuit has been used successfully to
treat the VCO sawtooth outputs
from a number of synthesisers
including the Transcendent,
Digisound ‘80 and PE Minisonic; it
has also been used with a Korg
Sigma and Roland SHO2 (see the
interfacing notes below). The one
disadvantage of the circuit (there
has to be ane, doesnt there?) is that
L arposes, ceasiructors
wiil need access to a scope or a
second VCO with which to adjust
the circuit to produce the correct
waverorms.

T i

Using The Multiplier

The multiplier board is fed with
the output from your existing VCO.
With a sawtooth waveform fed to
the circuit, the output is a series of
six sawtooth waveforms each
individuaily phase modulated and
mixed with the original sawtooth
from the VCO. One multiplier PCB
(generating six ‘new’ waveforms) is
used with each VCO. If you do
have two or more VCOs each
feeding a separate multiplier board
the effect is outstanding, especially
when the VCOs are tuned to form a

chord. The output from the
multiplier(s) is then fed back to the
synthesiser and treated by the VCF
and VCA in the normal way.

Construction

The project consists of two
PCBs. The first holds the modulation
oscillators for phase modulating the
multiplier: the second PCB holds
the multipliers and associated
lrewar . The rocsor o0 30w L
project into two PCBs 15 that one
modulation PCB is sufficient to drive
up to four multiplier PCBs. {In fact
there is no reason why it wouldn’t
drive more; however, we believe
that if you intend to use more than
four multiplier boards. the small
additional expense of another
modulator is well worth it for
adding an even richer sound.)

All the components are
mounted on the two PCBs with the
exception of two diodes which are
mounted on a switch (thereby
saving two wires from the PCB to
the switch). The only external
connections required are the VCOD
input and the output from the unit
plus the power supply connections
(see below) which ideally should
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Fig. 1 Block diagram o7 the ET!
Waveform Multiplier. Should you
require an even richer sound, there’s
no reason why more than six
muitipliers shouldn’t be used.

MODULAT ON L’—"‘/’k !
VOLTAGE v A 302 :

Loy atial e |

PHALE SHIFY

a, IC26 OLTP

hTH
PR12 Y

ADIISTED

| !
i '

HC TPYT v i
I ! : s
ADJUSTAG AT OF . K]
PHI12 ! T . ; :
INGTE JumPs vay i ' VARIABLE
: ! | AMPLITUDE

fig. 2 The waveforms associated with
various sections of the circuit. This
indicates the operation of the unit and
will also guide those people who are
setting up the vnit with an
cscilloscope.
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come from the same power supply
as the VCO being input to the unit,

Interwiring between the PCBs
should be clear from the diagram,
as should the wiring up of the
switch with its associated zener
diodes. The switch is a DPDT with
centre off and it is essential (for
setting-up purposes if nothing else)
to have this ‘off’ position (see
Buylines).

A ncte is in order here about
the component numbering. In order
to make the numbering clearer and
logically the same for each of the
six multipliers on the PCB, each
resistor or preset is designated by a
two-figure number. The first figure
indicates which of the six multipliers
it 15 associated with, and the second
is the ‘relative number’ of the
componeat Fer exanple, R s
R on the tirst muitiplier, R21 s
‘R1” on the second multiplier, R35 is
‘R5" on the third multiplier and so
on.

With regard to the modulation
PC8, though all the capacitors are
ot the same value, take care not to
mix up the resistors associated with
the two oscillators, as each
oscillator should have ali three of its
resistors the same value. If not, the
modulation output waveform will
take on a pulse form at the output
associated with the first op-amp in
each oscillator.
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TO R42

PARTS LIST

| MODULATION BOARD '
Resistors (all W, 5%) !

R1-3 M8
| R4-6 2M2
1 Capacitors
1C1-8 100n polyester
: Semiconductors
IC1 IM324
112 LM1458
12D1,2 6V2 100 mW zener
| Miscellaneous
| sw1 DPDT with centre off (see
I Buylines)
| PCB (see Buylines)

{MULTIPLIER BOARD
i Resistors (all {W, 5%)

R1-3,

11,12,13,14, i
15,16,21,22, |
etc to 66 100k (39 in total) i
i R4 18k

Potentiometers

PR11-61 100k miniature horizontal +

preset (six in total)
PR12-62 220k miniature horizontal
preset (six in total)

Capacitors

1,2 47u 16 V PCB electrolytic
C3-6 100n polyester
Semiconductors
1Y LM1458
11024 1mM324 i
iD1-6 IN4148 !
Miscellaneous

PCB (see Buylines); case to suit (Teko
i Alba A23); sockets to suit.
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Fig. 3 Compiete circuit diagram of the Waveform Multiplier.




3 view inside the prototy pe showing how it is configured to provide four
sdeperdent channcls driven by orne modulator board. Miniature jack sockets are
voed fur i put ard varput (see also the lead photograph).

without 3 scope Wi De using vour
ears rather than vour eyes, so make
sure you have scme means of
iistening handy. Either an amplifier
and speakers, or headphones of
reasonabie quaiity wili do, but
remember we are listening to a
‘raw’ sigral so don't stick it straight
into your tavousite hi-fi amp!

The first step is to power up the
circuit and applv a VCO sawtooth
veaverform running at abeut 500 Hz
(for 2ase of listening — <o with a
scope 1t doesn’t matter). Ensure that
th2 moduiation swiich is in the off
nositicn. Attach a lead to the cutput
of IC1b {junction of pin 7 and R2).
Tris should pe outputting the VCO
sawtooth {inverted). Next move the
scene probe or audio lead to the
junction of D1 anc PRi2 marked A
or: he component overlay,, This is
the compartar output from which
we eeant oot oo enronimile
ooy eat U g s DU s
Pt s vaiited vou should hear a
58, e s wita the pulse
vii Z ooty turn the

PRI for an

preset. AgiL
approximaie 307 dutv evdle. (For

those untamiliar with this sound,
adjust PR11 for the ‘loudest’ sound.
When the duty cycle is less than
about 30% or more than about 70%
a ‘thin’ spiky sound predominates,
so set PR11 midway between these
two — an accurate 50% is not
important.) Repeat this step on each
of the five other multipliers.

With the comparators now set
up, we need to adjust the presets
on the comparator outputs so as to
give a smooth sawtooth waveform.
PR12 is the preset associated with
this adjustment. Attach your lead to
the output of 1C2b (junction of pin 1
and R15 — point B8 on the overE\y).
Until PR12 is correctly adjusted the
sawtooth will contain a jump in it as
shown in the waveform diagram.
Using a scope. all you need to do is
turn PR12 until this jump is
smoothed out. Without a scope you
wili soed twe VCOs ie order to
QOO s ustinent,

First, slow down the VCO
which is connected to the circuit, to
its lowest setting (somewhere
arcund one cycle per second is
fine}. Now attach a lead from the
aforementioned junction of pin 1
and R15 (point B) and run it to the
FM input of your second VCO. If
you now listen to the output of this
second VCO it will be frequency-
moduiated by the sawtooth wave
that we need to smooth out. So all
you need to do now is turn PR12
until this second VCO gives a
smooth upward frequency sweep
fctiowed by a sudden return to the
starting frequency. This may sound
ditticult to perform but in fact it is
surprising how easily the ear can
detect any jumps in the modulating

waveform. However, if you are
unsure of what a VCO sounds like
when it is being frequency-
modulated by a slow running
sawtooth, listen to this effect on its

_own before trying to set up PR12.

Again this adjustment is carried out
on each of the six multipliers.

With all the multipliers now set
up, speed up the VCO connected to
the circuit, attach a lead to the
output and you should see/hear a
multiple sawtooth waveform. Now
switch the modulators on (either
setting of SW1) and you should hear
a ‘phasing’ sound as the modulation
builds up. Finally, check that the
two ‘on’ positions of SW1 give
different depths of modulation.

i.. when the moduiation swich
is set to ‘full” you find you can hear
a distinct pause or break in one of
the new waveforms, this indicates
an incorrect setting of the preset
associated with the comparator. To
determine which one needs a finer
adjustment, check each of the six
multipliers by attaching an audio
lead or probe to point B and adjust
PR11, 21, 31 etc as appropriate, so
that even with full modulation
depth the comparator (and thus the
sawtooth) remain within the range
of one full cycle of the original
sawtooth.

Interfacing Notes

The original circuit was
developed for a Digisound 80
modular synthesiser; this has +15V
supplies and a positive-going 0-10V
VCO output. However, the circuit is
fairly tolerant of a wide range of
conditions and can be adapted to
almost any synth with possibly some
small additional components. The
most likely problem concerns the
ratio of the VCO output amplitude
when compared with the vl
suppiy rails. The mainum anu
maximum supply voltages to the
circuit described are +5V to
+16 V. Bearing in mind these two
limits, the waveform to be treated
shoutd be equal to or greater than
one-third the sum of the voltage
rails.

If the input waveform does not
meet these requirements the
obvious course is to add an op-amp
to the front end of the circuit o
bring the waveform up to the
required level. For instance, with
the PE Minisonic, which is pretty
much a worst case, the power
supply is +9V, the VCO output is
1V peak-to-peak. In this case a
simple x6 amplifier would do, but
50 as to allow plenty of headroom a
x 8 amplifier was made up. ETI



Fig. 4 Component overlavs for the modulator board (top) and the multiplier board
(bottom?, and the interwiring required. Several multiplier boards may be driven

HOW IT WORKS

from one modulator hoard.
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The modulation osdiflators are based on
! astandard three phase osdiliator; two of
these are used. Each of the three
| oantegrators  in the loop outputs a
. waveform that is onethird of a cycle
Loesind the others, The speed of the two
oscifiators is set at about 0.6Hz and
0.4 s respectivels. This modulation
wos ond ta cobe the best
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s i tact, o trapezoid
ard tmight Ge thought
wonid be required to

aoduce 2 woaveiony mmore akin 1o a wine
| wes nis was tries i the development

staze, bar in practice the trapezoid
} wavetform gave a boticr randomness to
i

the over ) outnut, whereas with a sine
wave modulation a2 more definite sweep
could he detected on long sustained
notes.
i Riferring now 1o the multiplier cir-
[ wuit, the outpul trom the synthesiser
VCO s taken to 1CTa configured as an
insverter-buifer: the VCO waveform also
st one input of the comparator
3. The other ingut o1 the comparator
d w.ih a voltage set up on PRI
wgether with the modulation voltage via

R12. With a positive-going sawtooth, the

oint at which the comparator goes high
is determined hy the sum of the fixed
voitage from PR11 and the modulating
voltage via RI12. As shown in the
waveiorm  diagram,  with a  rising
modulation volitage the width of the
pulse at the comparator’s output in-
crecses. However, the comparator will,
At oo claavs t oo at the seme mo-
v awtooth, Yhus the
comparator’s reset s synchronised with
the original  <awtooth, whereas its
positive-going excursion can be voltage-
controlled to any point within one cycle
of the input wareform.

The cutput of the comparator is rec-
tified bv D1 and summed with the in-
verted sawtooth from I1C1a via R11.
These voltages (actually currents) result
in a new sawtooth whose reset point is
determined by the positive-going edge of
the comparator. Thus, as shown in the
waveform diagram, this new sawtooth is
phase-shiited from the original and the
amount of phase shitt is dependent on
the comparator pulse width. The output
of the summing amplifier 1C2b is taken
via R15 and mixed with the other
multiplicr outputs plus the original
sawtooth (via R3), where IC1b acts as
the mixing amplifier.
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Setting Up

As stated earlier in the article,
setting up requires access to an
oscilloscope; you should have two
VCOs and some method of listering
to their output, but hopefully these
requirements will not be a problem
for most constructors.

Once all the components have
been astalien. cosuic a0t LG
diodes and the twc polarizse
capacitors are correctly orientated.
All the ICs should be facing the
same way and the diodes mounted
on the PCB should have their band
pointing towards pin 1/pin 14 of the
1Cs. Turn all the presets to their
mid-position.

The setting up procedure is
reasonably straightforward, though
repetitive, since each of the six
multipliers has two presets which
need to be adjusted; however, your
efforts will be rewarded!
Constructors with access to a scope
will find it easier to use the scope to
see the various waveforms
mentioned in the text. Those of you







