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Designing a proper layout for the bus
board was i y. Urntlilke
computer circuits, aimost every conn
tion of the thrce printed circuit be
(VCO, etc.) reguires a line to the ‘out-
side world". Figure 1 shows the circuit
diagram of the bus board and its inputs.
Particular attention must be paid to the
VCO board, because the numbers shown
do not correspond to those indicated on
the printed circuit board. This irregu-
larity was brought into line after the
other beards were numbered.

Figure 1 shows the new numbers which
are printed on the bus board. In order
to cross-refer to the old (original) con-
nection numbers {on the VCO) table 1
should be used.

Let's look at the connections of the bus
board from top to bottom to see exactly
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this bus will save you a tot of time . | .

Constructors who intend to make
a complete polyphonic synthesiser
with the polyphonic keyboard by
using the printed circuit boards
described in previous articles wifi
be confronted with a complex
problem: wiring up the
connections betwean up to

30 printed circuit boards! This
will tax the patience of even the
expert. For this reason a bus
board has been designed to
contain three analogue moduies
(VCO, DUAL-ADSR, VCA-VCF)
at a time, helping to keep the
amount of wiring to the bare
necessities and avoid any errors.
Also included in ihe article are a
few suggestions for the
construction of the complete
synthesiser.
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nections are numbered with even num-
bers (connector pin multipiied by 2),
beginning from the top.

The circuit at the left side of figure 2
only has to be constructed once. All the
other bhus boards can be connected
together by means of 27 wire links.
Each channel receives specific infor-
mation via connections 28 . .. 32. These
are the control voltages and correspond-
ing gatc pulses supplied by the poly-
phonic keyboard.

Connection 0

The tunreshiit board connected to the
input unit makes it possible to change
the pitch of the polyphonic synthesiser
one semitone at a time, in either direc-
tion.

An infirite variation of the VCO fre-
quency to simulate other instruments
cannot he rcalised by the fwocesser, due
1o the cigitalication of the KQV. For
this task an adjustable DT volags must
be fed ¢ the VCQOs of alt charnels

{pitch control). A 1 k&) potentiometer,
which is connected to the positive
supply voltage via a series resistor, serves
to shift all VCOs simuitancously by
approximately one ful! tong

A simple solution for mounting the
zener dicde, capacitor and series resistor
is to solder them directly to the tags of
the potentiometer. It is advisable to
cover them with a ‘1ube’ of insulation
slecving to prevent the possibility of
‘'shorts’.

Changes to the VCO board

The ‘pitch’ voltage mentionad earlier is
fed to input 36 (new number: 14) of the
VCO board via bus line 0. (This input is
indicated as number 44 in the circuit
diagram.) Those constructors who do
not wish to make use of the switciing
facility beotween perallel and
oonoration of the VO2s st fit 4
jinks to the socket of 127 (1, 7/3
G/10, 11). In this caze the track heiveon
pin 9 of 1C7 andt PH wiil have 1o b2

cen-rale
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the ‘poly-bus’

broken and pin 9 reconnected to the
track that leads to pin 15 of IC1. Pins 8,
9 and 10, 11 must be inteiconnected,
irrespective of whether paralizl or separ-
ate operation is preferred.

Before coming to the switching facilities
of the KOV it is advisable to mount
wire links in order to short out all the

needed between pins 3 and 9 for the
following reasons:

In the monophonic synthesiser the volt-
ages at the tune potentiometer and the
range stage switch reach the VCO con-
trol input via the KOV switch. Without
these voltages the VCQ frequency vould
be below 1 Hz at a control voltage of

switches in IC7. A wire link is also OV (from the D/A converter of the key-
1
13 //
It
R30 ks
;
1 H
I—EZ‘I i }
coM :
R2¢ 3340 / i
g i i
FiR st P L
/’ cu ;
wire link //” o0 f'
/ 5
° /
// *see text

82110 -3

Figure 3. A wire link must be inserted and several components replaced in crder to allow the
pulse width of the squarewave VCQO signal to be varied. Remove C11, R29 and R30 and insert
a wire link as shown here. The value of R31 becomes 33 k2.

board). However, as some readers may
know, a suitable tone for musical pur-
poses is only produced at a control volt-
age of approxirnately & V. Therefore a
voltage of 5V must be fed to range
input 13 via a wire link to point13
{output of A1). in this case, IC6 will
not be used. But, pins 2 and 3 of this IC
must be linked together.

Calibration of the VCOs
After all wire links required have been
inserted we can start with the calibration
procedure. The following measures wilt
simplify the procedure considerably:
@ Remove P1! The VCO of a poly-
phonic synthesiser must be extremely
stable. Despite the fact that P1 is a
potentiometer the voltage range covered
by one turn is too wide and therefore
not stable enough for polyphonic pur-
poses. So, out it goes!
@ Presets PS5 and P6 are replaced by a
low tolerance precision resistor
(metal film), because the polyphonic
keyboard supplies exactly 1V per
octave. The critical adjustments of P5
and P6 during calibration are therefore
dispensed with,
® Now P9 must be set so that an
increase in control voltage (1 V) will
double the frequency of the VCO.
& Despite the identical controlveltages,
not all of the VCOs will oscillate et
the same frequency, due to component
tolerances. As a result, some compen-
sation for variations in the control volt-
ages supplied to each VCO is required.
This can be as much as 300 mV and a
D/A converter circuit has been designed
for this purpose. Due to lack of space in
this issue this circuit will be described at
a later date.
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Figure 5. The gate pulu2s must be routed to perform the triggering, as shown here. This circuit must be constructed on a piece of Veroboard since
there are no switches present on the analogue boards to taize care of this task. The well known 4056 ICs ere used as switches for this purpose.
The ‘tracking’ inputs of all bus boards (conncetion 31) can also be simultaneous!ly controlled by means of CMOS switches. The wiring of the ICs
should not cause any problems. The positive supply voltage of the CMOS switches and the gate must be cannected to pin 14 of each IC and pin 7

must be connected to ground.

Connections 1,2,3,8, 11, 12and 13

A logic level at ‘preset 1" (+16 V or O V)
determines whether the waveform of
the VCO can be sct by the front panel
switch (S1) or by information stored in
the preset memory. Without the preset
facility, the input indicated as ‘preset 1’
must be connected to +15 V. This volit-
age is fed to inputs 1, 2 and 3 by S1.

A glance at the VCO circuit diagram
(Elektor, Decemiber 1981 issue) shows
that these inputs are connected to the
control inputs of the waveform gener-
ator switch 1C8. Pin 9 of the bus board
leads to the inputs of N4. It shouid be
noted that gate N4 is incorrectly drawn
in figure 1 (December) as a NAND when
itis in fact a NOR gate (4001). A 4011
can be used without difficulty beeause
N1, N2 and N4 function purely as
nverters, N3 is not needed. The logic
1" at N4 switches off IC9 so that
information coming from the preset
memory (pins 2, 4, 8, 9) will not affect
the circuit. Connections 11...13 of
the bus board, which lead to pins 2, 4
“nd 8 of 1C9, do not have to be connec-
ted yet!

"iure 4 published in Elcktor December
1981 cluarly indicates that three ad-
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ditional wire links are required. The
three soldering points next to IC8, nos
36, 38 and 40, must be connected to
the three soldering points in the top
right-hand corner. Although it is not the
ideal approach, it certainly is much
cheaper than a double-sided board. Ali
other connections shown in this figure
are irrelevant.

Input: preset 2

The VCO board contains an electronic
switch for selecting two different con-
trol voltages: KOV 1 and KOV 2. The
logic level at input 4 of the bus bhoard
determines which of the two voltages
controls the VCO frequency (KOV 1 via
connection 28 and KOV 2 via 29).

The KOV must be fed to connection 28,
if input 4 is not connected.

Inputs 5 ana 10: LFO

An LFO signal et input 5 modulates the
frequency of all the VCOs. tnput 10 is
connected to ali the VCFs: an LFO
signal changes the cutoff trequency of
all the filiers.

Input 8: Noise
A noise signai connected to this innut is

g T = 0 ) ST T, P TP TN T SN T TR A Y e e e e

filtered by each of the VCFs, thus
producing chords.

Connection 31: Trackiny filter

This connection must be fed to the
KOV of the corresponding channel,
during the tracking mode, using a sing'e-
pole switch. With several channels &
central switching system using CMOS
ICs is recommended. Cne possibility
is shown in figure 5. This procedure is
also followed when connecting the
VCOs in parallel.

Connection 32: VCO I/

We are dealing with the well known and
often described heat effect that ncours
when at least 2 VCOs oscillate at
(almost) the same frequency. in the
polyphonic synthesiser this effect can
only be produced with 2 VCOs o more
per signal. Due to the fact that the bus
board can only contzin ore VCQ gt 5
time, a solution was sought. As a inetter
of fact, twe alternatives were found:

The cconomical version Itis pos
connect the second haii or ail ¢
to the control voltroes of (e iirs.
thanks o the input ‘preset KOV’
number of keys that can then bo de-
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Figure 6. A suggestion for constructing the cabinet for the Polyformant is illustrated here. Readers may wish to base their design on other
equipment already in their possession. The cabinet must be fairly strong as it may well be asked to take quite a fcw knocks in use.,

pressed simultaneously is reduced by

50% (figure 4).

The expensive version: Each channel

receives an additional VCO which is not

mounted on the bus board and its signal
utput must be attached to bus connec-

tion 32,

Connection 27: audio signal output
Thanks to the resistors Rt (100 k§2) on
the bus boards it is possible to connect

1e audio signal output directly to the
inverting input of the opamp mixing
stage.

The remaining connections

All other bus connections must be
linked to the 12 potentiometers on the
front panel as indicated in figure 2.
Their functions were already described
in previous articles.

Further changes to the analogue boards
The external connection for the pulse
width modulation (PWM) of the VCO is
now via pin 22 on the connector of the
VCO board (with the modifications as
shown in figure 3).

VCF/VC4 board

The signal inputs for the VCOs lead
from the multiway connector (points 2

and 4) to the opposite side of the board
(connections 1 and 3). As both poten-
tiometers meant for the volume control
may be left out, wire links must be
soldered between 1/7 and 3/9.

Wire links in the CMOS IC sockets

1. VCO: see the changes in the previous
sections.

2. VCA-VCF: Except for the two
CMOS switches, all ICs must be

mounted in their proper places. This

calls for some minor changes to the wire

links that already exist in the sockets:

® !C3 socket: 1-2 and 10-11 instead of
89, 3-4.

@ |C4 socket: 1-2 instead of 3-4.

3. ADSR: 3-4 and 10-11 for all CMOS
IC sockets.

Gate triggering

The small circuit shown in figure 5 is for
gate triggering and can be constructed
on a piece of Veroboard. This circuit
allows a choice to be mede between a
fixed VCF frequency (tracking) and a
VCF frequency controlled by the KOV.

General calibration

We cannot give an absolutely definite
pitch indication, as this is, as rnentioned
earlier, a atter of taste. Constructors

who wish to tune their instrument
according to the official standards can
find precise frequency indications in the
corresponding technical literature.

Frequency drift

What with ten VCOs working indepen-
dently, some readers may wonder what
the frequency stability is like. As every
pianist knows, the slightest shift in pitch
will make his/her instrument sound
awful. Unfortunately the samc is true
of all other polyphonic instruments.
According to manufacturers, such prob-
lems cannot arise where VCOs are con-
cerned. To be on the safe side, Elektor’s
designers tested them and came to the
same conclusion. Nevertheless, the in-
strument must still be protected against
large temperature fluctuations and a
stable voltage supply helps avoid prob-
lems of this kind.

The power supply

Due to the large number of printed cir-
cuit boards the power supply must be
able to deliver quite a lot of curtent.
Ttamember that each analogue channci
reauires a current of aprroimately
190 mA {positive and negative supply).
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Figure 7. The track patiern and component overlay of the bus board.
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Table 2

Alf changes of the VCO board when used for

the polyphonic synthesiser.

Additional wire links and changes

1. Socket IC7: 3,4/10,11/1,2/8,9
(1f no KOV switching is desired)

2. Socket I1C6: 2,3

3. Connect soldering point 36 (next to IC8)
to pin 2 of the multiway connector
{new indication)
Connect soldering point 38 to pin 4
Connect soldering point 40 to pin 6

4. Link connection 13 to connection 15

5. Remove C11, R29 and R30, Mount & wire
link as shown in figure 3. Replace R31 by
a resistor having a value of 33 k.

6. Remove P1!

7. Replace P5 and P6 by a metal film
precision 100 k resistor!

8. With KOV switching
Socket IC7: Wire links between 8, 9 and
10, 11.
Interrupt copper track from pin 9 to P5!
Make a wire link from pin 9 to pin 2.
Mount IC7!

Parts list

Resistor:
R31 see text

Miscellaneous:
three 21 pin multiway connectors
six card supports

for the printed circuit boards

These components are only sufficient
for one complete bus board.

Practical hints for construction
and wiring

The interconnection wiring of the poly-
phonic synthesiser has been reduced
considerably by the use of the bus
boards. Obviously, due to the large
number of switches and potentiometers
on the front panel, it has not been
possible to eliminate all the connection
wires completely.

We strongly recommend the use of card
supports on the bus boards. They go a

long way in helping avoid damage to the
boards and connectors when fitting and
removing cards and they are not that
expensive.

The construction of a strong wooden
housing is not too difficult. However,
please remember that a wooden cabinet
is bound to make the synthesiser rather
heavy to carry around. It will also need
a fairly substantial stand. One possible
design for a suitable case is illustrated
in figure 6. But readers are welcome to
use their own ideas.

The bus boards can best be mounted
with aluminium brackets, which in turn
can be attached to the keyboard as-
sembly.

Hints for calibrating the analogue
boards

It is rather difficult to reach the presets
during calibration once the boards have
been inserted into the bus boards. tt is
therefore advisable to use an extension
cable consisting of a 21-way ribbon
cable together with a plug and socket.
This will enable the board to be cali-
brated with ease.

This is not the end of the story.
A further article will be appcaring,
covering the output unit, in the next
issue of Elektor — if all goes well! ]




