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power supply and the power transistors
should be mounted on generous heat-:
sinks, for example finned heatsinks of:
100 mm x 50 mm with 30 mm high fins..

The AC supplies to the stabilisers may -
be provided by a single transformer with
maultiple  secondary . “windings’ - (if-
available) or. by a number of: smaller
transformers. In either case the trans-
former(s) should be generously rated,

the one amp secondary current spec1fled -
being the minimum acceptable.. B
Power supply connectionsto the voltage-
controlied modules will be taken from
the power supply by separate wires to

each module. ‘For this -reason each’
power supply’ 1ail is equipped with a
substantial connection ‘busbar’. These .
are made from copper strip- or pieces of

copper laminate board, and are soldered " |

to terminal pins pushed- through the.
p.c. ~ board.  This arrangement can-
clearly be seen in photo 4. o
Once’ the power supply unit has been
‘built the output voltages can be set to-
their correct values. The 215 V supply
‘should be’adjusted to within 1% of its
nominal value using a DVM, since the
accuracy “of this supply voltage has a
direct. bearing . on the" voltsjoctave’
characteristic of the keyboard. The
+15V and +3 V supplies need only be
sel” to within. 3% of thelr : nommal
values.

Keyboard callbratlon

Once the synthes1ser 5. own power
suppiy has been' tested and adJusted the

Flgure 13 A suggested Iayout for é “basic” -

synthesnser

Flgure 14 The dlmenstons of the Formant
modules are mmpatlble wnh the Eurocard

rack svstem

offset compensatxon and volts per. octave )

. characteristic ‘of the keyboard can b
adjusted. The keyboard interface, inte

face receiver "and power’ supply
connected as shown in f1gure 10..

; foset compensatnan A
: .__The overall tunmg is smtched off (S
“off*: i.e. position:b). Depress the lowe
| key:: of the keyboard and hold it dow
“; while” adjusting:P4-s0 that the KO
' .'output of the interface receiver is zero.
e Voltsloctave characternstlc
: .ThlS.S_hO_uld— be adjusted to an accura

rack will accommodate six large and six
| Formant modules. It can be useful to
‘& 2U or 3U bottom panel (using a larger
behind which ampllflers atc. can be

:least 1% using a DVM. The overall
g remains switched off. The KOV
nt is measured and P6 is adjusted
at alternately depressing keys one
/e apart causes the KOV output
hange by exactly one volt. The
ant keyboard is now compatible
ny synthesiser that uses a stan-
1 V/octave keyboard.

Jy, the offset compensation should
be checked and readjusted if

1'4.a
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lay

te adjustment of the gate delay
" possible until the voltage con-
-modules have been constracted,
1 approximate. adjustment. will
ce until that time. P7 on the inter-
card should be set to about one
v of its maximum resistance, and
the receiver boa.td should be set

bg:cause it _allowed_ the great_est

cket in' the module housing .that

Interconnections - between

;tdvantage of this system is that

omplex as is required. Provided

gsible to build a playable instrument
b just a small number of modules,
to extend it as and when desired.
also means that every instrument
I be tailored to the individual con-
ifilctor’s taste and is not fixed within

nura 15. A case containing one 6U and one

ular method of construction was

iplies power, control voltage and gate .

synthesiser tan be made as simple or |

15 W

3U
6U
2..3U
6x 71.1=426.6 §722.15
483

rigid limits set by the designer. How-
ever, for those who require a little more
guidance asto the right ‘mix’ of modules
that should be adopted, a suggestion for
a ‘middie-of-the-road’ instrument is
given in figure 13. This utilises three
VCOs, one 12 dB VCF, one 24 dB VCF,
one RFM, one DPUAL VCA, two ADSR
envelope shapers, one LFO module, one

NOISE. module and one COM. Some |-

readers may regard the extra (24 dB)
VCF and RFM as slight luxuries, and
indeed for the beginner or someone
with a slightly limited budget, these

modules could be inifially omitted.’

However they do considerably enhance

the tone-shaping capabilities of the

Formant, and for this§ reason can
justifiably be included in the ‘basic’
Formant system,

The module printed circuit boards and
front panels are compatible with the
Eurocard rack system. Two module
heights are employed in Formant. A
double-height (6U) module is used for
the voltage-controlied modules (VCQ’s,
VCA’s and VCF’) while a single-height
{3U) module is used for the ancillary
circuits (envelope, shapers, noise gener—

1 ator etc.).

The basic dimensions of the modules
are given in figure 14, The Eurocard
rack system operates on a card spacing
of 5.08 mm (0.2") or multiples thereof.
Each Formant module occupies a panel
width of approx. 71 mm, so the 426.7
of panel width available will accommo-
date six modules. A 6U rack and a 3U
rack stacked together will thus accom-
modate six large and six small modules,
as shown in figure 15. This corresponds
exactly to the no. of modules in the
‘basic’ Formant system.

Of course some readers, especially those
with previous experience of synthesisers,
may zlready have 2 firm idea of the
type of instrument they wish to build,
and may like to construct a purpose-

built case of wood or some other
material. This is quite permissible, as
the module housing does not require
screening.

chapter 4

voltage controlled
oscillator

The voltage controlled oscillators
{VCOs) are the heart of any :
synthesiser. The quality of the
VCOs ultimately determines the
performance of the synthesiser.
For this reason the next two
chapters are devoted to their
design and construction.

The two principal requirements of a
synthesiser VCO are stability and good
tracking. Stability means that if the
control voltage applied to the VCO
remains constant, then the frequency of
the VCO should also remain constant
and not drift. Tracking means that the
VCO must follow the prescribed
logarithmic 1 octavefV characteristic as
closely as possible. In particular, where
several VCOs are used they should a]l
have similar characteristics.
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These parameters are particular) 4 o
important in a chording instrument sud.

as the Formant, where a number g . "V 16t output

VCOs ‘are used simultanecusly. In'j - {reset pulse}

synthesiser using only one VCO slig} |

drift or deviation from the 1 octaveffi - upper threshold

characteristic might not be notice’” of ICT -

since the ear is not particularly good

judging absolute frequency, unless —d__ ';;"‘;Ef1t,h'95h°'d
|

person has ‘perfect pitch’. In an. L )
chording instrument however, evel’: | reepressttime
slight mistuning is immediately appare
due to the formation of beat notes.

7923-4

For example, if two or more VCOs a
tuned to the same piich any slig
mistuning is audible as beat notes havi
a frequency equal to the differen
between the two VCO frequencies.

Slight mistuning between VCQOs
frequently employed deliberately. If ¢
degree of mistuning is slight the be
frequencies are low and beat notes a
not audible, but a pleasing chorus °

D

=

summing
amplifier

Octave/V

_

/

o

exponential
converter

lingar current-
contrelled
osgillator

u
BE

S>hs A
-
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Figure 1. When two notes of almost the
frequency are plaved together, beat notes ) 480 540
formed which produce a pleasmg ‘chory
effect.

g effect is obtained, especially if
VCOs are used. This imparts a
more lively character to the sound
h contrasts with the sterile sound

Figure 2. Block diagram of the VCO, whi
comprises  an _input  summing ampli
exponential volfage-current converter, line
current controiled oscnllator and curve sh
circuits. :

fonic organs based on a divider
(see figure 1).
jer, if the VCO frequencies drift

Figure 3. The linear CCO is the heart of
VCO module, C2 charges linearly to the lo
threshold of IC1 before being discharged
T, thus producing a sawtooth outpi
waveform. ‘The output of the exponenti
converter, which determines the chargi
current and hence the CCO frequency
represented hy the current sourca symhbol,

“quickly become obtrusive and
sant, and ultimately a discord is
. A similar effect can be noted
the tracking of the VCOs is poor.
chord is set up at a particular pitch
he musical intervals in the chord
id be maintained when the chord is
osed to a different pitch, However,
tracking of the VCOs is poor this

Flgure4 Detali of the sawtooth wavefo
and the output of IC4 at the raset P
where Tlis turnad on.

Figure 5. The exponential relationship b
tween base-emitter voltage and collectf
current of a bipolar transistor is exploite
the exponential generator.

¢ test of the VCOs in a synthesiser
to tune them together so that no
‘notes are andible and check that
luning is maintained over a period
me and with changes in such par-
gters as supply voltage, temperature
‘The tuning between the VCOs
yuld also be maintained  when the
ol is transposed. .

¥ VCO which cannot meet these
oria is useless for a synthesiser, and
lig:design of a suitable synthesiser VCO
cessarily quite complex,

ed phase instruments such as

due to poor stability -the beat

ot be the case and a discord will

Block diagram

The VCO circuit used in the Formant
follows the form proposed first by
Robert Moog (figure 2). The VCO
input stage consists of a summing
amplifier into which a number of
control voltages may be fed. A poten-
tiometer on its output sets the
octaves/volt characteristic of the VCO.
The resulting control voltage is fed to an
exponential voltage-current converter,
the output current of which doubles for
every 1V rise in input voltage. The
output of this converter controls a
linear current-controlled .. oscillator,
which produces a sawtooth waveform.
Finally, a curve: shaper connected to
the sawtooth - output delivers four
further waveforms: spaced sawtooth,
squarewave, triangle and sinewave.

Oscillator section
The CCO is the heart of the VCO circuit,
as explained above.

The CCO section is shown in figure 3.

The output of the exponential voltage-
current converter that feeds this section

is represented by the current source

symbol at the bottom left of the
diagram. This current is of course varied
by the control voltage applied to the
exponential converter.

FETs ‘T2 and T3 are connected as
source followers; their high input
resistance ensures that no significant
current is robbed from the current
source, even at low currents, as this
would spoil the sawtooth linearity and
could . affect. . the current-frequency
linearity of the CCO. ICl is a Schmitt
trigger that senses when the sawtooth
voltage has reached a predetermined
level.

The circuit funciions as follows: assume .

that initially C2 is discharged. The
voltage at the gate of T2 will then be
nearly +5 V, and since T2 operates as
source-follower the voltage at the input
of IC1 will be above the positive trigger
threshold of this Schmitt trigger, so its
output is low and T1 is turned off. As
C2 charges from the current source the
gate voltage of T2 will fall as the voltage

across the capacitor increases. Since C2.

is being charged from a constant current
source, the voltage across it will increase
lmearly with time, in accordance with

the equation

= Ii
20y
When the voltage at the input of IC1 has

Uc

-fallen below its negative switching

threshold the output of IC1 will go high,
which will turn on T1 and discharge C2
until the input volitage of ICI has risen
above its positive threshold, when T1
will torn off and the whole cycle will
repeat. A detail of the IC1 output and
input waveforms during the discharge of
C2 is shown in figure 4.

FET T3 is simply an output buffer stage.
As mentioned earlier, the use of two
buffer stages in cascade ensures that any
load on the output cannot affect the

| linearity or frequency stability of the

CCO.

The setting of P9 affects the high-
frequency linearity of the CCO and is
used to set the VCO tracking at high
frequencies. :
Since N-channel FETs are used for the
source-follower buffers, the source

voltage is always slightly positive with:

respect to the gate voltage, so that even
when the gate of T2 is at zero volts
there is always a slight positive voltage:
on the source. If the source of T2 were
connected direct to the input of ICI it
would be possible that the source:
voltage of T2 (minimum, depending on
FET tolerances, typically 1 V} might

never fall below the negative threshold

of IC1 (typically 0.85V). For this
reason T2 is connected to the input of.
IC1 via a potential divider comprising
R18 and P10, the latter being adjusted
to ensure that the oscillator starts:
reliably.

The exponential converter

The exponential voltage-current
converter doubles the output current:
fed to the CCO, and hence the CCO
frequency, for every 1V increase in
control voltage. :
In common with most such circuits, the
exponential converter makes use of the
(exponential) collector . current versus
base-emitter voltage characteristic of a
bipolar transistor. Every {transistor
exhibits this exponential relationship,
but not all fransistors are suitable for
use in exponentiator circuits. The
reason is that collector leakage currént
can cause a deviation from the charac-
teristic at low collector currents, and
transistor base resistance can cause a,
deviation at high collector currents. :
Special transistors for such applications’
are available, but even these have their
limitations due to temperature depen-
dence of the collector current. At
around room temperature, collector
current doubles for a Vpe increase of-
around 17 mV, However, 2 tempera-

ture increase of around 10°C will also

double the collector current, so it is
apparent that, unless some form of
temperature compensation is employed,.
even small temperature changes will
cause noticeable variations in the pitch
of the VCO,

There are two methods of reducing the
influence of changes in (ambient)
temperature, both of which. are used in

“the Formant VCO. The first of these is’

to use a matched pair of transistors in-
the exponential converter, one of which’
is used for temperature compensation.
The second method is to keep the chip
temperature of the transistors constant.
By employing. both methods absolute
accuracy and stability of the exponen-
tial converter are-achieved. Temperature
stabilisation of the chip may sound like
a complicated business, but fortunately
a purpose-built IC is available, the
MAT26. It consists of two matched NPN
transistors and also contains a tempera-
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ture -control circuit that ma.mtams a
constant chip temperature

The circuit of the exponennal converter
is given in figure 6. IC4 is not strictly
part of the converter but is part of the
summing amplifier section. At the
operating temperature. of the 726 2 Vpe
increase of between 19 and 23 mV.is

required for each doub'ling of collector
current, so the 1 V/octave output of the
keyboard must be attenuated.

IC4 is connected as an inverting amplifier
with a gain of —0.0237. Since the KOV
input is always positive the output of
IC4 will always be negative, and will
give an output of —23.7 mV per volt

7_...

b 9723 7 @

Figure 6. Circuit of the exponential v:’:lta

ontrol voltage socket (ECV). Poten-

current converter, which is both temperati meters P1-and P2 give coarse and fine

stabilised and compensated. IC4 and T1

respectively parts of the input adder circy

amnd the CCO.

Figure 7. Complete circuit of the input add
This will sum input control voltages from t
keyboard or ECV socket, DC offset voltag
for chording, and AC input signals for f
guency modulation of the VCO.

Figures 8 and 9. The musical quality of
waveform depends on the harmonic conts
The harmonic structure of two well-kno!
waveforms is shown: sawtooth (figure 8) a
squarswave {figure 9}. In order to obtain 1l
widest range of sounds from the Forma
VCO, curve shaper circuits are provided thi
produce four waveforms in addition to t
basic sawtooth,

Figure 10. Block diagram of the curve shaps
An output adder allows the various waveforr
to be fed to the output either individualiy
in combination.

input. P7 allows the input voltage to th
exponential - converter to be varie
between —18.7 and —23.7 mV per vo
input, in order to compensate
tolerances in IC3, .

The  exponential converter pro
comprises IC2 and IC3. The noi
inverting input of IC2 iz grounde
through R14, so the inverting inpi
should also be at (virtuat) earth pot
tial. For this to be the case, a constay
curtent of 15 HA must. ﬂow ‘thro
R11, ie. the collector current of
must be constant at 15 gA. The voltagg
to-current  conversion, .can now
explained as follows. . -

If the input voltage KOV is mcreased
1 V. then the base voltage of Ty will
by. around 20 mV (depending on
setting of P7). Since the collec
carrent of T, . cannot decrease
output voltage of IC2 must fall in or
to reduce the emitter voltage of Ty
20mV, maintaining the same ba
emitter wvoltage and -thus the sa
collector current. As the base of T,
grounded this means thai the bas
emitter voltage of Ty, will fall by 20 m}
and the collector current of Ty wi
double, The collector of Tp is connec
to P9 in the CCO circuit, as shown
the top right hand corner of figure 6.

Summing ampllfier

The summmg amplifier, part of whlc
was shown in figure 6, is given in if
complete form in figure 7. Point KO
is . permanently connected to thi
! V/octave output of the keyboarg
interface receiver, but the input of th

between this point and an extern

Udjustment of a DC ‘offset voltage to
anspose the VCO pitch for setting up

fset control that, compensates for

lowest frequency - of the: vCO
yund 15 Hz).

requency modulation (FM) input is
vidéd, which can be fed with external
') signals to give vibrato effects etc.
modulation depth can be adjusted
3,-the maximum sensitivity being
ut 2 octaves/V w1th P3 turned fully
kwise. -

eviously mentioned, the sumiming
ifier actually has a gain much less
one, so that the output voltage of
5 reduced to —23.7mV per volt

g ensured that the ‘business end’
the VCO design is satisfactory, the
ign of the curve shaper section
vhich influences {he musical charac-
gtics of the VCO — may now be
dered, The main processing of the
esiser waveforms is done by means
oltage-controlied filters (VCFs)
remove certain frequencies from
monically rich waveform.

spectra of two well-known har-
cally rich waveforms are shown in
s 8 and 9 — the sawtooth, which
ins all the odd and even harmonics
e fundamental, and the squarewave,
h contains only the odd harmonics.
ver, this approach does have its
itions if only one waveform is
ded .at the V.CO output. Using as
xample .the two . waveforms just
ioned; no amount of filtering will
ate the even harmonics necessary
rn’-a squarewave into a sawtooth,
t would be very difficult to filter
all the even' harmonics from a
oth to make'a- squarewave. If is
obviously -uséful to have several
ent waveforms avaﬂable at the
‘output. :

ock diagram of the cuive shaper-is
nin figure 10. The sawtooth output
he VCO is fed to curve shaper
its, which produce respectively
d sawtooth, triangle, sine and
e waveforms. The pulse width of
quarewave. may  be modulated by
xternal control signal, as will be
yJained 1n the description of this part

h of the wavéforms available at the
O output has its own musical
racter, which is useful for particular
pplications. An unfiltered squarewave

rds etc. Preset P8 is also provided as

input offset voltage of IC4, and sets .

u
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converter. This clips the sawtooth wavefor,
passing only the peaks.

Figure 12. The triangle converter operates
rectified sawtooth to the inputs of a differs

tial amplifier. The resultant difference outpi
is a triangle waveform, ;

Figure 14. The PWM squarewave generato;
simply a voltage comparator whose o
switches at a certain point on the sawto
waveform. The trigger level can be vari
either by P5 or by an external input, t
pulse width' moduiating the squarewave
shown in figure 14b.

Figure 15. The output adder, which can

usad to combine the various outpyt wavefor
as desired,

A pure sine.waveform is,  of cour
completely -lacking in any harmo
content and scunds even smoother a
more bland than the triangle — so far
to be.completely without character.

A low harmonic distortion of the si
waveform is not. particularly importa
for musical applications, provided t
harmonic content is sufficiently 1o
that the sinewave sound contrasts wil
that of the triangie. The sinewawv
thus derived from the triangle by
extremely simple diode shaper circui

Figure 11. Circuit of the spaced sawtun.

foeding the positive and negative half-wal (5

Ing on the setting of P11, the negative

¢ output of IC5 to about —0.6 V.

llector waveform of T5 is (2 - (3),

FORMANT — 035

able offset provided by P11. Depen-

ltage at its slider causes a positive

et at the output of IC5 of between
o and about +14 V. '

hile the cutput of IC5 is positive D7 is
rs¢ biased and the op-amp ampiifies

out of IC5 remains positive, As the
oth voltage incteases, a point on
waveform will be reached where the
ut of IC5 falls below zero. D7 will
ime forward biaséd and will clamp

oint on the sawtooth waveform at
Heh' clamping occurs depends on the
ng of P11. With P11 adjusted to
an offset of zero the sawtooth will
pped at a very low level. On the
hand, with P11 set to give a large
t voltage the sawtooth amplitude
never be high enough to cause the
‘of IC5 to swing negative, and the
th will appear at the output of
pped. ‘ B
mplifies and .inverts the output
C5 with a gzin of about —4, and
s adjusted so that the amplitude is
me  as -that of the sawtooth
form, nominally 1.5 V p-p.

ngle converter

. 9723 14a

ave rectification is again employed
> triangle converter, figure 12. The

9723 1db ’

sawtooth (1} is' positive and

half-wave rectified by D3 and
nd ‘the positive and negative haif
are fed to the bases of T4 and T5
tively (2) and (3). Since T4 and
m a differential amplifier the

elsewhere. The reason is that they have
a limited slew rate, and this can result in
2 notch at the apex of the triangulatr
waveform where the crossover from
positive half-cycle to negative half-cycle
occurs. This introduces harmonics that
detract from the mellow sound of the
triangular waveform. The discrete
amplifier has a larger stew rate and is
largely free from this defect. C13 also
helps to filter out the spike, but it does

is a triangular waveform (4). IC8

inected as a voltage follower to
he output. S

seem a little sirdnge to use a

te' amplifier in this circuit when

ive use is made of IC op-amps

is not particularly ‘useful, since the odd
harmonics cavse: the sound. to be
extremely harsh, However, filtered
squarewaves are useful for the imitation
of flute tones, and certain woodwinds
such as clarinet.

The sawtooth waveform, which is rich
in all harmonics is spitable for the
imitation of brass, woodwind and many
string instruments, and has an extremely
bright and lively character.

The amplitudes of the sawtooth
harmaonics fall off at 6 dB per octave,
ie. the amplitude of the nth harmonic
is 1/n times the amplitude of the

fundamental. Where this fall is too
abrupt the spaced sawtooth waveform
can be used. This has an even brighter
character than the sawtooth and is
extremely wuseful for imitating very
brilliant instruments such as the violin
family and some of the higher pitched
brass instruments such as cornef and
trumpet.

The triangle and sine waveforms are
musically very similar. The triangle is
completely lacking in even harmonics,
and the odd harmonics are of low
amplitude. The sound of the triangle is
flutelike, very smooth and mellow.

‘—v: a )
9723 13

cause a -slight falloff of the triangle

| logarithmically by ‘a matched pair of

amplitude at high frequencies. The val_ué
of 1n for C13 is by no means manda”
tory, and other values may be substituted
to suit personal taste.

Sine converter

As mentioned - previously, the sine
converter does not produce an extremely
pure sinewave, but the circuit (fignre 13)
is simple and the output waveform. is
musically adequate. The triangle output
from IC8 is fed to the non-inverting
input of IC11 via P13 and R38. The
positive and negative excursions of the
triangle af the op-amp input aré limited

diodes D5 and D6 and the resulting
approximation to a sinewave is amplified
by IC11. C
P13, R38 and R39 form an attenuator;
The - setting of P13 determines' the
triangle amplitude that' would appear
across R39 were D5 and D6 omitted,
and hence the point on' the  triangle
waveform at which limiting occurs. For
example, with P13 set to ‘maximiim the
voltage appearing across R39 will be
very small, and D5 and D6 may conduct
only on the peaks and troughs ‘of the
triangle, 5o "the" output will ‘be too
‘peaky’. On the other hand, with P13

set to minimum the signal will be
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-clipped very early in the waveform.
Somewhere between these extremesis a
‘setting of P13 that will give the best
-approximation to a sinewave. This
setting can be found either by ear, or
visually using an oscilloscope, or using a
distortion meter to adjust for minimum
“distortion.

Pulse width modulator

This section of the curve shaper gener-
“ates a squarewave whose duty-cycle can
be preset to any desired value from 0 to
100%, or which can be modulated by an
external signal T6, T7 and T8
(figure 14) form a high speed voltage

comparator whose output will go high

-when the sawtooth input voltage exceeds
the base voltage of T7, and which will

‘go low on the traﬂmg edge of the:

sawtooth.
The base voltage of T7 is set by the

‘output voltage of summing amplifier

IC6, which can be fed both with a DC

voltage via P5 and with a signal from the

PWM input. As the.output voltage of
IC6 becomes more positive the
comparator will trigger later and later
along the sawtooth ramp, so the output
pulse will be narrower: This is illustrated

'in figure 14b, which shows the response -
to a low-frequency tnangular PWM

input signal.

Pi4 and P15 set the range of P3, 50 that
this control can be used {o preset the
duty-cycle over the range 0 to 100%.
The amplitude of the PWM input, and
hence  .the' ' modulation depth,’
:controiled by P4. IC9, which' is connec-

-ted as a voltage follower, lights LED D§-

‘whenever the comparator output is high.

‘This indicates that the VCQ is func--

tioning, and the LED  brightness. also
gives an indication of the. duty—cycle of
the squarewave output ‘

Output adder

The output adder C]IClllt (f1gure 15)
requires little expl_anatmn When any
switch is in the ‘b’ position then that
input. is open-circuit -and the .corre-
sponding input resistor of the.op-amp,
IC10, is grounded. When a switch is in
the ‘a’ position then the corresponding
waveform . is
amplifier, Two or more waveforms may
be summed by closing several switches
simultaneously, .which greatly extends
the range of output waveforms available.
The adder stage has two outputs::
external output signal (EOS), which is
routed to the socket on the VCO front
panel, and internal output: signai (IOS),
which is mtema.lly wired to the voltage—
contro]led filter. (VCF). :

Asa suggestlon for those expemnenters
who wish further to increase the flexi-
bility. of the VCO system switches 82
to S6.may be replaced by potentmmeters
to form a mixer circuit. in -which the
amplitude. of each input waveform fed
to the summing amphﬁer is mﬁmtely
varlable . - .

fed . to . the summing

Conclusion

The discussion of the VCO module has
now " reached the stage where the
description of all the circuit sections is
complete, and the musical value of the
various. output waveforms has been
given some consideration, The following
chapter will deal with the constructional
aspects of the VCO, including selection
of components, assembly of the module
p.c. board, testing and adjustment.
When this stage is reached the
synthesiser will at last start.to become a
playable instrument insofar as the VCO
will produce an output signal of the
correct pitch when a key is depressed,

-although .the full musical potential
~cannot be realised until the rest of the
- synthesiser is complete.
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chapter 5

construchon of

| tlle VCO

Havmg dealt wnth the theoretmal )
circuits used in the VCO, ‘this
chapter goes on to discuss the
selection of components and
describes the practical
construction, testing and
adjustment of the VCO module.

Care must be taken in the choice of
components for, and in the construction

‘of, the VCO, if reliable performance is

to be obtained. The same general com-

ments apply that were made earlier with

regard to component quality. -
addition, the following points should be
noted:

1. Capacitor €2 should be a low leakage
type — preferably MXM or equival-
ent.

2. Transmtor Tl to T3 should be tested

1 the source resistors R17 and R20 sho

| as.a matched pair or, if. several diode

| the diodes and selectmg the pair that
“most similar,

_remainder of the board contains th

as will be explained later. .
3. Diodes D3 and D4 should bei

matched pair. Ft
1t is important that the reset tranms}
T1 in the CCO section should be sele
ted for low leakage current, as excess
leakage current means current lost fro
€2 and non linearity of the CCO at log
frequencies. '
The test setup for Tl 1sshown in flgure
The PNP transistor T8 can be used
the second transistor in the circuit,
any similar transistor can be used. T
meter can be a multimeter set to
1 mA range, The base of T8 is initia
left open-circuit to check. that it is nj
leaky. The meter should read zero, T
base of T8 is then connected tothe 0
rail via a 100 k resistor to check that

a 1. Simple test clrcult for selectmg
|stor T1 of the VCO ) :

ires 2a and 2b. These two circuits constl-
the complaete VCO, and combine into
-functional groups the partial circuits
cussed the previous chapter.

curve shaper circuits. To avoid'interac-

| tion between the two sections of the

circuit they each have separate supply
and ground connections. The only link
between them- is at -the source of T3,
which -is the CCO output (point A in
figures 2a and 2b). Assembly -of the
board poses no particular problems, the
only point to note being that at this
stage C13, R26, R27, R42, R43, R54,
and the link joining pin 4 of IC3 to the
gate of T2, are omitted for test purposes.

Test and ad;ustment

The first test is to check that the CCO
is . functioning, and for this purpose a
1 M resistor is connected between the
gate of T2 and —15 V to act as a current

has adequate current gain. The met
should read at least 1 mA (i.e. full-scale
The base of T8 is then connected to t;
collector of T1. Any leakage. curre
through T1 will be amplified by.
current gain of T8 to give a deflecti
on the meter. Only if the meter rea
zero is the. leakage current of Tl s
ficienily low.

Finally,. the current gam of T1 can
checked by connecting its base to +5;
through a 2k2 resistor, when the met
should again show full-scale deflection
FETs T2 and T3 can be tested using t]
circuit given in chapter 3 for testing t
FETs in the keyboard interface. Unli
the keyboard interface  circuit, FE

which show a Ug in the test circuit.

less than 0.5 V' are not suitable. for ]

VCO. However, FETs that have be
rejected for the keyboard interfy
because their Ug value was too high, c;

2a
15V &
L
c3
5V . :Eﬂn
® -®
L |
680n
oL o
15V 580n
O— -2
*see text

Ic1 = 7413

1C2, IC4 = xA741 C, MC1741 CP1 (MINI DIP)

IC3=pATIEC {TO)

Tt=BC109C
T2, T3=BF2456 AB
D1, D2 = 1N4148,1N914

be used in the VCO if the value of |
lies between 1.6 V and 2 V. For F
with Ug values between. 0.5 and 1

be ‘selecied from table 1 in part 3. F
FETs having a Ug vajue between 1.
and 2 V, R17 and R20 should be 4k

Diodes D3 and D4 should be purch

the correct type are to hand, a rea
ably matched pair may. be selected
measuring, . the . forward voltage dri
versus forward current charactenstms

Construction

Once these critical components hay
been selected, constructmn of the V
may commence, On the printed. circu
board the VCO is _Sp].lt into two fu
tional . sections: the exponenu
converter and CCO, the complete circu
of which is given in fignre 2a, and ¢l
curve - shaper - section, the comple_
circuit’ of which is-given in figure 2
These two circuits are the combinatig

R385
9

—®

of -all the partial circuits discussed in t
previous chapter,

Printed circuit’ board and compone
layouts "for the VCO are given |
figure 4. The oscillator section occupi
the top third of the board, whilst the

9724 2a




il At o itart: then
CPLO-gan beadjusted until it does. It-will
‘probably -be found that the oscillator
stops as the slider of P10 approaches its
two extreme positions, and P10 should
be set midway between the positions at
which oscillation ceases. At this stage,
the frequency of the oscillator should
be around 1 kHz, and the waveform will
not be a perfect sawtooth, but will
exhibit an exponential curvature due to
the 1 M resistor being used in place of a
constant current source,

Once the CCO has been checked, the
1M resistor can be removed and the
CCO connected to the exponential

FORMANT — 039

1th the sliders'of P2, P3-and P.'S'..furn-éd

"to-"_ziar'o ‘volts and the KOV input

grounded, it should now be possible to
vary the VCO frequency by adjusting P1.
If the exponential converter is operating
correctly, the waveform at point A
shkould be a perfect sawtooth, It may be
found that at low frequencies the VCO
will not oscillate reliably, in which case
the adjustment of P10 will require
further attention,

Once the VCO functions reliably over
the entire audible range, P1 should be
turned completely anticlockwise and
the offset potentiometer P8 adjusted
until the lower frequency limit (with no

- N

control voltage other than from P8) peak amplitude of the waveform,
around 15 Hz. This adjustment does ndflewed at point S3a, should be abont

need to be extremely accurate. § V. '
desired, the frequency range of thNext, the triangle converter (T4, T5)
VCOs can be extended beyond tﬁgm be adjusted. The symmetry of the
existing 10 kHz. There are two posdriangle waveform is determined by the
bilities: either R12 can be reduced natching of diodes D3 and D4. P12 can
47 k, or else C2 can be reduced to 2ubompensate for slight mismatches in
{or even 2n2). ihese diodes, but if the degree of
.Z;inlsmatch is large the only answer is a
. Detter matched pair of diodes. The
Curve shaper section butput waveform should be monitored
Adjustment of the curve shaper begingt point S5a with P12 in its mid-
with the spaced sawtooth convertéposition, and P12 should then be tumed
section. P11 adjusts the clamp level ghne way or the other to obtain a sym-
this circuit and hence the ‘spikeness’ . petrical triangular waveform. If notches
the waveform, which affects the tontare apparent at the peaks of the triangle
quality. The adjustment is a matter dwaveform (especially noticeable at high
taste, but as a guideline the peak-tcfrequencies) then capacitor C13 should

2b

¢ added. The value of 1 n is given asa
guldeline, but C13 should preferably
be chosen experimentally to give the

hest compromise between elimination

u{ the notches and attenuation of the
signal at high frequencies.

fince the triangle waveform is satisfac-
tory the sine converter may be adjusted.
ldeally, diodes D5 and D6 should also
bo a matched pair in order to ensure
dymmetry of the sine waveform.
[lowever, a random pair of 1N4148s or

iN914s will usually prove to be a
mlfficiently close match in practice.
The purity of the sinewave is adjusted
{imally by monitoring the waveform at
g}fﬁf}lnt S6a and varying the resistance of
D13 for best results. The sine converter
tput can be compared with the sine
tput of a signal generator, if available,
ot with a sine curve plotted on graph
#paper. The purists may like to adjust for
nimum distortion using a distortion
oter, though the simpler adjustment
ocedure is adequate from a musical
int of view.
ie final section of the circuit to be
liljusted is the pulse-width modulated

tlarewave generator, The aim of this

djustment is to set trimmers P14 and
15 so that the adjustment range of
5 varies the duty-cycle from 1% to

EOS %, The setting-up procedure is as
veo follows: _ .
Opos 1) Adjust P14 until its wiper voltage is

—5.5V, and adjust P15 to maximum

v
ox TB=BCIT7C
v

*see text

IC5 ... I1C11 = pA747 C, MC1741 CP1
T4.. . T7=BCIOTC  (miNI DIP)

25 03, D4 = 1N344, QAD1, 0AZ5, AA119
D5...D7 = 1N4148, 1N914
on D8 =LED
1

“ resistance.

3) Connect the voltmeter to the output
of IC6 and monitor the PWM signal
at point S2a with an oscilloscope.

D Adjust P5 to give first maximum
.. (approx. 99%) and then minimum
pulse width (approx. 1%) of the
PWM signal, and note the output
voltage of IC6é for these two con-
ditions thus: — Vpax = voliage for
minimum pulse width, Vi,in = voltage
for maximum pulse width.

9724 2b 0:

| veo.




030 FOImANT

<3

&

Parts list for figures 2
and 4,

Resistors:

a. 1% metal oxide

R1 =150k

R6 = 2x37!

R8 =780 &
R9.R10=100k
Ri1=1M

R13 =200 k
R18=1k78!

' These are ‘optimum’
values. However, 2k4 and
1k8 resistors can be used

for R6 and R18 respect-
ively, provided they are 1%
metal oxide types!!

b. b% carbon film
R2,R44,R56,R57 =100 k
R3,R36,R47,R48,
R4%,R52=10k

R4 =100 2

RB,R24 =47 k

R7,R50 =1k5

R12,R68 =68 k
Rtd=1M

R15=33012

R16,R30 = 4k7

R17,R20 = 12 k (nominal}

R19,R31,R35,
R38,R40,R51 =1k
R21 =33k
R22,R39,R55 =22 k
R23=120k

R25 =12k

R26 =120 k {nominal)
R27 = 180 k (nominal)
R28,R29 = 5%6
R32,R34 =47 Q

R33 = 6k8
R37=330k

R41,R46 = 3k9
R42,R43 = 150 k (nominal)
R45=470
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R53 =180 O
R54 = 220 k (nominal}
R =15k

Presets:

a, Cermet

P7 =200 2 {or 220 2 or
250 £2) multiturn
preset.

Nate pinour, ond pins

spaced 5.1 min and 7.6 mm

from cantrg pen, which is

offsatl by 2.5 mm.

PE.PIT - 100 K

PO K2

P10 -~ 41}

b. Carbon
P12=10k
P13,P14,P15=100 k

Potentiometers:

a. Cermet
P1 =100k lin

b. Carbon

P2,P4 =100 k lin
P3 =50 k log.
P5 =10 k lin.

P6 = 4k7 {5 k} log.

Capacitors:
Cl=1n

C2 = 3n3 (MKM)
C3,C4,C5,C6,C7,
C8,C12=680n
CoO=47 ull6 VvV
C10/C11 =100 /256 V
C13 =1 n {see text)

Semiconductors:
T1=BC109C

T2, T3=BF2458A,B
T4...T7=BC107C
¥8=BC177C

03,04 = 0A91, DA9S5,
AA118,AA119, or 1N34A

D1,D2,D5,
DG,D7 = tN4148, or
1N214
D8 = LED, TIL209 or
similar

IC1 = 7413

1C2,1C4,1C5,1C6,1C7,1C8,

1C8,1C10,1C11 = pA741C
or MC 1741 CP1
{MINI DIF)

1C3 = pAT726C (Fairchild,
TO package)

Miscellaneous:

31 pin {DIN 41617)
connector

$1...86=8PDT
miniature toagle switch.

4 x 3.5 mwn jack sockets

Figure 4. Printed circuit board and com-
ponent layout for the Formant VCO
(EPS 9723-1}.
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4) Turn the wiper of P14 to zero volty
and the wiper of P5 to maximum
voltage. Now use P15 to adjust the
output voltage of IC6 so that il iy
equal to the difference betwoon the
two previously noted values Vipux
and Vmip i.e.

Vo,1C6 = Vmin - Vmax.

The output voltage of IC6 will be
negative since it is connected as an
inverting amplifier,

5) Adjust P14 to give maximum pulse-
width (99% duty-cycie) of the output
signal, When the wiper of P5 is now
turned to zero volts the pulse width
should be minimum (1% duty-cycle).
This completes the adjustment of the
PWM stage.

Oscillograms of all the waveforms are

shown in photos 1 to 7.

Output adder

Once the various sections of the curve
shaper have been adjusted the input
resistors of the output adder may be
selected (R26, R27, R42, R43 and
R54). A 250k potentiometer is connec-
ted in place of each resistor in turn, and
the peak-fo-peak amplitude of the
relevant waveform is adjusted to about
2.5 V at output EOS. The resistance of
the pot is then measured and it is
replaced by a fixed resistor of the
nearest preferred value from the E24
range.

Front panel

A front panel layout for the VCO is
given in figure 3. The three inputs, FM,
ECV and PWM are at the top of the
panel, with the switch (S1) to select
between ECV and KOV mounted below.
Potentiometer P3, which controls the
FM modulation depth, is mounted
below the FM input socket, while P4
and P5, which control the pulse width
modulation depth and duty-cycle re-
spectively, are mounted below the PWM
input socket. The coarse and fine tuning
controls (P1 and P2) are aiso grouped
together, on the left of the panel, while
the output level control (P6) is grouped
with the waveform selection switches
{82 to 86) and the output socket.

Module construction

It is essential that the VCO module
shouid be screened to avoid any inter-
ference pickup. To provide this
screening, and fo make the module
mechanically rigid, the p.c. board is
mounted on a carrier made from 16 or
18 SWG aluminium. The dimensions of
the carrier are those of a large Burocard
(165 mm x 210 mm) so that the modnle
will fit a Euro-standard card frame. A
right-angle bend at the front edge of the
carrier allows it to be secured to the
front panel by means of the poten-
tiometer mounting bushes. The p.c.
board is mounted on the carrier using
M3 screws and spacers. Photo 8 shows
the completed module.

Eov & Extornal Control Voltage,
L.0. front-panel input to
VCO.

KOV = Keyboard Output Voltage,

i.e. permanantly wired
input to VCO from inter-
face receiver.

FM _ = Frequency Modulation
input

PWM = Pulse Width Modulation

! input

EOS = External Qutput Slgnal

from VCO {front panel
: output)

VCO/I08 = Internal Qutput Signal
from VCO, will be perma-
nently wired to one VCF
input.

Photos 1 to 7. These oscillograms give an
indication of the waveforms that should be
available at the curve shaper outputs:

1. Sawtooth 2. Spaced sawtooth 3. Triangle
4. Sinewave 5. Squarewave, minimum duty-
cycle 6. Squarewave, 50% duty-cycle
7. Squarewave, maximum duty-cycle,

Photo 8. The completed VCO module.

Octaves/Volt adjustment

The most critical adjustment made to
the entire synthesiser is the setting up
of the octaves/volt characteristic of the
VCOs, as this adjustment determines the
accuracy of the synthesiser tuning.
There are two methods of adjusting the
VCO. The simpler method requires the
use of a frequency counter and digital
voltmeter, while the second method
requires an audio signal generator with a
calibrated frequency scale.

Before commencing the adjustment
procedure power should be applied to
the VCO for several minutes to allow
the temperature (especially of IC3) to
stabilise.

To adjust the VCO wusing frequency
counter and DVM, all inputs and
controls of the VCO input adder are set
to zero volts and P9 is set in its centre
position, The connection between the
wiper of P1 and R1 must be unsoldered,
and the free end of R1 connected to
ground, whilst the wiper of P1 is con-
nected to the KOV input with 51 in
position ‘@’. The frequency counter is

connected to the VCO output and the.
DVM to the wiper of P1. With P1 turned
fully anticlockwise the frequency coun-
ter will read around 15 Hz, which was
set previously by means of P8. P1 is now
turned slowly clockwise until the DVM
reads 1V, when the VCO frequency
should be twice what it was with P1 set
to zero, e.g. if the zero frequency was
exactly 15 Hz the frequency should
now be exactly 30Hz. Of course,
initially this will not be the case, and
some adjusiment of P7 will be required.
P1 is then turned until its wiper voltage
is exactly 2 V, when the VCO frequency
should be four times the zero voltage
frequency, e.g. 60 Hz. This procedure is
repeated at 1 V steps over the entire
range of Pl,checking that the correct
frequency is obtained at each step. Thus
if 0V=15Hz, then 1V =230Hz,
2V=60Hz, 3V=120Hz eic. P7 is
adjusied to obfain the best accuracy
possible over the widest frequency range.
At high frequencies (greater than 3 kHz)
P9 can be used to correct any deviations
from the 1 octave/volt characteristic.

To adjust the VCO using the beat note

method, the outputs of an audio
oscillator and the VCO must be fed into
the left- and right-channels of a stereo
amplifier, or via an audio mixer into a’
mono amplifier, so that the beat notes
can be heard via the loudspeakers. The
VCO is connected to the KOV output
of the previously calibrated keyboard.
The audio oscillator is set to a frequency
between 400 and 500 Hz, and the main
tuning of the keyboard is switched off.
The top note of the keyboard is then
depressed, and the VCO tuning controls
Pl and P2 are adjusted until the audio
oscillator and VCQ are in tune with
zero beat.

Next, the key an octave lower is de-
pressed, when a dissonance or very rapid
beat note will- be heard. P7 is then
adjusted until zero beat is obtained
between the audio oscillator and the
VCO note one octave lower.

The top key is again depressed, when it
will be found that, due to the adjust-
ment of P7, a2 beat note is again heard.
Using the VCO tuning controls, readjust
for zero beat, then depress the key an
octave lower, which will now be slightly
out of tune due to adjusting the VCO
tuning controls. P7 must therefore be
readjusted to obtain a zero beat.

This procedure is repeated several times
until the oscillator is perfectly in fune

_with both the top note and the note an

octave lower. The funing is  then

' checked two octaves and three octaves

below top C, and if necessary P7 is
readjusted to obtain the best tuning,
over the entire keyboard range.

The higher ranges of the VCO must now

' be adjusted using P9. For this purpose

the aundio oscillator is tuned to around
2 kHz, the bottom note of the keyboard
is depressed, and the coarse and fine
tuning controls of the VCO are adjusted
for zero beat. The key an octave higher
is then depressed, and P9 is adjusted for
zero beat using the same fechnique as

.for the previous adjustment procedure

using P7. The tuning is then checked
two octaves and three octaves above
bottom C. ' _ :
This completes the adjustment of the
VCO. ) T
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chapter 6
12 dB VCF

This chapter introduces the first -
of the tone-shaping modules® ** -
which process the ‘raw’ output of
the VCOs to provide a wide:
variety of different tone colours
and amplitude dynamics. The
module presented hereisa 12 dB
per octave voltage-controlled filter
{VCF) which is used to tailor the
frequency spectrum of the VCO
signal.

Before looking at the VCF circuit in
detail, it is worth examining the ways
in which the VCF is used. Four filter
functions are available., A lowpass filter
with a rolloff of —12 dB per octave
above the turnover point, a haghpass
filter with a rolloff of —12dB per
octave below the turnover point, a band-{
pass filter with variable Q and minimum.
slope of —60 dB per octave on ezther,

might be called statlc tallormg of a VCO
output using the KOV~ output of the
keyboard to control the VCF, Suppose
(to give a simple example), it is required
to filter out a large proportion of the
harmonics of the squarewave signal
to produce a flutelike torie. The lowpass
function of the VCF would be used and
the turnover point would be set so that
when a particular key was dépressed the.
desired tone colour was obtained. If
a higher note is depressed then the VCO
pitch will increase. However, since the
KOV output is also applied to the VCF
the turnover point of the VCF will
increase with the VCO frequency, so
that it always remains in the same
octave relationship to the VCO fre-
quency. The same harmonic structure
of the output waveform is thus main-
tained, — i.e. the VCF is being used as a
tracking filter.

If the VCF is used simply as a tracking
filter then the harmonic content of the
output remains fixed for the duration
of each note. However, dynamic vari-
ation of harmonic content during a
note is also possible by controlling the
VCF from the envelope shaper,

For example, to provide a good imi-
tation of a trombone sound the note
should initially start off with only a
weak harmonic content. As the loudness
of the note builds up the harmonic’

conlent ‘also increases, ie. the mnote
: ‘brighter Similarly, at the end
it is the harmonics which die

: chieved by using the VCF in the
Iowpass -mode as a tracking filter with
‘ADSR control, ie. with inputs from
KOV and from the envelope shaper.
When a key is depressed the tumover
point is initially determined by. the
KOV input, and is set so that the
harmonics are filtered out. As the
envelope shaper output voltage - rises
(attack) the turnover frequency of the
VCF is increased to' pass more of the
harmonic content.: At the end of the
note (decay) the envelope shaper output

falls and the turnover frequency of the | /..
VCF is reduced. to filter out the har--_ B

monics once mere,: .
These two simpie. exampIes reiate to

the 1m1tat1ve - capability of the syn- [* '
thesiser, since most people will have a-| p
‘feel’ for the. sound of conventional |

musical mstruments However, it must
once agam be stressed that the syn-
thesiser is not limited merely to an
imitative  role. It can also produce
sounds. that are unique to itself, that

.do. not occur naturally and are totally
- electromc

) : Highpass filter

So far only the use of the lowpass filter

* has ‘been discussed. The highpass filter

has the opposite effect to the lowpass

A filter, i.e. it can be used to attenuate the

fundamentals of notes while retaining
the harmonics. This is obviously useful
for sounds which have only a weakly
deveioped fundamental or a bright tonal
character, such as harpsichord and
spinet type sounds, and certsin string
and brass instruments. When controlled
by the envelope shaper the highpass
filter can also give an ‘ethereal’ cha_rac-
ter to a sound.

Bandpass filter -

In addition to the fundamental and
harmonic series produced when a
particular note of the instrument is
sounded, brass and many woodwind
instruments exhibit a number of fixed
bandpass resonances, which are deter-
mined by the particular mechanical
construction of the instrument. Use of
the VCF as a bandpass filter with fixed
centre frequency (KOV input switched
off), together with a second VCF as
lowpass tracking filter, allows these
instruments to be more accurately
imitated, '

Pedal controlled Wa-Wa

Using the VCF in the bandpass mode
with a fairly high Q-factor, A Wa-Wa
effect can be obtained by controlling
the VCF with a 0 to 5V DC supply
from a pedal-controlied potentiometer
(such Wa-Wa pedals are available

_commercmlly or are easily home-made).

Notch filter
By sweeping the centre frequency of the

‘Figure 1. The two-integrator loop used in the
:Formant VCF provides 12dB/octave highpass,
‘bandpass and with the addition of A4, a
noteh filter.

Figure 2. Instead of normal op-amps, OTAs
ra used in the Formant VCF. The output
current change is gm times the input voltage
change, but g, can be varied by feeding in a
control current IABC-

FigureAS. The OTA integrator used in the
Formant VCF. The integrator time constant is

pedance buffer ensures that all the output
current of the OTA flows into the integrator

ematmal analys1s “of 'this circuit
beyond the scope of this book (those
interested are  referred - to the bibli-
ography), the basic comcept is fairly
simple to grasp. '
The two-integrator loop can be con-

_........Ic’_- 1

equation. If the input resistor R1 and
potentiometer PQ are removed, it can
be seen that the circuit bears a remark-
able. resemblance to
oscillator. In fact, if the loop gain of
the circuit is sufficient then it will
function as an oscillator — at the fre-
quency for which the differential
equation solution holds.
PQ provides damping so that the circuit

17

does not oscillate, but merely acts as a om =k - 1ABC

filter. Highpass, bandpass, and lowpass i=0m >+ uj

filter functions are available simul- .
972

taneously at outputs (1), (2) and (3)
respectively. At the turnover or centre
frequency of the filters there is 90°
phase shift between the iniegrator,

18V

inputs and outputs. Thus between
point (1) and. point (3) there is - 180°
phase shift in all. By combining outputs
(1) and (3) using a voltage follower A4 a
notch function can be.cobtained. Since
the two inputs are 180° out of phase at
the centre frequency there'is a null at
the junction of the voltage follower’s
two input resistors at this.frequency.
Of course the centre/turnover of this
filter is not voltage-controlled, but. is
fixed by the integrator:constants R and
C, so to achieve vollage:control one of
these elements must: itself be voltage~ ':.
controlled. Voitage- control of capaci- 3
tance is impractical:in this application. 3
Voltage controlled resistors are possible
in the form of LED/LDRsgombinations &
or FETs,- but. unfortunately both these @
methods stiffer:from disadvantages such
as unpredictable performance due to
wide toleranices, ‘small control range,
poor linearity, and: hreakthrough of the
control signal,
An alternative golution can be found by
re-thinking “the - basic integrator design.

‘of a differential-input voltage amplifier
'with the non-inverting input grounded.
An input resistor connected to the
inverting input (which is a virtual earth
point) converts the input voltage into
a proportional current. Since this
current cannoi flow into the inverting
input it must flow into the feedback
capacitor, and a voltage appears across
the capacitor (and hence at the op-amp
output).
It is fairly obvious that the op-amp
- is functioning simply as a voltage-to-
,,current converter, and an equivalent
circuit for an integrator would be an
amplifier with a voltage-controlled cur-
rent output, with a capacitor connected,
not in a feedback loop, but between
the  output. and ground. Varying the

amplifier would then effectively vary
the ‘resistance’ constant of the inte-
grator.
A suitable dev1ce exists ready-made in
the shape of the operational trans-

voltage-current transconductance of the |

The classic op-amp Ihtegrator consists condunctance amplifier or OTA. This is

Hardwired inputs:

KOV

ENV
vCD1,2.3

Keyboard Output Voltage {from interface receiver).
Envelope shaper control voltage (from ADSR umt)
From VCOs 1, 2and 3. . :

Front panei mputs

ECV
™
ES |

" Qutputs:

VCF/10S

| EOS

External Gontrol Voltage.
Tane colour {'Timbre’} Modulation mput
External Signal, e.g. noise, input.

Irt_ter.nél Output Signal fram VCF, [will be hardwired to a VCAIII. '
External Output Signal from VCF (front panel output).

Front-panel controls:

OCTAVES

" ENV
-T™
- -ES:

Q.

ouT
ECV/KOV
HP

BP

LP

N

(R T T N TR TR R

P1, coarse frequency adjustment.

P2, sets envelope shaper control voltage. -
P3, sets tone colour modulation level.

P4, sets external signal level.-

-P5, Q-factor adjustment.

PG, sets. VCF/10S output fevel {not EOSl)

81, selects external or internal control voltage mput

52, selects high-pass output.
53, seiects bandpass output.
54, selects low-pass output.
$2 + 54, selects notch’ (band-stop) output.
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* see text

IC1* = CA3084 (DIL)

IC2,IC3,IC6 = p AT41C, MC1741 CP1 (MINI DIP)
1CG4,1C5 = CA3080, CA3080A*

T1,72 = BF245A, B

&
veor HO——{ k4 g
L
Ri3 1 [4]
vCO2 D ms'i‘ 6
# a
R14 ' 5S4
veos PO——— 3+
DO (oo I Bios
Ri8 E
r Lo P cio
[Trook 2 680n ’EOS
lin
L " 9725 4.

an amplifier that produces an output
current which is proprotional to the
input voltage, i.e. i=gm * uj, where i is
the output current, v is the input volt-
age and gy is the transconductance.
The feature of the OTA which makes it
ideal for the VCF is that the irans-
conductance g is determined by a
control current IARC, thus gy =
k « IABC, where k is a constant. This is
illustrated in figure 2.

For the CA 3080 OTA used in the
Formant VCF the constant k is
192V 'at an ambient temperature
of 25° C, and so g = 19.2 x IARC mS
(milliSiemens = milliamps/volt). This IC
is particularly suitable because of the
outstanding linearity of its transconduc-
tance characteristic over three decades
of control current, and because of its
relatively small tolerance in the value
of ’k’ (2:1 for the 3080 and 1.6:1 for
the 3080A). However good linearity is
achieved only for small input signals,
and the input voltage must be attenuated
to about = 10mV when used in the

VCF.

Figure 3 shows the circuit of the
integrator used in the Formant VCF.
The input voltage is attenuated by the
potential divider connected to the
inverting input, and across the output
is connected the 180p integrating
capacitor.

To maintain correct operation of the
integrator the total output current of
the OTA must flow into the integrator
capacitor, which means that a buffer
stage with a very high input impedance
is required on the OTA output to avoid
‘current-robbing’. A FET connected as a
source-follower is used for this purpose.
The control current IABC is fed in
through a 27 k resistor. The integrator
time constant is inversely proprotional
to the control current, so the VCF
centrefturnover frequency is directly
proportional to the control current.

Complete circuit of the VCF
Figure 4 shows the complete circuit of

the VCF. The actual filier circuit has a
linear frequency characteristic and is
curtent controlled. It must therefore be
preceded by an exponential converter

that converts the input control voltage

into an exponentially related control

current, so that the VCF tracks with : :

the same 1 octave/V characteristic as
the VCOs.

The exponential converter occupies the .-

upper portion of the circuif, and is

essentially similar to that of the VCOs.
However, the control characteristic of
the VCF does not need to be so accu- &
rate as that of the VCO, since 2 small :

error’ will only introduce minor, un-
noticeable errors in amplitude response,
whereas the same error in the VCO
characteristic would cause unacceptable
tuning errors.

For this reason the VCF exponential
converter is provided only with a passive
input adder (cf, figure 2a of the last
chapter), and temperature stabilisation
of the exponentiator is dispensed
with, thus saving the cost of a not in-

9725 Ba

bottom view

Sb

+ INPUT

CA3080(A)

9725 §b.

R Figure 4. Complete circuit of the Formant
= ¢ VCF, which consists of a voltage-current
. exponential converter and a linear current-

controlled filter.

“  Figure 5a. Two well-matched PNP transistors .
* may be used in place of 1C1 for greater acon-

omy. The pin numbers shown correspond to
the pinout of IC1.

Figure 5b. The CA 3080 is available in two
packages. If the TO- package is used the leads
must be bent to fit the DIP laym_nt,on the

. pc.b.

expensive gA726 IC. However, tempera-
ture compensation is retained in the
form of a matched transistor pair. The
circuit differs here from the VCO since
the exponentiator must source current
into the OTAs rather than sinking it
as in the VCO, so PNP tiransistors are
nsed. o ’
Since temperature stabilisation is not
used, a number of options are open for
the choice of the matched transistor
pair. Those who have access to a good
transistor tester or curve tracer can
select a matched pair of any small signal
medium gain (B’ spec) transistors such
as the BC 1798, BC 1598, BC557B etc.
These are then glued together with
epoxy adhesive for good thermal tracking
as shown in figure 3a, taking care that
there is no electrical contact between
the cases if metal-can types are used.
(Note that the pin numbers given in
figure 5a correspond to the IC pinning
in figure 4).

The preferred solution is to use a
CA 3084 transistor array, which is what

was used in the prototype, but if this is
difficult to obtain then almost any dual
PNP transistor, such as the Analog
Devices AD820...AD 822, Motorola
2N3808...2N3811 or SGS-ATES
BFX 11, BFX 36, will do.

Note that the value shown for R6 (1k8)
is correct when using the CA3084. If a
dual transistor is used, it is advisable to
reduce the value of R6 to 1k5.

' The current-controlled filter consists of

IC3,.IC4 and ICS. It will be hoted that

the integrators IC4 and IC5 are non-

inverting. This does not affect the oper-

‘ation of the circuit, since non-inversion

has the same effect as the double inver-
sion that takes place in figure 1. How-
ever, it does ensure that the three out-
puts of the filter are in the same sense,

- whereas in figure 1 the bandpass output

is inverted with respect to the other two
outputs.

IC6 functions as an.output buffer, and
also as a summing amplifier for the high-

- pass outputs to provide the notch func-

tion. By setting S2, 83 or S4 in position
‘a’, highpass, lowpass or bandpass func-
fions respectively may be seclected. By
setting both §2 and 84 in position ‘a’
the notch function is obtained. Since
IC3 isconnected as an inverting amplifier
and IC6 also inverts, this double inver-
sion means that the output signal is
non-inverted with respect to the input

" signals, The overall gain of the VCF (in

the passband_) isx 1 (0dB).

Inputs, controls and outputs

The exponential converter section is
equipped with a coarse octave tuning
control P} (note the absence of a fine
control 2s compared with the VCO) and
two presets P7 and P8 to adjust the
offset and octave/V characteristic.

KOV and ECV control inputs are pro-
vided, as for the VCO. The input for
envelope shaper control (ENV) is ad-
justable by means of P2, The tone colour
modulation input controlled by P3/(TM)
is analogous to the FM input of the
VCO, i.e. it allows the centrefturnover
frequency of the VCF to be modulated.
There are four signal inputs, three inter-
nally-wired VCO inputs and one external

signal (ES) input, whose amplitude can
be controlled by P4. The Q-factor of the
filier is controllted by P5.

Switches 52 to S4 select the desired
filter type, as hasalready been described.
Two outputs are provided, an uncon-
trolled ‘output EQS which is brought
out to a front-panel socket, and an
internal output 108, which is controlled
by P6. ' : ' B

Construction :

A printed circuit board and combonent'
layout for the VCF are given in figure 6.

The same considerations of component
quality apply to the VCF that apply to
all parts of the synthesiser. As mentioned

earlier, two basic versions of the CA 3080

are available. The CA 3080A has better
specifications as regards tolerance, and

extended temperature range, but the

basic CA 3080 is quite adequate (as-
suming that the synthesiser is not to be
used in Antarctic blizzards).

"The CA 3080 is available in two pack- -

ages, TO- can and mini-DIP, both of

which are shown in figure 5b. The p.c.-

board is laid out for the mini-DIP ver-

sion, but the TO- version can easily be,

accomodated by splaying out the leads
to. conform with the mini-DIP pinning

(in fact some TO- package 3080s are:

supplied with this already done). -
The FETs T1 and T2 must be tested as

detailed in chapter 3 and their source:

resistors R23 and - R27 selected in
accordance with Table 1 of that chapter;
A front panel layout for the VCF is
given in figure 7, and a wiring diagram

for the froni-panel mounted components.

is shown in figure 8.

Testing and adjustment

During assembly, it is convenient to use

IC sockets so that the current-controlled
fiter section of the circuit can be tested

independently of the exponential con-.

verter. To test the CCF, IC1 is removed

and a 100k log potentiometer is connec-:

ted ‘back-to-front’ between ground and
-15V (i.e. so that the end of the track

approached by clockwise rotation of the:

wiper is connected to ground).
A multimeter set to the 100 yA range is
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Parts List

Rasistors:
R1, R2, R28, R29,
R30, R34 =100 k

R4=33k

RE=47k

R6 = 1k8 (see text)
R7, R9=330k

R2 =2k2
R10,R33=27k -
R11, R12, R13, R14,

R17 = 8k2
R18=22%

R3 =100 k {1% metal oxide)

R15, R16, R20, R24 =39 k

R18=1k

R21, R22, R25, R26 =100 Q

R23, R27 = 12 k (nominal value, -
" sea text) :

R31 =33k '

R32=470

Potentiomete'rs:

P1, P5 =100 k lin

P2, P3 = 47 k (50 k) lin
P4 =47 k (50 k) iog
PG = 4k7 (5 ki log

Prasets:
P7 =100 k
P8 =470 q (500 2}

Capacitors:
C1,C3,C4,C5,C10=680 n
CZ=1n

C8,C7=33p
C8,Co=180p

Semiconductors:
IC1 = CA 3084 [DIL} see text.
1C2,1C3, 1C6 = uA 741 C (Mini DIP),

MC1741 CP1 (Mini DIPL

I1C4, IC5 = CA 3080 (A)
T1, T2 = BF 2453, b,
Miscellaneous:

3t-way plug (DIN 41617)
51 — 54 = miniature SPDT toggte switch

Figure 6. Printed circuit board and component
layout for the VCF. (EPS 9724-1).

connected between the wiper of the

/ ; potentiometer and the junction of R10

and R33, an input signal is provided to
the VCF from a sinewave generator or

- from the VCO, and the Bandpass output
7 i{s monitored on an oscilloscope. The

test then proceeds as follows:

1. Set the Q-factor of the filter to maxi-
mum (wiper of P5 turned towards R19).
2. By means of the 100k log potentio-
meter set the control current to 50 MA
on the meter.

3. Slowly increase the generator fre-
quency from about 300 Hz to 1500 Hz;
somewhere in this range the VCF out-
put should peak as its resonant frequency
is reached (i.e. there will be a sharp in-
crease in output at a particular frequency
with a fall-off on each side). Note the
frequency at which resonance occurs.
4, Increase the control current to
160 tA and check that resonance now
occurs at twice the previously noted
frequency.

Note. Tests 2 to 4 are intended to check
the linearity of the filter frequency v.
control current characteristic. The
tolerance in the absolute value of filter
frequency for a given control current is
due to OTA tolerances and is unimport-
ant provided linearity is maintained i.e.
the filter frequency doubles for each
doubling of control current.

5. Set the generator to about 50 Hz and
check that it is possible to obtain
resonance at this frequency by varying
the control current with the 100k
potentiometer. Repeat this test at
15 kHz.

The exponential converter can now be
tested after inserting IC1 and removing
IC4 and ICS. A multimeter set to the
100 yA range is connected from the
bottom end of R10 to -15V and the
wiper voltage of P1 is monitored with a
voltmeter,

The test and adjustment now proceed as
follows:

1. Set P8 to its mid-position, and turn

i P1 fully anticlockwise so that ifs wiper
| vyoltage is zero, Adjust P7 until the

mircroammeter reading is 50 gA,

2. Turn Pl clockwise until its wiper
voltage is 1V, then adjust P8 until the
microammeter reads 100 uA.

3. Repeat the procedure for 2V, 3V,

i 4V etc. on the wiper of P1, checking

that the exponentiator output current
doubles for every 1V increase.

Offset adjustment

Now that the two sections of the VCF
have been checked, IC4 and IC5 can be
re-inserted so that. the entire VCF can

be checked as a functional unit, as |

follows:

1. A squarewave with 50% duty-cycle at
a frequency of about 500 Hz is fed to
one of the filter inputs. P1 isturned fully
clockwise and P7 is turned anticlockwise.
2. The lowpass output of the VCF is

Figure 7. Front panel layout for the VCF.
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mounted components.

Figure 8. Wiring dnagram fnr the panel

monitored on an oscilloscope, and at’
this stage should appear at the output-
without degradation, , . - :
3. If the wiper of P7: 1s Tow turned
slowly clockwise the leading edge of the |
squarewave will start to be'rounded off.
as the turnover point:of the. filter:is
reduced. To carry out the offset ad_lust-_'
ment with P7 its wiper is turned as'far.
clockwise as is possible w1thout 31gmf1--

(just a slight rounding.of the top corner,
is acceptable, but this adjustment does
not have to be particulatly_ precise). .

Octaves/Volt adjustment - G

The octave/V charactenstlc of the VCF:
can be adjusted by. seeing how well it
tracks against a previously cahbrated
VCO. To do this, the KOV input is-
connected to the VCO and the VCF,-
and the sine output of ‘the VCO is
connected to the VCF input. “The’ ad-
justment procedure is as follows: " -
1. Switch off the main tuning of the:
keyboard, depress top C of the keyboard .
and use the octaves control of the VCO'
to set its frequency to about 500 Hz.. &~
2. Set the Q control, P5 of the VCF t0‘
maximum, monitor the: bandpass output .
of the VCF and adjust Pl until the VCE:
output peaks. Asthe fllter is easﬂy over-
loaded at high Qfactors it may. be
necessary to reduce the VCO output:
voltage.
3. Depress the key" two octaves lower-'
and adjust P8 until the VCF output
again peaks.

4. Depress top C again and if necessary

. 8:Franco:

P amplzfzers to make programmable active:

filters.” — Electromc Deszgn September .

| 13th, 1976. 2 ;

T on ‘Voltage/current-controlled -

- filter,” — Circuit Ideas Wireless World, .
- November 1976 -

'E.F. Good and F. E J. Gzrlmg ‘Active

" U. Tietze, Ch. Schenk:

“readjust P1 so that the output peaks.

'5. Repeat -3 and 4 until no further read-
| justment is necessary for the output to
" peak’.when changmg from one note to
‘the other ;

. 6. .The, offset ad]ustment may have been
. d1sturbed so check this and if necessary
readjust P7 as described in the offset
. adjustment procedure.

~7.:Repeat, 3" onwards until no further

cantly degrading the. square waveform ,':unprovement can be obtained.

szlzogmphy :
“Use transconductance

ﬁlters 8. The two-integrator loop,
contmued - Wzreless World
March 1970 by

"D, P, Colin: ‘Electncal des:gn and

".muszcal application: of an uncon-
ditionally stable cambmed voltage-

-~ controlled filter resonator

— JAES;
December 19th 1971,

"|: G B. Clayton.. ‘Experzments with
_operational amplzﬁers 4. Operational
.. Integrators.’

T Wzreless World
August 1972,

|- Hi A Wzttlmger : ‘Anwendung der
‘operations-transductance-verstirker

CA' 3080 und CA-30804. - RCA

: ':;lgpézcanonsschnft ICAN-6668,

‘Einstellbares
universal- ﬁl ter.” Halbleiter Schaltungs-
technik, p. 350. Springer-Verlag, Berlin,

‘Heidelberg, New York, 1976.

) poss.1b111t1es for tailoring the harmoni

‘with the steep filtering of the 24d

“and the other VCE. output to the othe

tive dynamm amplitude characteristi

. The audible dlffetenees between th
[.12dB VCF and the 24 dB VCF ar

|- produces
- ‘electronic’,
fatiguing effect on the listener durmg

chapter7
24 dB VCF

Because of the greater range of
tonal possibilities they offer,
VCFs with an extremely steep
slope seem to have a particular
appeal for most synthesiser
enthusiasts. The design presented
here is for a VCF offering a choic
of lowpass or highpass functions.
and a filter slope of 6, 12, 18 or
24 dB per octave. =

New pos_sibilities
1t should be stated at the outset that the
24 dB VCF is not intended to replac
the 12dB design. On the contrary
the two. filters are complementary t
one another and can be used in combi
nation to. provide greatly increase

Structure of the sounds produced b
Formant,

For example, the 12dB VCF can b
used in the bandpass mode togethe

VCF to produce selective tone color
ation. The two filters can be controlle
by the same envelope shaper or b
different envelope shapers, and may b
connected in cascade or in parallel
The latter arrangement offers severa
interesting . possibilities. For example
hard, meta]llc sounds can be produce
by applylng a’short, steep envelope volt
age to the 12 dB VCF and a longer
shallower contour to' the 24 dB VCF.

If the. filter inputs are connected i
parallel ‘then inferesting effects may b
obtamed by connecting one. VCF out
put to’ one 1nput of a stereo amplifie

mput Th1s gives rise to a very distinc

and stereo imaging, particularly if th
two VCOFs are controlled’ by differen
envelope shapers,

promment The 12dB VC
sounds that' are. dlstmctly
~which can have a slightly ¢

qu1te

extended playmg sessions, The sounds 3§
produced by the 24 dB VCF, on the ;
other hand, are much more natural’
and can be listened to for extended
periods without fatlgue This effect is

probably due to the more severe filtering
. of higher harmonics which the 24 dB i
VCF provides when used in the lowpass .
since ‘these’ harmonics tend to
make the sound -of the 12dB VCE
much more shriil than that of the 24:dB ;

mode,

VCF.

The effect of the steeper filter slope of '

the 24 dB VCF is illustrated in figure },

- which shows the different outputs from ;

the 12-dB VCF (dotted line) and 24 dB

FORMANT — 051

: Figure 1. This illustrates the differance be-
Z17 tween the outputs of a 12 dB/octave VCF and
i i a 24 dBfoctave VCF having the same turnover
| « frequency, when fed with a sawtooth input.
1|7 The 24 dB VCF removes practically all the
| © harmonics giving a sinewave output, whereas

the original waveshape is stil} dlstmgulshable

= at the output of the 12 dB VCF.

. Figure 2, The basic filter section of the 24 dB

VCF is the same as that of the 12dB VCF, i.e.
an OTA integrator foilowed by a FET op-amp
buffer,

Figure 3. The highpass function is obtained
by connecting the 6 dB lowpass section in the
eadback loop of an operational amplifier.

Figure 4. To obtain a 24 dB/octave filter, four
6 dB/octave sections are cascaded.

VCF (continuous line) when fed with a
awtooth waveform, It is apparent that,
due to the almost complete removal of
he harmonics of the sawtooth, the out-
put of the 24 dB VCF is practically a
inewave, whereas the original waveform
s still apparent at the output of the

vartially removed.
t. is- clear from the foregoing that a

ossibilities of a synthesiser: and is
irtually a must for the serious user, .

Design of the 24 dB VCF -

The design of the basic filter section

: shown in figure 2 js very similar to that
‘ of the 12 dB VCF, which was described

4~ in detail in the previous chapter. How-

esmhzwxwwnmmwnwm

e

. ever, advantage has been taken of recent
- developments in FET op-amp techno-

logy to simplify the design slightly. As
has been explained, the basic filter
section is an integrator or 6 dB/octave
lowpass section consisting of an OTA
driving .a capacitor. The voliage/current
transconductance (gy,) of the OTA can
be varied by an external control current
and hence, via an exponential volt-
age/current converter, from zn external
control voltage, This control current
alters the time constant of the integrator
and hence the tumover frequency of the
filter section, :

The output current of the OTA must all
flow into the capacitor, otherwise the
integrator characteristic will be less than
ideal. This means that the output of the
OTA must be buffered by an amplifier
with a high input impedance. In the

12 dB VCF since the harmonics are only |

24 dB VCF greatly extends the musical |

12 dB-Filter
24 dB-Filter
t
99531 .
9.953-3
39%
—{ o ]—
% TLOB4
R .
B0
: | it e T =7 T
: 1 1 G
o ~ | Le!. _ LPy Lp L
DO— FLi | N FL2 FL3 e FL4
HP Hp HP:

99535 .
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5 [dB] filter allows the response to be hoosted about
A the turnover frequency. The degres of boost
can be variec by a ‘Q' contrul.

|

| F
: ‘ Figure 5, Positive feedback around the entire

I

Flguras Black dlagram of the 24 dB/octave
filter, showing how the Q control is mcnrpor- Ve
ated. : 5

_Figure 7, Complate circuit of the 24 dB VCF., | |
The exponential voltage/current converter is
identical to that used.in the 12 dB VCF.

Ecv[> y 0w % 16V
68on  TOCTAVES ADB20 gz
1 n v —I = ® el Tzl ) B ®

100n 100n 1000 1000

| st =+

C11 €13 cis c17 [E3

e oon "Thos "oca "oon "Tan @

15

<=

output of each section allows selection
of highpass or lowpass mode, whilst a
4-position switch allows 1, 2, 3, or

4 filter sections to be switched in to

give 6-, 12-, 18-, or 24 dB/octave slopes

between stability and a reasonable
degree of boost.

Complete circuit
The complete circuit of the 24 dB VCF

——

of ‘All and the output of the 24 dB

VCF are added together-in the output

summing amplifier Al2, i.e. the two
VCFs are connected in paraliel.

The four 6 dBfoctave filter sections

24dB/ octave
93538
- A1
(= - T R =" _ vcot[>
[ " ! ! " A12
) veee ) O
f
lLp I lip A13
! 2
e o veoa [) O
—o 1 o
i HP { | HP s D
| | '
l l '
| } : **motal film
I S "
Rx ! .
I | 2 368 taxt
99537 ?
——
12 dB VCF this was achieved by using a2 | respectively. is given in figure 7.  The exponential _
discrete FET source follower and a 741 | It is apparent that this arrangement is | converter, constructed around T1, T2 7b ' ' Al+A2+ A3+ A4=1C2=TLOB4 IC1 = xA741 Minidip
op-amp. Fortunately, relatively inex- | different from the two-integrator loop | and IC1, is identical to that used in the A5+ AB + A7+ AB=IC5 = TL 084 1C3 = CA 3080%
pgnsivg quad FET op-amps such as the | or state-variable filter which%‘ormed thg 12 dB' VCF ‘and gives the same 1 octave A+ A0+ AT+ A1Z2=1C8=TL 084 '.g§= gﬁ ggggz R ;
Texas TLO84 are available. The use of | basis of the 12 dBjoctave filter. In the | per volt’ characteristic to the turnover IC7 =CA300% . P : ;
one of these ICs simplifies the design | 12 dBfoctave filter, lowpass, highpass, | frequency of the filter: The control vo o : : §
and obviates the need to select FETs, | bandpass and notch modes were avail- | age inputs are also the same as for the o e e o I e e e e e e e e e e e e e
which becomes something of a chore | able simultaneously at various points in | 12 dB-'VCF, and are listed in table 1. v[> R78
when one considers that the 24 dB VCF | the circuit, though in fact only one | Since the 24 dB- VCF must have the w ——se]
uses four integrator stages. function at a time could be selected at | option of being connected in paraliel or B Rzl
- the output. " | in cascade with the 12 dB VCF, the R naz 15V
Highpass function An interesting effect, shown in figure 5, | input switching arrangements are a 131> » 5
The highpass mode of the filter is | can be obtained with the 24 dB VCF if | little complicated. A9 and A10 form a; L o™
achieved by connecting the 6 dBfoctave | a feedback loop is connected from the | non-inverting summing amplifier for the " reeld = IS AG
lowpass section in the negative feedback | output of the cascaded filters to the | three VCO inputs, whilst the output of
Joop of an operational amplifier, Al, as | non-inverting input of the first stage as | the 12 dB VCF is fed in via the IS con-
shown in figure 3. A highpass filter re- | illustrated in figure 6. Due to the phase | nection. With 34 in position 2 the out- Ra1 g
sponse is then available at the output of | shift around the turnover frequency this | put of A10 is disconnected, so the VCO 2
Al whilst a lowpass response is simul- | causes positive feedback, which boosts | inputs are inhibited. The output of the ob>
taneously available at the output of A3, | the' gain of the filter around the | 12dB VCF is fed to the input of the 3 x>
Of course, this arrangement gives only a | turnover frequency as shown in figure 5. | 24 dB- VCF via 54 and R51, so that the 99530
6 dBfoctave slope per section, and in | The degree of boost is adjustable by | two VCFs are in cascade. vl
order to obtain a 24 dB/octave filter | means of a ‘Q’ control. The choice of | With S4 in position 1 the output of A10 105
four filter sections, built according to | Ry is important as too much feedback | is connected to the inputs of the 24 dB | .
the circuit of figure 3, must be cascaded | would cause the circuit to oscillate, so | VCF, whilst the output of the 12 dB . ’ EOS
as shown in figure 4. Switching at the | the valze of Ry is a compromise | VCF is routed through All. The output . i ‘ : :

* see text
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comprise Al to A8 and IC3 to IC7. The
four poles of switch $2 select between
highpass and lowpass modes, while 53
selects the filter output and hence the
slope. The reason that 53 is a two-pole
switch may not be immediately appar-
ent, but is easily explained. Ignoring the
phase shift introduced by the action of
the filter, i.e. considering only signals in
the filter passband, each filter section
inverts the signal fed to it, since Al, A3,
A5 and A7 are connected as inverting
amplifiers. This means that the outputs
of alternate filter sections are either in
phase or inverted with respect to the
input signal. To ensure that the filter
output is in the same phase relationship
to the input signal whatever filter slope
is selected, S3b is arranged to switch
Al2 between the inverting and non-
inverting modes to cancel the inversions
produced by the filter sections.

Like the 12 dB VCF, the 24 dB VCF
has two outputs, a hardwire output con-
nection {08 and an uncommitted out-
put, EOS, which is connected to a front
panel socket.

Construction

As far as the choice of components for
the 24 dB VCF goes, the same general
comments apply that were made about
the 12dB VCF and the Formant
synthesiser in general. All components
should be of the highest quality; re-
sistors should be 5% carbon film types
except where metal oxide or metal film
types are specified; capacitors should
preferably be polyester, polystyrene or
pelycarbonate, and must be these types
where specified. Semiconductors should
be from a reputable manufacturer.

As with the 12 dB VCF the dual transis-
tor may be any of the types specified in

Figure 8. Pinouts for the dual transistors and
CA3080.

Figure 9. Printed circuit board and component
layout for the 24 dB VCF. (EPS 9953-1}.

Table 1. Summary of the control functions
and input/output connections of the 24 dB
VCF.

Tabie 1

a) hardwired inputs {not on the front panek)

KOV = Keyhoard Qutput Voltage
{from interface receiver)

ENV = Envelope shaper Control

Voltage {from ADSR unit)
VCO 1,2,3 = Signals from VC0Os 1,2, 3

1S = Internal signal from the 12 dB
VCF

b) external inputs (sockets on front panel}

ECV = External Control Voitage {for
exponential generator of the
VCF)

™ = Tone Colour Modulation
input

ES = External Signal (fromeg.
noise module)

¢} outputs

105 = internal Output Signal (from
VCF to VCA)

EQS = External Output Signal
{socket on front panel)

d) controls

™ = P3; sets tone colour
modufation leve|

ES = P5; sets external signal level

ENV = P2; sets envelope shaper

control voitage
QCTAVES = P1; coarse frequency

adjustment
Q = P4;sets level of peak boost
around turnover frequency
ouT = PB; sets 105 output level

e} switches
ECV/KOV = S1;selects external or internal

control voltage input

Parts list to figures 8 and 10

Resistors:

R1 =100 k metal oxide

R2,R4 = 100 k

R3=47k

RS = 33 k

R6 = 1k8

R7,RO = 330 k

R8 = 2k2
R10,R37,R39,R41,R43 =12k
R11...R16,R19 .., R22,
R25 ... R28,R31 ... R34,R45,
R46,R47,R50,R51 R62 R65,
R56 = 39 k
R17,R18,R23,R24,R29,R30,
R35,R36 = 100 N
R38,R40,R42 R44 =27 k

R48 =470 0

R49 = 100 k (see text)
R53,R64 = 10 k

R57 = 82 k

Potentiometer:

P1,P4 =100 k linear

P2,P3 = 47 k (50 k) linear
PS5 = 47 k (50 k} logarithmic
PG = 4k7 (5 k) logarithmic
P7 = 100 k preset

P8 = 470 © (500 £1) preset

Capacitors:

C1,C8,C9=680n

CZ=1n

C3 =689 p [polystyrene, not

ceramic)

C4,C5,C6,C7=150p
{polystyrene, not ceramic)

Ci0...C18=100n

Semiconductors:

1C1 =741
1C2,IC5=TL(084, TLO74
IC8=TLO84, TLO74, LM 324
IC3...1C6 = CA 3080,
CA30B0A (MINIDIP or TO;
see text)
T1.T2=ADB20...822,
2N3808 ...3811,BFX 11,
BFX 36 (see text) or
2 x BC 557B

Miscellaneous:

31-pin DIN 41617 connector or
terminal pins

$1=8PDT

52 = 4-pole doubie throw

83 = 2-pole 4-way; index angle

approx. 30°

S4=DPDT

4 minature sockets, 3.6 mm dia.

7 13...15 mm collet knobs

with pointer {(to match existing

synthesiser modules).

the parts list, or may be home-made by
gluing together two normal transistors,
though in this case thermal tracking will
not be quite so good. The CA3080
should preferably be in a MINIDIP pack-
age to fit the hole spacings on the p.c.
board, though the metal can type can be
made to fit by splaying the leads, The
pincuts for the dual transistors and the
CA3080 are given in figure 8.

Although not absolutely necessary, it is
a good idea to select OTA’s with ap-
proximately the same transconductance,

since the four sections of the filter will
then have almost the same turnover fre-
guency. The CA3080 is available in two
versions, the standard version, in which
the ratio between the maximum and
minimum gy, is 2:1, and the CA3080A,
in which the spread in gy, is only 1.6:1.
A test circuit and test procedure for
selecting ICs with similar gy are given at
the end of the chapter and it is certainky
worthwhile buying a few extra OTAs
and selecting the four with the most
similar g, The ‘reject’ devices are per-

fectly acceptable for use in the 12 dB
VCF or VCA, and need not be wasted.-
The other ICs in the circuit should all
be TLO74 or TL0O84 quad BIFET op-
amps, although for IC8 it is permissible
to use an LM324, Thanks to the use
of quad op-amps it is possible to accomo-
date the 24dB VCF on a standard
Eurcocard-size (160 mm x 100 mm) p.c,
board, although the control connections
are not all on the front edge of the
board. The printed circuit pattern and
component layout for this board are
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given in figure 9, while a front panel
layout is given in figure 10, 10

Test and adjustment

To enable the exponential converter and
the filter section to be tested separately
they are joined by a wire link which
runs across the board from T2 to a
point adjacent to R15. This link should |
be omitted until the VCF has been
tested.
To test the filter section it is necessary
to provide a temporary control current,
This is done by connecting a2 100k log
potentiometer between —15V and
ground, with its wiper linked to the
junction of R39 and R4 via a multimeter
set to the 100 uA DC range. The test.
then proceeds as follows:

1. Turn the wiper of P4 fully towards !
ground, select 24 dB slope with §3 | '
and adjust the control current to ]
100 pA.

2. Feed a sinewave signal into the ES
socket and adjust either the sinewave
amplitude or P5 for 2.5 V peak-to-
peak measured on an oscilloscope at
the wiper of P5,

3. Monitor the filter output on the
‘scope and check the operation of
the filter by varying the. sinewave
frequency . and checking. that the
signal is atfenuated above the turn-
over frequency in the lowpass mode _
and below the turnover frequency in }
the highpass mode.

4. The function of 83 should :now be
checked, Set 83 to the 6 dB'position
and 52 to the LP position. Increase
the frequency of the input signal
until the output of the filter is 6 dB
down on (i.e. 50% of) what ii was in
the passband where the response was
level Now switch to 12 dB, 18dB
and 24 dB and check that the re-
sponse is respectively 12, 18 and
24 dB down, i.e. is reduced to 25%,
12.5% and 6.25% of its original value.
The exact results of this test will
depend upon the matching of the
OTAs.

5. Set the Q control, P4, to its maxi-
mum value, when the circuit should
show no sign-of oscillation. If the
circuit does oscillate it will be necess-
ary to increase the value R49. If it
does not oscillate then the Q range
can be increased by decreasing R49,
taking care - that instability does not
oCcur;

6. Fmally, the linearity of the turnover ;
frequency v. control current charac- |’
teristic should be checked. Adjust
the input frequency until the re-
sponse.is a convenient number of dB
down (say 6 dB). Double the control
current then double the input fre- _
quency and the response should still -
be 6 dB down. : i

7. To check the exponential converter ELEKTOR|II=I-1V. 7Y\
connect a 27 k resistor in series with
a multimeter set to the 100 A range
‘between the collector of T2 and the e e
—15V nmil. Then follow the test

a a
CHP/LP 2328
520 T2 Yoo Tee T

2] 3
dB/Ocr.lll '1]: Joph
(53) 2a a ‘

172
VCOs/Eso/ _ut p?
(s4} 4a $ab

OCTAVES !J_
{P1)

ECV/KOV r\
sn) *

j Figure 10. Front panel layout for the VCF,
12 ) ) {EPS 9953-2).
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Figure 11. Showing the wiring between the
p.c. hoard and the front-panel mounted com-
ponents.

VCO1
HOSVCO

Figure 12, The 24 dB VCF is connected into
the Formant system between the 12 dB VCF

ouT _ and thg.VCA.

vCoz2
1QS/VCO

VCO3
108/VCO
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