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Elg 1 ofB::«;k’:mgr;::\ for t:)% lTrans_cendent_ 200_0 synthasiser. uhderstand. Thase references are also given on each of the block

apwhpropriate so'rt.ion %:cu: ock_s is _descrlbed in detail in the circuits where appropriate. So if you wish to stick the wh:lo
. e letters in circlas correspond to the thing togather you can do so. All the componants which make up

points where we broke up the circuit to make it sasier to this block diagram are assembled on a single’'PCB.
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220k

NOTE:

1€10,14,16 ARE 741
1G1115 3140

1C12 15 LM311

1C13 18 748

Q7,9 ARE %CA3046
OB IS 2N4859
D10-18 ARE 1N4148

WAVEFORM
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PITCH
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Be VGO is a logarithmic relaxation
seillatot dgjeher.attngg ramp waveform.

or section is IC10,Q9, IC11, IC12 and

nm IC1] isfed into its hon-inverting
pin -2). When the ramp voltage

which was at —12 V) leaps }li%to ov,

. This voltage turns on the FE

. which shorts out C22 and discharges it to
" almost 0 V. Q8has avery low ON resistance

" and hence the discharge time ig' relatively-

short, about 800 ng,
. However, once the discharging has
. started, you would expect the comparator
output to drop back to —12V. Weil it
would do if it wasn't for the monostable
built around it, (C23, R42). This monostable
- makes Q8 turn on for a fixed period of time,
’ suﬁfieien;.& for the discharge process ta he

eted.

Note that the power supply to IC11 is
locally decoupled to help protect the VCO

. from pitch jitter caused by fluctuating
' power supplies. The reset period causes the
- VCOto go flat at high frequencies.

As the frequency of the VCO increases
then so does the C22 charging current. But
this.current has to flow through R4l. This
makes the voltage of the ramp, (IC11 pin 6)
increase in size as the ramp speed is in-

gvetorm is then madified to give a
wave or a triangle wave output, The.
oltage coming out of IC11 pin 64s __cancel out the
s 3 1C12, This gs‘ aln LM.?;II; g fast o
voltage comparator. A voltags of '+ 5V43is .
$6t up on its inverting input, (pin 3) and the

exceeds +5V43, the comparator's output,
T switch Q8

+12v

o0
sw3
TRANSPOSE —12v
¢ -2 RV13 .
50k

cermet

HOW IT WORKS

ssed. This in turn means that the ramp is

urely add so the pitch of the

I we g

6" B .
sharpnéss correct. then it can be used o

tuning of the keyboard up to a frequency
which it could not do without R41.
“Fhe current that drives the VCO is sunk:

by the transistor Q7. Thik s used to produce

the logarithmic law ‘necessary to conveit
the linear voltage intervals from: the key-
board into.musical intervals which are
logarithmically spaced. A Vi, increase of
apout 1¥mV will tause the cojlector cur-

rent to double, (the VCO goes up an

octave), so therefore the voltage per
semitone is about IV5. This is a very small
voltage indeed.

IC10 is a voltage follower and merely

‘buffers the bias voltage to the emitter of Q7.

Shoutd IC10 go berserk, during the pawer
up say, it might try to reverse bias the
emitter of Q7 and cause it to zener, This
process would corrupt the logarithmic
characteristic of the transistor and so de-
stroy its ability to produce musical inter-
vals. D12 prevents this zenering. Q7 has to
be run at relatively low currents for twoe
reasons.

Firstly, the log law goes flat at high

currents, (1 mA). This is due to the effect of

the intrinsic emitter bulk resistor in the
transistor. The effective voltage drop
across this bulk resistor is subtracted from

d to go sharp at high frequen-
the size of this tendency to

e reset tendency to flatness: -
“The gverall effect will be'to maintain the

A56
100k

12y =12v

RV15
100k
tin
preset

SHAPE
ADJUST

Fig. 3. Our primary sound source, the
voltage controlled oscillator. References
for the connection points are made with
respect to the block diagram, Figure One.

The ‘Pitch Band’ control can provide
some variation to a solo by allowing the
riote‘'s pitch to be swung either side or
corract during playing.

the Vi, voltage and so the net effect is less

coliector current than was éxpected.
Therefore to ,%_et a good musical perfor-. - .
manice, the colléctor cutrent miust be kept - ¢
-as Tow as possible. -

Secondly, large currents will cause self-
heating, which- will make the VCO pitch ..
drift, aithough in this circuit the collector -+
voltage is a virtual earth and so the power
dissipation is relatively small anyway.

Even though the second transistor com-
pensates for the temperature change V,,
problems there is another temperature
effect to be dealt with. The pitch spread,
that is the number of millivolts per octave,
is temperature dependent. To compensate
for this effect, the resistor Fajr R33, 34 must
have a temperature coefficient, (TC) of
+ 3400ppm/°C. There is no element with

- this coefficient, although an alloy could be
concocted to produce it.

However, it just so happens that copper

- has a TC of +3900ppm/°C. Therefore a

870R copper wire wound resistor in series
with a 130R metal oxide resistor looks likea
1k resistor with a+ 3400ppm/°C TC. There
is an American company, (Tel Labs) that
makes a Q81 resistor, 1k 1% made just for
the job and this could be used instead of
R33, 34, that is if you can obtain them.

This resistor with the special TC Is
mounted close to the transistor pair so as to
be at the same temperature. Some
manufacturers actually glue the resistor to
the transistor for best thermal contact,
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Fig. 4. Envelope
control circuitry.
These interrelated
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synthesiser with
comprehensive
waveform enve-
lope shaping.

N
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NOTE:

125,26 ARE 4001

1C27,28 ARE 4016

129,31 ARE 741

1C3018 3140

Q13,16,20,21 ARE BC182
Q14,76,17,18,19 ARE BC212
D26-31,36,37 ARE 1Nd148
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The AD waveform is made up out of two
simple CR charge and discharge curves,
G15,Q17, Q21, and IC28, 27, 29, 31 form the
generator circuit. The AD is started by the
arrival of a positive vol at IC26 pin 1.
This is a SET, RESET flip flop made out of
two 2 input NOR gates. A high at pin 1 sets
pin 3 low and pin 4 high. These two outputs
drive two analogue transmission gates,
IC27. A high at the control input (13 and 5)
will open the ﬁate, a low will close it. Only
one gate is ON at any one time. The event
se(gence is as follows: 1C26 pin 1 goes high,
1C26 pin 4 goes high, ¥C26 pin 3 goes low.
‘C38.is charged up via IC27 pin 1, 2, 13 and
RV26 towards a positive (+8V7) reference
voltage. RV26 determines the charging up
time (ATTACK).

The voltage on C38 is buffered by 1C29, a
voltage follower. Assuming that the AD
generator is in its HOLD ON mode then the
capacitor C38 will be charged up towards
+8V7 until the gate input is removed.

When this happens the flip flop will
change state and the capacitar C38 will be
discharged towards 0 V via the other ana-

- logue gate and RV23.

The setting of RV23 will determine the

* discharge time (DECAY). The purpose of

Q15 is to generate the HOLD ON by disab-
ling the SINGLE SHOT circuitry, Q17, Q21.
Imagine the voltage on C38 is +2 V and
charging up. Q17 and Q2! will be turned
ON. When the voltage on C38 reaches
+8V1, Q17 and Q21 will start to turn OFF.

HOW IT WORKS

The voltage at Q21 collector, which is the
RESET control of the flip flop, will try to
tise positively (previously it was at 0 V), but
‘it is prevented from doing so'by Q15 Only

" when the gate input is removed can the fip

flop be reset and the decay occur.

When the single shot mode is selected
only a positive going pulse is delivered to
1C28 pin 1, and so Q15 cannot disable the

_reset. The waveform. charges up to +8 V,

resets the fhp flop and then discharges. If
however the keyboard gate is removed
before the attack phase has been com-
pleted, the circuit is kicked into its decay
maode by dicde D3] which: resets the flip
flop. This. means that no matter what mode
the circuit is in, it always reverts to its
decay mode when the kéyboard is released
{also:true for the ADSR).

The AD waveform is inverted by IC31
and these complementary signals are fed to
the AD sweep pot RV30. This waveform is
only used to sweep the. VCF and does not
control anything else. Fast ATTACKS and
DECAYS are of the order of 4 mS time
constant and slow settings are
approximately 2 S.°

ADSR:

The circuit is very similar to that of the AD
generator. IC25 is a SET RESET flip flop.
IC28 and Q16 control the ATTACK, DE-
CAY, RELEASE time constants by enab-
ling the three control pots. A keyboard gate
voltage generates a positive going pulse

IC25:pin 1, causing 1C25 pin 3 to go low.
This: then turng on.Ql6 and thus C37 is
charged up via RV24, the attack pot. IC30is
4 high input impedance voltage follower,
which ¢ontrols the output VCA but which
is also linked to Q18 via R100.

‘When C37-has charged up to 8 V, QI8
begins to turn off and in doing so, turns off
Q20. The collector goes high and RESETS
the flip flop. (316 is thus turned off and the
analogue transmission gate IC28 pin 1, 2, 13
is turned on via D27.

. Now (37 is connected via the decay pot

to the sustain voltage, the wiper of RV29

and:so it will discharge to that voltage and’

remain there until the keyboard gate is
removed. When this happens the IC28 pin 1,
2, 13 transmission gate is turned off via D28,
and IC28 pin 3, 4, 5 is turned on, Now C37 is
discharged towards 0 V via the release pot.
Also, when the keyboard gate is removed, a
RESET is generated by the diode D29, so

‘that the flip flop is ready for another cycle,

The ADSR voltage is used to control the
VCO pitch and the signal level at the
synthesizer’s output. The ADSR is con-
verted into a current by Q19, D30, R102, R99
and is used to drive a CA3080 acting as
VCA. The OFF level of this circuit is ad-
justed using RV 28,

The attack, decay, release time constants
are variable over a range of 5 mSto 2S. The
sustain QUIET position should provide at
least 40 dB attenuation.
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‘Voltage Controlied Filter

The VCF is a voltage controlled state vari-

able filter. This particular design generates

both low pass and bandpass.outputs. It has
the same voltage response as the VCO, ie.
it is Jogarithmic, as opposed to linear. A
CA3046 transistor array converts the con-
- trol voltage into a log current using very
similar circuitry to that which was
~employed in the VCO to minimise temper-
“ature effects.
The contral current needs to be sourced
. to-the VCF, in fact to pin 5 of IC16 and 1C19
which are both at about —11V4. This is
accomplished with Q11 and IC18. The cur-
rent that comes out of the logging transis-
tor flows into the emitter of Q11 and about
99% of it comes out of the collector, the
other 1% flows out of base. As long as the
- By doesn’t vary too drastically as a func-
tion ot the collector current, then this
source of error will not be greatly
significant. )
he tracking accuracy of the VCF is
much less of a problem than for the VCO.
VCF tracking errors will only result in a
slight change in tone, not pitch.
IC18 maintains Q12 at a fixed bias vol-

=

HOW IT WORKS

“~0VE2. The control
i Q1. collector

- tage of approximgtely
current. that comjesout

splits equally down R68, 74:and into IC16;

19 respectively, Thege 'devices are
" CA3080’s, a two quadrant my
is used as avariable gain cell ‘to tune.the
~ filter yesonance. ey Tal
in fact they are gam. controlled integra-
tors, where {28, 33 are the timing capaci:
tors. The outputs are current outputs and
are therefore high impedance. IC17, 20 are
very high input impedance voltage. fol-
towers and they unload the outputs of the
integrators. IC186, 17, 19,20, 23 is.in fact an
analogue model of a second order differen-
- tial equation, (i.e, a:tuned circait or &
mechanical resonator).

The loop gain, which is controlled by
IC16, 19, is linearly groper‘tionai to the
resonant frequency, therefore by varying
the current into-I1C16, IC19 the resonant
frequency of the model is controlled. Note
that there is both negative and positive
feedback around IC16, 1C19. The negative
feedback is fixed but the positive feedback
is variable via the resonance pot RV19.

As more positive feedback is applied the
model becomes more resonant, the  factor
increases, Too much feedback and the

Swi
SHAPE 400k

AV22
R7S 100k

preset
€32 —

smltiptier which'

Fig. 5. Voltage controlled fiiter circuitry.
Note the foot pedal option for controlling
the filter sweep. This allows a character-
istic effect to be set up and produced
whaen required by depression of the pedal.

NOTE:

1C16,19,22 ARE 3080
1€17,20 ARE 3140
118,21 ARE 7241
Q10,12 ARE CA3046
D19-24 ARE 1N4148

SK4
HIGH

100R | ouTPUTS

SKS
LOW

R79

-12v

circuit will oscillate. In fact stable, low
distortion sinewave oscillations can be
produced -by turning the resonhance pot
fully clockwise. The diede bridge
amplitude limits the signal-excursions and
will thus stabilise the signal level when the
VCF is in its oscillator mode.

. “The VCF can therefore be used as a low

“distortion oseiliator or as a filter. However, -
- “the signal level in the oscillator mode is
" much lguder, (about 10 dB) than in the filter

" mode, - .

~VCA

The CA3080 is used as a two quadrant
multiplier. That is the gain of the device is
controlled by the current flowing into pin 5
As this current has the same con-
tour as that of the ADSR, then any signal
flowing through the VCA will have its
amphitude modulated with the ADSR con-
tour. The output is buffered by a voltage
follower providing a high level output
(typically OdBm) and a low level output
{typically —20dBm). By putting a fixed DC
current in, a constant output level is pro-
dtgsgg {BY-PASS ON), unaffected by the
A .
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NOISE
" GENERATOR

NOISE (X}

SK6
EXTERNAL

AUDIO
SIGNAL

Fig. 7. The digital
noise circuit is
locally decoupled
by C47, and the
supply rail stabil-
ised by ZD4 as
shown right. The
external audio

o

signal level should NOTE:
out 1V for 1IC34 1S 4030
I;a ab i IC35 1S 4006
est results. Q22 IS BC182 T

IC35 13

HOW IT WORKS

The noise generator is a digital pseudo
random shift register circuit. IC35 is an 18
bit shift register and 1C34 is a quad exclus-
ive OR device. IC34, pins | to 6 forms a high :
frequency (30 kHz) oscillator which is used 204

to clock the shift register. 1C34 pins 8 to 13 ~12v  5Ve NOISE

. provide feedback around the shift register PSU
~and are so arranged as to jumbie up the caz

- data that is circulating. What happens is 13

“that a continuous repeating sequence of ,7}77

- O's and I'’s flows around the register but
the sequence is so very long that it only
repeats about once every second. This
 repetition is inaudible. However the output ' o
- has the characteristics of a noise source generated by the slow oscillator. The out-
- with a fairly flat spectrum. _ ~put is a sampled DC signal of random
___The noise output is mixed into the audio voltage, the sampling rate being that of ;}j;e
“input of the filter (RV33) and is also taken . slow oscillator. This random voltage canbe
“to the Random sample and hold. The noise  used to control the frequeéncy of the VCO

- -is the signal that'is sampled and the gateis  and VCF. ST R




SLOW
OSCILLATOR

C41 C42
Tul0 1ud R123
1ﬂ| Il}i 82k
€32 R125
8k2 E
i\ S vz
r 100k
log
ouTPUT EI:Z;?O R124
B : 330R
D32 D34
R119 NOTE:
22k D33 D35 1C32,33 ARE 741

D32--35 ARE 1N4148

Fig. 8. Full circuit diagram for the slow oscillator block. Although
very simple on paper, this circuit has a great deal of influence on
the performance of the machine as a whole. The range is about
300 to 1, and the oscillator exercises control over the voltage
controlled oscillator pitch, the VCO waveforrn modulation, the
keyboard sample and hold function, the voltage controlled filter
swaaep rate and the ADSR repeat facility.

~HOW IT WORKS
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