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and budget can be an overwhelming experience because of
the enormous inventory of equipment available.

The circuits described herein are of the highest quality
and were designed to operate alongside and interface with
the finest digital synthesizers on the market. Input and out-
put impedances are compatible with a wide variety of equip-
ment. Modules that require trigger pulses can be activated by
as little as a few millivolts or by as much as a 15-volt spike.

The book also contains foil patterns for etching circuit
boards. Simple circuits can be wired on pre-etched boards
that are available commercially, but more complex circuits
work better and are easier to build with custom-etched
boards. There are beginner etching kits at local electronic
suppliers for those who have never had experience with etch-
ing.

I hope this book is a valuable addition to your electronic
music library. The primary concern is to provide a useful ref-
erence for your journey through the ever-expanding world of
electronic music synthesis.






























POWER SUPPLIES AND TEST EQUIPMENT

9V TO 15V

R1—220 kQ

R2—1 kQ

C1—1 uF TANTALUM

D1—LED

Q1—ANY UNIJUNCTION TRANSISTOR UNDER TEST

Fig. 1-6. Test circuit for unijunction transistors.
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SOURCES

U

Fig. 2-1. A 50 percent pulse width waveshape.

Vv
R1 R2
A G
oOutT O——¢-
C1 ouT
R4

Fig. 2-2. Programmable unijunction transistor circuit.

Fig. 2-3. Unijunction transistor waveshape.

In Fig. 2-2, capacitor C1 is charged through resistor R1.
When the voltage exceeds that established by voltage divider
R2 and R3, then the gate turns the transistor on and C1 dis-
charges through R4, producing a needle pulse at the cathode

lead of the transistor. The sawtooth wave is taken from the
anode of the transistor, however an oscilloscope reveals that

the waveshape is actually a reverse exponential curve, as Fig.
2-3 illustrates.
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Voltage-Controlled Filters
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AMPLIFIERS
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ENVELOPES
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ENVELOPES

The importance of the voltage-controlled input cannot
be stressed enough because it is the key to precise and ulti-
mate control. The possibilities for this design are quite liter-
ally infinite. Some of the most interesting and ambitious
applications follow.

The first benefit derived from this circuit is exponential
envelopes including a reverse exponential envelope (which
must be heard to be believed). Figure 5-4 shows the output of
the generator when switch S2 is in the exponential position.
Figure 5-5 shows the output when fed back to the control
voltage input through an inverter and is one of the most inter-
esting envelopes to hear.

Fig. 5-4. Exponential decay waveshape.

Fig. 5-5. Reverse exponential decay waveshape.
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SEQUENCERS
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Sampler

module is a sampler. It can produce sequences with literally
hundreds of stages. The schematic, shown in Fig. 6-9 shows
IC1 used as a needle pulse generator. This extremely short
pulse is necessary to prevent the holding section from follow-
ing the sampled wave.

Switch S1 changes IC1 from a pulse generator to a pulse
processor that maintains its pulse width regardless of the
input pulse width. Diode D2 serves as a visual monitor of the
pulse while potentiometer R5 determines the frequency
when S1 puts IC1 in the generator mode. Almost any
waveshape can be sampled, however square waves and pulses
should be avoided. Figure 6-10 is a diagram illustrating the
way the sampler functions. When a pulse is sensed by IC2
through pin 13, it briefly passes the signal from pin 1 to pin 2
of IC2.

Resistor R6 discharges capacitor C2 and leaves a charge
equal to the signal level at the time of the pulse. When the
pulse is gone, capacitor C2 is denied any discharge path, so
transistor Q3 is held at a fixed level until the next pulse.

OUTPUT
WAVESHAPE

SAMPLED
WAVESHAPE

SAMPLING
PULSE

A i | S | A J,_

Fig. 6-10. Function diagram of sampler.
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String Keyboard

R7 10 kQ

\ R6 100 kQ
\ R2
Q1
\ 150 kf?
LINEAR IC1 N
KEYBOARD \ R1 1 kO |
VOLTAGE © m
DIVIDER
RESISTORS \ 1Rk3g
100 ©
Yo, R4 OUTPUT
\ 100 kQ
\ INPUT
\ R1—1kQ R6—100 k2 POT
R2—150 kO R7—10 k@ POT
\ R3—1 kQ R8—10 kg POT
R4—100 ke POT Q1—E101 FET TRANSISTOR
R5—1 kQ IC1—741 OP AMP
R8 10 kQ

Fig. 7-8. Linear to exponential keyboard.

STRING KEYBOARD

The string keyboard is named not for the sound it makes
but for the fact that it utilizes an india-ink-coated piece of
string for its voltage divider. Use an absorbent type of string
such as wrapping twine. Mount the string with screweyes as
shown in Fig. 7-9 with a spring at one end to maintain ten-
sion.

Attach wires to the string by twisting the wire once
around the string and then slide it to the left or right to tune.
The wiring diagram for the string keyboard is shown in

Fig. 7-10.

Fig. 7-9. String keyboard diagram.
77



KEYBOARDS
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KEYBOARDS

to a firmly supported section of the faceplate and then coated
with a thin layer of varnish. The copper will remain clean
and shiny, and the varnish will in no way interfere with the
normal operation of the keyboard.
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ATTENUATORS AND PROCESSORS

— vea =0 LEFT

—p—o VCA RIGHT
CV o- ‘
CV
INVERTED

Fig. 8-4. Manual pan diagram.

VCF
LP

Fig. 8-5. Manual filter sweep.
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Attenuators

problems. Figure 8-9 shows an adjustable ring modulator.
Figures 8-10 and 8-11 show a control voltage cross-fad-
er and a low-frequency oscillator balancing patch, respec-
tively.

R1
J1 O0———r--AANN——0 J2
J3

R1—1 MQ POT

J1-J3—BANANA JACKS
Fig. 8-8. Open attenuator.

)
@-—’_NW - = |

MIXER p—e=—0 OUT
@ ._

RING
MOD

Fig. 8-9. Adjustable ring modulator diagram.

.

SEQUENCER

Fig. 8-10. Open attenuator crossfader diagram.
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Flanger
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Envelope Detector

Parts List for Fig. 9-5.

R1—3.3 kQ
R2—10 kQ
R3—27 kQ
R4—68 kQ
R5—1 kQ
R6—100 kQ POT
R7—10 kQ
R8—100 kQ
R9—1 MQ
R10—10 kQ
R11—27 KQ
R12—27 kQ
R13—470 kQ
R14—470 kQ

R15—27 kQ

R16—27 kQ

R17A/B—50 kQ DUAL POT
C1, C3—5uF

C2—.0047uF

Q1—2N3566, NPN
Q2—E101, FET

Q3—2N4916, PNP
Q4—2N3565, NPN
IC1—566, VCO
S1—SPDT
S2—3-Position Rotary
J1—Banana Jack

J2 - J4—Mini Jacks

-

9-6 illustrates what appears to be a preamp, but with one
important difference—capacitor C2. Transistor Q1 receives
an audio signal through capacitor C1 and potentiometer R1
and does function somewhat like a preamp, however as
capacitor C2 is tuned closer to transistor Q2, there is a lag in
response time as the second stage becomes more sensitive to
the average level than to the actual frequency. When used
with a white noise generator through a low-pass filter, this
module serves as an excellent source for a sampler.

AUDIO IN C1
O

J1 s .F

R1
1 MQ

R1—1 MQ Pot
R2—10 kQ
R3—100 kQ Pot
R4-—10 kQ

15V

R5—1 kQ
C1—5 uF
C2—1 uF
Q1—BS 170
Q2—B8S 170

J1—Mini Jack
J2—Banana Jack

Fig. 9-6. Envelope detector.

RS CONTROL
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Applications
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PARTS IDENTIFICATION

An exact gain ratio can be achieved with the selection of
proper input and feedback resistors. Although the 741 was
designed to operate with a dual power supply, it can easily be
adapted to a single ended supply. Operational amplifiers are
shown in Fig. 13-7.

INPUT FREQ. Y OUTPUT FREQ.
COMPARISON 1 8] | COMPARISON
INVERTING —
2 71 v
INPUT L T
NON-INVERTING [ 5 s ouTPuT
INPUT '
V- 4 5 OUTPUT
L] AG
8-PIN DIP
INPUT LAG
(1) INPUT LAG
INVERTING
INPUT

V-
8-PIN CAN
(BOTTOM VIEW)

Fig. 13-7. Operational amplifiers.

TIMERS

The 555 timer is the perfect device for isolating timing
events (Fig. 13-8). A negative pulse is required to trigger the
timer, and the output pulse width is independent of the
input. The output level equals the power supply voltage, so a
current-limiting resistor, at the output, is necessary. Pin 7 is
at ground potential during part of the cycle, so it should
never be allowed direct access to full power.
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PARTS IDENTIFICATION

and case types (Fig. 13-21), are available ai all electronic sup-
pliers. If polarity is a factor in the use of a capacitor, it will be
indicated on the device and should be used accordingly.
Voltage ratings of electrolytic capacitors should exceed the
power supply voltage. Situations that require precise values
with low leakage should employ tantalum capacitors.

polyester capacitor

electrolytic capacitor

disc capacitor : (

polystyrene capacitor

=

Fig. 13-20. Capacitor types.

SERIES

I( | (
l I\
10 uF 1uF

TOTAL VALUE
=<.01uF

o_l_
- T~

PARALLEL

ol

100 pF

TOTAL VALUE

50 uF
I{
N\

10 uF

Fig. 13-21. Capacitor operating principals.
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component mapping and identifi-
cation, 145-159
binary counter, 155
capacitors, 158
decade counter, 152, 153
diodes, 155
divide by n counter, 154
dual D flip -lop, 151, 152
dual J-K flip-flop, 151, 152
FET, 146
integrated circuits, 146
operational amplifier, 148
optical devices, 156, 157
quad bilateral switch, 153, 154
quad NOR gates, 150
resistors, 156
timers, 149-150
transistors, 145, 147
voltage regulators, 145, 146
voltage-controlled oscillators,
147
components substitution, 5
connections, 4, 115
continuous sampling, 143
control circuits
control voltage expander, 93
glitch-free, 96
patch bay, 94, 95
processor, 91-92
control voltages
attenuators and, 83-84
expander, 93
controls, 115
converter, sine wave, 66
counter
binary, 155
decade, 152-153
divide by n, 154
cross wave synthesis, 143
crossfade attenuators, 88, 89

D

D flip-flop. dual, 151, 152
decade counter, 152, 153
decay time, 47
exponential/reverse exponen-
tial, 51, 53
linear, 53
percussion, waveshape for, 52
ten-stage, step-decay. 52
decoupling attenuators, 90
manual filter with patch bay
and, 95

162

detector, envelope, 105, 107
differentiator, 109, 148
digital envelope generator, 48
digital synthesizers, 137-144
cross wave synthesis and, 143
linear arithmetic in, 139, 143
MIDI and, 143
modulation and, 137-139
sampling, 143
diodes, 155
light-emitting (LED), 156
distortion, 96
divide by n counter, 154
divider, voltage, 3
dual attenuators, 84
dual D flip-flop, 151, 152
dual J-K flip-flop, 151, 152

E

electronic switch, sequencers, 61-
63
envelope detector, 105, 107
envelope generator, 47-55
attack, sustain, decay, and
release time, 47
digital, 48
exponential/reverse exponential
decay waveshape, 51
foil pattern for, 50
multistage linear, exponential,
reverse exponential decay
wave, 53
MIDI and, 131
percussion decay waveshape,
52
quick-changing linear-decay
chain, 54
schematic, 49
sequencers and, 59
ten-stage, step-decay
waveshape, 52
envelope reconstruction, 133
equipment and tools, 4-10
transistor tester, 8-10
unijunction tester, 8-10
expander, control voltage, 93
exponential decay, 51, 53

F

4001 quad NOR gate, 151
4013 dual D flip-flop, 151, 152
4017 decade counter, 152, 153



4018 divide by n counter, 154
4024 binary counter, 155
4027 dual J-K flip-flop, 151, 152
4066 quad bilateral switch, 153,
154
555 timer, 149-150
566 voltage-controlled oscillator,
148
feedback, attenuators for, 91
FETs, 145, 146
exponential response curve, 14
substitutions for, 5
tester for, 8-10
filters, 16, 25-34, 148
band reject, 32
bandpass, 26
capacitors as, 26
first-, second-, third- and
fourth-order, 25
graphic, 32
high-pass, 26
high-pass, voltage-controlled,
28
low-pass, 26
low-pass, voltage-controlled, 29
manual, with patch bay and
decoupling attenuator, 95
parametric, 32
resonant, voltage-controlled,
30-32, 33-34
sampling and, 144
sweep, manual, 86
two-pole, 26
two-stage, 27
voicing circuits, 32-34
voltage-controlled, 26
first-order filters, 25
flanger, 100, 102, 103, 148
flanging, 147
flip-flops
dual D, 151, 152
dual J-K, 151, 152
four-channel mixer, 41
fourth-order filters, 25
frequency modulation, 16
frequency-crossing diagram, 85
function generator, 47

G

gates, quad NOR, 150
generators
envelope or function, 47
pulse, voltage-controlled, 20-22

top-octave, 22-23
white noise, 18, 30
glitch-free control, 96
graphic filters, 32
ground reference, adjustable,
patch bay and, 95
grounds, 115

H

harmonics, 11, 143
filtering and, 25

high-pass filters, 26
voltage-controlled, 28

I

integrated circuits, 147-148
integrator, 110, 148
intensity, 11

interface, MIDI, 127-136
inverter, 99-100

J

J-K flip-flop, dual, 151, 152
jacks, shielded, 7

K

keyboards, 69-82
linear-to-exponential, 75-77
MIDI and, 130
programmable, 121, 123
ribbon controller for, 69-73
sampling, 143
stepped, 73, 75, 76
string, 77-78
touch plate, 79-82

knobs, 115

L

labeling panels, 114

laser systems, musical instrument
digital interface (MIDI) and,
133, 134

LEDs, 156

lighting systems, musical instru-
ment digital interface (MIDI)
and, 133

linear arithmetic, digital synthe-
sizers and, 139, 143

linear decay, 53 _

quick-changing chain, 54

linear-to-exponential keyboards,

75-77

163



looping, 143-144

low-frequency oscillator, 16, 18

low-pass filters, 26
voltage-controlled, 29

M

manual filter sweep attenuators,
86
manual pan attenuators, 86
mixers, 40
common envelope block dia-
gram for, 42
four-channel, 41
modulation, 137-139
adjustable ring, 89
amplitude, 16
frequency, 16
pulse amplitude, 139, 141
pulse code, 139, 142
pulse position, 139, 140
pulse width, 137-138
ring, 108
momentary sampling, 143
motion picture systems, musical
instrument digital interface
and, 136
multimeter, 5
musical instrument digital inter-
face (MIDI), 59, 127-136
applications for, 130-136
block diagram of, 129
digital synthesizers and, 143
envelope reconstruction dia-
gram, 131
filters, sampling and, 144
foil pattern for, 129
keyboard and, 130
laser systems and, 133, 134
lighting systems and, 133
motion picture systems and,
136
operation, 130
rhythm patch and, 132
schematic for, 128
video systems and, 135, 136

N

negative resistance, 13

negistor oscillators, 7, 13

noise generator, white noise, 18,
30

NOR gate, quad, 150

164

O

octavizer, 99-101
op amps, 148, 149
open attenuators, 88, 89
balancing diagram, 90
optical devices, 156, 157
optocoupled voltage-controlled
amplifiers, 40
optocouplers, 156, 157
oscillator
audio, voltage-controlled, 15
low-frequency, 16, 18
negistor, 7, 13
unijunction, 13
voltage-controlled, 17, 147-148
overshooting, 39

P

panel labeling, 114
panning, 86, 105-106, 147
auto, 105, 106
manual, 86
parallel voltage divider, 76
parametric filters, 32
partials, 139, 143
patch bay, 94, 95
rhythm patch and musical
instrument digital int, 132
percussion decay waveshapes, 52
percussion simulation, 30
phase shifter, 110, 111
photocells, 156, 157
phototransistors, 156, 157
pitch-coordination attenuators, 85
pliers, 5
polarity, transistors, 5
portamento, 66-67
potentiometers, 115
power supplies, 1-4
cables for, 4
circuit diagram of, 2
connectors for, 4
voltage divider, 3
voltage regulation, 4
wiring diagram for, 116
preamps, 35-36
processors,91-92
programmable keyboards, 121,
123
proximity sensors, 119, 122
pulse amplitude modulation, 139,
141



pulse code modulation, 139, 142

pulse generator, voltage-
controlled, 20-22

pulse position modulation, 139,
140

pulse width modulation, 137-138

Q

quad bilateral switch, 153, 154
quad NOR gates, 150
4001 type, 151
quick-changing linear-decay
chain, 54

R

regulator, voltage, 4, 145, 146
release time, 47
resistance, negative, 13
resistors
color codes for, 158
odd values, 158
parallel configuration of, 156
substitutions for, 5
resonant filters, voltage-
controlled, 30-32. 33-34
reverb, voltage-controlled, 102,
104, 105
reverse exponential decay, 51, 53
rhythm accompaniment, 59
rhythm patch, MIDI and, 132
ribbon controller for keyboards,
69-75
sample and hold, 72, 73
ring modulator, 108
adjustable, 89

S

sample and hold, ribbon control-
ler, 72, 73, 75
sampler, 63-65
sampling, 143
filters and, 144
looping and, 143-144
momentary vs. continuous, 143
sawtooth waveshape, 11
Schmitt trigger, 16
second-order filters, 25
sequencers, 57-67
attenuators and, 91
electronic switch for, 61-63
envelope generator and, 59
foil pattern for, 59

gliding diagram, 92
irregular rhythmic patterns, 60,
61
multiparameter, control block
diagram for, 59
portamento, 66-67
range-adjustment diagram, 92
sampler, 63-65
schematic for, 58
sine wave converter, 66
two-, interface diagram, 92
waveshape of, 61
series voltage divider, 76
shielded jacks, 7
sine wave converter, 66
sine waves, 11
converter, 66
soldering, 5
sources, 11-23, 148
low-frequency oscillator, 16, 18
negistor oscillator, 13
tonal quality, altering, 25
top-octave generator, 22-23
unijunction oscillator, 13
voltage-controlled pulse genera-
tor, 20-22
white noise generator, 18
speakers, 40
amplifiers and, 35
compensation network in, 42-
43
speed-coordination attenuators,
85
square waveshape, 11
step-decay waveshape, 52
stepped keyboards. 73. 75
parallel voltage divider, 76
series voltage divider, 76
string keyboards, 77-78
substituting components, 5
sustain time, 47, 143
sweep, filter, manual, 86
switch, 115
quad bilateral, 153, 154
synchronous attenuators, 87. 88
system planning, 113-125
analog system, layout for, 124-
125
cabinets, 113
knobs, controls, connections,
115
large systems, layout for, 116-
118

165









	Spund ► Synthesis Analog	:

	Sound Synthesis

	Contents

	Power Supplies and Test Equipment 1

	2	Sources 11

	3	Filters 25

	4	Amplifiers 3 5

	5 Envelopes 47

	g Sequencers 57

	0 Miscellaneous Circuits 99

	10 System Planning 113

	11 Musical Instrument Digital Interface 127

	22 Digital Synthesizers 137

	13 Parts Identification 145


	Introduction

	Pöwer Supplies and

	Test Equipment

	VOLTAGE DIVIDER

	VOLTAGE REGULATION

	ABOUT CABLES AND CONNECTORS

	EQUIPMENT


	Sources

	NEGISTORS

	UNIJUNCTION OSCILLATOR

	LOW-FREQUENCY OSCILLATOR

	WHITE NOISE GENERATOR

	VOLTAGE-CONTROLLED PULSE GENERATOR

	TOP-OCTAVE GENERATOR


	Filters

	VOLTAGE-CONTROLLED FILTERS

	VOICING CIRCUITS


	Amplifiers

	PREAMP

	VOLTAGE-CONTROLLED AMPLIFIER

	MIXERS

	SPEAKERS

	AMBIENCE RECOVERY SYSTEM


	Envelopes

	Sequencers

	ELECTRONIC SWITCH

	SAMPLER

	SINE WAVE CONVERTER

	PORTAMENTO


	Keyboards

	RIBBON CONTROLLER

	SAMPLE-AND-HOLD CIRCUIT

	STEPPED KEYBOARD

	LINEAR-TO-EXPONENTIAL KEYBOARD

	STRING KEYBOARD

	TOUCH PLATE KEYBOARD


	Attenuators and

	Processors

	ATTENUATORS

	FEEDBACK ATTENUATION

	OTHER CONTROL CIRCUITS


	Miscellaneous

	Circuits

	INVERTER

	OCTAVIZER

	FLANGER

	VOLTAGE-CONTROLLED REVERB

	AUTO PAN

	ENVELOPE DETECTOR

	RING MODULATOR

	DIFFERENTIATOR

	INTEGRATOR

	PHASE SHIFTER


	System Planning

	CABINETS

	LARGE SYSTEM LAYOUT

	THE SMALL SYSTEM


	Musical

	Instrument Digital Interface (MIDI)

	OPERATION

	APPLICATIONS


	Digital Synthesizers

	MODULATION

	OTHER TECHNIQUES


	Parts

	Identification



	mn

	Index




