
H
ERE is a practical, low-cost way 

to build your own electronic 

music syste m. The "'Music Modules" 

presented here are a series of 
snap-together blocks that let you 

build any instru ment you want, of any 

desired co mplexity, using virtually any 

syste m architecture you can dream 

up. Like traditional organ circuits. the 

syste m can be equally te mpered and 

fully polyphonic, and it generates up 

to 97 notes si multaneously with ex

treme, per manently tuned stability. 

As with some synthesizers, the 
Music Modules give you a wide range 

of control over the attack, sustain, 

tailback, decay, snubbing, bite, and 

echo of a note. As an option, you can 

have co mplete control over glides, 

slide, and porta mento effects in either 

single or multiple voices. The syste m 

is econo mical enough to permit you to 

make si mpler things like pitch refer

ences, calliopes, co mputer music in

terfaces, co mposers, and side man 

rhyth m mates. 

The basic system is co mposed of 

three modules: a top-octave generator 

and translator, a sawtooth divider. and 

a dual hex vca (voltage-controlled 

a mplifier). You can co mbine as many 

of these modules as you want with a 

power supply a nd professional 

keyboard to form the heart of any in

strument. What we have here, in ef

fect, is the usually difficult-to-build 

and expensive repetitive circuit that is 

the core of any quality polyphonic sys
te m reduced to a few si mple CMO S 

circuit blocks. 

Some Basics. The top-octave 

generator sche matic diagra m is 

shown in Fig. 1. It starts with a 2.000-

240-M Hz crystal for single, fixed tun

ing. If you want to tune another in

stru ment, do glides or vibrato, or add 

noise or other frequency- modulation 

effects, you can break the oscillator's 

output circuit and add a variable mas

ter pitch reference. A seven-stage bi

nary divider follows the oscillator to 

reduce the octaves down the scale. 

Four possible frequencies are 

selected fro m the divider by an elec

tronic switch. These are the crystal 

frequency and one-half, one-quarter, 

and one-eighth of the crystal's fre

quency. The selected frequency goes 

to a special IC that auto matically de

velops all the notes of the top octave 

With the electronic selector switch, 

you can choose the top octave, which 

means you can use a short keyboard 

and only a few vca modules and still be 
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PART S LIST 

7 

Top-Octave (;enerator & Translator 
CI. CJ...---27-pf mica or polystyrene cap

m:itor 
C2-0. l-µI-". 50-volt \1ylar capacitor 
IC l-CD4001 CMOS quad NOR gate IC 

able to generate all the notes you 
need. 

The pitch generator divides the 
2-MHz refer�nce 13 different ways to 
generate the 13 notes of top octave C7 
through CB (2093.01 to 41 B6.02 Hz). 
These note divisions approximate the 
equally tempered music scale with an 
accuracy better than can be deter
mined by the best musician. Thirteen 
different references. each one of 

which corresponds to a different note, 
are produced simultaneously: C7. 
C#7, D7. 0#7, E7, F7, F#7, G7, G#7, 

A7, A#7, 87. and. in the next octave 
up, CB. (For more information on mu
sical pitch, see "Electronic Music 
Pitch Standards.

.. POPULAR ELEC
TRONICS, January 1974.) 

There are at least two ways to use 
the top-octave system. In traditional 
organ architecture, you provide 12 
outputs simultaneously and route 
them to divider modules so that you 
have all the notes you need all the 
time. You can also use the translator 
and an external 1-of-12 selector to 
generate any single note under digital 
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IC2--('D40:?4 7-�tage CMOS hinary divi-
der I(' 

ICJ...-CD401ti quad CMOS switch IC 
IC4----M K5024P-AA integrated circuit 
RI through R4----IOO.OOO-ohm. 14-watt re

�istor 
RS-- I 0-megohm. 14-watt resi�tor 

command. This is ideal for computer 
control, pitch references, and many 
synthe�izer applications. Only an 
on/off keyboard without precision re

sistors is needed, and the normally 
troublesome exponential or logarith

mic conversion circuitry is built into 
this module, which is essentially 
"free" and temperature, time, and 
voltage stable. All you do is provide a 

number or digital word to get the note 

out. 
The divider module takes three of 

the notes of the top octave and gener

ates all equivalent lower-octave notes 
down to zero (Fig. 2). For instance. 
suppose one input of one divider 
module is fed note A7. The outputs of 
the module will be eight notes (A7 
down to AO). each one octave or 2:1 
frequency lower in pitch. Each octave 
output is a square wave. which can be 
used directly for economy or where 
you want to imitate "woody" tones 
(clarinet or stopped organ pipe). The 
module also contains some resistor 
networks that convert the square 
waves into sawtooth outputs. More 
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OUTPUT FREQUENCIES 
+l�V SQUARE WAVES 

Rti--1 0.!XlO-ohm. 14-watt resistor 
SO I through SOJ-10-contact Molex Nu. 

09-52-3153 connector 
XT A L:-2.000240-MHz parallel-resonant 

crystal '30-pF load). 
Misc.-Printcd circuit hoard. hookup wire: 

solder: etc. 

precisely, it converts them into a 
stepped approximation of a sawtooth, 
but the two are identical once you start 
to filter them. A sawtooth or its 
stepped approximation contains near

ly all harmonics, compared to a square 
wave that has only odd harmonics. 
You can also filter the outputs of this 
module to recover sine or near-sine 

waves for flute-like tones. 
One top-octave generator and four 

divider modules are needed to gener
ate all 97 notes either as square or 
sawtooth waves. 

The dual hex vca module provides a 

means of turning on and off 12 notes 

combined as two groups of six notes 
each (Fig. 3). There are several ways 
you can use this module. Connect the 
decay bus to -1 SV. and you obtain 
simple on/off control of each note 
without key clicks or other undesir
able effects. Grounding a keying input 
produces a note, while leaving it float
ing stops the note. Connect the decay 

bus to + 1 SV, and you get a sharp at
tack, gradual decay. or long sustain 
keying characteristic. If you connect 
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your keying input to a source of 
controlled-width pulses, you gain 
co mplete control of attack, tailback, 
sustain, and decay of all notes si mul

taneously, independently and expo

nentially, with very little added co m

plexity. A storage capacitor on each 

keying input averages out these con

trol pulses and provides a wide range 

of independent control of each note. 

PART S LIST 

Triple ()hider Module 
C 1-0. J-µf. 20-volt di'c capacitor 
JC I through JC3--CD4024 7-stage CMOS 

hinary divider IC 
The following resistors are 1/.1-watt. J(H: 
RI through RR. RVi through R42. R69 

through R 7&-220 ohm� 
R9 through Rib. R43 through R5o. R77 

thrnugh RK4- J00.()()() ohms 
R 17 through R23. R5 I through R57. RK.' 

through R91-200.000 ohms 
R24 through R29. R5K through R6J. RY2 

through R97-J90.000 ohms 
RJO through RJ4. R64 through R6K. R98 

through R 102-750.000 ohms 
SOI through S03-JO-contact Moln No. 

09-52-3153 connector 
Misc.-Printed circuit hoard: hookup wire: 

solder: etc. 

Fig. J. 'J'he di1·ili<'r 1111111111<' 
toke.� lh!'ee 11( the 1wles 
<!(Ille 11111 urf111·1· a11rl yc111·raf1's 
l'l/llil'((/1!111 loll'l!/'-OCf((I'(' l/()f('s. 

Fiy . . 1. The dim/ he.r 1·rn 11111rl11fr 
11ru1·id<'.� .fiir l111·11i11y 011 1111rl off 
/.! !IOf('s ('f)lllhf11('(/ (IS fll'O !Jl'llllfl-'. 

PARTS LIST 

Dual Hex VCA 
C 1-500-µF. 3-volt electrolytic capacitor 

( 14 mm maximum height) 
C2-0. l-µF. 2'i-volt Mylar capacitor 
CJ through CJ4-l-µF . .15-volt high

quality electrolytic capacitor with axial 
leads 

DI through D30-IN914 (or 'imilar 
computer-type) diode 

IC! through ICl2-CA3080 transconduc-
tance amplifier IC (RCA)* 

The following resistors are \4-watt. IO"A: 
RI. R2-22,000 nhms 
R3-220.000 ohms 
R.'i through Rll>-10.000 ohms 
R 17 through R2X--3300 ohms 
R29 through R40-2.2 megohms 
R41 through R.'>2-680.000 ohms 
R4-I 000-nhm flat-mounting pc poten

tiometer 
SOI through S03-JO-contact Molex No. 

09-52-J 153 connector 
S0 4-4-contact Molex No. 09-.'i2-J042 

cnnn.:ctor 
Mi" .-Printed circuit board: hookup wire: 

solder: etc. 

*There are several different packages 
availahle for the CA 3080. which fits the 
TO-'i pin circl.: shown in the foil pattern. 
The CAJOKOS and CAJOROE fit 8-pin dual 
inline minidip patterns. Be sure your pc 
layout and IC's are compatible. All three 
package 'tyles remain avaihihle from 
RCA. 
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TONE AND ATTACK INPUTS 

K=ATTACK FROM KEYBOARD 
X =SAWTOOTH FROM DIV IDERS 

Note-The following items are available 
from Southwest T .:chnical Products 
Corp .. 219 West R hapsody. San An
tonio. TX 7K2 I 6: No. TOb printed circuit 
hoard for top llCtavc generator for$' .50: 
complete top-octave generator kit. No. 
TO-I for $17.25: No. TDh pc board for 
triple divider for $5.75: complete triple 
divider kit. No. TD-I. for $ JO . .'iO: No. 
TXb dual hex vca pc board for $4.75: 
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R41-R52 

complete dual hex vca kit. No. TX-I, for 
$2 J .'iO: No. TP-1 regulated power s11pply 
kit for $17.'iO. A fully assembled 37-note 
profes�ional keyboard designed to AGO 
standards, No. AG0-37. is available fo� 
$65.00 (includes $.'i.00 for handling) from 
PAIA Electronics. P.O. Box 14395, Ok
lahoma City. 01-.: 73114. Allow four 
weeks for delivery. 

I 
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There are 12 IC's in the vca module. 

Each controls the gain of a single 

note. The outputs are nor mally wired 

so that six share a co m mon load resis

tor. However, you can easily break out 

one or more individual vca's for such 

things as loudness control, quadra

sonic fading, or position modulation, 

or to introduce tre molo or noise 
amplitude modulation. 

You can use as many vca modules 

as you want in your syste m, adding 
one for each independent, polyphonic 

octave. Since keyboards are one of the 

major expenses in any electronic 
music syste m, it pays to keep the 

keyboard as short as reasonably pos

sible. This also cuts down on the 

nu mber of vca modules you'll need. 

Re me mber that you can still get all the 

notes you want by using the translator 

switches on the top octave module. 

A 72-note polyphonic syste m, using 

a 36-note (three octave) keyboard, the 

top-octave module, four sawtooth di

viders. and three vca modules. is 
shown in Fig. 4. A four-position switch 

selects which three octaves are to be 
played at any ti me. Note that this is 

only one possible polyphonic ar

rangement. You can add or eli minate 

as many parts as you want. In addition. 
there are all sorts of si mpler 

monophonic variations. A top-octave 

module and part of a vca module can 
give you the heart of a synthesizer or a 

co mputer-controlled instru ment. 

Construction and Checkout. In 

the top-octave generator, /C1 is the 

crystal oscillator and buffer. It is fol

lowed by the binary divider in /C2. 
selector in /CJ, and top-octave 
synthesizer /C4. This circuit should be 

built on a double-sided pc board, 
using one side of the board for the foil 

conductors as in Fig. SA and the other 

side for a grounding shield as in Fig. 

SB. Co mponent layout and orientation 

are as shown in Fig. SC. 

Once it is assembled, you can test 

the top-octave module by connecting 

to it a 1 S-volt power supply and ju mp

eri ng pad 8 to pad 9 and pad 2 to pad 

1 1  (foil contacts that mate with the 

edge connector). Note that only pads 1 

and 30 are labelled in Fig. SC. Then 
check for the top octave note outputs 

at pads 16 through 28 using an oscil
loscope or audio a mplifier. Bear in 

mind that the outputs consist of 1 S

volt a mp litude rectangular pulses that 

must be capacitively coupled and 

strongly attenuated before feeding 

the m into an audio a mplifier. 
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+15V 
TRANSPOSE 
SELECT 

F#O-F#7 

FO-F7 

D#O-D#7 

C#O-C#7 KEYBOARD 

C6 

C#-5 

C5 

C4 

OUTPUTS ------
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VO I C ING 

F I LTERS 

GAi N TREMOLO 

Fiy . .;. Thi,; il-1wle, .l/i-kl'!/ systc111 is 1111e if 
the 11w111111•011s t!tc 11111.�ic 111(1//11/cs cr111 he 11secl. 

,_ CD W ... ...J 0 .. ...J .. ... 

If you are using the internal oscil

lator. pads 8 and 9 must be ju mpered. 

For external signals, break the ju mper 

and route a 1 S-volt CMOS-co mpatible 

signal to pad 9. Note also that one and 

only one of the transpose co m mands 

must be at +1 S  volts at all ti mes; the 

other three must be floating or 
grounded. 

The foil-conductor etching and d ri 11-
i ng. ground-plane. and components

place ment guides for the divider 

module are shown in Fig. 6. Note that 

the resistors on this module mount 
upright. 

You can test the divider module by 
connecting to it a 1 S-volt power supply 

and applying three notes from the 

top-octave generator. The output saw

tooth waves should be approxi mately 

70 mV in a mplitude (check with a 

calibrated scope), and each of the 

three sections of the module should 

produce eight octave-related notes. 

/'l//!111 slt1111·s 1frtails o( 1111riyht 1·0111111111e11I 1110//11ti11y 
/JI/ l'I'(/ llltl(f/l/t' rtlltf fills /"lllilll'l'fi/JllS. 
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The highest note will be a square 

wave. followed by four-level and 

eight-level notes. Lower-frequency 
outputs wil I contain 16 levels. If one 

note sounds excessively loud or looks 
wrong on a scope. check your resistor 

matrix carefully for a missed solder 
connection or an interchanged value. 

The etching and drilling and 

component-placement guides for the 

vca module are shown in Fig. 7. Note 
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that 01 through 012 mount with the 

cathode (banded) end up and the 

cathodes to a length of bare wire that 

terminates in the decay hole. Next, 013 
through 036 (cathodes up) and R5 
through R28 mount upright. their free 

ends connected together in groups of 

four. with 013, 025, R5, and R17 mak
ing up the first and 024, 036, R16, and 

R28 the last group. Then mount C3 
through C14 with their negative (-) 
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leads up and connected to a length of 

bare wire that terminates in the - 15V 

hole. Finally, mount R29 through R40 
in the usual manner. without bus

joining the upright leads. 

The best way to test the vca module 

is one stage at a time. Do this by leav

ing the IC pin 6 jumpers disconnected 

from the output buses. except for the 

jumper in the stage being tested. Start 

by connecting the dual-polarity + 15/ 

-15-volt power supply to the module 
via pads 1. 2 and 3 at the edge connec

tor. Route a single note from the di

vider to the X1 input and monitor the 

output with an oscilloscope or audio 

amplifier. Connect the decay input to 

- 15 volts. Now, grounding K 1  should 

turn on the note and floating or con

necting K 1 to - 15 volts shou Id turn off 

the note. The note should turn on and 

off rather abruptly withoJt key clicks, 
distortion, or transients. Offset poten

tiometer R4 should be adjusted to 

eliminate any de in the output or set 

for the best sounding note. Then, 

check K2 and X2, K3 and .><3. and so on 

down the line. finishing up with K12 

and X 12. 
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The CA3080 IC's have a high- An open circuit at any X input dis-

i mpedance (current-sourcing and rupts the summing process. so be sure 
-sinking) output, unlike the other op that all connected !C's are in fact re-
amps. This permits you to short as ceiving tones from the divider mod-
many outputs as you wish to a com- ules. Connecting the decay input to 
mon load resistor to automatically ground should give you a fast-attack, 
sum all the outputs. The amount of long-decay characteristic. If any 
maximum output signal is set by load single note sounds odd or responds 
resistors R1 and R2. If you use both differently from the rest. check the 

halves of the vca module, R2 can be resistor/diode/capacitor matrix for 

omitted. shorts. incorrect values, or unsol-
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dered connections. All diode bands 

(cathodes) go up as do the negative 

sides of the electrolytic capacitors. 

System Interconnections. No mat

ter what arrangement you choose for 

your instrument, there are some im

portant system-level things you 'II have 

to watch for. First, be sure to use a 

well-regulated power supply. While 

CMO S devices will operate on a wide 

range of low voltages. the + 15-V sup

ply contributes directly to the 

stairsteps of the note. Hum or noise or 

interaction on the supply spells prob
lems . 

Be sure to use twisted-pair wiring or 
shielded cable between the top

octave outputs and the dividers to 

minimize any radiation of these high

level signals. You can put your mod

ules on 20-mm centers. but be sure to 

skip one slot between the last divider 

and first vca modules. and place a 

fairly thick grounded sheet of steel be

tween the two. Proper shielding and 

lead routing can mean the difference 

between a solid 85-dB or higher 
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DUAL HEX VCA 

crosstalk and playthrough level and 
an intolerable 60-dB level. 

Sh ields are also required on the vca 

module's outputs because of the fairly 

high impedances involved. Outputs 

are located on the top of the vca mod
ule to keep them well away from the 

tone-generator signals. The same care 
you give to the high-level tone signals 

should also be given to the attack and 

decay control pulses. 

Some add-on circuits that will get 

you started on your syste m are shown 

in Fig. 8. In A, a CA3080 is used as a 

combiner and master gain control. 

The outputs of as many vca modules 

as you want can be shorted together 

and routed to this stage, but be sure to 
use shielded cable. Resistor R1 can be 
adjusted to maintain the maximum 
input signal level to 100 mV peak-to

peak with several notes being played 

simultaneously. A variable voltage 

ranging from � 15 volts (for maximum 

gain) to -15 volts (for off) will control 

the loudness of everything in the sys

tem. You can also sum a low

frequency sine wave or noise spec

trum for tremolo, wind noise, or other 
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basic .�yste111 lo build u co111plete 111usic sy11thesizer. 
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amplitude-modulated effects. Ca
pacitors C1 and C2 are optional. In

stalling them in the circuit yields a mel
low sound: eliminating them permits 

the use of fancy voicing filters in the 
output. 

A horn filter is shown in Fig. 88. To 
change the center frequency, change 
the values of C 1 and C2. but keep both 
capacitor values identical. To change 
the 0. change the values of the resis
tors. keeping R2 and R3 at 40" times 

the value of R1. Note that R1 must in
clude the source impedance of the 
circuit or circuits from which you are 
tapping the signal. 

You can simultaneously control the 
attack and decay of all notes with the 
pulse-width system shown in Fig. BC. 
To do this. you rapidly switch the 10k 
attack and 3.3k decay resistors in and 

out of the vca channel. (A 1 Ok resistor 
in the circuit at all times has an effec
tive value of 10,000 ohms. If it is in the 
circuit only 10% of the time. its effec

tive value is 100,000 ohms.) 
The circuit employs a single CMOS 

hex inverter and a pair of drive transis
tors. The attack portion is a variable
duty-cycle oscillator that operates at 
400 Hz. The length of time that the 
attack remains grounded determines 
the attack time as a ratio of the total 
time. If you end up with too much in
teraction between frequency and duty 
cycle. a high-value resistor across one 
of the diodes should fix things. The 
frequency should remain nearly the 
same as you change the duty cycle. 

The leading edge of the attack 
waveform can be shortened by operat
ing DECAY potentiometer R4 and 

capacitor C2. It is then amplified and 
routed to the decay inputs of the vca 
module. Note that attack goes to the 

keyboard, while decay goes to the 
vca's. The attack ti me has priority over 
decay, so a key fully pressed charges 
the vca capacitor that is storing the 

attack and decay information. Be
cause of the resistor values in the vca 
circuit. up to a 3:1 reverse attack can 
be accommodated at the extremes of 
the control settings. 

A second decay circuit connected to 
a driver transistor that catches at 
some negative voltage will provide 
tailback. This is important tor percus
sion voices that simulate piano and 
guitar effects. With tailback. the note 
very rapidly decays to some low value 
when the key is released. It then 
gradually dies out. 

Final Comment. With the three 
basic music module blocks we have 
presented. plus a keyboard. you have 
the heart of a sophisticated electronic 
music synthesizer. You can put add
ons into the system and modify it to 
suit your needs. In fact. you can ex
pand it until you have a highly sophis
ticated and flexible polyphonic in
strument. � 
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RELIABLE MEASUREMENTS 
A NEW STANDARD IS BORN 
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A'1 .!llcilnt, e11y to operate meter 
All at an affordable p11ce , 
That's the DVM38 _ , _ The complete 
DVM that stts new performance stan· 
duds in 4 key areas. 

A NEW ACCURACY STANDARD 
The 3� digit, .1% accuracy is backed by 
a 15 meg n input impedance, compared 
to 1 O meg n input of conventional 
DVM's, which guarantees up to 50% 
•eater accuracy with 1 /3 leu circuit 
loeding on every measurement for high 
1ccur1cy you can trust. 

A STANDARD IN CAPABILITIES 
The DVM38 is more accurate in MORE 
circuits with these versatile r1nges: 

100.v to2000V DC, lKV AC; .01 n 
to 20 megn; 0.1.A to 2A ... Plus 

HI �11d' lll �hiM 11d a 5Q KV DC r:angs 
wot� lct.�11<H' Ho 11!<1�0. 
A NEW' STAHll.Rll IN SPEUl' 
AND EASE OF OPEAATI.ON 
Largt pushbuttons and callouts - no 
need to hunt and peck. L1191 .4" 
L.E.D.'s woth dorect rtadOut, down to 
V and mV indicaton. SINGLE STEP 
AUTO-RANGING for maximum rtsolu· 
tion and efficiency. 2KV DC protection 
minimizes downtime. 

THE AFFORDAll,LE STANDARD 
Therure few .1% DVM's less expensive
there are none 11 complete in this price 
range, plus backed by a LIFETIME guar· 
antee against facto� workmanship errors. 

THE DVMJI . . . . . . .  A NEW 
STANDARD IN DVM's FDR SPEED, 
VERSATILITY AND ACCURACY. 

I • BACKED BY SENCORE'S 100% 
• MADE RIGHT LIFETIME GUARANTEE 
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COMPUTER SYSTEM 

• Play computer games. 
• Play word and math games. 
• Balance your check book. 
• Comp�ete payrol I, financial statements. 
• Solve research assignments. 
1 File va�uable magazine artides, etc. 
' Learn computer theory and operations. 

FLEXIBLE e EXPANDABLE e VERSATILE 
A SYSTEM FOR EVERY POCKETBOOK ! 
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·. � P.O. BOX 213 BOUNTIFUL.UTAH 84010 
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