
UNTIL a couple of years ago, experi
menting with sound-effects circuitrY 

.;,.as difficult. requiring a large bread-
6.oard to accommodate oscillators of 
various descriptions, modulators. noise 
sources, mixers, envelope generators, 
etc. Now, thanks to Texas lnstrumef!ts' 
SN76477 complex sounc~ generator. an 
integrated circuit that sells nationally for 
about $3.00, sonic ·experimentation is 

EFFECTS 
GENERATOR Inside the 1<: P•ckage. By considering 

its complex Qircuit as a series of function 

With a minimum of extra components and a single· Texas Instrument 

SN764 77 IC, you can create a host of different sounds 



"blocks," it i~ relatively easy to under
stand and follow the 76477's operation. 
In Fig. 1; the IC's function blocks ·are 
redl!Ced to simplest form, with basic 
so"und-generating blocks in gray shading 
and' supplemental control blocks in 
color. Typical waveforms available at 
various points in the system and '!"'hat 
the· final · output before amplification 
in.ight look like are also shown. · 

A more complete picture of all the 
function blocks contained in the IC's 28-
pin package is shown in Fig. 2. Fabri
cated from bipolar analog and 12L digital 
blocks, this IC contains all the active 
circuitry needed for a user to cre~te an 
almost unlimited range of sounds. 

• CONTROLLED BY EXTERNA L 
CAPACITORS & RESISTORS 

Desired sounds are all user defined. 
You simply switch into and out of the 
IC's circuit resistor and cap~citor values 
and set a few logic states to "tailor" the 
audio parameter you require. Sounds of 
gunshots, explosions, sirens, musical 
instruments, "phaser" guns, etc., c;:tn be 

;~:u~~::; ~eoaur;~:f~~=~ create sounds 

An au.dio amplifier is built into the IC, 
but you ··can route its output to a high
quality ~udio amplifier to obtain a louder, 
~ich~r sound. 

Chip Operation. The super-low-fre
quency (SLF) oscillator in the 76477 has 
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a nominal 0.1-to-30-Hz range, contingent 
on the values d resistance (F{) anq 
capacitance (C) connected from pins 20 
and 21, respectively, to ground. Two out
puts are available from this oscillator: a 
50% duty-cycle square wave that is 
applied to the mixer and a · triangular 
wave that can be routed to an external 
voltage-controlled oscillator · (vco) via 
pin 16 or through the SLF's select logic 
block to modulate the internal vco. 

Modulation of the internal vco covers 
a 10:1 range, with the lowest frequency 
determined by the R and C values con
nected between pins 18 and 17 to 
ground. This vco's output goes to the 
mixer and envelope-select circuits. 

Output pulses from the noise clock, 
whose frequency is determined by the 
resistance values co~nected from pins 
3 arid 4 to ground, are used to control 
the noise generator. The outpuffrom the 
noise generator is passed through · a 
variable-bandwidth noise filter, con
trolled by the Rand C values from pins 5 
and 6 tO' ground, to the mixer. 

The mixer combines the three inputs 
(from the noise filter, the SLF's square
wave generator; and the vco) and, con
tingent on the de states of fts three 
se'lector inputs, at pins 25, 2!;>, and 27, 
determines type of mixer-output "signal. 

Depending on whether a 5-volt control 

signal is present or absent, the system 
inhibit logic controls the output of the 
envelope generator and modulator. This 
signal also toggles th~ one-shot multi~i~ 
brator that is used to generate the short
duration pulses used to simulate the 
sounds of gunshots, bells, and explo
sions. Time duration of the ml!ltivibra
tor's output signal is determined by the 
R and C vall!es connected from pins 24 
and 23 to ground. Maximum usable peri
od is approximately 10 seconds .. , .. 

The-output .from the one·· shot multivi
brator is passed· through the envelope
seleCt circuit tbat determines envelope 
shape and is used to ' moduiate the 
envelope . generator and modulator. 

Fig. 1. This simplified block 
diagram of the operation of 
the 76477 shows, in gray 
shading, the blocks that 
generate the basic sounds. 
Supplemental control blocks 
are in colored tints . 

Modulator attack and decay are con
trolled by the R and C values connected 
from pins 7, 8, anc! 10 tq ground. 

Th~ final signal is applied to the audio 
amplifier, which develops a 2.5-volt 
peak-to-peak maximum low-impedance 
output at pin 13. A feedback resistor can 
be connected between pins 12 and 13 to 
modify the amplifier's gain. 

There are 23 variables under user 
control with the 76477 sound generator. 
Hence, you can Qe kept OCCL!pied for a 
'considerable time exploring the effects 
th'at can be obtained with various combi
nations of controls. · 

' (continued on next page) 
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Fun Circuits 
You Can Build 

In this section, we. present five fun circuits 
that typify some of the uses to which the 
SN76477 complex sound generator IC can 
be put. All are relatively simple and inex
pensive to build, because the IC contains 
all the active circuitry needed. 

Circuits A, B. and C can be used to add 
realisiic sound effects to the animation in 
video games. The model railroader will find 
circuit D useful, while the electronic "or
gan" in circuit E should appeal to all, espe
cially children. Finally, circuit F illustrates 
how an outboard transistor amplifier stage 
can be added fo increase the power deliv
ered to the speaker. 
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Practical Breadboard. Shown in Fig. 3 

is the circuit of a practical experiment
er's "breadboard." Although the circuit 
is really quite simple, to utilize the full 
capabilities of the 76477 sound genera
tor, a rather large cabinet is required to 
accommodate all the switches and 
jacks shown. 

You can use a small piece of perfo
rated board on which to mount /C 1 (a 
socket is recommended) and the Q 1 I 
02 audio amplifier circuit. Alternatively, 
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Fig. 2. The block diagram of the internal operation of a 
76477 complex sound generator IC shows how it contains 
a complete sound-effects lab in a 28-pin package. 

you can design and fabricate a printed
circuit board. If you use perforated 
board, you can Wire Wrap or pencil wrap 
the components into the circuit. 

Although the system will operate from 
a standard 9-volt battery, you might opt 
for a small power supply that can deliver 
7.5 to 9 volts instead, if only to free 
yourself from having to replace batteries 
periodically. Make sure, however, that 
the cabinet you select will accommo
date all controls, jacks, and circuitry. 

All 28 switches, 12 banana or tip 
jacks, and 8 potentiometers should be 
mounted on the front "control" panel 
and suitably identified with a dry-transfer 
lettering kit. To simplify experimenting, 
switches, jacks, and pots should be 
identified according to function as 
shown in Tables I through Ill. Table IV is 
an example of grouping according to 
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TABLE I-JACK IDENTIFICATION 
J1 Input for external noise oscillator 
J2 Input for external voltage-controlled , 

oscillator 
J3 Noise filter resistance measurement 

jack with R4 
J4 Decay resistance measurement jack 

with R6 
JS Attack resistance measurement jack 

with R8 
J6 Audio output 
J7 External vco measurement jack with 

R15 
J8 Vco control resistance measurement 

jack with R 18 
J9 Pitch control resistance measure

ment jack with R23 
J 10 SLF oscillator control resistance 

measuFement jack with R25 
J11 One-shot resistance measurement 

jack with R27 
J12 Common ground 

function. Group arrangements can be 
outlined on the control panel with a 
heavily inked or painted line. 

Once the various components are 
mounted on the front panel, refer to 
Fig. 3 and wire them into the circuit. 

Use. Note in Fig. 3 that each IC pin that 
terminates in a potentiometer has both a 
switch and banana or tip jack in series 
with the pot. This permits you to use an 
ohmmeter to measure the resistance 
required for a given sound, arrived at 
experimentally. After obtaining the de
sired sound, you simply open the switch 
for the pot and use the ohmmeter to 
measure the resistance from the asso
ciated jack to ground. If you keep a log 
of the various resistances and capaci
tances required for particular sounds, 
they can be duplicated on demand. 

(continued on page BO) 
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Fig. 3. The circuit for a complete sound-effects generator uses 
28 switches, 12 banana (or tip} jacks and eight potentiometers 
to allow a broad selection of controllable parameters. 

Bl- 9-volt battery (see text) 
CI - ISO-pF capacitor 
C2- 360-pF capacitor 
C3- 0.001 -!LF capacitor 
C4,CS-0.0 1-ILF capacitor 
C6,C 14,C 19-0.0S-!LF capacitor 
C7 ,CIS,C20,C23- 0.1-ILF capacitor 
C8,Cl6,C2!,C24- 0.47-!LF capacitor 
C9,CI7,C2S- l -!LF capacitor 
CIO,Cll,C22,C26- 10-!LF, IS-volt elec-

trolytic 
Cl2- 100-pF capacitor 
C 13,C 18- SOO-pF capacitor 
C27- SO-!LF, IS-volt electrolytic 
lC!- SN76477N complex sound genera-

tor (Radio Shack 276-176S or similar) 
J I ,J2- RCA phono jacks 
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PARTSUST 

J3 through J 12- pin or banana jacks 
Q1- 2N3703 transistor 
Q2- 2N3704 transistor 
The following are 1/2-watt, 10% resistors 

unless otherwise noted: 
Rl-3900 ohms 
R2,RlO,RI4- 47,000 ohms 
R3,RS,R 7 ,R 17 ,R24,R26- 2700 ohms 
R4,R6,R8,R 18,R2S,R27- l-megohm 

linear-taper potentiometer 
R9- 22,000 ohms 
R I I ,R 19- 100,000 ohms 
R 12- 220,000 ohms 
R 13- 330,000 ohms 
R 1S,R23- SO,OOO-ohm linear-taper po

tentiometer 
RI6,R22- SO,OOO ohms 
R20- 1 megohm 

CONTROL 
F 

~ Rl5 
50K S27 vco .05pF 

CONTROL VCO CONTROL 

~ 
CAPACITOR 

RIS 
50K 

6 
.47pF 

+5V Jl2 + 
GND Cl7 

IJJF 

R21 - IO megohms 
S I through S4,S6,S7 ,S I O,S 12 through 

S 19,S2!,S23 through S2S- Spst slide 
or toggle switch 

SS,S20,S22- Single-pole, S-position non-
shorting rotary switch 

S8- Normally open, momentary-contact 
pushbutton switch 

S9,S27- Single-pole, S-position nonshort
ing rotary switch 

8 11,826-Single-pole, 4-position non
shorting rotary switch 

828- 8pdt slide or toggle switch 
Misc.-Battery holder; 28-pin DIP socket 

for lCI; dry-transfer lettering kit; suit
able enclosure; control knobs and dial 
plates (7); etc. 
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A/D converter ______________ _ 
fore the output lines are reset to zero 
describes the amplitude of the analog· in
put signal at the instant that comparator 
ICJ C changes states. 

Because Norton CDAs are employed, 
only a single-ended power supply is 
needed. National Semiconductor, the 
manufacturer of the LM3900, states in 
its data sheet that a supply delivering 
from + 4 to + 36 volts can be used to 
power the chip. The power supply rating 

ICI=LM3900 
+4V 'S +V ~ +ISV 

+V 

project. Also, use the minimum amount 
of heat and solder consistent with the 
formation of good connections. Before 
applying any supply voltages, double 
check your wiring for errors that might 
cause damage to the ICs. 

To calibrate the circuit, connect its 
input to the positive supply voltage. 
Then monitor the output lines of IC2 
and adjust Rl for the desired weighting 
factor . This factor n will equal Nc di-

+V 

10 I,, OUT PUT 
470K LINES 

02 
IN914 

II 

Rll 
I. 2M 

INPUT 

_L 

Schematic of the converter. The Norton CDAs are shown as 
containing current sources to distinguish them from standard op amps. 

PARTS LIST 

C1,C2-0.01-!tF disc ceramic, silver mica 
or polystyrene capacitor 

C3-0.1-,.tF disc ceramic, silver mica or 
polystyrene capacitor 

D1 ,D2-1N914 diode 
IC 1-LM3900 quad Norton CDA 
IC2-CD4040 counter · 
R1 - 250,000·ohm, linear-taper trimmer 

potentiometer 
The following are 1!4-watt, 5% tolerance, 

carbon-composition resistors. 
R2,R4-1.5 megohms 

of the CD4040 CMOS counter is + 1 to 
+ 15 volts. Accordingly, a supply fur
nishing a voltage greater than or equal 
to + 4 volts and less than or equal to + 15 
volts can be used to power the entire cir
cuit. Current demand is modest, so eith
er a battery or small, well-filtered, line
powered supply is suitable. 

Construction. Printed-circuit, point
to-point wiring, or wrapped-wire assem
bly techniques can be used to reproduce 
the ana log-to-digita l converter circuit. 
The use of IC sockets is recommended, 
and the standard precautions for the 
handling of CMOS devices should be 
employed with respect to /C2. Be sure to 
observe the polarities and pin basings of 
the semiconductors employed in this 
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R3-3.3 megohms 
R5-3300 ohms 
R6-15 megohms 
R7-1 megohm 
RS-5100 ohms 
R9-1200 ohms 
R10- 510,000 ohms 
R11 - 1.2 megohms 
R12- 470,000 ohms 
Misc.-Printed circuit or perforated board, 

IC sockets, suitable power supply and 
enclosure, hookup wire, hardware, etc. 

vided by + V where + V is the positive 
supply voltage, N c is the highest count 
attained by IC2 before it is reset, and n 
is the number of counts per volt. 

This low-cost A/D converter can be 
used to gain hands-on experience with 
one type of A/D conversion. It can also 
form the nucleus of some useful proj
ects. For instance, a latch, decoder, driv
er and display network can be added to 
provide a seven-segment readout of the 
digital numbers genera ted by IC2. One 
interesting application would be a digi
tal current meter that can be made by 
adding such a display network and by 
eliminating Rll. This can then in turn 
be converted into a high-impedance 
(as much as 10 megohms) digital volt
meter. 0 

Sound Effectsrcontinuedtrompage42) 

Since the circuit can generate a very 
wide variety of sounds, let us give an 
example of how you might go about "tai
loring" a specific sound with the bread-

TABLE II-SWITCH 
IDENTIFICATION 

S 1 Power switch for 7 .5-to-9-volt de sup-
ply 

52 Power switch for 5-volt de supply 
53 Output 
54 Feedback 
55 Amplitude resistance selector 
56 Attack resistance 
57 One-shot, constant when closed 
58 One-shot momentary 
59 Attack-decay timing capacitor selec-

tor 
S 10 Decay resistance 
S 11 Noise filter capacitor selector 
512 Noise filter resistance 
513 Noise oscillator resistor 
514 Envelope select 1: logic 0, logic 1 
515 Envelope select 2: logic 0, logic 1 
516 Mixer C: logic 0, logic 1 
517 Mixer A: logic 0, logic 1 
518 Mixer B: logic 0, logic 1 
519 One-shot resistance 
520 One-shot capacitor selector 
521 Voltage-controlled oscillator (vco): 

logic 0, logic 1 
522 SLF oscillator control capacitor se-

lector 
523 SLF oscillator control resistance 
524 Pitch control resistance 
525 Vco control resistance 
526 Vco control resistance selector 
527 Vco control capacitor selector 
528 Internal/external vco selector 

TABLE Ill-CONTROL 
IDENTIFICATION 

R4 Noise filter control 
R6 Decay control 
R8 Attack control 
R15 Vco control 
R18 Vco control 
R23 Pitch control 
R25 SLF control 
R27 One-shot multivibrator control 

TABLE IV-CONTROL GROUPING 

One-Shot J11,R27,S7,S8,S19,S20 
Noise Filter J3,R4,S11,S12 

VCO Control J7,J8,J9,R15.R18,R23,S21, 
S24,S25,S26,S27 ,S28 

SLF Control J10,R25,S22,S23 
Noise Clock S13 
Mixer Select S16,S17,S18 

Envelope J4,J5,R6,R8,S6,S9,S 10, 
S14,S15 

Amplitude S5 
Audio Output J6,S3,S4 
Power On / Off S 1 

+ 5 volts S2 
Ground J12 

ELECTRONIC EXPERIMENTER'S HANDBOOK 



board. In this example, we will use the 
sound of a gunshot. 

First, close FEEDBACK switch S3 and 
ouTPUT switch S4 to place the audio 
amplifier in the circuit. Then close + 5V 
switch S2 to activate the +5-volt line. 
Main POWER switch S 1 can now be 
closed when you are ready to experi
ment with the controls. 

Since a gunshot has fast attack and 
relatively brief decay times, close ATIACK 
and DECAY switches S6 and S10, respec
tively, to permit you to adjust attack and 
decay times via ATIACK and DECAY pots 
RB and R6. As you experiment with vari
ous settings of these controls, close 
main POWER switch S 1 and press and 
release ONE SHOT switch SB to hear the 
gunshot sound for each ·combination of 
settings. Adjust R6 and RB and press 
and release SB until the sound obtained 
is "just right." (Calibrated index scales 
behind each potentiometer control knob 
will simplify recording of settings.) 

If desired, required values of attack 
and decay time resistances can be 
measured and recorded by opening the 
ATIACK and DECAY switches and measur
ing with an ohmmeter between DECAY 
jack J4 and ground and between ATIACK 
jack J5 and ground. ENVELOPE SELECT 1 
and 2 switches S 14 and S 15 can also 
be preset for the required envelope. 

To produce an explosion instead of a 
gunshot sound, close NOISE FILTER switch 
S 12 and adjust NOISE FIL TEA control R4 for 
the desired effect. 

In Conclusion. The sound-effects gen
erator breadboard presented here can 
be used in either or both of two ways. 
For the designer, it is a "tool" that sim
plifies designing a circuit from scratch. 
One can "design" a circuit with the 
breadboard, measure resistances of the 
controls and read off capacitor and 
logic-state ( + 5V or 0) settings from the 
panel, and assemble the circuit around a 
separate 76477 generator chip. The 
other way to use the breadboard is to 
simply experiment with control and 
switch setting combinations until you 
hear a sound you like. Used in this man
ner, you can record a whole series of 
sound effects that can be used with 
home movies and slide shows, for thea
trical events, etc. 

Whichever way you use the bread
board, it is a good idea to log parameter 
values for given sounds for future refer
ence. Then, any time you want to repro
duce a sound arrived at experimentally, 
you can, simply by setting the controls 
and switches as detailed in your log. 0 
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Fig. 5. Another inverting op-amp 
circuit where unknown resistance 
forms amplifier's input resistor. 

In this latter configuration, a voltage 
drop will appear across each shunt resis
tor when the bridge is balanced. 

Practical Tips. A number of in-cir
cuit :neasurement techniques have been 
presented in this article. However, there 
are several practical effects that should 

· be 'considered before these techniques 

Fig. 6. A Wagner bridge 
circuit such as that 

shown here can be used 
to measure resistance 

of an in-circuit component. 

+ 
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are implemented. These will now be 
summarized. 

Thermoelectric voltages can be set up 
at the junctions of dissimilar conductors, 
as well as between points on the same 
conductor across which a thermal gra
dient exists. Although they are very 
small for ordinary working tempera~ 

tures and materials commonly fabri
cated into probes and leads, these volt
ages can cause significant error if they 
are amplified as part of the measuring 
process. They can also be troublesome if 
the test potential of the ohmmeter is 
kept low to prevent semiconductor junc
tions from becoming forward-biased and 
influencing the reading. This type of er
ror can be reduced by certain design 
techniques or by determining its magni
tude and then subtracting it from the 
overall reading . The latter technique is 

(continued from page 46) 

commonly employed in preciSIOn, com
puterized procedures that are used to 
measure resistance. 

If the measured resistance is of low 
value, test-lead resistance can be a 
source of significant error. The siandard 
remedy for this is to use separate cur
rent-carrying and voltage-measuring 
leads. This avoids measurement 'of the 
IR drop in each current-carrying lead 
and is known as the Kelvin technique. 

The in-circuit measurement tech
niques that have been presented can also 
eliminate the effects of semiconductors 
upon the resistance reading. However, 
any semiconductor present in the circuit 
might be called upon to dissipate power 
if it is part of the driven shunt path. Two 
practices are advised if this is the case. 
In a constant-voltage circuit, employ a 
measuring voltage that is less than the 
conduction threshold of the pn junction. 
In a constant-current circuit, reverse the 
polarity of the meter probes. These steps 
will effectively turn the semiconductor 
junction into an open circuit for the pur
poses of the resistance measurement and 
eliminate a source of potential error. · 
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In measuring circuits contammg an 
operational amplifier, certain precau
tions should be observed. It is wise to 
install 0.0 1-~F disc ceramic bypass ca
pacitors close to the IC package from 
the positive and negative power-supply 
leads to ground. This will enhance cir
cuit stability. Input overvoltage and out
put short-circuit protection must also be 
considered. Many contemporary op 
amps, such as the Motorola MC1456, 
provide such protection internally. In 
those measurement situations which call 
upon the op amp to source more current 
into the driven shunt resistance than is 
available from the op amp, a current 
booster such as the Motorola MC1438R 
can be employed. Details on the use of 
the latter chip can be found in the man
ufacturer's Applications Handbook and 
its Linear Circuits Manual. 0 
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