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EXPE}
NTIL a couple of years ago, experi- 3 wr‘ T ' ~ far mo : W es the
® menting with sound-effects circuitry / i i - ' - 7647 qt i all
was difficult, requiing a large bread= UUIU ™  active c _ ate just
board to accommodate oscillators of = e ind imaginable. A few
various descriptions, modulators, noise BFFBCTS resistors and capacitors and a power
sources, mixers, envelope generators, supply are the only external components
etc. Now, thanks to Texas Instruments’ . required.
SN76477 complex sound generator, an :
integrated circuit that sells nationally for GBNBRATOR Inside the IC Package. By considering
about $3.00, sonic experimentation is

its complex circuit as a series of function

With a minimum of extra components and a single Texas Instrument
SN76477 IC, you can create a host of different sounds



“blocks,"” it is relatively easy to under-
stand and follow the 76477's operation.
In Fig. 1, the IC's function blocks are
reduced to simplest form, with basic
sound-generating blocks in gray shading
and supplemental control blocks in
color. Typical waveforms available at
various points in the system and what
the final output before amplification
might 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 I2L digital
blocks, this IC contains all the active
circuitry needed for a user to create an
almost unlimited range of sounds.
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a nominal 0.1-to-30-Hz range, contingent
on the values o resistance (R) and
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 A and C values con-
nected between pins 18 and 17 to
ground. This vco's output goes to the
mixer and envelope-select circuits.

"CDNTR(}LLED BY EXTERNAL
CAPACITORS & RESISTORS

Desired sounds are all user defined.
You simply switch into and out of the
IC’s circuit resistor and capacitor values
and set a few logic states to “‘tailor” the
audio parameter you require. Sounds of
gunshots, explosions, sirens, musical
instruments, “phaser” guns, etc., can be
simulated. You can even create sounds
you never heard before.

An audio amplifier is built into the IC,
but you can route its output to a high-
quality audio amplifier to obtain a louder,
richer sound.

Chip Operation. The super-low-fre-
quency (SLF) oscillator in the 76477 has
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Output pulses from the noise clock,
whose frequency is determined by the
resistance values connected from pins
3 and 4 to ground, are used to control
the noise generator. The output from the
noise generator is passed through a
variable-bandwidth noise filter, con-
trolled by the R and 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 dc states of its three
selector inputs, at pins 25, 26, 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 the one-shot multivi-
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 multivibra-
tor's output signal is determined by the
R and C values 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 that determines envelope
shape and is used to modulate the
envelope generator and modulator.

ENvELDRE®
GENERATOR

& MODULATOR S OUTPUT

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, and 10 to ground.

The 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 be kept occupied for a
considerable time exploring the effects
that can be obtained with various combi-
nations of controls.

‘ (continued on next page)
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can be addadfo.-lncnease the pawertfehw
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 /C7 (a
socket is recommended) and the Q1/
Q2 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 | through lll. Table IV is
an example of grouping according to
42

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

J5 Attack resistance measurement jack
with /8

J6 Audio output

J7 External vco measurement jack with
R15

JB Vco control resistance measurement
jack with R18

J9 Pitch control resistance measure-

ment jack with 23

SLF oscillator control resistance

measurement jack with R25

One-shot resistance measurement

jack with R27

J12 Common ground

J10

J11

ATTACK/ ATTACK

ENV. GEN 12
AUDIO

S OUTPUT

AND
MODULATOR

nl]

DELAY AMPLITUDE
CONTROL CONTROL CONTROL
(1311 [131] [L31]

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 80)
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B1—9-volt battery (see text)
C1—150-pF capacitor
C2—360-pF capacitor
C3—0.001-uF capacitor
C4,C5—0.01-uF capacitor

C6,C14,C19—0.05-pF capacitor
C7,C15.C20,C23—0.1-pF capacitor
C8,C16,C21,C24—0.47-uF capacitor

€9,C17.C25

1-uF capacitor

C10.C11,C22.C26—10-pF. 15-volt elec-

trolytic
C12—100-pF capacitor
C13.C18—500-pF capacitor
C27

J1,J2—RCA phono jacks
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50-uF, 15-volt electrolytic
IC1—SN76477N complex sound genera-
tor (Radio Shack 276-1765 or similar)

J3 through J12—pin or banana jacks

QI1—2N3703 transistor
Q2—2N3704 transistor

The following are '2-watt, 10% resistors

unless otherwise noted:
R1—3900 ohms
R2,R10,R14—47,000 ohms

R3,R5,R7.R17,R24,R26—2700 ohms

R4,R6,R8.R18,R25 R27—1-megohm

linear-taper potentiometer
R9—22,000 ohms
R11,R19—100,000 ohms
R12—220,000 ohms
R 13—330.000 ohms

tentiometer
R16,R22—50,000 ohms
R20—1 megohm

R15,R23—50,000-ohm linear-taper po-

= 1
i g . +5V @ o ONE-SHOT
514
ENV.
SEl
. +5V
! +5V
‘ 0 r
| ° ONE-SHOT ¥
2 CAPACITOR c26
Si8
Ji
s ) 26 MIXBER
ek 3
25
= 513 g = 519
NOISE OSC. ONE-SHOT Ten
Jil
CB 5 23
AT TACK/DECAY ‘\0_
1»9]——/'“’”: - CAPACITOR ! Bz o
J3 FILTER 8| 22
RT S21 |
2.7K ~ 7 Sl Rg
si0 1ct Isirose 410
RE 54 QECRY 76477 |ag S23 ?
IM 8- &
ATTACK 58 Ja
{ I +5v 2 L 3/': 3
ONE SHOT 524
PITCH 5y
RT 57
2.7K o
—
Js0 §8 s
100K s5 SIS 1 525 Ri8 VCO
S— NN N e VGO M CONTROL
i AMPLITUDE = CONTROL  JB vCOo RESISTOR R20
1 zz0x » & 84 iz - CONTROL )
ﬁ'g,( Al ‘;‘?!!ak FEEDBACK INT s R2|
L EKAZE o 13 6 S28 EXT
—————
s3 VGO Ciz
OUTPUT SELECTOR Jz
4 5 EXT VCO
JE0— CONTROL
= RIS /—le'
= TIa
02 q ek y2z 05yF
23703 BN S| 52 CONTROL | Wvco CONTROL
SPKR POWER + 5V CAPACITOR 215 y
3 JuF
Rl RI&
39K 50K b
3 o T T
cll
+9V +3Y +5V
|'°“F N TO CIRCUIT ol p
20 |
Fig. 3. The circuil for a complete sound-effects generator uses
28 switehes, 12 banana (or tip) jacks and eight potentiometers
to allow a broad selection of controlluble parameters.
PARTS LIST

R21—10 megohms

S1 through 54,586,57,510,512 through
519,521,523 through S25—Spst slide
or toggle switch

S5,520,S22—Single-pole, 5-position non-
shorting rotary switch

S8—Normally open, momentary-contact
pushbutton switch

59,827—Single-pole, 5-position nonshort-
ing rotary switch

S511,826—Single-pole,
shorting rotary switch

S28—Spdt slide or toggle switch

Misc.—Battery holder; 28-pin DIP socket
for ICI; dry-transfer lettering kit; suit-
able enclosure; control knobs and dial
plates (7); ete.

4-position  non-
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Sound Effects (continued from page 42)

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 lI—SWITCH
IDENTIFICATION
S1 Power switch for 7.5-to-9-volt dc sup-
ply
S2 Power switch for 5-volt dc supply
S3 OQutput
S4 Feedback
S5 Amplitude resistance selector
S6 Attack resistance
S7 One-shot, constant when closed
S8 One-shot momentary
S9 Attack-decay timing capacitor selec-
tor
S10 Decay resistance
S11 Noise filter capacitor selector
S$12 Noise filter resistance
S$13 Noise oscillator resistor
S14 Envelope select 1: logic 0, logic 1
S15 Envelope select 2: logic 0, logic 1
S16 Mixer C: logic 0, logic 1
S17 Mixer A: logic O, logic 1
S18 Mixer B: logic 0, logic 1
S$19 One-shot resistance
S20 One-shot capacitor selector
S21 Voltage-controlled oscillator (vco):

logic O, logic 1
S22 SLF oscillator control capacitor se-
lector

S23 SLF oscillator control resistance
S$24 Pitch control resistance

$25 Vco control resistance

$26 Vco control resistance selector
S27 Vco control capacitor selector
S28 Internal/external vco selector

TABLE lll—CONTROL
IDENTIFICATION

R4 MNoise 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,R27,57,58,519,520
Noise Filter J3,R4,511,512
VCO Control J7,J8,J9,R15,R18 R23,521,
524, 525,526,527,528
SLF Control J10,R25,522,523
Noise Clock S13
Mixer Select S16,517,518
Envelope .J4,J5R6,R8,56,59,S10,
S$14,515
Amplitude S5
Audio Output J6,S3,54
Power On /Off S1
+5 volts S2
Ground J12
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board. In this example, we will use the
sound of a gunshot.

First, close Feepeack 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 rower switch S71 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 ATTACK
and pecay switches S6 and S10, respec-
tively, to permit you to adjust attack and
decay times via ATTACK and DECAY pots
R8 and R6. As you experiment with vari-
ous settings of these controls, close
main Power switch S7 and press and
release one sHoT switch S8 to hear the
gunshot sound for each combination of
settings. Adjust R6 and A8 and press
and release S8 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
atTack and pecay switches and measur-
ing with an ohmmeter between DECAY
jack J4 and ground and between ATTACK
jack J5 and ground. ENVELOPE SELECT 1
and 2 switches S74 and S75 can also
be preset for the required envelope.

To produce an explosion instead of a
gunshot sound, close NoisE FILTER switch
§12 and adjust noise FILTER 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. <
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