[ =

Electron
DIGIT AL & ANALOG
MUSIC PRODUCTS

SMs Audio

TIRLL

LIRIL




) D .
» o
= a
2 g
m 50
(0] Lo
o a
3. s
9]

o ®

L

Wiyl JH
»

*
{&a}
{ oed}

'™

'™

»
en|®

'

&
L
[y
E D

GSOL

2le[ale o] vule
NENT tm-r o[cTa}e

2 Fof oo
..[ﬂ[ﬂ@.- o2
be " B
% cop oo (00
e (3 ome (a3 @
Pp ovoule
..‘I1QH|‘ 9494400000000
E L R R B R RS R RS R

é‘ o
c -
=

*
»
23 * - £2EEBB BB BN
=5 TSSOSO RTRLOEY E
=

"$80IASP Y10 J0 ainjesedwa) ay) Buiyojew ui pie 0] ZO/LO Pue /¥ usamiad 19|l B 81eald 0] punodwos [eulay)
as -abexoed ay) YiIm 1oBJU0D Ul SBW09 Ji Jey) yons adeyd ul Jojsisal ODdINTL 2y Jepjos ‘ebexoed zo/L O Buuap|os Jsyy
L
L 4
&
&

®+
&12

$ & |

E] - & SOl &
L J * »
q " ooty | @ @ -

o 1c}e
o] 6d|e (¢ 7 i-|£f_-‘.tl|-i o v2ul e

ZEENL

s0ss00enm =1 | $e¢ccen d
s ol Bl _F 5
r *

(X N N N N N ¥ ] 000000 E
A e R .-. o Bale e
o |° elizle efiTule
o[Zzale o[cam}e *1EREIe

T. Herry -~ S. Stites
FCRE- sMs Electronics

SN UD]CE www.electro-music.com

$10)08UU0D Bunew BuoNSUOD USYM Sispeay J0108uuod [[e Jo Auejod aa1asqo ases|d .

ThE
13544

i1 IO aqei’s‘ll'

193008 dIA I'epsplos dId .1'0 40,970 J8yie asn v



Fixed resistors are 1/4-watt, 5% values.

R1 51Q

R2 100Q trimmer

R3 390Q

R4 470Q

R5 1k

R6 2k

R7 2k, +3500ppm/°C thermlstor
R8 2.7k

R9 4.7k ‘ j.
R10-R17 10k :
R18 10k trimmer :
R19 10k linear potentiometer
R20 .. - 11k
R21 12k

R22 18k

R23 27k

R24 33k

R25-R28 47k _

R29 50k timmer

R30 56k

R31 75k

R32 82k

R33-R42 100k

R43 - R48 100k linear potentiometer:
R49 110k '
R50 150k

RS51, R52 220k

R53 1M

R54 - R57 1M linear potentiometer
R58 - 1M trimmer
R59, R60  1.5M

R61 3.3M

R62 4.7M

R63 10M

NOTE: For 1Hz to 16KHz operation without
pulse width modulation, replace R21 with 8.2k

and R50 with 270k. Then dial trimmer R1 Btoits

lowest position (ground).

PARTS LIST ;

1

~ All capacitors are 16V or better,

C1,C2 100pF disc
C3,C4 470pF disc
C5 - 470pF poly
C6, C7 0.001pF mylar
C8-C12 0.01uF disc
C13 0.022uF mylar

- C14 0.047uF mylar
C15 0. 22;1ié mylar
C16 0.47uF mylar
C17-C19  4.7pF electrolytic
C20-C22 10pF electrolytic

Semiconductors )

D1, D2 1N4148 diode

Q1/Q2 LM394 matched tranS|stor pair
Q3-Q5 2N3904

IC1 SN76477

IC2 4046 phase locked Ioop

IC3, IC4 LF444 quad op-amp

Other components

J1-J10 1/4” phone jack, n.o.
S1, 82 SPST toggle switch
83 SPDT toggle switch
S4, 85 SP3T rotary switch

Miscellaneous: printed circuit board, IC
sockets front panel knobs wire, solder heat -

Resistors
R64, R65 100K
Capacitors
1C23,C24

0.01 uF disc

5 Semiconductors
1IC5 78105 5V Linear Regulator

NOTES:
C15 Mounted at S1 on control panel
1.M394 should be ordered in the DIP package

Additional Components and Notes for sMs PCB:



NOISE FILTER
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0,
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Electronic music functions are
generally not difficult to integrate
on a single chip; witness parts like
the 3080, basically a WCA on a
chip, and the 566 and BO3BICs,
which are multi-waveform oscil-
lators on a chip. However, electror-
ic music does not represent a very
significant slice of the total semi-
conductor market, so manufactur-
ers have been hesitant to invest in
ICs specifically designed for elec-
tronic music. An exception is the
Solid State Music series of electron-
ic music ICs, but since these are not
produced in the vast quantities
characteristic  of semiconductor
houses, they are essentially custom
chips and carry a custom price tag.

While the SN78477 is not exactly
an electronic music IC (it was
designed to produce sound effects
in video games and other mass
market items), there are several
features of great interest to elec-
tronic music experimenters. The
SN76477 is a 28 pin IC, and may
be thought of as a bunch of sound
generating blocks integrated into a
single package. These blocks are:
Square wave VCO with voltage
control input and wvariable duty
cycle output; Square (and triangle
wave) LFO, may also be used for
audio frequencies; Shift register
type white noise generator; En-
velope generator with attack/sus-
tain/decay/ functions; VCA and
output stage; On-chip voltage regu-
lator; Switched mixer,

Before going any further, 1'd like
to emphasize that this is a digital,
onfoff type of part. The oscillators
basically produce square wave out-
puts; the white noise output is a
bunch of pulses with randomly
varying width and frequency; and
the mixer is not an analog mixer,
but rather a mixer that can switch
in various combinations of outputs.
Nonetheless, there are ways to get
around these limitations... and even
if there weren't, the chip still pre-
sents a variety of useful functions.

Economically speaking, the SN7-
6477 is not all that costly- around
£2 to %4, depending on where and
how you buy it. This means that
even if you don't need all the func-
tions available on the chip, you can
afford to usa just one function- say,
the white noise generator- and just
ignore the chip’s other capabilities.

Figure 1 shows an overall diagram
of the IC's innards. There are three
asudic signal sources capable of
being passed through the mixer to
the output: noisels) appears at the
mixer output. These pins respond
to logic levels; ground them for O or
low level logic, tie to pin 16 (the
requlated +5V output that powers
the system) for a 1 or high logic
level. The chart below specifies
which signals appear at the mixer
output...

" Pin25 26 27
0 0 0 VCO
0O 1 0 LFO
1 0 0 MNoise
1 1 0 WCO™ noise
0 0 1 LFO+noise
0 1 1 VCO+LFO +noise
1 0 1 LFO+VCO
T 1 1 Inhibit (no output)

TEGH NOTES

Texas Instruments
SN 76477

COLIN GARDNER

Howewver, since this is a digital
mixer remembear that adding two
signals together is eguivalent to
ANDing them logically. For exam-
ple, if the LFO and noise are select-
ed together, the noise will be turn-
ed on and off according to the fre-
quency of the LFO (see Figure 2).

Ignoring the envelope generating
circuitry for the time being, the
mixer passes signals to an output
amp (VCA). The output of this
amp is an emitter follower stage, so
pin 13 must connect to ground
through a resistor (| generally use
2.7K). The feedback resistor sets
gain; 100K in conjunction with the
2. 7K resistor at pin 13 gives an
output of about 2.8V peak-ta-peak
{i.e., O VU). A resistor from pin 11
to ground sets the overall amplitude
capability of the output; | use
about 220K. Too low a resistance
can saturate the amp, but too high
a value leads to a reduction in
output. You might want to experi-
ment with different values to ob-
tain different types of effects.

MNow let's consider the wvarious
signal generators. The noise clock
needs a timing resistor from pin 4
to ground to set the frequency of
the clock; a minimum value of 10K
gives a high clock speed, while
raising this resistance lowers the
clock speed. Because the on<hip
clock is limited in its range, you
may disable it by connecting pin 4
to pin 15 (a high logic level) and
feeding an external +5V clock to
pin 3. By clocking at a very slow
speed, for example, you may obtain
very slow noise patterns which are

similar to a random control voltage.

_ The noise filter requires a capaci-
tor from pin 6 to ground, and a re-
sistor from pin 5 to ground. These
two components act as an integrat-
or to alter the high frequency con-
tent of the noise generator, or
"smooth out” the output waveform
if you're using a low frequency
clock. Tapping off the filter capaci-
tor with a buffer stage gives wet
another type of white noisefcontrol
voltage.

The VCO's basic frequency is set
with a capacitor from pin 17 to
ground and a resistor from pin 18
to ground. The duty cycle control
pin, when connected to 2.5V or
greater, gives a 50% square wave;
when connected to 1V or less, the

ILLUSTRATIONS

duty cycle drops to about 18%.,

Voltages in between 1V and 2.5V
vary the duty cycle between 18%
and 50%.

The frequency of the WCO is
further controlled by the VCO
modulation select, which may be
thought of as a logic-controlled
switch., With pin 22 at a low logic
level, the frequency of the VCO
depends on an external voltage
present at pin 16. With pin 22 high,
the VCO frequency is modulated
by a triangle wave generated by the

LFO lgood for sirens, bird chirps,

and the like).

The LFO is a similarly designed
oscillator, with a resistor from. pin
20 to ground and a capacitor from
pin 21 to ground setting the output
frequency. While designed as an
LFO, it will go up to 20 KH=z
without any problems.

The envelope generator section is

somewhat more difficult to under-
stand, since there are several op-
tions not normally associated with
standard envelope generators. There
are also some limitations.

First of all, let's look at the en-
velope select logic block . This block
has two pins which are logically
controlled. With pin 1 low and pin
28 high, there is no envelope shap-
ing at all and the output of the
mixer passes directly to the output
VCA. Under these conditions, with
system enable pin 9 high, sound
from the IC is disabled. With the
system enable low, the IC is en-
abled.

With pin 1 low and pin 28 low,
the WVCO gates the signal on and
off. When the square wave output
of the WCO is high, the mixer
output passes through the amp;
when the VCO ocutput is low, the
amp is off. With sub-audio VCO
frequencies, this produces a “square
wave tremolo” type of effect. With
pin 1 high and pin 28 high, the
same basic effect occurs except that
the amp is on during alternating
cycles of the VCO. The system
enable performs the same function
as before: high for disabled, low for
enabled.

Pin 1 high and pin 28 low gives
our fourth option, one shot con-
trol; this is most like the traditional
envelope generator, In this mode,
the system enable pin performs two
functions. First, when it is high, the
IC is disabled. however, bringing
pin 9 low and keeping it low not
only enables the IC, but triggers the
one-shot. The one-shot generates an
output (i.e. turns on the amp) for a
period of time dependent on the
time constant set by a resistor to
ground at pin 24 and a capacitor 1o
ground at pin 23. When the one-
shot timing cycle has ended, or
when pin 9 goes high, the amp once
more shuts off. To re-trigger the
one-shot, pin 9 must be brought
high and then low again.

However, you'll note that all the
envelopes generated so far are simp-
Iy on/off types, albeit of different
lengths. To add attack/decay fun-
ctions, we need to look at the
envelope generator section.

The capacitor connected from pin
8 to ground charges through the
resistor connected from pin 10 to
ground, setting the attack time; it
discharges through the resistor
connected from pin 7 to ground to
give the decay time lactually, it is
charged and discharged by current
sources inside the chip... the attack
time is part of the one-shot envel-
ope, whereas the decay is added at
the end of the envelope (see Figure
3). Therefore, you must make sure
that if you have, say, 250 millisec-
onds of attack time, the one-shot
generates an output for at least 250
milliseconds, A shorter one-shot
period will either clip the attack
time, or eliminate it altogether, The
same constraint occurs with the
VCO envelope (see Figure 4); the
attack time must be less than or
equal to the period of time that the
WCO is high.

Finally, let's examine the power
supply requirements, The chip is
designed to take the 7.5 to 9V
filtered but unregulated DC present
in most computer/game systems at

38 MAY/JUNE 1979 SYNAPSE
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