
Keyboard players and guitarists are sure to make a big impact 
with this low cost sound effects box. 
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thesis of sowtd 
players' sound, the .-=,---,,.--,~=== 
author has not come 
across this device in 
stores - at least not in 
such a simple and inex
pensive form as this 
one. The effect pro
duced is best described 
as that obtained by 
playing a tape back
wards - the natural 
"envelope" (or wave
form profiles) are all 
reversed 

A guitar, for ex
ample, with its natural 
short sound rise time 
and long fall time 
would sound more 
like a violin, with its 
long attack time. Some 
players produce this 
effect simply by wind-
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Fig. 2. How the drain-source of an n
channel FET varies with gate voltage. 
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up and down. Fig. 3. Block diagram for the shaper. 
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Envelope 
Shaping 
Envelope shaping, as 
this technique is 
called, has been 
around for a long 
time: commercial en
velope shapers giving 
control over attack, 
decay, sustain and 
release times (see Ftg. 
1), are available but 
are inevitably expen
sive and often over
complex. The circuit, 
which generates the 
"reverse attack'' effect 
can be considered to 
be a simple form of 
envelope shaping; in 
the terms of Flg. 1, 
the attack time is vari
able; the release time 
is a fixed short period 
and the sustain and 
decay periods follow 
the input waveform 
envelope. 

There are easier 
ways to produce this 
effect without actual
ly tape-recording the 
sounds and reversing 
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Envelope Shaper 

them, or wearing out your volume control. 
This project employs an op amp whose 
gain is varied to amplitude-modulate the 
incoming waveform. 

Op amps are convenient to use here, be
cause their gain can be changed by varying 
either the feedback or the source resistor. In 
this circuit, a field effect transistor (FEI) is 
used as a variable resistor inserted as one of 
the gain defining resistors in the op amp cir
cuit. By changing the Gate-Source Voltage 
(Vgs) the effective Drain-Source Resis
tance (Rds) is also changed 

A graph of V gs against Rds to illustrate 
this effect is shown in Fig. 2. When V gs ex
ceeds a value known as the "pinch-off' 
voltage (VP), the FET becomes cut-off 
and Rds is virtually open-circuit. The min
imum Rds value, when Vgs = 0 however, 
is less well defined and depends on the 
FET manufacturing process; the exact 
value is not critical in this circuit. 

To digress a little, the idea of using DC 
levels to control sound in this way is ac
tually the basis of analogue sound syn
thesis. Voltage Controlled Oscillators 
(VCOs) and amplifiers (VCAs) are com
mon jargon in the synthesiser world. Fur
thermore, the amplitude modulation tech
nique mentioned above is the principle 
used in the generation of many radio 
wavebands although the incoming 
waveform (carrier) would be of fixed fre
quency and amplitude. 

How it Works 
A block diagram of the Envelope Shaper 
circuit is shown in F"Jg. 3. The main signal 
path is through amplifier ICl whose gain is 
dependent on the Rds of the FEf The 
overall "attack" profile depends on the sig
nal applied to the gate of the FEf - a DC 
voltage derived from the detector circuit. 
IC2/IC3 is used to charge a capacitor in the 
FEf gate circuit and hence vary Vgs. 

The lower half of the circuit, IC2 and 
IC3 forms, in essence, a switch to trigger 
the FET gate charging circuit whenever a 
large enough signal appears at the input. 

The charging time is variable in the 
range 22 milliseconds to 0.6 seconds, a 
range found to be quite adequate in prac
tice. The recovery time (ie, the time taken 
for ICl's gain to return to normal after the 
input signal has decayed) is fixed at about 
15 milliseconds. 

Circuit Description 
The full circuit diagram for the Guitar En
velope Shaper is shown in F"Jg. 4. The 
heart of the circuit is ICl which is wired as 
a non-inverting voltage amplifier. Oearly 
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Fig. 4. The complete drcuit diagram. The letters inside drr:les refer to wavefonns shown in 

its gain is governed by the feedback resis
tor R5 and the resistances in the inverting 
input circuit, resistors R3, R4, and field ef
fect transistor TRl. 

parallel with R3, so the overall gain of ICl 
(which is what we wish to control), is really 
defmed by the drain-source resistance 
(Rds) ofTRl. The gain ofiCl is therefore: 

Note that TRl and resistor R4 appears in Av = 1 + (RS!Req) 
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Fig. 5. Typical wavefonns at various points in the drcuit diagram. 
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Pinout details for the FET and I C. 

where Req is the combined resistance of 
R3/(Rds + R4). 
When an input signal is applied - say from 
an electric guitar - we require ICl's gain 
initially low. It can't go to zero, but by ensur
ing that resistor R5 is a lot less than 
Req(max) we can make it near enough 
unity. 

Given that Rds(max) is near enough in
finity, and Rds(min) is of the order of 500 
Ohms, we find: 
Req(max) = 1M 
Req(min) = 650 
Hence, ICl's gains are: Av(max) = 16 
Av(min) = 1 
A diagram showing voltage waveforms at 
various points in the circuit should be use
ful at this stage and is shown in Ftg. 5. To 
vary ICl's gain we need firstly to detect the 
presence of an input signal. IC2 is another 
non-inverting voltage amplifier with a fixed 
gain of 57 simply to boost the signal level. 
The output is half-wave rectified by diode 
Dl, and smoothed (or low-pass filtered) by 
C41R13 to produce a positive DC level 
proportional to the input waveform 
amplitude. IC3 is wired as a comparator 
with a triggering level (set by the voltage 
divider resistors R141R15) of about 14m V 
to prevent the circuit from triggering on 
noise, etc. from IC2. When the signal level 
in pin 3 of IC3 exceeds 15mV the output 
flips up from -9V to + 9V 
The positive outputs are dumped to ground 
through Rl6/D2 so that the FET gate 
charging circuit sees a rising square edge 
from -9V to + O.<X>V. The FEr gate poten
tial rises towards OV at a rate defined by 
capacitor C3 and (resistor R6 + poten
tiometer VRl). Note that the charging 
waveform due to capacitor C3 is always ex
ponential --: it's only the charging time that 
is changed by varying the setting ofVRL 
Fmally, you'll notice an attenuator at the 
output (pin 6) of ICl. This is necessary to 
trim the overall gain of the system to suit 
E&nJuly1• 
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Envelope Shaper 
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Fig. 7. InteTWiring details for the case mowtted components. 

both the characteristics of the FET 
(remember the Rds(min) is not well 
defined), and the taste of the user. The 
prototype used the values for given R7/R8 
and gave quite a nice swell effect as the at
tack built up. 

Construction 
The component layout and full size 
printed circuit board foil master pattern 
for the Guitar Envelope Shaper is shown 
in Fig. 6. The PCB shown is fairly large so 
there should be no problem fitting every
thing on Start with resistors and 
capacitors, then fit the diodes, ICs and 
finally the FET. Don't forget that there are 
five wire links on the board. The 
capacitors are all polarized types and must 
be fitted the right way round. 

All the connections to the board were 
made using a 28cm length of frway ribbon 
cable on the prototype and secured by 
looping it under one of the wire links as 
shown in the photographs. No problems 
with hum were encountered, but use 
shielded cable in the signal lines if this be
comes a problem. 

The case used for the prototype was a 
cast aluminum box measuring 115mm x 
90mm x 50mm. The circuit board fits nice
ly under the lid (using short spacers), leav
ing the box free for the batteries, switches, 
28 

etc. The internal layout is largely a matter 
of personal taste, but make sure everything 
fits before drilling any holes in the case. 
The interwiring from the board to the case 
mounted components is shown in Fig. 7. 

Testing 
Before fitting the board into the case, tem
porarily connect the potentiometer VRl, 
the two jack sockets and the two 9V bat
teries to check operation. Apply a signal 
source (guitar, etc.) to the unit with VRl 
set somewhere midway and you should 
hear the "reverse attack'' effect. If not, 
having rechecked your circuit, follow this 
procedure: 

A good place to start is with the bat
teries. Check the power supply levels on 
pins 7 and 4 on the ICs - you should, of 
course, find + 9V and -9V respectively. If 
one line is low, measure the current flow
ing in that line - the load on each line 
should be between 3 to 7 milliamps. 

Check the operation ofiCl by applying 
-9V and then OV to the gate of the FET -
you should hear some sound through ICl 
with OV applied If so work backwards and 
try triggering IC3 by touching -9V and 
then + 9V on pin 3. Any error here will 
probably be due to the DC effect on pin 2. 

Test IC2 by comparing the signal levels 
at pins 3 and 6 using either a 'scope if you 

have one, or the input of your hi-fi 
amplifier if not. When it's working fit the 
board in the case together with the LED. 
D4 (and its series resistor R18), jack sock
ets SKl, SK2 and the switches. The bat
teries were simply stuck to the sides of the 
case using double-sided tape; the current 
drawn is very low and they should last a 
longtime. 

In Use 
Experience will improve technique, but a 
few tips to get started: 
If using keyboards, make sure the input to 
the unit is not so large that it triggers on 
keyboard output noise. 

With guitars, the opposite is generally 
true - keep the pickup volumes wound 
up or you won't get much sustain. This is 
particularly true of the higher notes. Con
necting this unit after your amplifier 
preamp may help here. 

Finally, don't overdo it with this device. 
All sound effects become boring if they're 
constantly in use, so only switch it on when 
it's needed. • 
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