w3 S 334 LMB0IA
111y am nacmrz : : 1AE
e o
S el . glas enaee : -
1 : . : Dy ING14OR SIMILAR L ;
. Rv2 : 25 B BOARD ET1 601c
wn  © DECAY .. B3 POWER SUPPLY DF CMOS 1S +7V (PIN 141 v o i
] y. 680 C LU AND SIVAPINTY r e
- - - - W0uF
4 RVY i e " NUMBERS IN CIRCLES ©) ARE )
® S ATTACK : {2 EXTERNAL CONNECTIONS. ov

3 , TUOULUL L LETTERS IN CIRCLES () ARE ° £?,1F *
1 ; , INTERNAL CONNECTIONS. o~ T

RIY

[+ SR . 33
g - - ouTPUT

IV

1C5/1

R25
10k -

TO KEYBOARD O____W\’A
QUTPUT

£
4
=

EXT. TRIGGER %.
INPUT

TRIGGER

FROM
KEYBOARD
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® WE HAVE now described the main
power supply, keyboard control and
tone generator, and are now ready to

1 » —— . build the circuitry used to shape the
é l l é z various generated waveforms as
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-oF 23 article in this series to gain a better

. . appreciation of the purpose of the
Fig. 2. Component overlay for Transient G 1. N .
'8 omp overiay ansient Generator modules described this month.

50 _ELECTRONICS TODAY INTERNATIONAL — JANUARY 1974




CONSTRUCTION
Transient Generator |

Assemble components to the printed
circuit board, as shown with the
component overlay (Fig. 2), paying
particular attention to the orientation
of integrated circuits, transistors,
diodes and electrolytic capacitors. We
recommend that sockets be used for
the CMOS ICs at least. These CMOS
ICs should also be the last components
to be fitted to the board.

The mechanical assembly is similar to
that for the oscillators (previously
described). All rotary potentiometers
and switches are mounted on a bracket
as shown in Fig.6. The bracket, in
turn, is mounted onto the component
side of the printed circuit board. The
wiring between the potentiometer and
the switches is as shown in Fig.8.

VOLTAGE CONTROLLED
AMPLIFIER

This is a very simple module and
should not cause any difficulty. The
component overlay is given in Fig, 4.
and the potentiometer and switch
wiring diagram in Fig.9. The MC1496
may be either a dual-in-line package or
TOS5. If the TOb version is used it may
be connected as shown in Fig. 3, The
tag on the TQ05 version is adjacent to
pin 10 and this pin goes to what would
otherwise be DIL pin 14 on the
printed circuit board. Pin position 7,
9, 11 and 13 on the printed circuit
board are not used with the T05 IC.

ENVELOPE CONTROL

The envelope control is constructed
by assembling a transient 1 module
and a voltage controlled amplifier
{VCA) to the same bracket. The VCA
module is modified by omitting the
rectifier ICl (see ‘How it Works' and
overlay Fig.5) and the control input is
taken from the transient 1 board
output.

CALIBRATION
Transient Generator 1

The only section of this circuit that
needs calibration is the exponential
generator. The procedure is as
follows:—

With the moduie switched to the
linear mode check that normal output
is obtained. Now with the trigger input
disconnected, and the output voltage
at 0V, adjust RV5 such that the
output of IC3 is also OV. Set attack
time to minimum and delay and hold
level to maximum, If the module is
now triggered the output voltage will
go to +56V and stay there for about 10
seconds.

Whilst the output is at +5V, adjust
RV4 so that +5V is also obtained at

the output of IC3. Recheck the OV
level and readjust if required. Repeat
the procedure until both levels are
correct.

When the module is returned to

exponential mode check that the
output of IC3 never goes negative.

ntrol

nt Generator 1.
ot have a switch,

ontrolied Amplifier
C4,01,1C1, metal

YaW 5%

50 ‘mm potentiometer
!ln rotary
1OV (tag
"7m= 25V (tag

33pF Ceramic
19 ﬁF 25V (alectro

 LM301A MINL
MC 1496 (or.

PDT CAK 7201 (or

type M2139-8
a8

Voltage Controlled Amplifier

The only adjustment required on this
module is to null the output by
adjusting RV1. With a signal applied to
the input, and with OV on the control
input, set the switch to amp and adjust
RV1 for minimum output.

Envelca)pe Control module, The Transient Generator 1 module is similar except that the

VCA board on the left is not fitted,
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Fig. 3. Full circuit diagram of Voltage Controlled Amplifier. For use with Envelope Control module,
IC1 and its associated components are omitted. See overlay, parts lists and text.
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-Fig. 4. Component overlay for the Voitage Controlled Amplifier Fig. 5. Component overlay for the Voltage Controlled Amplifier
when used as a separate unit. as used in the Envelope Control module.
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HOW IT WORKS
Transient Generator |

The transient generator consists, basically, of two sections.

(a) the wave-shaping circuitry (analogue).

(b) Control circuitry (digital).

The analogue section consists of integrator (IC2), exponential converter
(Q2, IC3) and comparator (1C4). The comparator is a high gain differential
amplifier whose output is normally either at +6 volts or at —6 volts. There
is a small input region where the amplifier operates in the linear mode and
the output voltage will then be somewhere between these two extremes.
Negative feedback is applied by R14 so that this linear input region is
approximately 30 mV wide.

Solid state switches select one of three voltage sources as input to the
comparator. ICI/3 selects +5 volts, ICl/4 selects OV and 1C5/3 selects the
output of level potentiometer RV6 or the output of the keyboard.

The switch potentiometer RV6, when in the off position, allows the
keyboard voltage to be the third voltage.

The output of the comparator is connected back to the input of IC2 by
R3 and a slope potentiometer as selected by 1CI/1, IC5/2 and ICL/2. If the
output of the comparator goes to ~6 volts, the output of the integrator,
IC2, will be a voltage, linearly increasing at a rate set by the selected
potentiometer (RV1, 2 or 3). Conversely if the comparator output is at +6
volts the integrator will produce a linearly decreasing voltage.

When the two inputs are within 30 mV of each other the slope of the
integrator will decrease, and when they are equal, (comparator output at

_..zero) the system output will be stationary at the voltage selected by IC1/3,

25/3 or IC1/4. This point will be stable as the comparator output is
applied back to its input in a negative feedback loop, either directly, or via
an exponential generator.

Generation of the exponential function is based on the collector —
current to base-emitter-voltage relationship of a transistor, in this case Q2.
The output of the integrator, after attenuation by R4, RV4 and R35, and
level shifting by R6 and RV6, is applied to the base of Q2. Diode D1 biases
the emitter of Q2 about 0.6 volts below zero and also provides temperature
compensation for Q2. Resistor R7 applies a small bias and helps
compensate different offset voltages in IC3. Integrated circuit 1C3
produces an output voltage proportional to the collector current of Q2.
Hence a linearly changing voltage, at the output of integrator IC2, will
result in an exponential output from IC3. The range of the exponential
generator is adjusted by RV4 and RV3,

When a key is pressed, the keyboard controller provides a —7 V to +7V
change. The positive edge of this transistion is differentiated by C7 and
R19, (the negative edge pulse is clipped by D2) to provide an
approximately 3 msec wide pulse which turns on 1C5/4 and Q4 thus
discharging C8. In addition this pulse sets the flip flop formed by 1C6/3
and [C6/4 so that the output at B is +7 V, and turns on IC5/1 and Q1 thus
clamping the output line at OV.

At the end of the 3 msec pulse, C8 begins to charge from —7 volts at a
rate determined by RV7. When it reaches 0V, approximately, the output
of IC7 changes from +7 V to —7 V and thus an internal delay is generated

/%which is adjustable by RV7. Also immediately following the 3 msec period,
he output B is at +7 V and hence 1C1/2 is turned on selecting the attack
potentiometer RV1, and 1CI/3 is turned on, selecting +5 V as an input to
the comparator. Thus, as pin 2 of the comparator is higher than pin 3, the

output will be low (—6 V) and the integrator will start to rise. The voltage
divider formed by R15 and R16 will apply —2 V to the input of IC6/2.

At this point we pause to briefly explain the operation of digital logic
NOR gates. The digital ICs used in this circuit contain four, 2 input NOR
gates. In a NOR gate, if either one or both of the inputs are high, the
output will be low. Only when both inputs are low can the output be high.
This is illustrated below.

Input Input Output
A
0 1
0 1 0
1 0 0
1 1 0

Note for +7 V and —7 V supplies as used, ‘O’ means less than —1 Vand ‘1’
means greater than +1 V when applied to inputs, and ‘O’ means close to —7
V ‘1’ means close to +7 V in the case of outputs.

Thus to return to our circuit the ~2 V input at IC6/2 is a ‘O’ input and
the output of IC6/2 will be high at +7 V.

When the output of the integrator (or exponential generator) reaches +5
V the comparator output will drop to zero volts causing an input of +2V
to be applied to 1C6/2. This is a ‘1’ level and thus the output of IC6/2 will
go to —7 volts. The output swing of IC6/2 is inverted by IC6/1 and
differentiated by C9 and R24. The resulting positive pulse resets the flip
flop (IC6/3 1C6/4) and the negative pulse is clipped by D3.

When the flip flop is reset its output goes to —7 V turning off ICI/2 and
ICI/3 and a ‘O’ is presented to IC7/2 and IC7/3 (pins 6 & 9).

If at this time the delay period has not expired (that generated by C8 &
RV7) a ‘1’ will still exist at the output of IC7/1. Thus IC7/3 has a ‘O’ on
pin 9 and ‘1’ on pin 8 and its output will be a ‘O’. Hence both inputs of
1C7/2 are ‘O’ and its output will be a *1”. This turns on IC5/2 which selects
DECAY 1 slope and IC5/3 which selects the output level set by RV6. The
comparator now sees an errot and drives the integrator to correct it. The
output will stabilize again when the level set by RV6 has been reached.
This output level will now be held until the ““C” control is removed.

When the delay period is completed the pin 8 input to IC/3 goes to ‘0,
and since the other input is ‘O’, the output will be ‘1’ and the output at °‘C’
will be turned off.

We now have the ‘D’ output at ‘1’ and this selects the DECAY 2
potentiometer and OV reference to the comparator. Again the integrator
drives to correct the error. Positive feedback is provided around IC7/3 by
IC7/4 so that the input may change much quicker.

When the delay potentiometer is switched off (SW4/1 and 2) trigger input
will now be direct to IC7/3 pin 8 and the delay will be determined by the
key-hold time only, and not by the internal generator.

If the DELAY time setting (either internal or external) is shorter than the
time to complete DECAY 1, DECAY 2 will be initiated, provided the
attack time is completed, immediately the delay expires.

If the DELAY setting is less than the ATTACK time setting the ATTACK
will be completed, DECAY 1 eliminated and DECAY 2 initiated.

The trigger input from the patchboard is buffered by Q3 to ensure
correct operating levels for the logic. It also provides an inversion which
means that the trigger will occur on the negative edge of the input trigger
pulse.
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Fig. 6. Mounting bracket for Envelope contro/ and Transient 1

modules.
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Fig. 7. Mounting bracket for the voltage
controlled amplifier.
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The voltage controlled amplifier
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Fig. 9. Wiring to front panel of Voltage
Controlled Amplifier.
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CORRECTION AND

MODIFICATIONS
Power Supply Board

Current overload protection is
provided on all power supply
outputs. However, if an output
power transistor having a current
gain at the specified minimum of
30 (normal range 30-200} is
used, excessive current will be
drawn from the LM301A and it
may possibly be damaged.

To obviate this the following
changes have been made.
Resistors R16, 17, 18 and 19 are
all increased to 1 k. Cut the PC
board track leading away from
pin 6 of each of the LM301As
and add a 470 ohm resistor
across each break.

These precautions will limit the
power in the LM301A to a safe
level should a low current gain
power transistor be obtained.

The overlay diagram, Fig. 2
page 75 of the December issue,
has incorrect pin designations
for Q7 and Q8. The emitter (e}
and base (b) markings should be
reversed.

Fig. 8. Wiring to switches and potentiometer
for Transient Generator 1.
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Fig. 10. Circuit diagram of the
MC1496 balanced modulator —
demodulator IC.
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