MODULE 1045 VOLTAGE CONTROLLED VOICE

The ARP Module 1045 is a functional circuit package
designed for use in the ARP Series 2000 Synthesizers,
The module contains a voltage controlled oscillator, a
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amplifier, and a dual exponential envelope generator.

Fig. A shows a block diagram of the module 1045,
The output of the Voltage Controlled Oscillator is
coupled through a switch permitting waveform selec-
tion to the input of the voltage controlled low pass
filter. The output of the filter is in turn connected
to the input of the voltage controlled amplifier. The
final signal is obtained at.the output of the voltage
controlled amplifier. Exponential envelope genera-
tors are coupled through attenuators to the control
inputs of both the filter and amplifier. The module
1045 is a small self-contained synthesizer, offering
the -user control over pitch, timbre, amplitude, and
combinations of time-/variant functions of pitch,
timbre, and amplitude. Qutputs and inputs are ar-
ranged so that the oscillator, filter-amplifier, or enve-
lope generators may be used separately or in various
combinations.

OSCILLATOR SECTION

The voltage controlled oscillator used in the module
1045 is electrically similar to the ARP 1004 Voltage
controlled Oscillator. The oscillator output is con-
nected to a rotary switch which permits the selection
of sine, triangle, square, sawtooth or pulse output
waveforms, The output frequency range of the oscil-
lator is 16Hz to 16,000 Hz without external control
voltages and the control voltage range is 10 octaves.
Control signals may be either positive or negative,
provided that the sum of the control voltages does
not drive the oscillator frequency beyond the above

limits.

A coarse panel adjustment knob permits setting the
zero-control-voltage frequency to anywhere within
the frequency range. A fine adjust knob with a +1
octave range is provided for accurate tuning.
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MODULE 1045 VOLTAGE CONTROLLED VOICE

There are two control signal inputs along the lower
matrix switches and three along the upper matrix
switches. The two lower matrix switch control inputs
are connected to attenuators so that the effect of an
external control signal on the oscillator’s frequency
can be adjusted. When these attenuators are rotated
fully clockwise, a change of 1 volt at a control input
will result in a change of frequency of 1 octave. Two
of the three control inputs from the upper matrix
switches are fixed at 1 volt/octave sensitivity. The
third control input is tied to the second control input
from the lower matrix switches and is therefore

affected by the attenuator associated with that input.

In addition, another panel-knob control (PW) per-
mits manual adjustment of the duty cycle of the
pulse waveform output.

The input impedances of the control inputs is 100-
Kohms minimum. The output impedance is 1TKohm
and this output may be shorted to ground or any
other module output without damage to the oscilla-
tor. When several such outputs are shorted together,
the resulting waveform will be the averaged instan-
taneous voltage of the outputs that are shorted to-
gether,

FILTER SECTION

The voltage controlled low-pass filter section of the
1045 is similar to the voltage controlled low-pass
filter found in the ARP Module 1006. A front panel
knob (fc) is used to manually adjust the filter cutoff
frequency from 20Hz to 20,000Hz. In addition to
the front panel fc control, the cutoff frequency of
the filter can be changed by applying control signals
to any of the external control inputs. The input
from the lower matrix switch is connected to an
attenuator so that the effect of an external control
signal on the cutoff frequency of the filter can be
adjusted. With the attenuator rotated fully clock-
wise, a change of 1 volt at the control input will result

in a change of 1 octave in cutoff frequency. The
sensitivity of the control input from the upper ma-
trix switch is fixed at 1 volt/octave.

In addition to the external control signals and the
front panel fc control, the cutoff frequency of the
filter may also be varied by the application of the
1045’s internal envelope generator to the filter con-
trol. A front panel knob (Env. Ampl) directly above
the Fc control permits the output of the envelope
generator to be connected directly into the control
input of the filter. By a clockwise rotation of this
knob, the effect of the envelope generator output on
the cutoff frequency of the filter is increased. When
this knob is turned fully counterclockwise, the en-
velope generator output is fully attenuated and will
not affect the filter. Since the output voltage of the
envelope generator can reach +10 volts, it is possible
to change the cutoff frequency of the filter by 10
octaves when the “Env Ampl” knob is rotated fully
clockwise.

By adjusting the “resonance’ control on the front
panel, a “peaked” response at the cutoff frequency
may be obtained if so desired. This type of response
is useful for creating certain types of formants, such
as ““wa-wa’” and “yeow’ effects. The panel knob
adjusts the height of the resonant peak with respect
to the pass-band characteristics” of the filter. Fig-
ure (B) demonstrates the effect of this control.
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MODULE 1045 VOLTAGE CONTROLLED VOICE

AMPLIFIER SECTION

The voltage controlled amplifier (VCA) accepts the
output signal from the voltage controlled filter (VCF),
and modifies the signal level according to the sum of
a local control voltage (provided by the panel knob
marked “‘gain”’), a number of external control voltages
and the output of the internal envelope generator.

The voltage controlled amplifier may be operated in

one of two selectable modes. The exponential mode
has a control transfer function of 10 dB per volt.
In other words, a change of 1 volt in the sum of the
control signals will result in a change of 10 dB in
gain. When the sum of the control voltages is +10
volts (maximum usable control voltage), the gain of
the amplifier is 0 dB. When the sum is 9 volts, for
instance, the VCA would attenuate the audio signal
by 10 dB. In the linear mode the gain (Vout/Vin) of
the amplifier is directly proportional to the control
voltage. Again, when the sum of the control signal is
+10 volts, the gain of the amplifier is unity.

The range of the voltage controlled amplifier is over
100 dB, which permits the VCA to be used as a
squelch gate device. By proper adjustment of con-
trols, no discernible output should be obtained in
the absence of control voltages, even when the audio
input entering the amplifier is at very high levels.

The gain of the VCA may be controlled by the in-
ternal envelope generator by advancing the control
marked ““Env Ampl” directly over the ‘“‘gain”’ control.
When this control is rotated fully clockwise, the full
10 volt amplitude of the envelope generator output
is applied to the control input of the VCA.

In addition, external control inputs are provided
from both the upper and lower matrix switches. The
input from the upper matrix switch is of fixed sensi-
tivity (10 volts = 0dB gain) while the input from the
lower matrix switch is connected to an attenuator
so that the effect of the external control signal on
the gain of the amplifier can be adjusted.

ENVELOPE GENERATOR SECTION

The envelope generators in the 1045 module produce
exponential functions with four adjustable parame-
ters: Attack time, Initial Decay Time, Sustain Level,
and Final Decay Time. For each of the two enve-
lope generators, there is a panel knob to adjust each
of these parameters.

An envelope is initiated when signals are applied to
both the Gate and Trigger inputs. The Gate input is
symbolized by a rectangular pulse (J™\) and the
Trigger input by an exponentially decaying impulse
(A~ ). When a gate pulse and a trigger pulse are
applied at the same time (as they would be if derived
from a keyboard) the output voltage of the envelope
generator rises exponentially to 10 volts at a rate
determined by the setting of the ““Attack Time'' con-
trol. When the output reaches 10 volts, the attack
is ended and the output falls to the “Sustain Level”’
at an exponential rate determined by the “Initial
Decay Time” Control. The sustain level is adjustable
from O to 10 volts. The output will remain constant
at the sustain level until the Gate signal is removed,
at which time the output returns exponentially to O
voltsat a rate determined by the ‘’Final Decay Time'’:
control, (Fig. C).

If the Gate voltage is removed during any part of the
cycle, the output will always return directly to zero
at the exponential rate set by the “’Final Decay Time"
controi, (Fig. D). If the Gate and trigger signais are
reapplied before the output returns to zero, a new
attack will begin immediately without the output
voltage returning to zero, (Fig. E).

If at any time a Gate signal is applied in the absence
of a trigger pulse, the output voltage will rise ex-
ponentially to the sustain level at a rate determined
by the Initial Decay Time control. When the Gate
is removed, the output will return to zero according
to the Final Decay Time control setting.
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ELECTRICAL SPECIFICATIONS

OSCILLATOR SECTION

OUTPUTS: Frequency range: 16Hz to 16,000Hz
Sine, Triangle, Square, Sawtooth, and Pulse waveforms.
INPUTS: Frequency modulation: fixed 1v/octave (2)

Frequency modulation: Adjustable, 1v/octave maximum (3)

LONG TERM FREQUENCY DRIFT: Ambient 50°F to 90°F, +5°F, drift is typically less than

FILTER SECTION
ROLLOFF:

FILTER RESONANCE:

MAX AUDIO SIGNAL LEVEL:
CONTROL INPUT SENSITIVITY:
AMPLIFIER SECTION
RESPONSE:

MAX GAIN:

MAX ATTENUATION:
TRANSFER FUNCTION:

ENVELOPE GENERATOR SECTION

ATTANY TIAC.
ATITAUN TIVIC,

INITIAL DECAY TIME:
SUSTAIN LEVEL:
FINAL DECAY TIME:
GATE SENSITIVITY:

GENERAL
INPUT IMPEDANCES:

OUTPUT IMPEDANCES:
MAXIMUM POWER REQUIREMENTS:

1/6 semitone per hour.

24dB/octave above cutoff frequency
0 to 20 dB peak.
20 volts P—P Max

1 volt/octave all inputs (attenuators fully clockwise); Ov = 20Hz

+3dB, 2Hz to 30KHz.

0dB

100dB

Vout = Vin " Veontrol)/ 10, Linear mode
Vout = Vin 10V ontroi—10)/2, Exp’l mode

coare 4+~

.001 secs to 2.0 secs

0 to +10 volts

.001 secs to 2.0 secs

8.0 volts, upper matrix switch

1.8 volts lower matrix switch

100Kohms min.

1Kohm

+15 volts @ 120 ma, regulated to + 0.1%.

+12 to +15 volts @ 20 ma unregulated, lamp supply
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1045 TEST PROCEDURE (PRELIMINARY)

Febrdary 2, 1973

Test Equipment Required:

1.1 Tektronix Oscilliscope’

1. 2 2500 Wing Cabinet

1.3 Function Generator (or a 1004 module)
1. 4 0V - 10V/out box 1.5 Frequency counter
1.5 Digital Voltmeter .

pplicable Documents
C-1045-012 Rew.
C-1045-022 Rev.
C-1045-013 Rev.
C-1045-021 Rev.
C-1045-014 Rev.
B-1045-020 Rev.

(Bd. 1 P.C. Layout)
(Bd. 1 Schematic).
(Bd. 2 P.C. Layout)
(Bd. 2 schematic)
(Bd. 3 P.C. Layout)
(Bd. 3 schematic)

O\U'I&QJN)—‘
NM-HNROoX

reliminary Set-up: '

.1 Thoroughly inspect the module per the sample

.2 Measure the resistance between all five power supply
inputs. ', It must be greater than 400

.3 Check alignment. of the knobs

.4 Set all of the pots fully CCW

.5 Switch the module to ON

.6 Make sure Qi and Q2 on the main board are lnstalled
.7 Plug the module into the wing cabinet using an extender

card
.8 Apply power

ulse Width Trim and Test

.1 Set both freq. contrcls to midrange

.2 Connect the scope 'to the output(osc)

3 Set the Function Switch to pulse

4 Select R54 for 5%% 1% pulse on the scope

5 Set the PW pot fully CW

.6 Select R55 on Bd. 1 for a95% 1 1% pulse on the scope
Set the Pulse Width Pot to midrange

[ )

.
~

Inputs Test:

Set both freq. controls fully CCW

Connect a 10V P-P, 1HZ sawtooth to input "1"

Connect the scope to the osc. output

Set the Function Switch to pulse :

Verify that the pulse output remains constant

Set the "FM1" pot fully CW

Verify that the osc. output is now freq. modulated by the
1 H3Z sawtooth

Repeat steps 5.2 thru 5.7 for the input "Z"Vand upper FM2
input

Repeat steps 5.2, 5.3, 5.6 for the upper two VCO inputs

» - - L) « L] g
N TN

.
L oo

utput Test:

.1 Set all of the "pots fully Cccw

2 Set both freq. controls to midrange
3 Connect the scope to the osc. output
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1045 TEST PROCEDURE (PRELIMINARY) continued

6.4 Switch to each of the five functions and verify that they

are 10V P-P ¥ .25V and have the proper waveform

3

rigger Modes Test:

.1 Connect a 25 HZ pulse at 65% duty cycle to the lower gate
and trigger ~

.2 Set all of the pots fully CCW

.3 Set both Sustain pots M/D-RANGE

U4 Set the left Env, Amp pot fully CW’

.5 Connect the scope to the left envelope output 4

.6 Verify that the envelope is present and looks like fig. 4-1

.7 Remove the 25 HZ pulse from the trigger input

.8 Verify that the envelope now looks like fig, 4-2

.9 Repeat steps 7.1 thru 7.8 for the right envelope output

.10 Repeat steps 7.1 thru 7.9 using the upper gate and trig.

inputs :

NNNNNNNNN N

ADSR Adjustment Test:
8.1 Attack time adjustment range
8.1.1. Set all of the pots fully CCW

3 g 2

. Connect a NO push button from +15V to the lower gate +Tricgeg
input ‘

Set the left Env. Amp pot fully CW

Connect the scope to the left envelope output

Push the button repeatedly and verify that the attack

time is 2 msec, or less

Set the left attack pot fully CW

Push the button and hold ;

Verify that the envelope slowly rises to 10 volts in 2 |

to 3 seconds and that it falls to OV when it reaches 10V

al Decay Time Adjustment range:

Set all of the pots fully CCW

Set the left Env. Amp. poit fully CW

Set the left sustain pot to midrange

Push the button repeatedly and verify that the time

grom the peak of the envelope to the plateau is 3 to
msec.

.5. Set the left sustain pot fully CCW

.6, Set the Initial De@ay pot fully CW

.7. Push the button and hold

.8, Verify that the envelope rises quickly to 10V and then

falls to OV in 4 to 10 seconds '

ustain Level Adjustiment Range

. Set all of the pots fully CCW -

. Set the left Env. Ampl. pot fully CW

. Push the left manual gate button repeatedly and verify
that the level of the.envelope, while the gate is depres-
sed, is controlled by the sustain level pot

B, Set the sustain level pot fully CW

.5, Connect a digital voltmeter to the left envelope output

.6. Push the button and hold

-
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1045 TEST PROCEDURE (PRELIMINARY) continued

8.3.7. Trim R49 or RAS6 on Bd. 2 for +10.00VZ ,05 VDG
8.4 PinaldsCAY Time Adjustment Range
8.4,1, Set all of the pots fully CCW
2, Set the left Env, Ampl, pot fully CW
3., Set the sustain level pot ~M{OAAYFE
L, Push the button repeatedly ana verify that the
. envelope fall time is 3 to 6 msec. : .
5, Set the Final £CAY pot fully CW+SuSTA/N LT Fallr CWw
6. Push the button and release -
7. Verify that the envelope falls to OV in 4-10 sec,
at steps 8.1 thru 8.4 for the right channel(in step

8,5
.7. trim RE49 and REs56 on Bd., 2)

8

1 Set all of the pots fully CCW

2 Set the sustain level pots fully CW

3 Set the left Env, Ampl, pot fully CW

L Connect the scope to the left envelope output

5 gdnneqt a normally open push button switch to the pedal

ack .

9,6 Connect a 10 H3 square wave at 10V P-P to the lower gate
input . ‘

9,7 Verify that there is a square wave on the output

9.8 Push ‘the external switch and hold

9.9 Verify that the output locks up at 10V

9,10 Release the external switch and verify that the square
wave returns to the output

9,11 Repeat steps 9.2 thru 9.10 for the right channel

“Control Input Adjustments:

10.1 VCF Control Input Adjustment

10.1.1. Install a 56K resistor for R85

10.1.2. Set all of the pots fully CCW

10,1.3, Switech the module OFF

10.1.4, Set the Filter f@ knob fully CW

10.1.5. Connect the DVM to Al pin 6 on Bd., 3

10.1.6, SE4GET R58 on Bd. 3 for ~10,00vi ,05VDC at Al pin 6
10.2 VCA Control Input Adjustment '

10.2.1., Set the Amp., Gain knob fully CW

10.2.2. Connect the DVM to A2 pin 6 on Bd, 3

10.2.3. $84€€6L R60 on Bd. 3 for - 10,00V ,05VDC at A2 pin 6

Ooutput 0ffset Adjustment:

11.1 Set all of the pots fully CCW

11,2 Set the Amp. gain pot fully CW

11.3 Connect the scope to the module output

11.4 Adjust trimpot 48 R15 on Bd. 3 for OVDC at the output

¥ -SEC STEL /S

12.

LINEAR and EXP'L. Gain Adjustments:

12,1 Switch the module ON

12,2 Set all of the pots fully CCW

12,3 Set the Filter fo pot fully CW

12.4 Set both frequency pots to midrange

12,5 Set the oscillator function switch to square wave
12,6 Set the Amp. Gain pot fully CW

12,7 Set the VCA Mode Switch to Linear



13,

14,

15,

16,
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'10k5 TEST PROCEDURE (PRELIMINARY) continued

12.8 Connect the scope to the module output

12.9 Trim RE5 on Bd, 3 for a 10V P-P square wave at the
output

12.10 Set the switeh to EXP'L.

12,11 Trim R?75 on Bd., 3 for a 10 Vv P=-P square wave of the
output

VCF Control Rejection Adjustment: ' . ‘8 ,Zﬁf/,L
. 13.1 Set all of the pots fully CCW Do 2"‘“’"‘ a%::{b?u
. 13,2 Switch the module QFF

13.3 Connect the DVM to the junction of R41 + R43 on Bd., 3

13.4 Adjust trimpot R8 on Bd, 3 for a minimum voltage swing as the

filter Fo pot is rotated from min. to max,

"VCF Offset Adjustments:

14.1 Set all of the pots fully CCW

14,2 Set the Filter fo control fully CW

14.3 Connect the DVM to, the junction of R41 + R43 on Bd., 3
14.4 Select R42 for OV = 1.0VDC at the junction of R41 + RA43
14,5 Connect the DVM o, the junction of R39 + R38 on Bd. 3
14,6 Select R4O for OV 1.0VDC at the junction of R39 + R38
14,7 Recheck steps 13 and 14

Resonance Adgustmentx

15,1 Set all ;; the pots fullg coW

15.2 Set the Rgronawe pot fully CW

15, 3 Set the amp., Gain pot fully CW

15,4 Trim R24 so that the module breaks into resonance with the
Pilter jfe pot at 80% - 100% CW

Control Rejection

16.1 Set all of the pots fully CCW

16.2 Set the Amp. Gain pot fully CW.

16.3 Set the Filter fo pot to midrange

16,4 Switch the VCA ‘Mode to Linear

16.5 Set the Ext. VCF Mode pot fully CW

16.6 Connect a 1KHZ sinewave at 10V P-P to the Ext, VCF MNode in-
put

16.7 Connect the scope to the module output

16.8 Adjust trimpot R8 on Bd. 3 for a null on the output

'16.9 Set the Ext, VCF Modm pot fully CCW

16.10 Disconnect the 1XKHZ sinewave from the Ext. VCF Mode input
and connect it to the Ext. Gain input
16,11 Set the Ext. Gain pot fully CW _
16 i2 Set the Amp., Gain pot to midrange
16,13 Adjust trimpot R15 on Bd. 3 for a null on the output

High Frequency Rejection: { M -oetf ‘/7)

17.1 Set all of the pots fully CEW

1?7.2 Connect a 16KHZ, 1OV P-P sinewave to the junction of C2
and R43 on Bd. 3



18.

19.

PAGE 5 of 6

1045 TEST PROCEDURE (PRELIMINARY) continued’

17.3 Connecf the scope to the module output
17.4 Adjust trimpot R13 on Bd. 3 for a null on the output

Input=-Output Test:

18.1 F‘glter Control Inputs Test: LGl o
18.1.1., Set all of the pots fully CCW ot W
18.1.2, Set the Amp. Gain pot fully CW 7' ‘
18,1.3. Switch the module ON
18,.1.4, Set the function switch to square wave

18.1,5. Connect a 1Hg 10V P-P sawtooth to the Ext. VCF
. Mod input :

18.1.6. Connect the scope to the module output

18,1.7. Set the Ext. VCF Mod pot fully CW

18,1.8, Verify that the output is amplitude modulated

by the 1HZ sawtooth and that the square wave
rounds off as the output amplitude gets smaller
18,1.9. Verify that the Ext, VCF Mod pot controls the
142 control signal
18.1,10 Repeat steps 18.1.1, thru 18,1.6 and 18.1.,8 for -
- the upper two VCF control inputs
18.2 Amplifier Control Inputs Test: , -
18.2.1. Set all of the pots fully CCW : e
18.2.2. Set the Filter fo pot fully CW

18.2.3., Connect the scope to the module output

18.2.4, Set the function switch to square wave

18.2.5. Switch the module ON

18.2.6. gonnect a 1Hz 10V P-P sawtooth to the Ext. Gain
nput

18.2.7. Set the Ext. Gain pot fully CW ' ‘

18,2,8. Verify that the output is amplitude modulated by

the 1HZ sawtooth

18,2.9., Verify that the Ext. Gain pot controls the amp-
litude of the 1HZ sawtooth

18,2,10 Repeat steps 18.2.1, thru 18.2.6 and 18,2.8 for
the upper VCA control input

Module Interconnection Test: -

19.1 Switch the module to ON

19.2 Set all of the pots fully CCW

19.3 Set both frequency pots to midrange
19.4 Set both sustain pots to midrange
19.5 Set both Initial Decay pots to 25% CW
19.6 Set both Final Decay pots to 25% CW
19,7 Set the left Env. Ampl., pot fully CW
19,8 Switch the W& Mode to LIN

19.9 Switch the function switch to square wave .

19.10 Comme&t the scope to the module output .
19,11 Connect a 4H%Z 10V P-P square wave to the lower gate
: and trig. inputs

19,12 Set the Amp. gain pot fully CW

19.13 verify that the output is amplitude modulated by the
envelope

19.14 verify that the left Env., Ampl. pot controls the out-
put amplitude
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;045 TEST PROCEDURE (PRELIMINARY) continued

19,15 Set the Amp. Gain pot fully CCW

19,16 Set the Filter fo pot fully CW

19.17 Set the left Env. Ampl, pot fully CCW

19.18 Set the right Env. Ampl. pot fully CW

19.19 Verify that the output is amplitude modulated by the
envelope

19.20 Verify that the right Env. Ampl. pot controls the
output amplitude

20, Prequency Calibration and test:
20.1 Set all of the pots fully CCW
20,2 Switch the module to ON
20,3 Switch the function switch to sawtooth
20.4 Set the fine freq. control to X1
20,5 Set the coarse freq. control fully CW -
20.6 Connect the freq. counter to the osc. out ut
20,7 Adjust trimpot R1 on Bd. 1 for 8050 Hz 50 HZ on the.counter
20,8 Set the coarse freq. control fully CCW
20.9 Verify that the freq. on the counter is 31 HZ or less
20,10 Verify that the fine freq. control varies the frequency

21. V/oct., and HFT Adjustments:

21.1 Set all of the pots fully CCW

21.2 Connect the V/oct box to one the upper left FM input

21.3 Connect the freq. counter to the eosc. output

21.4 Calibrate the 15V power supply in the wing cabinet

21, 5 Set the V/oct box to OV

21.6 Adjust the coarse and fine freq. controls for a 8, oo0* 002
msec¢, period on the counter

21.7 Set the V/oct box to 3V

21.8 Adjust trimpot R6 on Bd.l for 1000Hz ¥ .5 H2

21,9 Repeat steps 2L6 thru 21,9 until no further adjustment are
necessary ‘

21,10 Set the V/oct box to 5V

A4 44 A3 .
21,11 Adjust trimpot R5S on Bd

21,12 Set the V/oct box to 4v

21,13 Select C5 on Bd,.,1 for ZOOOHS 1H3

21,1k Repeat steps 21.5 thru 21.13 until no adjustment is nec-
essary

21,15 Switch the module to OFF and verify that the lamp goes off.
Verify that the output goes to zero. -

1

.1 for 4000HZ X 2HB
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