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1. SPECIFICATIONS

NOTE

All specifications are typical and may vary
slightly from unit to unit.

POWER REQUIREMENTS

Operating Voltage Rangs

Power Consumption
CONTROLLERS
Keyboard

Glide Time Slide Control

Tone Source Tune Cantrol
Range { b—10 |

Polyphony Tune Control
Range { b0 )

Modulstion Rate Slide Contral
Meodulation Waveshape Switch

Tone Source Modulation

Slide Control

Filter Modulation Slide Control

Auto Contour Trigger Switch

TONE SOURCE ONE

Reference frequency for Low F
{octave = -2}

Waveforms (N LITL )

Octave Sattings

Sync (Synchronizatien) 2—-1

85—127 volts, 60 Hertz
190254 volts, 50 Hertz

19 walts, maximum

31 note (F to C)
Linear, continuously vari-
able from & milliseconds to

2.3 seconds

+i- 3 semitones

+/- 3 semitones

0.3 Hertz to 31 Hertz

Triangle, squara or
random

Zero to 18 semitones

Zero to b octaves
Triggers contour generatar

with madulation oscillatar
frequency (rate)

43.65 Hertz

Sawtooth and pulse wave
af 50% duty cycle

0, -1, -2 octaves

Locks the fundamental

frequency of Tone Source
Two to Tone Source One

TONE SOURCE TWO

Reference Freguency for
Low F [Detave = -1)

Waveforms [ s JLIL )

Dectave Sertings

Detune { b—U ) Slide
Control with Symc 2 = 1
Switeh Out

Detune | b —8 ) Slide
Control with Sync 2 — 1
Switeh In

NOISE

Type

BELL TONE
Type

Inputs

Input Waveforms
POLYPHONY

Reference Frequency for
Low F

Wawefarm

Keying System

Master Oscillator Freguency
CONTOUR GENERATOR

Rise Time

Fall Time

Sustain Level at U10138
with Key Depressed and
Sustain Switch “IN"

87.31 Hertz

Sawtooth and pulse wave
of 10% duty cycle

+1, 0, -1 octaves

Varies Tone Source Two
+/= 7 semitones relative to
Tone Source One

Varies Tone Source Two's

harmonic spectrum over a
2 octave range

Diigital pseudorandom pink
noise

Digital exelusive “OR"
Tone Sources One and Two

Pulse waves

B7.31 Hertz

Square

On-0ff keyboard keying over
the 31 note range

125 kHz

4 millisecands minimum
4.7 seconds maximum

10 milliseconds minimum
15 seconds maximum

G volts



VOLTAGE CONTROLLED AMPLIFIER (VCA)

(ALL OUTPUTS MEASURED AT U1011 PIN &}

Tane Source One Sawtooth -30dBm minimum

Tene Source Two Sawitoath -30dBm minimum
Tone Saurce One Pulse -25dBm minimum
Tone Source Two Pulse -33dBm minimum
Bell Tone -20dBm minimum
Noise Source -30dBm minimum

Polyphony {One Note =30dBm minimum

Depressed)

VOLTAGE CONTROLLED FILTER (VCF)

Type Patented 24dB foctave
ow pass filter

Filter Keyboard Tracking

Dut Filter does not track
keyboard

112 50% of keyboard control
voltege effects filter cutoff

1 100% of keyboard contral

woitage effects filter cutoff

610 Hertz reference
frequency

Regeneration Frequency
(3elf Oscillation) with
Filter Cutoff Centered and
Filter Keybaoard Tracking
Out and Contoured Cutoff
at Fero

VOLTAGE CONTROLLED FILTER (VCF)
(Continued)

Range of Filter Cutoff 11 octaves

Contral

Maximum Sweep of Cutaff 7 ootaves

Frequency by Contour Gener-

ator {with Sustain In}

INTERFACE FORTS

Pirch Seale Factor 1 volt/octave

Trigger Sharting ta ground sterts

the contour generator

SIGNAL TO NOISE RATIO

Bleedthrough (From All 50dB
Sourcas)

WEIGHTS AND DIMENSIONS

18" long x 12-1/2" wide x
5-1/4" high
{46em x 32cm % 13cm)

Synthesizer Dimensions

Synthesizer Weight 12-1/2 pounds (5.6kg)

Single Carton Dimensions 23 long x T4™ wide x
'?l' h@‘l
(58cm x 36em x 18cm)

Shipping Weight (of One
Synthesizer)

15 pounds (6.8ka)



2. CIRCUIT DESCRIPTION

. For the purpases of this circuit description, all circuit

designations are coded with a numerical prefix,
Control Board 1 = 1000 Series

Keyboard and Jack Boards 2and 3 = 2000 Saries

Exemple: A29 on Board 1 becomes R1029; R54 an
Boards 2 and 3 becomes R2054.

Since thera ara separate power supply feeds to different
parts of the circuit, these separate feeds are coded with an
A,B,CorDsuffix.

Example: The +12 volt source for Tone Source 1 i listed on
the schematic as +12V (A).

POLYPHONIC TONE GENERATOR

The polyphonic tone generator consists of a high frequency
master oscillator U200, top cctave synthesizer LI2002 and
dividers L2003 through U2006. In a simplified operation
summary, the high frequency oscillator produces a 128kHz
square wave. The top actave synthesizer divides this square
wave down by different ratics to generate the frequencies of
the top octave an the keyboard. The rest of the dividers
divide the top octave frequencies by factors of 2 or 4 to gen-
erate the restof the pitches on the keyboard.

The master oscillator, U2001, utilizes a CMOS phase lock
loop as 8 valtage controlled aseillatar (VCO), The frequency
is 58t by the current pulled from pin 11 on U2007 plus the
voltage on pin 8. C2001, R2002 and Poly Freq Trim R2001
set the hasic frequency of oscillation at 126kHz. The POLY-
PHONY TUNING contral R1078 adjusts the frequency over
+/-2.5 semitones. The square wave output appears on gin 4
of U2001.

L2002 divides down the 126k Hz square wave 1o form the

top actave notes on the keyboard, The output of L2002
faeds resistors A2000 through A2021 which feed directly to
the keyboard. The output of the top octave synthesizer (TOS)
also feeds the appropriate inputs on the rest of the dividars
L2003 through U2006. The output of these dividers feed
their appropriste 22K resistors connected to the keyboard.

KEYBOARD AND TRIGGER EXTRACTOR CIRCUITRY

The keyboard circuit consists of the keyboard, current

source L2000, KEYBOARD GLIDE control R1063, track

and hold amplifier UT007 A, polyphenic summing amplifier
L2007 4, and trigger extractor U20078 and U2008. When at
least one note is depressed on the keyboard, a DC voltage
appears on the pitch buss and a square wave current from the
palyphaonic tone generator is coupled to the summing node on
the polyphonic buss, The trigger extractor detects the output
of the polyphonic summer and generates a voltage trigger,
which stays on as long as any note is depressed. A DC voltage
correspanding to the highest note depressed is coupled through
the GLIDE slider R1063 to the keyboard track and hold
amplifier. The output of this amplifier is routed to both
mono phonic Tone Sources and through the KEYBOARD
TRACKING switch to the Voltage Controlled Lowpass

Filter. A rear panel PITCH jack J1007 is provided to control
the piteh of the synthesizer from an externsl source and 1o
output the Kevboard voltage to an external Accessory.

The Monaphonic Keybosrd Circuit consists of L2008, an
inverter used as a constant current source, and associated
circuitry. Hi End Trim R2057 sets the high end keyboard
voltage at 2 .58 volts. R2052 feeds approximately B70
microamps through the 37 resistors in the keyboard, gener-
ating ong volt per octave across the keyboard. Since the high
end of the keyboard is fixed at 2,58 volts, we have a high
note priority keyboard. Low End Trim R20617 sets the low
end of the keyboard to O volts for 1 volt/octave,

The voltage carresponding 1o the highest note depressed is
routed to the PITCH jack J1007. J1007 allows the internal
manaphonic keyboard voltage to be replaced by an external
voltage source. Without a plug in J1007, the keyboard buss
voltage is routed to KEYBOARD GLIDE slider R1063. With
a stereq plug inserted into J1007, the internal conneclion is
interrupted. The keyboard buss voltage appears on the ring
of the plug and &n input external voltage source appears on
the tip.

The selected input voltage from J1007 is routed to the KEY-
BOARD GLIDE slider R1063. R1063 and C1013 tarm a
lowpass filter with an adjustable time constant. With the
KEYBOARD GLIDE slider R1063 sat at its lowest value,
each successive note on the keyboard will give a discrete
pitch jump. At high vatues of the KEYBOARD GLIDE
slider, two successive notes will cause the voltage to slide
between notes. C1013 is bufferad by U1007A and the valtage
is fed to the Tone Source summer L1007, (nverter U1008
and the lowpess FILTER through the KEYBOARD
TRACKING switch SW1006.



Unlike the monophomic section, the polyphonic section
produces actusl pitches instead of a DC control voltage.
Squara waves from the top octave synthesizer and dividers
teed 22K resistors connected to each keyswitch on the key-
board. When any note is deprassed, the resistor connected to
that note feeds a square wave current to the polyphonic
pitch buss connected to L2007 A, U2007 A converts the
current 1o a 1 volt peak-to-peak square wave which feads
directly to the POLYPHONY level slider R 1054 and 1o the
trigger extractor L2007 B.

U20078 and U2008 form the trigger extractor. 20078
amplifies the output af The pelyphonic summer and charges
C2006 through CR2001. As the voltage across C2006 ex-
cewds 1 wolt, it causes the output of U2008 1o change from
+12 to -15V, generating a valtage trigger. C2006 and R2047
have a long time constant which yields a constant trigger as
long as any single note is depressed. When all notes are re-
legsed, A2047 discharges C2006 eausing U2008 ta turn off
the trigger. The voltage trigger is fed to the contour
generatar.

TOME SOURCE SUMMER AND INVERTER

The Tore Source summer LITOO7E adds the pitch contral
valtage from the PITCH jack J1007, the TONE SOURCE
TUNIMNG control R1068, and the modulation signal from
the MODULATION TOME SOURCE slider R1071. The
pitch control voltage from J1007 can be the keyboard
voltage or an externally spplied voltage on the tip of J 1007,
The output of U007 E is inverted by U1008 and applied to
both ascillators.

LINEAR VOLTAGE TO EXPONENTIAL CURRENT
CONVERTER

The linear voltage 1o exponential current converter circuit
takes the linear voltage fram the Tene Source summer/in-
verter and converts it to an exponentially varying current
directly related to musical intervals. After processing by the
converter, each 1 volt increase of the keyboard is converted
to an octave Increase (daubling) in current which results in
an actave increase (doubling) in frequency of the Tone
Sources,

The linear voltage to exponential current converter (hera-
after referred 1o as the exponential converter] consists of a

reference currant source Q1002 and UT0024 and the expon-

entigting transistar Q1001. The reference current source i
used to cancel the increase in reverse saturation current
with temperature.

The reference current (Igep! 5 maintained in Q1002 by
U1002A, U1002A senses the voltage drop across R1004 and
R1005 and pulls current out of the emitter of Q1002 to
maintain the valtage drop at 12 volts, With TONE SOURCE
OCTAVE switch SW1001 in the -2 position, it places R 1004
and R1005 in garies, and the 12 wolt drop forces six micro-
amps into the collector of Q1002 Since the base current of
01002 ean be neglected, the six microamps flows out of the
emitter of Q1002 into W1002A. The TONE S0OURCE OC-
TAVE switch SW1007 arranges the connection ta R1004 and
R1005 to produce octave increments in the reterence cur-
rent. At the -1 setting of SW1001, Igee equals 12 micro-
amps and at the 0 setting, |gge equals 24 mieroamps. R1004
and R1005 are matched to 0.1% to ensure the accuracy of
the octaves, C1001 prevents the reference current loop from
seif-oscillating,

The actual exponentiating element is 81001, The collector
current of Q1001, I, is characterized by the following
formula:

Vin
lc=per ® Vp

wehere:
Il geF = referenca current through Q1002

Vin = input voltage to base of Q1001

Vo= KT = 28 8mV at room temperature of
9 BO.6°F (300° Kelvin)

Boltzmann’s constant = 1.380 x 10 -23
Joules/degree Kelvin

e
I

T

ahsolute temperature in degrees Kelvin
q = charge of ane electron = 1.6 x 10 ~19 Coulombs

At Vypy equal to zero volts, the collector current fram Q1001
equals the referenee current flowing through Q1002. For
every 17.9mV increase In the voltage \py, the current through
the collector of 01007 doubles. This can be verified with a
scientific caleulator as follows:

17.8m

26.8mV

le= lpgr & '|HEFIE.DU"| ’EZKIHEF

Tane Souree 1's frequency is directly proportional ta the
current flowing through 01007, and theretare, a 17.9mV



increase in Vi means the Tone Source frequancy will
double [ingrease one oetave] .

R1007, R1008, and R1008 attenuate the keyboard voltage so
4 one volt keyboard voltage will result in 17.9mY at the input
[base) of Q1001. Seale 1 Trirn R1008 adjusts the input vol-
tage to 17.9mV/octave for exactly 1 volt/octave of keyhoard
voltage. FREQ 1 trim R1001 adjusts the “offset”™ of the
current souree ta set the reference pitch of the Tone Source.

R1007 is a temperature compensating (T.C.) resistor. An
examination of the farmula for the collector current shows
that VT varies with absolute temperature at a rate of 3300
parts per million par degree Kelvin. This causes the octave
relationship to go "flat” (decrease) as temperature increasas,
For example, it would take an input of 19mV 1o equal a
change of one oetave of collector current at 1139F or 3187
Kelvin. Therefore, as the current source goes flat, so do the
tone sources. To maintain good tuning accuracy, R1007 has
a temperature coefficient of +3300 parts per millian to
compensate for the temperature effect. R1007 s mounted
underneath U1001 with thermal grease to maintain good
thermal contact.

TONE SOURCE 1

The exponential current source drives a curnent controlled
oscillator [CCO) which operates very simply. The expanen-
tial converter pulls a constant current out of a capacitor
causing a ramp voltage which decreases with time. When the
ramp voltage hits zero, a comparator fires, turning on a tran-
gistor, The transistor discharges the capacitor to +12 voits
and the process repeats forming a sawtooth waveform whose
frequeney is directly proportional to the current pulled
through the exponentiator, The sawtooth valtage is routed
to amother comparator 1o produce a rectangular pulse.

Maow for the mare detalled operation, Q1001 draws current
from C1002 through R1009. This generates a linear ramp
starting at 12 volts and decreasing (charging) towards zero
volts. U1002B buffers the capacitor voltage and applies it to
eomparatar U1003B. As long as the ramp valtage is above
zero volts, the output of U1003B is at +12 valts, Q1008 is
off and C1002 econtinues to charge towards ground.

When the ramp hits zera, U1003E fires to -12 volts, Q1006
turns on, discharging C1002 ta +12 volts. U1003B then re-
sets to +12 volts, Q10086 turns off, and the process repeats
producing a sewtaoth wave. Since the output of U1002B
cannot go to exactly +12 volts, the sewtooth wave has a
flat spot on the top of it. C1005 and R1013add 2 1.5

microsecond hyteresis to the comparatar to guarantee that
C1006 iz fully discharged.

As stated earlier, the CCO's frequency Is directly proportional
to the current through 01001 which results in 8 1 volt per
octave keyboard response. This 1 volt per octave relationship
goes “flat" (decreases) at higher frequencies due to the
influence of twao factors; first, at higher currents the expon:
grtial current source deviates from a true exponential res-
porse causing it to flatten out, and second, due to the
peciilator reset time of 1.5 usec. R1009 is added to compen-
sate tor both these effects, As the current pulled from C1002
is increasad, the valtage drop across Hi Freq Tnm 1 R1009
increases causing tha voltage from buffer U10028 1o go 1o
ground =arly, This causes the oscillator to go “sharp™ with
increasing current. The “flatness’’ caused by the exponential
current source and the reset time is compensated by the oscil-
lator going “sharp’’ and true exponential response is main-
tained.

The sawtoath wave from UI1002B is routed to the WAVE
SHAPE salectar switch SW1002, TONE SOURCE 1 level
slider R1051, and the pulse generator U10034 which com-
pares the sawtooth to a +6 volt reference voltage. The output
of U1003A is high when the sawtooth voltage |s above &
volts and low when the sawtooth is below 6 volts, thereby
generating & square wave. Square Trim R1016 adjusts the
threshold voltage to set the duty cycle of the square wave at
50%. The square wave is also routed o WAVE SHAPE selec
tar SW1001.

TONE SOURCE 2

Tane Source 2 s identical to Tone Source 1 except in four
areas: [t's tuned an octave higher, it has a DETUNE slider
R1028, it can be synchronized to Tone Source 1 and its
pulse generator producas a 10% duty cycle pulse. Tone Source
2 has a timing capaciter C1008 that is one half the size of
C1002, causing Tone Soures 2 to be one actave higher a1 the
same control positions. The TOME SOURCE 2 DETUNE
slider R1025 offsets the current souree for Tone Source 2
allowing its frequency to be varied independently from Tone
Saurce 1. The pulse width output is 10% because R1046 and
R1047 set the threshold of U10068A at a 1.2 volt referance
instead of 6 volt as in the case of Tane Source 1.

Synchronization locks the fundamental frequency of Tane
Source 2 to Tone Source 1. SYMC 2—1 is accomplished by
allowing the Tone Source 1 reset pulse to also reset Tone
Source 2. Tone Source 2 can also reset itself when its awn
sawtooth hits zero.



When SYNC 2-1 switch SW1003 is QUT, Tone Source 1 and
2 free rum, producing representative wavetorms ﬂ and G
as shown in the illustration {Figure 1) along with their
respactive reset pulses for both tone sources. As you can see,
the tone sources are not harmonically related, When the
SYNC 2-1 switch is in the IN position, the negative reset
pulses from U10038 and U10068 are “OR"d"™ by 01013 and
01014 and used to reset C1008. This produces a waveform
characterized by waveform {8 . Therefore, the fundamental
period of G is the same & the original time period of saw-
tooth ¥

The SYMNC 2—1 switch SW1003 also increases the range of the
DETUME slider R1025. This increase in range is used to gen-
erate harmonic changes in Tone Source 2 in the synchron-
ization mode. As the DETUME slider R 1025 is incressed, the
pitch of Tane Source 2 tries to increase. Since it is locked

1o Tone Source 1, its fundamental frequency eannot move.
But as you can see, the increase in drive causes the waveform
of Tone Source 2 to change, generating a new harmanic speg-
trum. As the DETUNE slider is decreased, a wavetorm similar
to ﬂ will result, Since Tone Source 2 is trying to run slower,
it will not reach zero 1o reset itself. Therefore, Tone Source 2
will be anly reset by Tong Source 1 producing a sawtooth
identical to Tone Source 1, As the DETUNE slider is de-
creased, the amplitude of the sawlooth will decrease. This
decrease in the sawtocoth will also eause the pulse autput to
disappear because the sawtooth will always be above the pulse
generator trigger threshold of 1.2 volts.

The actual eircuits used in synchronization are guite simple.
Tone Source 15 negative reset pulze from UW1003B is
buffered by Q1007 and applied to SYNC 2=1 switch
SWID03, & separate feed to the DETUNE slider R1025

is also routed te SWI1003, With SYNC 2-1 QUT, neither

of these are routed to the circuits and the tone sources

firee run. When the SYNC 2—1 switch is IN, the reset pulze is
eaupled to 01013 and the DETUNE stider R1025 is coupled
through R1029 to the bese of Q1010. The reset pulse from
Q1007 causes O1013 to fire, resetting C1008, This locks
Tonme Source 2 to Tone Source 1. The increased control feed
into Q1010 increases the range of the DETUNE slider for
spectrum changes,

NOISE GENERATOR

Moize is generated by 2 pseudo random digital noise gener-
ator U1016. U016 produces a varying digital pulse stream
which has a frequency spectrum of white noise over the
audio range. The white neise cutput is fed through a 3dB/
octave filter to produce a pink noise. Pink noise is amplified
by U10178, routed through the MIXER NOISE level slider

R1058 and then routed through the Voltage Controlled Filter.

The amplitied pink noise from U10178 is also filtered

by R1162 and C1033, bulfered by U10174 and fed to the
sample-hold switch Q1032 1o produce a random modulation
voltage. R11E8, R1169 and CR1002 limit the negative ex-
cursions on 1033 to prevent accidental turn on of 01032,

BELL TONE GEMERATOR

The Bell Tone output is generated by a digital “exclusive
QR gate in U2001. The “axclusive QR gate hasa +12
volt output when either input is at +12 volts but not bath
inputs, L2007 has a 0 valt output when both inputs are 0
valts or both are +12 volts. When the sguare wave from
Tone Source 1 and rectangular pulse from Tone Source 2
are spplied to the two respective inputs of U2001, sum and
difference frequencies are generated realizing the bell tone
effect.

Each Tone Source output is level shified by Q2001 and
Q2002 1o +12 volt to O volt rectangular waveforms. These
are applied to phase comparator one (P.C. 1) in U2001 (the
exclusive “OR™). The output of U2001 s routed to the
MIXER BELL TONE level slider R1058 and through the
Voltage Controlled Filter.

VOLTAGE CONTROLLED LOWFASS FILTER

A lowpass filter sttenuates the high frequency components of
the signal while allowing low frequency components 1o pass.
The Voltage Contrelled Lowpass Filter {VGF) used in this
instrument uses a patented Moog design utilizing the incre-
mental base to emitter resistance of silicon transistors as 5
control element to vary the cutoff frequency of the filter,
The VCF consists of a linear voltage to exponential current
canverter, a four stage current controlled fliter ladder, two
buffers and a regeneration amplifier. The exponential current
converter first sums the voltages from the FILTER CUTQOFF
FREQ slider R1108, the MODULATION FILTER slider
R1105, the FILTER CONTOURED CUTOFF slider R1117,
the Filter Cutoff Trim R1110, and the KEYBOARD TRACG-
KING switch SW1006. The summed linear valtages are then
converted to an exponential current which is used to vary the
cutoff frequency of the filter ladder.

The current controlled filter ladder consists of Q1015 to
01024, The sudio input for the filter is the combined
output from TOME SOURGE 1 slider R1051, MIXER
POLYPHONY slider R1054, MIXER BELL TOMNE level
slider R1056, MIXER NOISE slider R105B, and

MIXER TOME SOURCE 2 slider R1060 which is
applied to Q1024.

-
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01024 and Q1023 convert the sudio signal voltage into &
small differantial signal current which is superimposed on the
control current flowing down through the filter ladder. The
tour 6dB/octave filter sactions in the ladder add to give a
24dB/octave overall filter response, The lowpass differential
signal current is converted to a differential valtage by Q1015
and Q1016 and then buffered by U10104A and W1010B. The
buffered differential signal voltage is spplied 1o the voltage
controlled amplifier (VICA) U1011 and the emphasis ampli-
fier U012, U012 converts the differential zignal to a

single ended signsl and then routes this signal thraugh FIL-
TER PEAK EMPH slider R1100 to the base of 1023, This
applies positive feedback around the filter proeducing a rese-
nant peak at the cutoff frequency. The FILTER PEAK
EMPH slider cantrols the height of the resonant peak.

The gverall filter frequency response is characterized by the
accompanying illustration (Figure 2).

The linear valtage to exponentisl current converter consists

of Q1025 and Q1026 As stated earlier, the exponential cur-
rent converter takes linear voltages from many sources,
combines them and then generates @ current proportional to
exponent of them. Since the filter does not require as accurate
an exponential current converter 55 the Tone Sources, a sim-
ple PNP-NPN transistar pair can be used, In this case, the
temperature dependent base-to-emitter voltage of Q1025

and Q1026 cancel ane another,

The current from the collector of Q1026 is approximately
equal ta:

v
'=lpgr® v

where:
ViN = voltage on base of Q1025
Igeg*= current through R11156 = 120gamps

VT = 25.8mV @ room temperature

Therefore, for every 17.9mV increase in voltage on the base
of 1025, the current through (1026 doubles. For a more
detailed explanation, see earlier explanation of " Linear
Voltage to Exponential Current Converter.”

The current through Q1026 is used to vary the cutoff fre-
quency of the filter ladder. This arrangement allows many
voltage sources to vary the filter cutoff frequency. The eir-
cuits that control the filter cutoff frequency are the Key-
board Voltage, the FILTER CUTOFF FREQ slider R1108,
the Modulation Oscillatar, and the Contour Generator. The
keyboard voltage from LHOGT A controls the filter through
the KEYBOARD TRACKING switch SW1008. With SW1005
in the QUT position, no keyboard contral is allowed,

GAIN
&
+10 dB
7|y
EMPHASIS = 0 EMPHA315=TD\q; 1
l 1
0de ‘l
-10 d8
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in the 1/2 position, one octeve of keyboard travel changes the
filter cutoff frequency by 1/2 octave, In the FULL position,
one octave of keyboard travel changes the filter cutaff frie:
quency 1 octave, Filter Scale Trim R1113 adjusts the input
voltage so the filter tracks the keyboasrd when the KEY-
BOARD TRACKING switch SW1D08 iz in the FULL
position. The filter cutoff frequency can also be controlled
by the FILTER CUTOFF FREQ slider A1108 and has spprox-
imately an 11 octave range. The MODULATION FILTER
slider A 1106 routes the modulation oscillator output from
U1016A to the filter. Thereby, the modulation oscillator's
waveform will sweep the filter cutoff frequency. The FIL-
TEA CONTQURED CUTODFF slider R1117 routes the output
of the contour generatar to the filter. The Filtar Cutaff Trim
AR1110 is used to set the refarence frequency of the filtar.

The actual audio signal for the VCF is supplied from the
Tone Sources, the Bell Tone Generator, the Polyphonic
Section and the Noise Source through their approprizte

level potentiometars (for axample, R1051). These signals

are routed to individual summing resistors and AC eoupled
to the hase of 01024, R1082 attenuates these input val-
tages. 01024 and Q1023 are differential drivers Tor the filier
ladder and serve two functions. First, they split the current
pulled through 01026 into identical halves for sach leg of
the filter ladder. Second, they conwvert the audio input vol-
tage into a small differential signal (push-pull) curremts which
are superimposed an the control current.

The battom filter element consists of Q1024, Q1023, 1021,
01022 snd C1018. The collectors of Q1024 and Q1023 act
& current sources. The base to emitter junction of Q1021
and 01022 acts as the control resistors, The first stage of the
filtar can ba represented by the following, small signal,
equivalent circuit:

+i.
signal
ai0za =
ciois TO
cim7z

¢=EMITTER —
ir | BASE RESISTANCE
OF Q1021 OR Q1022

This equivaient circuit can also be simplified to a single
ended circuit as follows:

1 TOC1017
2ig;onal
2|‘ ||'
CI{!II T
Ir

This represents a current source lowpass filter whose cutoff
frequency {f;) is:

- 1
W (fra) C

te

re is the ineremental base-amitter resistance of the
transistors which is given by:
vVr _ 258mV

fg & —

i n where the control current

It = 1/2 current flowing
thraugh Q1026

From the formula re is inversely proportional to the current
through Q1026, it therefore follows that 1§ can be used to
change the cutoff frequency of the filter. As the control cur-
rent If increasas, so does the cutoff frequency of the filtar.
Far example, at I equal to 11.5 mieroamps, rs = 8.465K and
fe = 860Hz.

Therefare, this section yields a filter salement with a 5dB/
cctave rolloff with variable cutoff frequency controlled by a
CurTent.

The rest of the transistors and capacitors make up the other
three filter sections. Since all the filter stages are in series, the
same contral current flows through all. Also, since esach filter
stage is isolated by the transistors below It, the stages do not
interact, The total of four steges yields a ditfferential 2448/
octave filter with the cutoff current controllad by 01026,
The filter cutoff frequency is the same for all stages.

The output signal is taken from the emitters of Q1015 and
O10716. Since the current levels in the ladder are very lowe, the
signals must be buffered by U10104 and U10108. The buf-
fared differential signals are sent to the Voltage Controlled
Amplifier U1011 and the Emphasis Amplifier U012, The
Voltage Controlled Amplifier will be discussed in its own
saction later,



The Emphasis Amplifier is part of a positive feedback loop
around the filter which produces a resonant peak at the cut-
off frequency. Each lowpass filter element produces & phase
shift of 459 at the cutoff frequency. The four stages add up
to a total phase shift of 180°. If the output valtage from the
filter is fed back ta the inverting Filter input, a 09 phase

shift loop will cccur at the cuteff frequency. This puts a
resonant peak at the cutoff frequency of the filter (see VCOF
Filter Response Curves, Figure 2}, With no feedback, nor-
mal filter response is maintained. As the feedback is increased,
the height of the resonant peak increases until a point is
reached when the filter breaks into oscillation. Therefore, the
VCF can be used as 3 sinewave Tone source,

L1012 is 2 differential amplifier that converts differential in-
puts into a single ended signal. The buffers U1010A and
10108 have an AC coupled differential audio signal on
them and also have a common made signal resulting from the
control current change in the ladder. As the control current
is changed, the top of both sides of the ladder see a voltage
proportional to the control current. This valtage change is
much larger than the actual “signal™ level and would
“seamp” the audio signal unless it is removed. Since the
audio signals are diffsrential signals and the control signal is
camman made, the control signal can be removed fram the
audio by subtracting the output of one buffer from the
other,

U1012 operating as & differential amplifier accomplishes
this. The output of U1012 is the sudio output of the filter
with a gain of 15, This output is fed through the FILTER
PEAK EMPH clider R1100 to Q1023 at the basa of the
ladder. 01023 is the inverting input of the filter and, thera-
fore, adds the 180° phase shift required for positive feed-
back. B1100 controls the amount of feedback and, thereby,
the height of the resonant peak, Emphasis Trim R1083

sets the threshold of oscillation.

VOLTAGE CONTROLLED AMPLIFIER

All audio signals after passing through the VCF are processed
by the Voltage Controlled Amplifier (VCA) to generate the
owerall loudness contour. The VCA consists of U101 and
Q1028.

The differential signal output from the VCF buffers U10104
and U1010B is applied to an operational transconductance
amplifier (OTA) U1011. The gain of the OTA, is directly
proportional 1o tha current flowing into pin 5 of the device.
The control current is supplied through Q1028 by the vol-
tage across R1104, The OTA has a differential input which
rejects any common mode signal fram the filter but retains
the audio signal.
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The VCA has three gain contrel modes set by the CON-
TOUR TONE SOURCES (Articulator) switch SW1008. In
the CONTOURED mode, the gain |5 determined by the Con-
tour Generator. A slow rise time will result in a slow build up
in volume. In the KEYED mode, the Trigger Extractor con-
trols the WCA in an offfon mode. Whenever any note is
depressed, the VCA turns on and holds on for as long as any
note is depressed. When all notes are released, the VCA turns
off immediately, In the CONTINUOUS mode, the VCA is
left on generating & continuous sound.

The VCA will respond to any voltage applied to its input
including any DC offset from the buffars, Since the input
audio signal level is an the order of 20mY, even a small DC
offser will cause loud clicks in the output of the VCA. VCA
Balance Trim B 1094 cancels the input offset voltage of
U10104, UT0108 and U1011.

The output of the VCA feeds the MASTER VOLUME con-
trol R1103. The output of R1103 is connected 1o the
Haadphone Amplifier U2010, Board 2.

HEADPHONE AMPLIFIER AND OUTPUT CIRCUIT

The Headphaone Amplifier U2010 is the headphone driver
and the main output amplifier. The output of the MASTER
VOLUME control R1103 is routed to U2010 and amplified
by about 20dB (10 times], The output is passed through
C2011 and fed to R2060 and R2061 to drive the headphone
jack 1o J2005. R2058 and C2012 prevent the headphone
amplifiar from oscillating.

The output of headphone amplifier is also tapped off by
R205% and applied to Board 3, the stereo QUTPUTS (TOD
AMPS) jacks J2001 (L] and J2002 (R} through a series of
resistors. R2068 and R2067 allow an external sterec signal
such as a tape out signal from a receiver to be mixed with
synthesizer output.

CONTOUR GENERATOR

The contour generator produces a voltage waveform in res-
ponse to a received trigger that is characterized by a rise
time, sustain level and a fall time. When a trigger is received,
the cutput of the contour rises toward +12 volts, When the
output voltage reeches 6 volts, the contour will ither hald
at B valts when the CONTOUR SUSTAIN switch SW8 is in
the IN position, or fall toward ground if there is no sustain.
If the CONTOUR SUSTAIN switch SW8 is in the QUT
position, the contour voltage will hold at B volts for as long



as any key is depressad. When all keys are relaased, the vol-
tage will then fall to ground at the fall rate, If all keys are
released before the rise phese is complete, the contour will
complete the rise phase and then enter the fall phass. The
trigger for the contour can be generated by the Trigger
Extractor, AUTO CONTOUR TRIGGER switch SW1007,
ar an externally applied trigger through TRIG jack J1006.

A negative trioger from the Trigger Extractor or the Modu-
lation Oscillator is selected by AUTO CONTOUR TRIGGER
switch SW1007, inverted by Q1029 and twrns L1014 off.
The output of 01029 is used to trigger the contour generator
and used as the keyed signal for the VCA,

On the poasitive slope of the trigger of Q1029, C1024 feeds 3

positiva pulse to U034 which drives its output to =15 volis.

Q21037 turns on, turning U10744 on which applies 6 volts to
pin 2 of U10734, U1D13A latches in this state with itz out-
punt held at -15 volts and +6 volts at pin 2. The output of
U1013A turns UI014E on, which charges C1023 through
R1123. This starts the rise phase of the contour,

C1023 charges toward +12 volts at a rate sat by RISE TIME
slider R1123. When the veltage on C1023 reachas 6 volts,
the autput of LITD13A jumps to +12 valts. This shuts
Q1031 off, which turns U1014A off, This kills the positive
feedback around U1013A and puts a slight negative voltage
on pin 2 of W1073A,

The +12 volts on U1013A also turns off LW1014E, stopping
the charging of C1023, turning L1014C on, If the CON-
TOUR SUSTAIN switch SW1008B 35 set to QUT, U1014C
will discharge C1023 through FALL TIME slider R1124,
satting the rate of discharge.

In the IN mode of CONTOUR SUSTAIN switch SW1008,
U1D14C is disconnected from the circuit and has no effect.
As stated before, at the end of the rise phase, the valtage at
pin 3 of U1014A rises to +12 volts turning LT10T4BE on
which cannects the 6 volts on divider R1136 and B1137
through the FALL TIME slider R1124 to C1023. This halds
C1023 a1 6 volts for as long as a trigger is present and, thus
sustain is achisved.

When the input trigger s removed, U107140 turns on dis-
charging C1023 to ground through B1124, U10148 and
U1014D, The fall time is again determined by FALL TIME
slider R1124,

The woltage on C1023 is buffered by U10138 and applied to
the FILTER CONTOURED CUTOFF slider R1117 and the
CONTOUR SUSTAIN switch SW 1008 for the VCA.

The interface TRIG jack J1006 at the rear of the synthe-
sizer allows a switeh-trigger to ground 10 activate the
contour generator,

MODULATION OSCILLATOR AND SAMPLE/HOLD

The Modulation Oscillator is a standard op amp triangle and
sqjuare wave generator followed by a MODULATION WAVE-
EHAPE selector switch SW1010, samplehold buffer, and
two modulation amount sliders.

U1015B produces both a 3 volt triangle and & 27 peak-to-
peak volt square wave with MODULATION RATE slider
E1041 controlling the frequancy. Both waveforms ara
routed to the MODULATION WAVESHAPE selector switch
SW1010. SW1010 aisa feeds the square wave ta a differen-
tiator C1027 and R1152 1o produce & 100usec sampling
pulse for the sample-hold,

When SW1010 is set to the sample-hold mode (RANDDM],
the 100usec sampling pulse fires Q1032 sampling the noise
voltage on U1017A. This produces a random voltage across
C1028 which changes at the modulation rete, U10154 buf-
fars the switch and feeds the modulation signal to the TONE
SOURCE and MODULATION FILTER slider R1071 and

A 1106, respectively. U10168 drives the RATE LED L1 and
AUTO CONTOUR TRIGGER switch SW1007.

REGULATED POWER SUPPLY

All the circuitry in the MG-1 Synthesizer is powered by four
requlated power supply voltages derived from twa precision
three terminal regulators.

The line voltage is dropped to +/-23 volts by transformer T1,
the bridge rectifier CR2002 through CR2005 and filter capa-
citors C2016 and C2016. The raw DC is applied to the +12
wolt requlator 2073 and -15 volt regulator UZ2012 to supply
the main 412 valt and -16 volt power supply voltage. Since
the synthesizar TUNE control and DETUNE slider need
syrmmetrical supply voltages, R2Z062, R2063 and L2011
drop the =15 volts to =12 volts. The =12 volt reference is
also usad as a referance for Q2003 which supplies =22 valts
to the Headphone Amplifier,

1



3. DISASSEMBLY AND ADJUSTMENTS

DISASSEMBLY (Refer to the Accompanying
Photographs)

Removing the Base
NOTE
Minor or "touch-up” tuning may be sccom- Turn unit upside down on a eushioned surface with keyboard
plished WITHOUT disassambly. The Tone facing away, Remove four (4) self tapping sheer metal screws
on bhottom of unit and one (1) sheet metal serew on rear panel,
The keyboard remains attached to the base, Carefully turn the
synthasizer upright and separate the cabinet from the base
being sure to elzar the front edpe of the keyboard, Lean the

Source Scale and Frequency Trim adjustmeants
may be aceessed through the rear panel holes
using @ 1/8-inch (3mm) screw driver, Follow
shaded portions of adjustment proce-
dures which are outlined later in this section, cabingt back onto its rear pane|.

Camplete Tone Souree Tuning requires further disassembly
as described in tha procedures that follow. All adjustments can be made from this pasition. Control

Printed Circuit Board 1 access trim controls throwgh the rear
panel, and the remaining Control Printed Circuit Board 1 trim
contrals through small printed cireuit board holes. Trims for
WARNING — SHOCK HAZARD Keyboard Printed Circuit Board 2 are easily adjusted using
Remaoval of the base exposes line fuses and a 1/8-inch |3mm) diameter flat blade screw driver,
transformer connections. Only a gualified
service technician should attempt amy further

disassambly.
—— FRONT FOOT LOCATION STANDARD LOCATION FOR BASE
ON EARLIER MODELS FRONT FOOT AND KEYBOARD ‘
MOUNTING SCREWS

SNAP FASTENERS
. 14

OQUTER EDGE SELF REAR PANEL
TAPPING MOUNTING SHEET METAL KEYBOARD
SCREWS (4] SCREW (1) MOUNTING SCREWS (4]
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CAUTION

Before proceding with disassembly of Control
Printed Cireuit Board 1 and Jack Board Printed
Circult Board 2, extreme care should be taken
to protect the keyboard from:

The excessive heat of a soldering iron:

Scratches fram the solder spikes of the
printed circuit boards;

Chemical reaction of special cleaners or
sprays to the plastic key parts,

Cowver the keyboard with a piece of cardboard or
similar pratective material, providing a place for
the Control Printed Circuit Board 1 to rest on
top far sarvieing.

Removing Contral Printed Circuit Board 1

Remove all rotary and slide pot knobs.

NOTES

Da not attempt to remove switch cap knobs as
they are an integral part of the switch.

During reassembly, these switches must be
placed in their mechanically centered position
to clear the front panel mounting holes. This
center position may be unrelated to the actual
switch operating positions.

Remowe the five [5) screws securing the printed circuit

board in place. Carefully remove the two (2} foam dust covers.

This stage of disassembly facilitates easy adjustment, trouble-
shooting and compeonent replacement.

Remaving Keyhoard Printed Circuit Board 2 (Bottom Board)

To facilitate component replacement, remove all connectors
with the exception of the keyboard connectors. Remove the
four (4] screws securing the board in place. The board may
now be positioned for servicing, On later models there are no
serews securing this board in place. Screw-mount plastic
board supports are supplied and the board can be lifted fram
these supports.

Remaoving Jack Board Printed Circuit Board 3

The jack board is removed by simply drilling out the three
(3} retaining rivets, using an 1/8-inch drill bit.

Removing Keyboard

This is accomplished by removing all connectors from Key-
board Printed Circuit Board 2 and removing the four (4}
serews securing the keyboard frame and mounting brackets
in place through the base plate. Identify and disconnect wir-
ing from keyboard. Place keyboard face down, using
cushioning material to protect the keys, Separate the key-
board froam the base.

Removing Keys

Keys may ba removed with the keyboard in the cabinet if
replacement becomes necessary.

Depress key at the hole in the aft key surface. This will permit
the rear notches in the key to disengage from the rear bracket.
Retain tension on key at this paint.

Pull out and down on opposite end of key. This will dis-
engage the key hook from its mounting, permitting removal,
A tension spring is mounted on a detent on the key and can
be lifted out,

To replace the key, engage the forward hook on the kKey in
the bracket, press rear end of key to deprass tension spring
and move key to the rear until the notches on the key
engage the rear bracket,

Removing Keyboard Switches

In order to remove the switch assembly, the keyboard must
be remaved from the base as described above.

Remowve mounting screws from the switeh assembly on the

bottom of the keyboard. Remave the rear mounting brackets
and the switch assembly.

Removing Side Motion and Key Contact Gaskets

Remowe screws from front finger bracket on the keyboard
and separate bracket from i1ts mount,

Side motion gaskets on the finger bracket are rubber. Remove
by pulling out from finger bracket,

With key removed, the key contact gasket is remaoved by
pulling it away from key.
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—— CABINET

JACKBOARD
PRINTED CIRCUIT BOARD 32 -
—— TRANSFORMER T1 RIVETS (3}

FUSE F3 ‘H

PITCH JAGK JT

TRIGGER JACH JB

E .‘- e gl s - —
\\— CONTROL PRINTED CIRCWIT BOARD 1 /

SECURED BY SCREWS [5)]

I FOAM DUST .‘
COVERS — -

HEADPHOMNE
JACK J5 —‘I'l
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ADJUSTMENTS (Refer to the Accompanying
Photographs (3) and Location Diagram)

RECOMMENDED TEST EQUIPMENT

To perform the adjustments, repair or roubleshooting of the
MG-1 Synthesizer, the following test equipment is
recommended:

Function Generator or Oscillator

Dual Trace BMHz Oscilloscope

AC Voltmeter (True RM.S. with dB Sealg)
Digital Voltmeter of 4-1/2 Digits

Strobe Tuner

Monitor Amplifier

GENERAL INFORMATION

Adjustmant or tuning is rarely reguired once et al the fac-
tary bul is necessary if any power supply regulator i
changed. A powar supply regulator change will involve
complete instrument recalibration, whereas replacement of
any other active davice or |C will require adjustment of only
the specific circuit which has an associated trim potenti-
ameter.

Tane Sources should be tuned only after the instrumant is
fully assembled and turned on for at least 15 minutes,

Any portion of this procedure which is shaded may
be used as 8 “touch-up™ tuning procedure which does not
require disassembly,

The term “zero beat” used throughout the alignment pro-
cedure refers 1o the acoustic properties of two closely
related sound sourees which slightly vary in frequeney. The
closer these sound sources are, the slower the beat frequency
will be. When the two sources are identical, the beating will
cease and the two sources will sound as one — vielding the

“rero beat™ frequency. As a practical matter, this ''zera beat™

frequency usually is reached when the two saund sources
beat at & rate of approximately one Hertz,

Multiple electronic sound sources which are exactly set to
“zero beat™ would produce a “'sterile” singular tone, whersas
two or more sound sources beating slowly create 3 “'fat”
ralling sound, & similar principle applies to acoustic instru-
mants such as the multiple strings in a pisno.

The “zero beat" of the Tone Sources can be set by ear,
abservation of each Tene Source on b dual trace oicillo-
scope, Or by observing the combined output on a single

trace oscilloscope. The most common method is ta listen,
and &t the same time, chserve the comblned audio cutput,
Then both the oscillascope trace and listening process discern
one Tane Soures as the reference freguency and the maove-
ment or beating from the second Tone Source.
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KEYBEOARD CURRENT SOURCE ADJUSTMENT

1. Set KEYBOARD GLIDE slider R1063 at minimum.

2. Monitor voltage at pin 1 of U1007.4 with DWM,

3. Depress and hold the high C key and adjust Hi End
Trim R20567 for +2.5B0 VDC,

4, Depress and hold the low F key and adjust Low End
Trim R2051 for 0,000 VDC.

5. Repeat steps 3 and 4 until no further adjustment is
NECRsEary.

2011 )

uzono

POLY FREQ TRHIM R2001

LOW END TRIM R2051

HI END TRIM R2057

KEYBOARD PRINTED CIRCINT BOARD 2 TRIM
ADSUSTMENTS AND LOCATION DHAGRAM

POLYPHONIC TUNE ADJUSTMENT

1. Set the following controls:

TOMNE SOURCE TUNING R10G8 Electrical 0
POLYPHONY TUNING R1076 Electrical
Canter
MODULATION TONE SOURCE R1071 Minimim
MODULATION FILTER R1108 Minimum
KEYBOARD GLIDE R1063 Pinirmirm

AUTO CONTOUR TRIGGER SW1007 ouT

CONTOUR TONE SOURCES SW1009 KEYED
FILTER CUTOFF FREQ R1108 Maximum
EMPH FILTER PEAK A1100 Minimum
FILTER CONTOURED CUTOFF R1117  Minimum
MIXER TOME ONE R1051 Minimum
MIXER TONE TWO R1060 Minimum
MIXER NOISE R1088 Minimum
MIXER BELL TONE R1056 Minimum
MIXER POLYPHONY R1054 Maximum
MASTER VOLUME R1103 Maximum
TONE SOURCE 1 OCTAVE SW1001 -2



-

2. Monitor audio output at “+" of C2011 with
Strobe Tuner.

3. Adjust Poly Freq Trim R2001 for 440Hz with
High A depressed.

TOME SOURCE 1 SCALE, FREQUENCY AND HI
FREQUEMNCY ADJUSTMENT

NOTE

Allow unit to warm up for 15 minutes betore
making these adjustmants.

One method of scaling tha Tone Sources is 1o use the Poly-
phonic section as a8 tuning reference.

1. Ser controls the same as for Polyphonic Tune
Adjustment, step 1.

2. Center the following trimpots:

Tone Source 1 Freg Trim R1001
Tone Source 1 Scale Trim R1008
Tone Source 1 High Freq Trim R1008

3. Monitor audio output at "+" of G2011 with
Strobe Tuner.

4., Depress and hold High A. Set POLYPHONY
TUMING eontrol R 1076 for 440Hz output frequency.

5. Sat MIXER TONE ONE control R1051 to maximum,

6. Depress and hold Low A. Zera beat Tone Soures 1%
waveform against the polyphony waveform such that the Tona
Source 1 frequency is 55Hz [one octave lower than the poly-
phony) using Tone Source 1 Freq Trim R1001,

7. Deprass and hold High A, Zero beat Tone Source 1's
waveform against the polyphony waveform such that the
Taone Source 1 frequency is 220Hz using Scale 1 Trim R1008,

8. Repeat steps 6and 7 until a perfect two octave
spread is obtained,

9, Change TOME SOURCE 1 OCTAVE switch SW1001
to 0. Depress and held Low A and zero beat such that tha
Tone Source 1 fraguency is 220Hz using Tone Source 1 Freq
Trim R1001,

10. Depress and hold High A and zero beat such that
Tone Source 1's frequency is 880Hz using Hi Freq Trim 1
R1009.

11. Repeat steps 9 and 10 until a perfect two octave
spread is obtained.

12. Rapeat steps 4 through 11 until tuning s satisfac-
tory on all ranges.

TOMNE SOURCE 1 SOUARE WAVE ADJUSTMENT

1. Set controls the same as for Pelyphonic Tune
Adjustment, step 1, with the following exceptions:

MIXER POLYPHONY R1054 Minimum
MIXER TONE SOURCE 1 R1051 Maximum
TONE SOURCE 1 WAVESHAPE SW1002 LI

2. Monitor audio output &t “'+" of C2011 with
Strobe Tuner,

3. Depress any note and adjust Tone Source 1 Sguare
Trim R1016 until the waveform has a 50% duty cycle,

TONE SOURCE 2 SCALE FREQUENCY AND HI END
ADJUSTMENTS

NOTE

Allew unit to warm up 16 minutes before
mak ing these adjustments,

1. Set controls the same as for Polyphonic Tune
Adjustment, step 1, with the following exceptions:

TOMNE SOURCE ONE SYNC -1SW1003  OUT

TONE SOURCE TWO OCTAVE SW1004 -1
TONE SOURCE TWO DETUNE R1025 Electrical 0

2. Center the following trimpeots:

Tone Source 2 Freg Trim A 1026
Tone Source 2 Scale Trim R1037
Tane Scurce 2 Hi Freqg Trim R 1038

3. Monitor audio output at “+" of C2011 with
Strobe Tuner.

4, Depress and hold High A: Set POLYPHONY
TUNING contrel R1076 for 440Hz output frequency.

5. Set MIXER TONE Two control R 1060 to meximum,

6. Depress and hold Low A. Zero beat Tone Source 2%
waveform against the polyphony waveform such that the
Tone Source 2 frequancy is 110Hz using Tone Source 2 Fraq
Trim R102E,

7. Depress and hold High A. Zero beat Tons Source 2%
waveform against the polyphony waveform such that the
Tone Source 2 frequency is 440Hz using Tona Source 2
Scale Tnim R1037,

8. Repeat steps 6 and 7 until a perfect two octave
spread is obtainad.
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9. Change TONE SOURCE 2 OCTAVE switch SW1004
to +1. Depress and hold Low A and zero beat such that the
Tane Source 2 freguency is 440Hz using Tone Source 2
Freg Trim R1026.

10. Depress and hold High A snd zera beat such that
Tane Source 2's freguency i3 1760Hz using Hi Freg Trim
2 R10238.

11. Hepeat steps 9 and 10 until a perfect two octaves
is obtained.

12. Repeat steps 4 through 17 until tuning is satisfac-
tory on all ranges

FILTER SCALE, EMPHASIS AND CUTOFF FREQUENCY
ADJUSTMENTS

NOTE

Filter drift is mormal since the V'CF is uncom-
pensated for temperature.

1. Set the following controls:

MODULATION FILTER R1105 Mirimum
KEYBOARD GLIDE R1D83 Mirirmum
All MIXER controls R1051, R1054,

Ri105E, R1058, R1060 Mirimum
FILTER CUTOFF FREQ R1108 Electrical O
FILTER PEAK EMPH R1100 Maseimum
FILTERCONTOUREDCUTOFF R1117 Mirimurm

FILTER KEYBOARD TRACKING SW10068 OUT

TOME SOURCE 2
FREO TRIM R102B

TONE SOURCE 1
FREQ TRIM R1001

TOME SOURCE 1
SCALE TRIM R100B

TONE SOURCE 2
SCALE TRIM R1037

AEAR PANEL ACCESS TONE SOURCE SCALE AND
FREQUENCY TRIM ADJUSTMENTS
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CONTOUR TONE SOURCES SW1008 CONTIN-
uous
MASTER YOLUME R1003 Maxirmum

2. Canter the following trimpots:

Filter Cutoff Trim R1110
Filter Scale Trim R1113
Emphasis Trim R1093

3. Werify that the filter |5 oscillating at "+ of C2011.
I not, adjust the Emphasis Trim R 1083 until oscillation
oCours.

4. Adjust Filter Cutoff Trim R1110 until frequency of
oscillation is 660Hz +/{-50Hz messurad at pin § of L2070,

6. Adjust Emphasis Trim R 1083 until cscillation at pin
Gof U1012 is -23dBm +/-3dBm. (B&mv AMS, 165mv paak-
to-peak]).

6. Change FILTER KEYBOARD TRACKIMNG switch
SW1006 to FULL.

7. Depress and hold Low A. Adjust Filter Cutoff Trim
A17110 until frequency of oscillation is 440Hz +/-100Hz
measured gt "+ of C2011.

B. Depress and hold Low A, Using Filter Scale Trim
R1113 zero beat filter against external oscillator, set to
3520Hz, such that the filter frequency is 440Hz.

9. Depress and hold High A. Using Filter Gutoff Trim
R1110 zero beat filter fraquency for 1760Hz, (It may be
easier to first depress Middle A and adjust frequency for
BBOHz, Then try the High A, 1760Hz adjustment.)

10. Repeat steps B and 9 until a satisfactory two octave
spraad is obtained.

11. Check FILTER CUTOFF FREQ control R1108 for
electrical zero and set FILTER KEYBDARD TRACKING
switch SW1006 1o OUT.

12. Depress any key and set frequency to BEQHz +/-
10Hz by using the Filter Cutoff Trim RT1110.

VCA BALANCE ADJUSTMENT
1. Set the following controls:

MODULATION FILTER R1105

MODULATION RATE R1141

MODULATION AUTO CONTOUR
TRIGGER Sw1007 N

Minimum
Maximum

CONTOUR TOME SOURCES SW1003 KEYED
FILTER CUTOFF FEEQC R1108 Maximum
FILTER PEAK EMPH R1100 Minimum
MASTER VOLUME R1103 Maximum
All MIXER Controls R1051, R1054,

R1056, R1058, R1060 Minimum

2. Manitor pin 6 aof U1011 with AC Yoltmeter.
3. Adjust VCA Balance Trim B1084 far minimum
output level.
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4. REPAIR AND TROUBLESHOOTING

CONNECTOR REPAIR AND REPLACEMENT

There are two basic types of connectors in the MG-1
Synthesizar, The first type is the single pin, wire wrap,
crimp socket which connects the Keyboard notes 1o the
keyhoard circuit board. It can be replaced by cutting off
the old terminal and soldering a new one in its place.

The second type of conmector is the C.1.5. crimp socket
made by AMP which has 0.1 inch {2 5mm] mounting cen-
ters. This is a reliable connection system which can easily
be replaced if necessary. The portion of the connector
attached to the printed circuit board (header] is replaced
by simply soldering a new one in place. Headers of &, B or
more pins can easily be cut using wire cutters to replace 1,
2, 3ar 4 pin versions. Simply score the header where the
desired cut is to be made and cut the header appropriately,
Refer 1o the accompanying illustrations,

Headers which are causing poor or intermittent solder con-
nections on a printed circuit board should be resoldered to
ensure the best possible electrical and mechanical connection.
If cormector plating problems are suspected, use an axtra
activated multicore solder such as 0L064 diameter EASIM

Mo, 782/745 solder an a 40 watt soldering iron,

SOCKET
HOUSING

EXTRACTING TOOL
(AMP PART NO. 45744514}

NOTE

Be sure to avoid long exposure of the iran 1o
the printed circuit board traces and to clean
the activated flux residue from the printed
circuit board after $oldering is complete. Rec-
ommended flux cleaner is Miller-Stephenson
MS-190HD, "Heavy Duty Flux Remover”

or a methyl ethyl keytone product.

Replacement of the female C.1.5, conneetor terminal is
sometimes necessitated if a wire breaks at the crimp with-
in the socket. The spring loaded terminal may be removed
using an AMP Extracting Tool, AMP Part No, 457445-14
or by inserting two pointed instruments into each side of
the socket allowing a particular terminal to be pulled out
or pushed out using an existing header pin or 1/4 watt
resistor lead, The new terminal may be gttached to the
wire by using an AMP Hand Crimping Teol, AMP Part Mo,
90062, or by cutting the tabs aff the new terminal and tack
soldering it 1o the approgriste wire which has been stripped
hack 5/32 inch (2 9mm). The soldering must be neat and
flattened with needle:-nose pliers to ensure an easy fit into
the connactar housing

A

.l\- CUT TABS OFF, SOLDER
AND FLATTEN

C.1.5, CONMECTOR TERMIMNAL |

/C.I.B.CEIHHEI:TDR
TEAMINALS

PRINTED CIRCUNT
BOARD HEADER

HAMND CRIMPING TOOL
(AMP PART NO. 900EZ)

21



KEYBOARD AND CASE MAINTENANCE be used carefully with a small amount of fine polishing
compalnd. Be sure to use light pressure as heavy pressure

To clean the molded plastic end caps, the vinyl coated or long expasure to one area will cause the plastic keys 10

aluminum chassis and frant panel overlays, a damp cloth melt or warp due ta friction.

with a mild detergem is sufficient,

The keyboard may also be cleaned by using a damp cloth The keyboard contacts may be cleaned by using a cotton
ard mild detergent. However, if there is light dirt or swab maistened in a 99% sclution of isopropy| alcehol.
scratch marks on keys, hand rubbing with a fine polishing The gold plated contacts do not exidize but may have a
eompound works best, Far deaper scratch marks or residue build-up from use in atmospheres containing
ground-in dirt, a variable high speed drill with cloth cigarette smoke. See Section 3 for information on
buffing wheel is recormmended. The buffing wheel should disassembly procedures.

TROUBLESHOOTING
GENERAL

Many synthesizer repairs involve the replacement of integrated circuits. However, before replacing a suspect device, always
double check the inputs and power supply terminals before procesding.

LINEAR IC aOTA

DC Inputs Offset
measured between the

+ and - inputs should

be no greater than 10my
apart or device 15 bad.

Pin § shauld be 0.7 more positive than pin 4 when
turned on. Troubleshoot like a forward biased diode.

IC used in a |inear mode with negative feedback, Example: LMOOTE

CMOS IC 4 2
Lisually fails by latching P P P
up the outputis] and -
gets hot, & lliﬂl 3 Tt!) 10 ] ]:z CD4007 A
|S—T "Ea—fi? Functional Diagram
—
N:% Nm N:—I Terminal No. 14-V55
o Terminal No. 7=V
&7 da b9 55

Onee it is determined that an IC must be replaced, install the new ane in a high guality IC socket. This will protect the
printed circuit board in case further troubleshooting is necessary. Sometimes an 1S knawn to be good can be used from
another circuit 1o further confirm a suspected problem.

NOTE
if the oid IC is found to be good, put the old one back in. The old IC has more time in use and i5
therefare more reliable than a new 1C of unknown performance.

Many faulty or shorted ICs will operate “hot" and can be detected with the “wet finger test.” Top Octave Synthesizer (T.0.5.)
ICs normally operate warm 1o the touch.

Use the chart provided [pagss 23 through 26) along with the eircult description and block diagram to partician a problem,
Then using the schematics and parts location diagrams, the final diagnosis and repair can be effected.
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SYMPTOM

CAUSE/REMEDY

1) Mo audio cutput, LED not flashing
ar blows fuse(s).

1) Faulty rectifier diodes CR2002 through CR2005,

2) Faulty reguiator U2011, U2012, U2013 or Q2003.

3] Faulty IC on Keyboard Printed Circuit Board 2 or Control
Printed Circuit Board 1 has shorted the +12% and -15Y supplées
together. Disconnect Power Supply connectors 53 through S8
to isolate problem.

2) No audio output with:
FILTER CUTQFF FREQ R1108 —
maximum,
FILTER CONTOURED CUTOFF
R1117 — minimum.
FILTER PEAK EMPH R1100 —
AN .
CONTOUR TONE SOURCES SW1009 —
CONTINUQUS
MASTER YVOLUME R1103 — maximum,
Any MIXER slide — maximum except
FOLYPHONY or NOISE.

1] Defective VCF circuit.
Check for VCF input | = 40m\/ peak-to-peak) at pin 2 of U009
and VCF output | = 20mV peak-to-peak) at pins 7 and 10 of
u1009.
If no cutput is present, short Q1026 collector 1o emitter and
re-check output at pins 7 and 10 of U1005.
If sutput is present with 01026 shorted, problem is defective
transistor Q1025, Q1026 or associated resistors,
If na output is present with Q1026 shorted, problem is defective
L1009 or Q1017 through Q1022 or C1015 through C1018 or
associated resistors,

2} Defective VLA circuit U101, Q1028.
Input of U1011 pins 2 and 3 = 20mV peak-to-peak.
Output of U1011 pin B = 150m\ peak-to-peak.

3) Defective CONTOUR TONE SOURCES switch SW1009,

4) Defective shielded wire that goes from Control Printed Circuit
Board 1 pin 25 ta P1 pin 1.

5) Defective MASTER VOLUME control R1103.

6} Defective component in Headphane Amplifier eircuit L1070,

7) Defective component on Jack Board 3.

3

Mo audio cutput with:

FILTER CUTOFF FREQ R1108 —
MEX | MU,

FILTER CONTOURED CUTOFF
R1117 — minimum,

FILTER PEAK. EMFH R1100 —
minimum,

CONTOUR TOME SOURCES SW10049 —
KEYED.

MASTER VOLUME R1103 — maximum
Any MIXER slide — maximum except
POLYPHONY ar NOISE.

1) Same causes as for step 2} Symptom, “no audio output.”

7} Defective inverter O1028.

3} Defective AUTO CONTOUR TRIGGER switch SW1007,

4} Defective white wire that goes from Control Printed Circuit
Bozrd 1 pin O to P1 pin 7,

5) Defective Trigger Extractor circuit LI1007E, L1008,

6) Defective Polyphony Summer L1007 A,

71 Faulty wire in keyboard harness,

8) Defective Hi Frequeney Oscillator U2001.

9) Defective Top Oetave Synthesizer |C U2002.

4} Mo audio output with:
FILTER CUTOFF FREQ R1108 —
maximum.
FILTER CONTOURED CUTOFF
R1117 — minimum,
FILTER PEAK EMPH R1100 = minimum.
CONTOUR TOME S0URCES SW1009 -
CONTOQURED
MASTER VOLUME R1103 — maximum.
Any MIXER slide — maximum except
FOLYPHOMNY or NOISE,

1) Same causes as for steps 2} and 3) Symptom, "no sudio output.”
2) Defactive Contour Gemerator components U1013, U014 or Q1031.
3] Faulty Contour Generator slide pots R1123 (RISE TIME} or

R1124 (FALL TIME).
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SYMPTOM

CAUSE/REMEDY

B) Loud, naisy histing sound when
key is depressed.

1) Defective IC in the VCF circuit U1009,

6] Qutput is very low ar intermittent,

1) Defective VOA gircuit U1011, Q1028.

7] Qutput jumps ta full valume or
crackles,

1) Faulty MASTER VOLUME control AR1103. Clean or replace,

B8] Excessive audio output in Left or
Right autput jacks.

1) Defective Headphone Amplifier U200 or associated components,

g} Intermittent or continuous buzz,

1) Faulty connection of Power Supply electrolytic capacitors C2013,
C2014, C2017 or C2018.

2} Open rectifier diodes CR2002 through CR2006.

3) Faulty Regulstor U2011, U2012, U2013 or Q2003.

10) Synthesizer will not produce an audio
output unless several keys are
deprassed simultaneously,

1} Defective Trigger Extractor circuit 10078 or U1008,

11) One of the palyphony notes will not
play. (Example: GI.)

1) Defective Palyphanic Generator 1C U2003, U2004, U2005 or
U2006. (Example: L2004 pin 8.

2} Faulty wire from Keybeoard Printed Circuit Board 2 to keyboard
of that note.

3) Faulty wiper of the keyboard switch of that note.

12} Pitch of both Tone Sources changes
after key is released.

1} Defective Keyboard Track and Hold circuit U10074, G1013.
2| Defective Keyboard Current Source UZ009.

13) Tone Sources play anly ane note no
matter what key is played.

1} Defective Keyboard Track and Hold circuit U1007 A,
2] Defective Keyboard Current Source U2008.

3l Faulty PITCH jack J7.

4] Fauly KEYBOARD GLIDE control R1063.

14} Ore note plays continuously and
returns to this note after other
keys are reloasad,

1} The Wiper of the keyboard switch of that note is continuously
touching the buss bar.

15} Both Tone Sources do not stay in tune,

1) Defective Power Supply Bequlators U2011, U2012 or L2013,
2} Faulty Keyboard Current Source U2009,

3} Defective Kevboard Track and Hold circuit U1007A.

4} Defective Tone Source summer UT007B.

1€) One Tone Source cut of tune with
other Tene Source or Polyphony.

1] Faulty Scale Trim or out of adjustment.
Tone Source One — R1008.
Tone Source Two — R1037,

17} One of the Tone Sources drifts and
will not stay in tune.

1) Faulty current source.
Tone Source One — U1001.
Tone Source Two — L1004,
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SYMPTOM

CAUSE/REMEDY

17} One of the Tone Sources drifts and
will not stay in tune {continued),

2] Faulty capacitor,
Tone Source One — C1001, C1002, C1003 or C1004,
Tone Source Two — C1007, C1008, C1009 or C1010.
3] Faulty Temperature Compensating resistor.
Tone Source One — R1007.
Tone Source Two — R1033.

18) One of the Tone Sources jitters or
jumips in pitch.

1] Same causes as for step 17) Symptom, “one of the Tone Sources
drifts and will not stay in tune.”
2] Faulty transistor.
Tone Source One — Q10086.
Tone Source Two — Q1013 or Q1014,
3) Dirty DCTAVE switch.
Tone Source One — SW1001.
Tone Source Two — SW1004,

19! No Tene Source One.

1) Faulty WAVESHAPE switch SW1009,
MOTE: The switch is open when the lever is placed between the
waveform positions,

2) Faulty MIXER TONE ONE control R1061.

3) Faulty Tone Source One gircuitry.
Remove L1007 from its socket and connect a 1 Meg, 1/4 W, +/- 5%
resistor between pins 1 and 13 of the socket. Tone Source One
should oscillate at = 166Hz.
If Tone Source One now works, problem is defective component in
Violtage 1o Current Converter U1001, U1002A, R1007 or C1001.
|f Tone Source One is still desd, problem is defective component in
the Current Controlled Oscillator circuit U1002E, U10038, Q1006
ar Q1007.

201 No Tone Source Two.

1) Faulty WAVESHAPE switch SW1005.
NOTE: The switch 1= open when the lever is placed between the
waveform positions.

2} Faulty MIXER TONE TWO contral R1060,

3} Faulty Tone Source Twao circuitry,
Remove L1004 from its socket and connect a 1 Meqg, 14 W, +/-B%
resistor between ping 1 and 13 of the socket. Tone Source Two
should cscillate at = 330Hz.
If Tone Source Two now works, problem is defective component in
Vaoltage to Current Converter U1004, U10088, R1033 or C1007.
If Tone Source Two is still dead, problem is defective component in
the Current Comtrolled Oseillator cireuit U1008A, U10068, Q1013
or 1014,

21] When the SYNC 2 — 1 SW1003 is in
the IN position and the TONE SOURCE
TWQ DETUNE control R1025 is de-
creased, the pulss waveform disappears.

1) Operator trap. See Circuit Description of TONE SOURCE TWQ.

22) No audio noise.

1) Defective Noise Generator IC L1016 or 3dB/octave filter circuit
U1017B.
2} Faulty MIXER NOISE control R1068.
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SYMPTOM

CAUSE/REMEDY

22) No audio noise {continued),

3) Faulty wire that connects the output of U10178 to the MIXER

MNOISE control R1058 on Control Printed Circuit Board 1,

23} No bell tone.

1) Defective Bell Tone Generator circult L2001, Q2001 er 02002,

24) No polyphony.

1} Faulty MIXER POLYPHONY contral R1064.

2] Faulty wire from pin 24 of Control Printed Circuit Board 1 to

F1 pin B on Keyhaard Printed Circuit Board 2.

25) MODULATION RATE LED L1001
does not flash.

1) Defective LED L1007 or defective transistor 01030,

261 TOME SOURCES and FILTER
MODULATION controls have no
effect.

11 Defective U1015 or Q1032.
2) Faulty MODULATION RATE control R1141.
3) Faulty TOME SOURCE 1 WAVESHAPE switch SW1010.

27) WAVESHAPE MODULATION -
random inoperative.

1) Defeetive FET Q1032 or IC UT017A,

2) Faulty TOME SOURCE 1 WAVESHAPE switch SW1010,
3} Defective capacitar C1028.

4} Defective diode CR 1003 or capacitor C1027.

28) FILTER PEAK EMPH control
inoperative,

1) Faulty FILTER PEAK EMPH contral R1100.
2) Emphasis Trim R1093 set too low; readjust.
3) Defective IC U1012.
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5. PARTS LIST

CAPACITORS (Continued)
Ref Value | Vobt,| Tol. Manulacturar's
CAPACITORS Ma. {F) (V) | 1) Material Fart No.
Ref. Value | Voit. | Tal. Manufacturer’s
C2mM2 (0047 | 50 |+~10{ Polyester B46-041978-473
No. | (F} |V} I0K) | Wisterial it cxmz |10 |28 |+50/
ciont (1oop |50 |+410 | Ceramic Tubular | 347-045008 101 10 | Electrolytic 945-044485-003
Cio02 |G0%e |50 |+/10| Palyester 946-041978-103 Cim4 | 10u 5 |+60/
ci003 |0.0% 50 |+Bo/ A0 | Electrolytic 045-044465-003
-20 | Ceramic Tubular | 847-045011.103 C215 |00 | 50 <80/ .
clopd (o0t |50 |+e0f -20 | Ceramic Tubular| 947-045011-103
-20 | Ceramic Tubular | 947-045011-103 CI0E |001. |50 (480 _
C1005 [100p |50 |+10| Ceramic Tubular | 847-045008-101 -20 | Cersmic Tubular| 347-045011-103
cioos {001 |50 |+BO/ CIM7 | 1000 | 35 |+50) .
.20 | Ceramic Tubular | 347-045011-103 -Wr Electrolytic 945-040202-01
c1o07 |100p |50 |+~10| Ceramic Tubular | 347-045008-101 C2018 |1000. |35 |+50) _
Copd (0047 |50 |+-10| Palyester B46-041978-472 10 | Electrolytic 945-040208-011
ciopd |0t |50 |+E0f —
.20 | Ceramic Tubular | 947.045011.103 DIODES — Silicon
1010 | 100p §0 |+10| Ceramic Tubular | 947-045008-101 : .
Cion o0l |50 |+BO/ Ref. o Device Supplier’s
-20 | Ceramic Tubular | 947-045011.103 No. Descriptian Maniifactures Part No.
1 £ + B
E I:”z uﬂlu En _gglﬂ Ceramic Tubular 5’4?‘1:“-5[”1"1“3 [:R“]'[“ 1"41-":&!"3““3' FAIFIEHILI] El!l-EIrﬂl]?!il]I]l
cima {10 §0 |+-10 | Polyester 946-041978-105 GR1002 1N4148/Signal FAIRCHILD | 913-041075001
cio4 1000 25 |+10] Erectrolytic 045-044465-003 CRI003 14138/ Signal FAIRCHILD | §15-041075001
1 +/.10 | Pal 846041578273
dte loorr. (o Do | e 60419782731 |CR2001 | IN4148/Signal FAIRCHILD | 819.041075.001
ci1? 0027, |50 [++10] Patyester 846041678273 CR200Z | 1N4004, 1A, 400V | GEN.INSTR. | 819-042013-001
1019 |00x |50 [+10] Polyester 946-041978-104 CR2004 | 1N4DO4, 1A, 400V | GEN.INSTR. | 913042013001
ci020 |aty |50 |+-10| Patyester 048,04 1378.104 CR2008 | 1N004, 1A, 400V | GEN. INSTR. | §19-042019.001
cio21 | 220u 16 |+b0/
10 | Electrolytic B45-040209-019 FUSES
022 10w 25 |50/
10 | Eiectrolytic 045-044465-003 Ret. o Device Supplier’s
Ci023 |B.Bu 16 |+20| Electrolytic 845.045048-001 Nao. Deseription Manufacturer Part No.
Ccio24 [0.01. |50 |+BO/
-20 | Ceramic Tubular | B45-045011-103 E; :n: Hm:
Ci1025 |6 16 |+/-20]| Electralytic 545-045045-0 ot Us2
C1026 njﬁ 50 .J_"m Fnl‘fﬂtt‘:l 046.041978. 104 F3 T.5 x 20MM ,215MA H.SCHURTER| 839-044084-011
il el il (EurmoaaAssmion]
-20 | Ceramic Tubular | 847-045011-103
cioze |ot. 50 |+/-10| Palyester B4G-04 1978104 F3 | .25A, 250V, 5o Blo, | BUSSMAN §39-041620-002
£1029 |0.1x 50 |+-10| Pobyester 945041978104 3AG (UL, CSA, Japan)
C1030 §10.0u 26 |+h0J ; —-
10 lectrolytic 045-04 4465
1031 {092 |50 |++10| Palyester 846.041978-124 INTEGRATED CIRCUIT
ci032 |0033y |50 |+~10| Paiyester 046041878333 i :
. ; i Ref. Device Supplier's
C1033 |00Z2: |50 |+/-10| Palyester B46-041878-221 Mo, etipini Pt on Part No.
C2001 100 P 50 10| Ceramic Tubwlar | 847-045008-101 Um0t CAI04EN NATIONAL 0591.041104-001
C2002 |10« (25 |+50/ 2 . T~ Ut002 | LF353N NATIONAL | 991-042908-001
oy Hp PR Y il loonaii U003 | LM3IN NATIONAL | 991-042388-001
0 M 30 | B TP UtDoa | CAID4EN MATIONAL | 991.041104-001
c2004 |10 25 |+5ny Y Uro0s LF383N NATIONAL 891-042908-001
-10 | Electrolytic 945-044465-003 L 0os LM3IGIN NATIONAL 891-04238E-001
c2005 |.0047. |50 |+/-10| Palyester 945041978472 Uo7 LF353N NATIONAL | 857-04230E-001
C2006 (012 |50 |+10| Palyester 946-041978-124 Utnoa | UATHITE FAIRCHILD | 391-041101-001
C2007 |[0.000u |50 |+-10] Polyester 946-041978-102 L1003 CAIN4EN NATIONAL 981-041104-0m
C2008 |10 20 |+l ; urmo LE353N NATIONAL 8531-04290E-001
-10 | Electrolytic 945-044465-003 TRI1YR] CA3DBNAE RCA 931-041083-003
C2009 (0.1 (S0 |+1D| Palyester 946-041978-104 vz | uamMITC FAIRCHILD | 891-D41101-001
Eggﬁ 3&'& fg IE.L“ Palyestar 946-041978-104 U103 | RCA558ON NATIONAL | 991-041146-001
10 | Etectrolytic 945-040208-018 U104 MC1400TUBCP MOTOROLA | 991.041086-001
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INTEGRATED CIRCUIT (Continued)

RESISTORS (Continued)

Raf, Device Suppliers Ref. Value | Wat-| Tol. Manufamumrs
No. Description Manufacturer Part Ne. No. (ohm) | tage | (%) Material Part No.
U015 | LF3IS3IN NATIONAL | 991-042908-001 R1041 | 1M 14 | 5 | carbon 852-312105-001
L1016 | MMS83TN NATIONAL | 991-042016-001 R1042 | 10K 14 | 5 | Carbon B52-312103-001
U1017 | RCAS5BON NATIONAL | 991-041148-001 RiIDs3 | 10K 174 | 5 | Carbon B52-312103-001
RID44 | 10K 114 | § | Carbon 852.312103-001
U2001 | CDAD4BBE RCA 991-041091-001 R1045 [51K |14 | 6 | Carbon 852.312515-001
L2002 M0o83 SGS 99 1-041105-002 RIME |9.1K /4 | 5 | Carbon £52-312912-001
uz003 MM5323N NATIONAL | 991-042015001 Bio47 | 1K 114 | 5 | Carbon 852-312102-00
U2004 | MMSB2IN NATIONAL | 991-042015-001 RIDM8 | 2K 14 | 5 | Carbon £52-312202-001
U2005 | MMSB23N NATIONAL | 991-042015-001 R1049 |24K |14 | 5 |Carbon 852-312242-001
U2006 | CD40138CN NATIONAL | 981-041110-001 f10s0 [1woK |14 | 5 | Carbon 852-312104-001
uzog? RC45580N NATIONAL | 991-041146-001 R1052 | 240K 114 | & | Carbon 852-312244-001
U2008 | UAT4ITC FAIRCHILD | 991-041101-001 R1053 [51K |14 | 5 |Carbon 8572-312513-001
u2008 | uATsITC FAIRCHILD | 991-041101-001 R1065 |32k |14 |5 | Carbon 852-312333-001
u2010 | LM3BEN-1 NATIONAL | 991-045137-001 R1057 |10k |14 |5 | Carbon 862-312104-001
uzon | uUATaITC FAIRCHILD | 991-041101-001 R1053 | 240K |1/4 | 5 |Carbon 252-312244-001
U2012 | UATOMiSAUC FAIRCHILD | 991-044316-002 R1061 | 1K 174 | 5 |carbon 852-312102-001
U2013 | UATEMI2UC FAIRCHILD | 991-041112-002 R1062 | 1K 178 | 5 | Carbon 852-312102-001
R10B4 | 1K 14 |5 |Carbon 852-312102-001
LIGHT EMITTING DIODE RIDGS | 100K |1/4 | 1 | Metal Film 853-421003-031
R1067 |809K |14 |1 | Meral Film 853-429092-031
Rel. Supplier's R1069 |5aM |14 | 5 | Carbon B52-312515-001
No. Deseription Manufacturer Part No. RI070 (200K |14 | 1 | Metal Film 853-422003-031
R1072 | 39K 14 | & | Carbon £52-312382.001
L1om LSM-6L OPCOA 938-041850-0Mm RI073 |5.1K 14 | 5 | Carbon B52-312512.001
R1074 | 10K 14 | 1 | Metal Film B53-421002-031
RESISTORS R1075 | 10K 14 |1 | Metal Film £53-421002-031
R1077 | 2000 %4 | 5 | Carbon £52-312201-001
Ref. | Value | Wat- | Tol. . Manufacturer's R1078 |200n |14 |5 | Carbon B52-312201-001
No. |lohm) |tage | (%) | Material Part Na. R1079 | 2000 |14 | 5 | Carbon BR2-312201-001
riooz (1206 |1 |5 | carbon 852-312124.001 i las 153 15 (22 i
R1003 | 10K 144 | & | Carbon 852.71 2103001 wimgs. sk i 18 | 852.319102.001
1004 } : ! ﬁ } :“m' F!‘"‘ g“g'“‘”ggm‘ R1083 | 2000 |1/ |5 | Certon 862-312201-001
R1005 i étal Film 43-044333-001 R1084 |60.4K |14 | 1 | Metal Film 853-426042-001
R10DE |4.75K |1/¢ | 1 | Metal Film 85342475101 m1085 120k |1a |5 |caon 852.312124.001
R1007 [100s |1 |1 TC* Metal Film 924.040183 002 1088 |60k 1/ |1 | Mol it 853 426042.001
R1011 1K /& 5 Carbon BSZ-31 2102001 R10BE m 174 5 Carbon B52-31 2105001
R1D12 |5.9K |1/ | & | Carbon 852.312512-001 A1089 | 1 i |5 lcadan B52.312105.001
RID13 | 1M 14 |6 | Carbon 852.312105-001 R1080 |10002 |18 | 5 | Carbon 852-312101-001
R1014 | 10K 14 | 5 | Ccarbon §52-312103-001 o | gk i |5 |erhon 852.312513 001
:1015 10K 14 | 5 | Carbon £52-3127103-001 Rioa2 |75k i 17 s Fi 853427502-031
1017 133K 11/4 | 6 | Carbon 652-312335-00 rio9s |10k {14 |1 | Metal Film £53-421002-031
H“:I‘E 1&“ ”-4- b Carbomn 352312!“““1 HIUHE lmﬂ ”4 5 cﬂlhﬁ'ﬂ 352312151[““
RIDI3 110K | 1/4 | & | Carbon 852-312103-001 R1097 |100a |14 | 5 | Carbon 852.312101-007
A1020 Wl':" 1/4 | 5 | Carbon 852-312103-001 R1098 (10K |14 | 1 | Meral Film 853-421002-031
R1021 5. 14 15 | Carbon §52-312615-001 R1099 [75¢ | | 1 | Metal Film 853-427502-031
R1022 | 2K 174 |5 | Carbon 852-212202-001 Ri101 (10K |u1a | 5 | Carbon 852-312103-001
R1023 | 24K i/ | 5 | Carban 852-312242-001 g0z |k 18 | 5 | corbon 852.12102-001
R1024 100K 1/4 5 Cerbon 352'312"34‘['0] R1104 15K ” 5 Carbon %2'312‘5.’%“}1
R1028 | 120K | 1/4 | 5 | Carbon 852-312123.001 R1107 |120k |1/8 | 5 | Carbon 852-312124-001
R1029 | 51K [1/4 | & | Carban 852.312513-001 R1109 | 2006 |1/a | 5 | Carbon 852-312204-001
R1030 | 1M 14 11 | Metal Film 949-044333-001 R1111 | 2006 |1/8 | 1 | Metal Fitm 853-422003-011
R1031 | 1M 14 11 | Metal Film 949-044333-001 R1112 | 9532 |14 | 1 | Metal Film 853-429530-001
R1032 (476K |14 |1 Metal Film 863-424751-031 A1114 | 29K 18 | 5 Carbon 852-912353-001
R1034 10K 14 5 Carbon B52-31 2103-001 R1116 1K 1/4 5 Carban 852-321102-001
ool B O A 052:312102.001 1118 [10K |14 | 5 | Carbon 852-312103-001
R1039 | 1K 14 | 5 | Cartion B52-312102-001 A2 |10k 108 | 5 | Carbon B52-317104-001
R1I40 | 59K |4 |5 | Carbon 852-312512001 R1121 | 100K |14 | 5 | Carbon §52-312104-001
P MO R ) R1122 [ 1000 (14 |5 | Cerbon 852-312101-001
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RESISTORS (Continued)

RESISTORS (Continued)

Ref. Value |Wat- | Tal. Manufacturer's Ref. Velue | Wee- |Tol. Manifacturar's
Na. lohm) | tage | (%) Material Part Nao. No. lohm) | tage | (%) Material Part No.
R1125 | 1K 178 | 5 | Carbon 852-312102-001 R2028 | 22K 174 | & | Carban 867-312223-001
A1126 | 10K 1/8 | 5 | Carbon B52-312103-001 R2027 |22K 14 | 5 |Carban 852312223001
A1127 |6am [ 178 | § | Carbon B52-312515-001 R2028 | 22K 14 | 5 |Carbon 852-312223.00
R1128 | 100K |18 | 5 | Carbon B52-312104-001 R2029 |22K i/4 | 5 | Carbon 852-312223-000
A1129 |16k |1/ | § | Carbon 852-31 2103001 R2030 | 22K 1/4 | 5 | Carbon 852312223001
A1120 | 1K 14 | & | Carbon 852-312102-001 R2031 | 22K 174 | § | Carbon 852-312223-001
A3 | 91K 1/4 | 5 | Carbon 852-317913-001 R2032 | 22K 178 | 5 |Carban 852-312223-001
R1132 |10k |1/8 | § | Carbon B52-312103-001 R2033 | 22K /4 | 5 |Carban 852.312223-001
A1133 | 100K 14 | & Carbon ge2-31 1104001 R2034 | 22K 114 | & Carbon 852-312223-001
R1134 | 100K |[1/8 | 5 | Carbon R52.312104-001 R2035 | 22K 174 | 5 | Carbon 852-312223-000
A1135 | 100K |18 | 5 | Carbon 852-312104-001 R2036 | 22K 1/4 | & |Carbon 852-312223-001
R1136 | 10K 1/4 | & Carbon a52-312103-001 R2037 | 22K i | & Carban 8h2-312223-001
1137 | 10K 14 | 8 Carbon 852-11 2103001 RIOZE | 22K 14 | 5 Carbon 852-312223-.00
R1128 |51k |18 | & | Carbon 852-312612-001 R203% | 27K 14 | 5 | Carbon 852-312223-000
A1139 | 10K 1/8 | 5 | Carbon #52.31 2103001 R2040 | 22K 174 | 5 |Carbon 852.312223-000
Ri140 | 10K 1/4 | § | Carbon 852-312103-001 rRzo41 {100k |1/ | 6 | Carban 852-312104-001
A1142 | 81K 14 16 Carbon Bb2-31 231 z2-0M R#0aZ | ZK 14 | 5 Carban 852-312202-001
A1143 | 100k |1/8 | 5 | Carbon 852-312104-001 R2043 | 10K 14 | 5 | Carbon 52-312103-001
Ari4a |g206 |18 | 5 | Carbon g52-312624-001 R2084 | 10K 174 | 5 |Carbon 852-312103-001
A1146 | 1K 1/4 | 5 | Carbon 852-312102-001 R?045 (200K |14 | & | Carbon 862-312204-001
A1146 | 12K 14 | 6 Carbon gh2-312123-0M RZDME | 1K "4 |5 Carbon 852-31210:2-001
a7 lazk lia | 5 | carbon 852-31 2473001 R2047 (2006 |14 |5 | Carbon 852-312204-001
R1148 | 10K 1/4 | 5 | carbon 862.312103.001 R2048 |110 |14 | 6 | Carbon 852-312114-001
R1148 | 2K 1/a | & | Carbon #52-312202-001 R2049 | 10K 14 | 5 |Carbon 852.312103-001
R1160 | 51K 1/8 | 5 | Carbon B52.312513-001 R2050 |51m |14 | 6 | Cerbon 852-312515-001
R1161 | 20K 14 15 Carbon a52-3122030M R20BZ 115K J1M4 | 1 Metal Film 253-421162-01
R1i52 |10k |14 | 5 | Carbon 852-312103-001 R2053 [130K |14 | § | Carbon 52.312134-001
R1163 | 100 1/8 | 5 | Carbon 862-312100-001 R2064 |19.0K |1/ [ 1 | Metal Film 853-421912-031
R1154 | 1DK /4 | 5 | carbon 852-312103-001 R2055 |300K |1/4 | & | Carbon B52-312304-001
R1155 33K [1/8 | 5 | Carbon 852-312332-001 R2056 |BESK |1/4 | 1 | Metal Film 853-426652-031
R1156 | 220 14 | & Carbon ge2-312221-001 R2058 |10 14 | 5 Carbon £52-312100-000
R1957 (100K [1/8 | 5 | Carban 852-312104-001 R2050 |33K |14 | & | Carbon 852-312332-001
R1168 | 10K 14 | 5 | Carbon 852-312103-001 R2060 |s1e |12 | 5 | Carbon 852-512510-001
R1159 | 1K 1/4 | 5 | cambon 852-312102-001 R2061 |61 |12 | 5 | Carbon B52-512510-001
F1160 | 100K 14 | & Carbion 852-312104-001 R062 |4.76K |14 | 1 Metzl Film B53-424751-031
R1161 | 300k |1/ | 5 | Carbon 852-31 7304-001 R2063 |19.1K |1/4 | 1 | Metal Film £53-421912-031
R1162 | Mot used R2064 |1K 14 | & |carbon £52-312102-001
R1163 (100K (1/8 | & | Carbon 852-312104-001 R2065 | 47K 14 | 5 |Carbon B52-312473-007
RZ0GE | 47K i4 | 5 Carbon B52-312473-000
R2007 | 33K 14 | 5 | cabon 852-312333.001 R2067 [47K 14 | 5 | Carbon £52-312473-001
2003 | 100K 1/4 | § Carbon 852-312104-001 Ri068 |47K 14 | & Carbon 852-312473-00
R2004 | 100K |1/4 | & | Carban 862-312104-001
rzons |wok |1/8 | 5 | Carbon 852-312104-001 SWITCHES
R2005 | 100K |14 | & | Carbon 852-312104-001
R2007 |100K |1/ | & | Carbon R52-317106-001 Ref. o Manufacturer's
Rz008 |300K |1/ | 5 | Carbon 852-312304-001 No. Description Part No.
R2009 | 22K 14 | 5 | carbon 852-312223-001
R2010 (22 |18 | 5 | carbon 852-312223-001 gmgg; ﬂiﬂ"é";k&gr S ggﬂgg] fgg}
R2011 | 22K 1/8 | 5 | Carban 852.312223.001 viins | BYac ot ombrd
R2012 | 22K 18 | 5 | Carban 852.312223.001 swiooa | OCTAVE 2, 2p37 penfsponh i forts
NG [azs pME- 1S |leten 852312213001 fswigps | wAVE SHAPE 2, zpaT 960045214001
fel4 | 22K 14 | & Carbon a52-312223-001 .
Rams | 23K i ls |Gt 852312223 001 SW1006 | KEYBOARD TRACKING, 2P3T 980-045016-001
R2016 | 22K als |estan §52-312223-001 SW1007 | AUTO CONTOUR TRIGGER, 2P2T | 980-045214-001
pogia | 39k il B ot 452.212225.001 SW1009 | CONTOUR TONE SOURGES, 2P3T | 960-045016-001
R2019 | 22K i |5 | carbon 452.312223.001 SW1010 | MODULATION WAVE SHAPE, 2P3T| 960-045016-001
a2 | 22K st L% | rabis 852.312223.001 SW2011 | POWER ON/OFF (UL, CSAI 1P1T 960-042753-001
rz021 |22k |18 | 5 | Carbon 852312223001 T— Pu;r?: ﬂ‘;f‘[-}gi":rﬁ“ —
R2022 | 22K 1/4 | 5 | Carban 852-312223-001 £F ;
R2023 | 22K 14 | 5 | Carbon 852-312223-001 |European/Australian)
R2024 | 22K 14 | 5 | Carbon 852.312223.001
R2025 | 22K 14 | 5 | carbon 852-312223-001




TRANSISTORS VARIABLE RESISTORS (Continued)
Ref. Device Supplier's Ref. Manufacturners
Nao. Type No. Manufacturer Part Mo. No. Description Part No.
Qanoos 2N3A06 MOTOROLA 941-041052-002 R1054 10¥.12, Slide, Linear, MIXER POLY-
Qo7 INZI06 MOTOROLA 991-041052-002 PHONY 925-045013-001
oims IN3006 MOTORODLA 991-0481062-002 R 1056 INK, Shide, Linear, MIXER BELL
oigl4 INIB0G MOTORDLA 991-041052-002 TOME 925-04 5013001
oim7 2NZ904 MOTORLOA 991-041051-002 R1068 10K 12, Slide, Linear, MIXER NOISE | 925-045013-001
aine IN3B0A MOTOROLA 991-041051-002 RIDED 10Kz, Slide, Linear, MIXER TONE
aime IN3904 MOTOROLA 991-041051-002 Twa 925-045013-001
Q1020 IN3904 MOTOROLA 291-041051-D02 R1063 10K, Slide, Audio, MODULATION
a1 INJII04 MOTOROLA 991-041061-002 KEYBOARD GLIDE 925045013002
o122 2N290 MOTOROLA 991-1051-002 R1063 10K, Rotary, Lingar, TUNING
Q1025 ZN3906 MOTOROLA 991-p41052-002 TONE SOURCES 925-045012-001
01026 N304 MOTOROLA 991-041051-002 R1071 10Kce, Slide, Linear, MODULATION
aioza 2M3906 MOTOROLA 991-M41052-002 TONE SOURCES 925-045013-001
a0 IN3906 MOTOROLA 991-041052-002 R1076 10K, Rotary, Linear, TUNING
Q1030 ZN3908 MOTOROLA 991-04 1052-002 POLYPHONY 925-045012-001
aio31 N304 MOTOROLA 99104 1051-002 R10%3 1¥st, Carbon, Emphasis Trim 925-040276-002
a1032 iz SILICONIX 991-041055-002 RID94 | 10Kn, Carbon, VCA Balence Trim 925-040275-004
Ri100 SOk, Shde, Audio, PEAK EMPH. 025045013004
azo01 ZN3904 MOTOROLA 991.041051-007 R1103 10K, Rotary, Audio, MASTER
Qzoo? ZN3g04 MOTOROLA 991-041051-002 VOLUME 825-045012-003
Qazoo3 TIP-30 TEXAS INST. 491-04 1060-001 R1105 10K, Slide, Lingar, MODULATION
FILTER 925-04 501 3-001
| LE RESISTORS R1108 10Ky, Stude, Linear, FILTER
VAHIAD CUTOFF FREO 925-045013-001
Red. Manufactuner's R1110 10Kz, Carbon, Filter Cutoff Trim 975-040275-004
No. Deseriptian Part No. R1113 4701, Carbon, Filter Scale Trim 925-040275-011
Ri117 10K 52, Slide, Linear, FILTER CON-
R1001 10Kz, Cermet, Freq 1 Trim 875-04 2526-003 TOURED CUTOFF 825-045013-001
R1008 5005z, Cermet, Scale 1 Trim 825-042526-006 R1123 1 Mg, Slide, Audio, CONTOUR
A1009 10K, Carban, Hi Freqg Trim 975-040275-004 RISE TIME 925-045013-002
Ri016 10Ksz, Carban, Square Trim 875-040275-004 R1125 1 Meg g2, Slide, Audio, CONTOUR
R1025 10Kz, Slide, Linear, TONE SOURCE FALL TIME §25-045013-002
TWO DETUNE 875-045013-001 Ri141 1 Meg 02, Slide, Audio, MODULA-
R10Z6 10Kz, Cermet, Freg 2 Trim 925-062526-003 TION RATE 5925-045013-002
R1037 500::, Scale 2 Trim 825-042526-006
R1038 10K.qz, Carban, Hi Freg 2 Tnim 925-040275004 R2001 100K, Carbon, Poly Freg Trim 925-040275-001
RI0S1 10K, Slide, Linzar, MIXER TONE R2051 10Kz, Carbon, Low End Trim 425-040275-004
aONE 8256-045013-001 R2057 10K.x2, Carbon, Hi End Trim §25-040275-004
MECHANICAL PARTS LIST MECHANICAL PARTS LIST (Continued)
Ref. Suppliar's e, Supplier's
No. Description Part No. M. Description Part Na.
1 Housing Assambly 967-045192-541 10 Control PC Board Assembly 996-045176-001
? Overlay, Frant Pane! 813-045185-001 1 Power Card (UL, Japan) 957-041760-003
3 Overlzy, Rear, Domestic 913-045198-001 Power Cord {Europaan, Belghum) 957-043400-001
Owgrlay, Aear, Domestic, Canada 913-045198-007 Power Cord (Australian) 957.043400-004
Overay, Rear, Expon 913-045199-001 12 Strain Relief, Power Cord 977-041637-003
4 Keyboard end Jack Board PC Board 13 Fuse Holder (UL, C5A, Japan) 406-04 1331006
Assembly 996-045175-001 Fuse Holder [Europezn, Ausiralmn) 906-042311-001
5 Diust Sesl, Fram Panal, Laft 914-045203-001 14 Switeh, Power (UL, CSA, Japan] 960-042753-001
g Dust Seal, Front Panel, Right 914-045204-001 Switch, Power (European, Australian) | 960-042800-001
7 Knoh Assembly, Rotary, Clear 91504 2764-943 15 Phone Jack, TRIGGER 910-041306-001
8 Knob Assembly, Slide, Clear 915-04027 2-952 16 Phone Jack, HEAD PHONES 910-041306-004
] Transfarmer, Pawer, 115/230V Pri- 17 Phone Jack, PITCH 910-041306-010
mary, 38VAL, 54 Secondary 18 Guide, PC Board 964-0408497-003
(UL, CSA, Eurapean, Japan) 954-045083-001 18 Lab#l, Fuse, Caution (UL} 913-0a2088-000
Transformer, Pawer, 240V Primary, Labal, Fuse, Cautinn {European| 913-044344-010
3BVAC, 35A Secondary [ Australian) | 954-045348-001 20 Foot, Rubber, 7/8 Diameter £ 3/8 916-042585-001
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MECHANICAL PARTS LIST {Continued) MECHANICAL PARTS LIST (Continued)
Ref. Supplier's Ref. Supplier's
Na. Description Part No. No. Description Part No,

21 Label, Patent 313-040825-001 a7 Sockat Housing, 5 Pin, .1 Centers,

22 Keyhoard, 32 Note 273-045190-007 (AMP 360091-5) C.1.5. 306-040293-005

23 Piate, Spacer 963-045226-001 38 Socket Houwsing, 6 Pin, . 1" Centers,

4 Screw, Machins, Pan Head, (AMP 250091-6] C.I.5. A06-0402958-005
M5 x 12mm, Phillips 903-044310-001 13 Socket Housing, 9 Pin, 1" Centars,

25 Nut, Round 3/8 x 32, Knurled, (AMP 350091-9) C.1.5. 905-040298-009
[Phone Jack) 902-045212-001 &0 Crimp Socket, (AMP 350090-1) C.1.5. | 910-040308-001

264l  Standoff, 6-32 x 3/8 973-041308-020 51 Header, § Pin, (AMP E40093-5) C.1.5. | 910-040299-005

27 Screw, Self Tapping, A x &, Pan 52 Headar, § Pin, IAMP 640098-6) C.1.5. | 910-040299-006
Head B11-D40038-008 53 Hzader, 9 Pin, (AMP 640098-9) C.1.5. | 910-040288-008

28 Speed MNut, U, BA S02-M40500-005 54 Priano Jack, PC Mount, 328"

29 Screw, Salf Tapping, Pam Head, Diametar S910-045194-001
A8 x3/8 Lg. #16-060039-006 56 Crimp Sacket, Keyhoard 910-040346-0M

30 Speed Nut, U, BA 902-040500-001 56 Crimp Fin, Kayboard 911-042023-00

1 Nut, Hex, 3/8-32 302-040504-007 a7 Nameplate, Phone Jack 913-045211-001

32 Flat Washer, 3/B Conical 904-042026-001 58 Hole Plug, 1/4" Diameater 330082872000

3 Lock Washer, 3/8 04-0400E5-014 G9® | Bumpar, Rubber Stem 316-045163-001

3 Screw, No. 8 x 5/8 Lg. (Akke E0® | Support, PCE Maunt 873-045326-002
Plascraw) 803-045216-001 BI®™ | Screw, Machine, 6 x 5/16 Ly. 811-040339-005

15 Serew, Maching, Pan Head, B-32 g2 Washer, Fibre 904-040601-004
516 Lg., Phillips BOG 055038005 3 Single Carton, USA 832-045210-001

kL] Lug, No. B (Crimg) 811-040182-002 Single Cartan, Canada 932-045210.002

17 Nut, No. B-32 £01-055446-000 64 Doubla Carton, USA and Canada 932.045202-001

3B Mut, Mo, 3-40 (KEPS) E02-023222-000 Double Cartom, Europe, Australia,

39 Screw, Maching, Pan Head, Japan 932-045202-007
440 375" Lg. A06-023033-006 65 Plastic Bag §32-042562-007

A0 4| Screw, Maching, Pan Head A06-045039-007 66 LH Insert, Molded Foam 964-045200-007

41 4| Flat Washer, No. B 204-041390-017 67 AH Insert, Molded Foam 964-045200-002

47 4|  Lock Washer, No, B A04-040495-016 6d Dwner's Manual 993-046209.001

43 Fastan Receptacla with Tab, 137" 911-044062-002 E9 Customer Questionnaire 993-045330-00

44 Fastan Receptacls, 250" 911-041317-002

45 Faston Receptacle, 187" 811-041317-004 & Earlier Models - Keyboard Na. 2 Mounting

46 Pop Rivet, 1/8" 905-040488-034 B Later Models - Kevboard Na. 2 Maunting

PACKAGING:
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