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About This Manual and Servicing The Prophet

The Prophet is a sophisticated instrument and SCI issues its technical manual for use by qualified
technicians only. Of course the manual will be read by Prophet owners and others interested in
synthesizer design. And we realize it will also be used by some to develop modifications for the
instrument. While we support this innovative attitude in spirit, we cannot support it financially:
Modifications or unauthorized service void the Prophet’s warranty. They also invariably extend service
time (thus, cost) if factory repair is required. Familiarize yourself thoroughly with this manual before
attempting any work on the Prophet. This will at least help you judge whether you should be working
on it at all. If in doubt, please contact our Service Department.

This edition of the Technical Manual (TM1000D) documents Prophet-5s with serial numbers 1301 and
above. Although great care was taken to ensure the changes would be transparent to players,
technicians will find “Rev 3” quite a different instrument from its predecessors. Rev 2 (S/N 184-1299, see
TM1000C) was a mere refinement of Rev 1(S/N 1-182). Rev 3, however, uses new voltage-controlled 1Cs
in the analog synthesizer and, in the microcomputer, a vastly different ADC, DAC and control voltage
distribution scheme. Although the main purpose of the revision was to remove production limitations
caused by inconsistent supply and quality of the previous synth “chip set,” the hardware redesign
encouraged the implementation of more sophisticated editing, tuning and maintenance software while
improving servicability; the number of voice trimmers being reduced from 80 to 45.

The manual is organized as follows:

SECTION 1, MECHANICAL provides a physical introduction and directions for
disassembling/assembling the Prophet.

SECTION 2, THEORY explains general function and circuit operation, referring to block diagrams and to
the schematics for hardware details. -

SECTION 3, DOCUMENTS contains schematics and pictorials identifying all components.
SECTION 4, SERVICE contains procedures for routine tests and trims.

SECTION 5, PARTS cross-references component designators to SCI stock numbers.
SECTION 6, GLOSSARY decodes abbreviations appearing on SCI documentation.

SECTION 7, APPENDIX contains selected data sheets.

Your response to the questionnaire on the next page will help us monitor our publication’s usefulness.

About The Second Edition

In addition. to the original revision 3.0 data (with a few corrections), the following
material covering later refinements of the instrument has been added. The revisions
occured chiefly in the microcomputer's memory configuration, added PITCH and MOD

CV 1nputs, and in the addition of a serial interface for communication with the Model
1005 Polyphonic Sequencer or Model 1001 Remote Keyboard.

SECTION 8, THEORY discusses the hardware changes comprising revisions 3.1 and 3.2.
SECTION 9, PROGRAMMING covers use of the serial interface.

SECTION 10, DOCUMENTS contains schematics and pictorials for revisions 3.1 and 3.2.
SECTION 11, SERVICE includes instructions for updating a 3.0 or 3.1 instrument to

level 3.2, for using the diagnostic memory tests, and for an added adjustment on
PCB 3.

D.2

SECTION 12, PARTS lists SCI stock numbers for 3.1 and 3.2-level assemblies.
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SECTION 1
MECHANICAL

1-0 GENERAL

This section shows how to remove the Prophet’s main assemblies. Not all of the procedures given here
should be necessary at any one time. For some service situations you will only need to separate the top
and bottom panel assemblies and arrange them as shown in Figure 1-0. This configuration, discussed in
paragraph 1-2, allows access to all trimmers on PCB 4 and most trimmers on PCB 3. However, for some
'PCB 3 trims you will have to swing-out or completely remove PCB 4, as discussed in paragraph 1-3.

1-1 PRECAUTIONS
Observe the following precautions when working on the Prophet:

SWITCH POWER OFF AND CHECK 115/230V SWITCH ON BACK PANEL BEFORE CONNECTING
PROPHET TO POWER OUTLET OR AMPLIFIER.

NEVER TOGGLE 1157230V SWITCH WITH POWER ON.

TRIMMING, OF COURSE, MUST BE PERFORMED WITH POWER ON. 50 AVOID THE POWER SUPPLY
PRIMARY CIRCUITRY, WHICH CONDUCTS LETHAL VOLTAGE.

SWITCH POWER OFF BEFORE DISCONNECTING OR CONNECTING ANY CIRCUITRY, OR
REMOVING OR INSTALLING PCBs. | '

IMPORTANT! WHENEVER THE AUDIO CABLE IS DISCONNECTED, PCB 3 MUST BE GROUNDED TO
THE BACK PACK PANEL.

DO NOT BEND OR STRAIN THE PCBs. OTHERWISE MAY CAUSE TINY BREAKS IN THE PRINTED-
CIRCUIT TRACES WHICH WILL BE EXTREMELY DIFFICULT TO FIND.

TO REPLACE SOLDERED COMPONENTS SWITCH POWER OFF, REMOVE THE PCB COMPLETELY
FROM THE INSTRUMENT AND DESOLDER FROM BOTH SIDES. USE A VACUUM SYRINGE OR DIP
DESOLDERER. KEEP VACUUM SYRINGES CLEAN TO PREVENT THEM FROM SPRAYING MOLTEN
'SOLDER. DON’T OVERHEAT THE PADS. WORK CAREFULLY!

1-2 SERVICE POSITION ' :

TO PREVENT DAMAGE TO THE TOP PANEL, KEYBOARD, OR WOODWORK, USE A CARPETTED OR
SIMILARLY-COVERED WORK SURFACE WHEN OPENING THE BOX.

To set up the Prophet for service first switch power off, unplug power cord, and turn instrument over to
expose bottom panel. Remove two large screws near front feet. Remove eleven screws around
perimeter of bottom panel.

Holding top and bottom panel assemblies together, turn the Prophet right-side-up again. Remove four
screws along top edge of back panel. Slowly slide the top panel assembly forward—about nine inches—
so when raised the control panel will clear the large power supply capacitors.
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Raise the top panel assembly to service position shown. For best stability both top panel side back edges
should rest on the bottom panel. Actually, the top panel upper edge rests on the back panel cable. This
is normal; but a small (half-inch) prop may be added to improve stability.

The instrument can operate normally in this position. Of course its operating temperature will be far
below normal. This may slightly affect adjustments or the performance of certain [Cs.

REMEMBER THAT IN SERVICE POSITION THE TOP PANEL ASSEMBLY BALANCES ON ITS REAR EDGES.
DON’T UPSET THIS BALANCE BY PUSHING TOO HARD WHEN PROBING OR TRIMMING.

When reassembling the Prophet, turn instrument over and first start two large screws near front feet.
Then start bottom and back panel screws to obtain overall alignment before tightening all screws.

1-3 PCB 4 VOICE BOARD

PCB 4 may be swung-out and operated under power. For this set-up, switch power off, remove screws
identified in Figure 1-0 in the order suggested, and position board on insulation as shown in Figure 1-1.
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PCB 4 SWINGOUT

TO PREVENT.GROUND LOOPS, PCB 3 IS GROUNDED ONLY THROUGH THE AUDIO CABLE TO THE

BACK PANEL. THEREFORE, WHENEVER THE AUDIO CABLE IS DISCONNECTED, PCB 3 MUST BE TIED
TO THE BACK PANEL.

CAREFUL! DON’T ALLOW PCB 4 TO SHORT AGAINST STANDOFFS FROM PCB 3 OR AGAINST THE
BOTTOM PANEL.

To remove W2, completely switch power off and disconnect voice power cable at P303 on PCB 3 (see
Figure 1-0). Also remove PCB 3/4 interconnect at P401 on PCB4, with a gentle “see-saw’’ motion. Detach
audio output cable from P402.

When reconnecting voice power and audio output cables, be sure tabs interlock. Also be sure the PCB
3/4 interconnect is correctly mated and firmly seated at P304 and P401.




1-4 PCB 3 COMPUTER BOARD

PCB 3 is held by the screws identified in Figure 1-2, and by two direct connectors to PCB 2, behind it. To
remove PCB 3 first remove PCB 4. Disconnect back panel cable from P302 and wheel cable from P301,

remove screws, and pull while rocking the board to minimize stress.

P301/
WHEEL
4 b CABLE 5

1 2 P302/
BACK
PANEL
CABLE
Figure 1-2

PCB 3 MOUNTING

When replacing be sure all connector pins are correctly mated with PCB 2 before fastening screws.
Alignment is insured by machine screw holes with their standoffs. Remember to reconnect the wheel

cable, too, before replacing PCB 4. When reconnecting wheel and back-panel cables, be sure tabs
interlock. |




1-5 PCB 1/2 CONTROL PANELS

Once PCB 3 and PCB 4 have been removed, control panel removal involves pulling off all knobs,

unscrewing all potentiometer mounting nuts—using a half-inch nutdriver—and removing screws
identified in Figure 1-3.

J201 /W1
KEYBOARD
CABLE 1 3 4 g

ek

aaaaaa

PCB 2 W201 PCB 1 2

LEFT PCB 1/2 RIGHT
CONTROL INTERCONNECT CONTROL
PANEL PANEL

Figure 1-3
PCB 1/2 MOUNTING

When replacing, check keyboard cable, that all pots fit correctly through the front panel, and that
switches operate freely before tightening pot nuts.




1-6

1-6 KEYBOARD

After removing PCB 3 and PCB 4, turn the top panel assembly over and disconnect keyboard cable at
J201 (see Figure 1-3).

Figure 1-4 details keyboard mounting. At both ends, remove keybed supports by first removing keybed
screws then rear keyboard mounting screws. Remove front keyboard mounting screws. The entire
keyboard will slide out of the case—and back in—as shown in Figure 1-5.

CAREFUL! DURING THIS OPERATION THE J-WIRES FOR THE LOWEST AND HIGHEST KEYS ARE
VULNERABLE TO DAMAGE FROM COLLISION WITH THE KEYBOARD MOUNTING BRACKETS.
WHEN REPLACING CHECK J-WIRES AT EACH END OF KEYBOARD FOR CONTACT WITH BUS BAR.

Also, remember to attach the wheel ground lug.

PITCH |

WHEEL  SHAFT R2 FRONT

DETENT SLOT MOD KEYBOARD
WHEEL MOUNTING

J-WIRES BUS

- = - i .- ..l'.'.. ._p,:_E. 3 ::"\:!": -

.....................
) au,‘ ..........

= e

s

........

WHEEL
GROUND REAR

LUG KEYBOARD

KEYBED

MOUNTING SCREW KEYBED —

SCREW SUPPORT  KEYBOARD
MOUNTING
BRACKET

Figure 1-4
KEYBOARD MOUNTING
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Figure 1-5
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SECTION 2
THEORY

2-0 GENERAL

This section explains the Prophet’s theory of operation. First a general description relates the Prophet to
the basic analog synthesizer and introduces the concepts central to the Prophet’s advances over
conventional performance instruments: programmability and polyphony. Then the analog synth and
microcomputer functions are covered and their sub-circuits detailed. Throughout it is assumed the
reader is already familiar with Prophet-5 operation (see Operation Manual CM1000B).

2-1 SYNTHESIZER BACKGROUND

The synthesizer is a new instrument but the urge to set technology in search of music is quite old.
Consider the pipe organ; of traditional instruments, most like the synthesizer. The organ achieved its
broad dynamic, pitch and timbral ranges through intricate mechanical arrays; for generating steady
wind, transferring key action to pneumatic valves for each note, activating ranks of pipes, and to couple
pedalboards and keyboards. Later, the bellows tremolo and pedal-operated swell shutters were added
for dynamic and timbral expression. As the organ expanded into larger halls pneumatic and hydraulic
devices were developed to isolate the keyboard from the force required to key more pipes at higher
wind pressure. With the advent of electricity the keyboard and drawknobs, formerly levers, became
switches. Elaborate relay banks now drove solenoid valves for each pipe. More recently, electronic
organs—in many variations—have relied on motor-driven tone generators or switch/relay banks for
oscillator frequency division or waveform addition or shaping. Another influential technology, the tape
recorder captured natural, instrumental, and electronic sounds for new uses and stimulated the idea of
composing music not performable “in real time” on conventional instruments. A few keyboard
instruments have been directly based on tape mechanisms.

Now, what is a synthesizer? It can be distinguished from the organ or tape recorder by reliance on
electronic rather than mechanical devices to generate and modify sound. Except for performer’s
controls a synth need have no moving parts. (Even this exception may one day disappear.) Thus it is far
more flexible and controllable than an organ. In contrast to organ or tape technology, voltage control
(VC) allows the immediate and precise adjustment of the basic parameters of an audio stage such as
oscillator (VCO) or filter (VCF) frequency, or amplifier (VCA) gain, by a signal from another VCO, an
envelope generator (ENV GEN), keyboard (KBD) or sequencer (SEQ). Most music is analyzable into
elements replicable by a few VC-modules. For example, if a synth imitates a drum or piano it is not by
being a (mechanical) percussion instrument, but by simulating the dynamic envelope accompanying
percussive sounds with a VCA under control of an ENV GEN.

2-1
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MONOPHONIC SUBTRACTIVE SYNTHESIS

Besides a dynamic envelope a musical voice usually has a pitch and timbre which consists of a
fundamental and a number of harmonic frequencies—all of varying relative strengths. Pitch and timbre
synthesis raises a distinction between two techniques, diagrammed in Figures 2-0 and 2-1. The first
technique, additive synthesis, might create a timbre by summing the output of several sine-wave VCOs
for the fundamental and each harmonic. In contrast, subtractive synthesis can start with one sawtooth-

wave VCO generating the fundamental with extensive harmonics, then obtain the desired timbre by
subtracting unwanted harmonics with a low-pass VCF.

The additive and subtractive techniques have encouraged the development of two types of instruments,
roughly, “studio” and “performance.” Actually most organs use additive synthesis, but since with a
synth one can individually control the level of each harmonic over time additive synthesis may be
notentially more accurate for synthesizing a particular sound. Whether additive or subtractive, studio
synths may be configured from dozens of modules interconnected by patch cords. The modules have
knobs to establish the initial settings of VC-parameters such as initial frequency (FREQ), pulse width
(PW), and resonance (RES). But the flexibility and complexity of modular synths has discouraged their
live use on stage because significant sound changes often require repatching modules and precisely
checking knobs. Favorite, complex sounds take a long-time to create, and almost as long to recreate on a
modular synth. So these monophonic (one-voice) synths instead feed multi-track recorders on which
polyphonic interpretations or compositions are actually orchestrated.

A comparison of the number of modules and interconnections depicted in Figures 2-0 and 2-1 shows
why the subtractive configuration has become the popular technique for performance synths.
Subtractive synths may be smaller, so, more portable. Their patches will not be as elaborate, so, easier to
change. Originally, performance synths were monophonic. Or they exploited organ technology so
more than one note could be played at a time. “Preset” switches that select fixed patches supplanted
many modular controls. Though one could certainly change sounds quickly by using them, many
players have found preset synths unsatisfactory because they eliminate an essential part of synth
musicianship—control of the sound itself. Some manufacturers have offered partially-programmable
instruments. But before the Prophet appeared it was not possible for a keyboardist to instantly select his
or her own customized synth sounds and play them polyphonically.




2-2 THE PROPHET

The Prophet is a subtractive, analog synthesizer suitable for performance or studio use. It provides
instantaneous patch repeatability and polyphonic capability without the limitations of organ technology
or fixed presets. The term “digital-analog hybrid” is often used to describe the Prophet. It means the
digital computer controls the analog audio sources and modifiers. The computer itself generates no
sound (except for the A-440 reference).

Figure 2-2 diagrams the Prophet at the most general level. instead of controlling the synth directly, the
keyboard and most controls are processed through a microcomputer system. The system provides a way
to store all of the switch and knob settings which form a patch, and solves the problem of generating
five sets of oscillator (OSC) and filter (FILT) CVs and GATEs from a single keyboard. The Common Analog
circuitry mixes the few non-processed controls with processed signals for the voices. Although only one
voice is depicted on the control panel, the black knobs and switches patch the five voices identically.
This makes the voices homophonous—they sound alike—with pitch differences corresponding to (at

most) five simultaneously-held keys.

DIGITAL | ANALOG

|
| COMMON '

| ANALOG

[l

AUD
CONTROL PANEL /
KEYBOARD

MICROCOMPUTER
SYSTEM

5-VOICE
SYNTH

Figure 2-2
PROPHET GENERAL BLOCK DIAGRAM

Figure 2-3 shows the principle functions of the four main blocks. Beginning with AUDIO OUT, the voice
outputs are combined and overall volume set by the VOL VCA controlled directly from the control
panel. Each voice is a complete synthesizer with two VCOs, a MIXER, VCF, FINAL VCA, and two ENV
GENs. Each of the ten VCOs has its own FREQ CV, which allows the computer to individually fine-tune

“them and allows the voices to follow separate keys. Each voice receives its own GATE, which triggers the
two envelope generators with each keystroke.

All switch commands and most CVs are generated by the computer. Non-processed CVs include
MASTER TUNE, PITCH-bend, and WHEEL-MOQODulation which are mixed in the Common Analog
circuitry. The Common Analog circuitry also requires a few switch commands.

The microcomputer performs the task of voice assignment. It decides which held keys sound which

voices through the OSC and FILT CVs and GATEs. Voice 1 is assigned to the first key hit, Voice 2 to the

second key, and so on. After the five initial assignments the system is “last note priority.” The earliest-

used voice is reassigned to each new note played. Repeated notes key the same voice. For example, -
holding C, D, E, F, and G, sustains Voices 1, 2, 3, 4, 5, respectively. Adding A “steals” Voice 1 from the k
C-key, whose pitch disappears even though the key may still be held.
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In UNISON (monophonic) mode a UNISON CV derived from the lowest note played on the keyboard
becomes the main pitch control for all voices through the Common Analog circuitry. The five GATEs

occur simultaneously, but the envelope generators only re-trigger if no keys are held.

The microcomputer system itself consists of the microprocessor or CPU, memory (MEM), and
- input/output (1/0) interface. The CPU executes the program permanently residing in the read-only
. memory (EPROM). This program determines how the various input devices—keyboards, switches, and
~ knobs—are “read”, and how “data” generated by them is “processed” to control the synthesizer. The
Scratchpad RAM is the CPU’s work area. It holds data representing the current status of the keyboard
and all controls. Control status depends on the operational mode. In MANUAL mode the control data
corresponds to the current settings of the black, programmable knobs and switches. If desired this data
can be recorded from Scratchpad to the Non-Volatile Memory (NV RAM). Then, in PRESET mode,
selecting recorded programs moves them from NV to Scratchpad, reprogramming the synthesizer for
that sound. The EDIT feature allows one to alter individual control settings in Scratchpad, which can
then be recorded to supplement or replace the original program in NV RAM.

The remainder of this section discusses the Prophet’s actual analog and microcomputer circuitry. Each
sub-circuit is described functionally in relation to its block diagram. Principal ICs and any uncommon
designs are explained. However the function of common linear, TTL, and MOS ICs is not covered
because anyone contemplating technical work on the Prophet must already be familiar with, for
example, combinational logic and op amp circuits. '

2-3 ANALOG SYNTHESIZER DESCRIPTION

The definitions of the various CV and switch commands in the analog synthesizer must be clear before
the Voice and Common Analog sub-circuits can be discussed. Referring to Figure 2-4, the Common
Analog circuitry includes the master summers (MSUMs), Glide, and WHEEL-MOD circuits. The MSUMS
produce five Common Analog output CVs: A SUM, B SUM, PW A SUM, PW B SUM, and FILT SUM CV.

These enable simultaneous pitch control and modulation for the voices, as follows.

R104 MASTER TUNE (MTUN) and R1 PITCH wheel adjust OSC A and B frequency directly—that is,
without computer processing—through A SUM CV and B SUM CV. To prevent interference with the
TUNE routine (see paragraph 2-13), the switches shown disconnect these controls during the TUNE
routine. In UNISON mode the KBD component of the FREQ CV appears through the UNISON CV. The
OSC B KBD and FILT KBD switches are for keyboard tracking in UNISON mode. UNISON CV is
processed through the Glide circuit which, essentially, delays quick changes in UNISON CV as GLIDE
CVincreases. The OSC B MSUM is similar to OSC A. FILT SUM CV mainly consists of the FILT CTF CV
(which follows the FILT CUTOFF KNOB). An external FILT CV IN can be added through the back panel.

The W-MOD signal, switchable to any MSUM consists of pink n'oisé or LFO output as determined by the
W-MOD SOURCE MIX CV. CV inversion to the LFO VCA allows the NOISE and LFO levels to move in
opposite directions for a single CV. The MOD wheel sets this mixture’s output level to selected MSUM:s.

Besides the Common Analog output CVs there are two types of computer-output CVs which terminate
at the voices. First, Patch CVs control all five voices identically, For example, all five Amplifier Envelope
Generator attack times will be equal for any patch, so the Amplifier Envelope Generator ATK CV is wired
to the same terminal on all five AMP ENV GENs. Other Patch CVs include MIX OSC A, P-MOD ENV
AMT, and FILT RESONANCE. Second, the Individual CVs determine the frequency of a single VCO or
VCF alone. Each voice has two OSC S/H CVs and one FILT S/H CV. These signals contain the polyphonic
KBD component of the total FREQ CV applied to these devices. The ten OSC S/H CVs also contain INIT

FREQ control—actually common to the OSC As or Bs—and the TUNE ‘“biases”, which fine-tune
each VCO.,
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All processed CVs originate from the computer at a separate Sample/Hold (S/H). This circuit is discussed
in paragraph 2-12, but for introduction Figure 2-4, Detail A shows a typical S/H used with VC-devices.
Detail B adds a voltage-to-current converter (V-C CONYV) required to control the operational
transconductance amplifiers (OTAs—see paragraph 2-5) used as “VCAs” in all places. Twenty-three S/Hs
on PCB 3 supply the Common Analog and Patch CVs and fifteen S/Hs on PCB 4 supply the Individual

- OSC and FILT CVs.

Voice 1 is used for explanatory purposes, below. The five voices are functionally identical. See
schematics SD431 and SD334.

2-4 OSCILLATOR A, B, AND LFO

The Prophet’s eleven oscillators—two per voice, plus one LFO—are based on the CEM 3340 integrated
VCO. The IC is scaled at 1V/octave. This means an overall CV change of exactly 1V ideally produces a
pitch change of exactly one octave. So a CV change of 1/12V (83.3 mV) changes pitch by one semitone.
In the voices the basic oscillator range is nine octaves; resulting from 0-5V supplied by the KBD and 0-4V
supplied by the OSC FREQ knob through the OSC S/H CV (see Figure 2-4). While most CVs in the
Prophet are quantized by only the most significant seven bits of a fourteen-bit DAC into 128 83.3-mV
steps (128 x 0.0833V = 10.67V), the OSC S/H CVs are quantized by the full fourteen bits into 16,384 651-uV
steps (16,384 x 0.000651 = 10.67). This finer resolution allows the TUNE circuitry to tune the oscillators to
within 1/128 semitone. It also allows the SCALE MODE feature, where each note can be raised or
lowered by up to a semitone. (For further information, see under DAC and TUNE, paragraphs 2-12 and
2-13). In UNISON mode the KBD CV is routed through the Glide circuit and the OSC MSUMs.

Additional OSC 1A FREQ control is created on Voice 1 itself through the POLY-MQD circuit. The
P-MOD FREQ A switch applies a CV mixed from the P-MOD FILT ENV and P-MOD OSC B AMT VCAs
to the OSC 1A CV SUM input. OSC 1A’s pulse width is controlled by two CVs at the OSC A PW SUM.
First PW A SUM CV originates in the Common Analog circuitry as the sum of OSC A PW and W-MOD
PW A (if ON). Second, the P-MOD PW A switch can add a CV mixed from the FILT ENV GEN and/or
OSC B. When on, the OSC A SYNC switch tunes OSC A to harmonic frequencies of OSC B or changes
OSC A’s timbre when the two are not in harmonic relation. This occurs independently of whatever OSC
B waveforms are switched on.

OSC B is similar to OSC A except that besides being a pitch source it can be a modulation source
through POLY-MOD, and can operate as an LFO with or without KBD control. In the OSC B MSUM, the
OS5C B LO FREQ switch adds a -7.5V offset through B SUM CV. To provide adequate control range, the
INIT FREQ control doubles its range (to 9V) when OSC B LO FREQ is ON.

The LFO itself is not controlled by the keyboard, and its pulse width is fixed at 50% (square wave). Its
output is a modulation CV effective through the five MSUMs,

Details of the 3340 and associated components can be found on its Data Sheet in the Appendix. All 3340
outputs are positive-going. But using the LFO and OSC B as a modulation source requires their triangle
peaks travel as far negative as positive for smooth vibrato. On Voice 1, circuitry containing U451-1 (see
SD4317) shifts down the dc-level of the triangle to be symmetrical about ground.

While creating a symmetrical signal for modulation, the triangle level-shifting poses a slight problem for
the 4016, which is basically designed to pass only positive voltages. Figure 2-4, Detail C shows the basic
circuit used for switching all bipolar signals in the Prophet. Instead of being grounded, the Vss pin is
biased slightly-negative, allowing the switch to pass slightly negative voltages. Diodes at each switch
input protect the switch by clamping negative voltages to not exceed the diode drop, which is also the
negative bias value (0.6V). Where a bipolar voltage (such as P-MOD OSC B with OSC B TRIANGLE on) is
being switched, the level must be sharply attenuated. where a current (such as all summing nodes) is
being switched, the only voltage developed is by the 4016’s ON resistance (300 ohm, typical) since the
op amp node following the switch is a virtual ground.




2-5 MIXER AND AMOUNT VCAs

The Mixer on each voice sets the level of selected OSC A or B waveforms sent to the filter. Noise level is
set in one place for all voices. All of the Prophet’s VCA circuits use the RCA 3280 dual operational
transconductance amplifier (OTA). The OTA is similar to the typical op amp in input and open-loop gain
characteristics but the output is current rather than voltage. (So there must be a load to develop any
significant voltage.) The magnitude of the output current is equal to the product of the
transconductance (rather than the voltage gain) and the input voltage. The transconductance is adjusted
by the amplifier bias current (labc) at pins 3 and 6 (see Appendix). A second terminal, Id at pins 1and 8
control the transfer characteristic (as shown on Data Sheet). In effect, Id controls the input impedance of
the OTA. For example, with Id cut off, as at U464-1 MIX OSC A, U464-8 MIX OSC B and U428-1 P-MOD
OSC B, Zin ranges 100 Kohm. With Id active, as at U477-1 FINAL VCA, U422-1 P-MOD ENV and U422-8

FILT ENV, Zin ranges 600 ohm.

Since the 3280 is controlled by current, the term CV is not accurate in this context, All 3280 “CVs” are-

converted to control.currents by a 2N4250 PNP transistor as shown in Figure 2-4, Detail B.

In most places, BALANCE trimmers cancel OTA dc-offset, ensuring that even with maximum labc, there
is no output with no input signal.

The OTA is the central component in the Glide circuit, which also contains current mirror Q309 and
voltage follower U380-1. GLIDE OUT CV is fed back to the OTA input so positive or negative current will
flow if there is a difference between it and UNISON CV., When GLIDE CV is 0, labc will be maximum
because the diode-connected current source biases the other transistor’s emitter 0.6V above ground.
Transconductance will therefore be maximum, so plenty of current is available to charge C376 and
GLIDE OUT CV will follow UNISON CV very closely. However as GLIDE CV increases, labc decreases,
reducing the rate of charge to C376. It will thus take longer for GLIDE OUT CV to approach UNISON

CV. This creates a slew between the discrete voltage steps of the input UNISON CV.

2-6 FILTER

The Prophet’s five low-pass filters are based on the CEM 3320 integrated VCF, Its scale matches the VCO
scale of 1V/OCT, so is also adjusted in semitones by 83-mV DAC steps. Filter frequency is controlled by
three CVs summed by U433-7 FILT FREQ SUM. FILT 1 S/H is the Individual CV, FILT SUM CV is the
Common Analog output, and the P-MQD FILT switch can add a POLY-MOD CV. R4133 adjusts the FILT
FREQ SUM gain.

Details of the 3320 and associated components can be found on'its Data Sheet in the Appendix.
2-7 ENVELOPE GENERATORS

The FILT and AMP ENV GENs are based on the CEM 3310. Its output is a positive dc-voltage whose level
changes over the time periods set by the input timing CVs. When applied to the VCF and FINAL VCA,
the transient voltage determines the frequency and amplitude contours of the voice.

FILT ENV GEN output to the FILTER is controlled by the FILT ENV AMT VCA. (There is no comparable
attenuator for the AMP ENV GEN.) Note the P-MOD FILT switch is a redundant path for the FILT ENV
GEN output. The switch is provided for OSC B to modulate the FILTER.

Details of the 3310 and associated components can be found on its Data Sheet in the Appendix.

Note that the ATK, DEC, and REL times are controlled by 0 to -5V and the SUS level is set by 0 to +5V.
Accordingly, the computer inverts its normal 0 to +10V output so +10V corresponds to minimum, and 0
corresponds to maximum time, The resistor network shown for the AMP ENV GEN (R415, R407,
R402...R403) divides the 10-V range by two and performs the required negative level-shift. The FILT ENV
GEN is controlled in the same way.




2-10

2-§ AUDIO OUTPUT

As shown in Figure 2-4, the VOL CV follows a long path from its source on PCB 3 to the back panel, up
to the control panel, and back to PCB 4. |f external dynamic control such as a footpedal is used, it

(instead of U372) supplies VOL CV through R113. (When troubleshooting for no audio output, check J7).

R4545 in series with U481 minimizes the possibility of oscillation with capacitive loads. R4544 reduces
hum resulting when the Prophet is switched off but left connected to an energized amplifier.

2-9 MICROCOMPUTER SYSTEM DESCRIPTION

A microcomputer system consists of electronic hardware and program “software.” The microprocessor
(or CPU) constantly reads the program instructions from read-only memory (EPROM) which directs the
processing of inputs such as switch actions, knob settings and keystrokes into switch commands and CVs
for the synth. This section concentrates on hardware functions associated with this processing. The
assembly-language program itself is not covered in depth as it is proprietary. But knowledge of the
program is not required either to learn how the Prophet operates or to service it. In fact a good deal
about what the program must do can be inferred from a thorough understanding of what the hardware

does.

See Figure 2-5, If you are unfamiliar with microcomputers you might find it helpful to focus on the Data
Bus, to which the CPU, Memory, and all input/output (1/0) devices connect. All processing is
communicated over this bus. But since the bus can signify only a byte (comprised of eight bits) at a time,
data must be transferred sequentially, a byte at a time. Conflicts between data senders and receivers—
actually, bus drivers and latches—are prevented by Chip Selects (CS) generated by the Memory
Address, Input Port, and Output Port Decoders. Each memory device, bus driver or latch can only send
or receive data when its CS is active, and no two CSs can occur at once, Each CS is decoded from a
unique combination of Address and Control Bus signals. All memory devices have A0-A9 in common.
These lines signify up to 1024 (1k) addresses. Individual memory devices are differentiated by decoding
A10-A12 and -MREQ into CSs which select the appropriate 1-K block. The 1/0O Port Decoders share
A0-A5 with Memory, but only issue CSls or CSOs when -IORQ goes ow. While -MREQ and -IORQ
indicate Memory or 1/0 can “converse” with the CPU, -WR and -RD indicate the direction of the
transfer is from or to the CPU. |

The Scratchpad RAM contains tables which represent the status of the switches, keyboard and knobs.
In PRESET mode the Scratchpad’s switch and knob tables are loaded by data from NV RAM when the
current program is selected. NV RAM contains 40 such sets of programs. In PRESET pressing a switch or
turning a knob is an EDIT operation which changes the Scratchpad tables, but has no effect on the
original program in NV RAM unless the EDITed tables are specifically recorded (in place of the original
program).

Paragraphs 2-11 and 2-12 detail how the input circuits generate data which controls the synth through
the output circuits. Although it may take, for example, several thousand data bus operations to
completely scan the keyboard and establish the appropriate oscillator CVs, you perceive no delay
between a keystroke and the note produced because of the speed at which the program is executed.
The basic program “loops” every 6 ms (166 times per second) to maintain the current status of the
machine. Any status change such as a keystroke or control operation extends the loop time to about
11 ms.




CONTROL VOLTAGE DEMULTIPLEXER

SEG GATE W NTFC _ . Vidoc
CENTRAL PROCESSOR UNIT MEMORY T/70 PORT DECODERS DAC Iﬁ% sIT I%ABST |
ésy L G368yt UO5 L/ROE Y 2
ADDRESS BUS sz L;:m e y 7 ATKCV o3 TL_I>%
Lo w7 AB~A9 — e E Icm — Iﬂ‘#ﬁ
_ TCHPAD TIMER/ LOW VOLTAGEH#SV) § LOW VOLTAGEH5V HIGH VOLTAGE HI5V) o8 vdac = —
EPROM NORGM RAM SR EAM COUNTER IN PORT DECODER | OUT PORT SlobeRr | | B R SECheR Iout =23 sarew for —( ) R S O8 for
S Evoice VC-davi ~J BEonag VCFs
U3i2-U314 U30/-Li308 U316, U317 315 w2 /5 L322 ~CSOHE | En ::é i =
| ) ST A — ABC T —I-D—L)
AD-AS AG-AD i'"-J AQ-A9 A2, A Az [aste ; EOAEEEFEHEIT DAC gcszr E ;m
Z-80 3 Bx 2% 23>
2708 6508 2114 8253
a0 LL3E! e
D@-D7 DB-07 _ToRd ~en DEH
3-8
A 2] lomzl } =
DECODER ﬂ T L s ' Q0-G2{ E7H ABC
U3ie I & TORE
= ; E ) veor-v2os SEQUVIN ya7g a s B
AlO-At2 ABC | ~NV RAM y ’ J POT MUX :l‘\ INTFC ‘ :: ' 040 [TONE 10,12
WREG L -RAM | g | = CV
g —C E:::A . i = / ‘ %’E?N ENSER Y ADC CPR a ¢ X f -csous
= | ~TIMER TYPICAL o= Vimux vV DMUX/
A's ; / =% ADC HT 14~ LATCH o =
=_" (365 *——T Vdac Q0-Gz| 5/H T@-12
WD ‘ g ’ C AOCLO 2 L EN SEO CV
ROP stz | W@ luzag
P ;; / ADC INPUT § | cofrmE 1 —
TRI-STATE DATA BUS . & -csona] | —1
02-07 B “ o i e m e moomomoow o T e o T wo wo v R , ' ., 3 -
RESET g U204, ot 330 a0 KT A FRom
-gsouah, ™7 | -csoul -cszol, 6T | MISC INPUT —
43052 LEVEL SHIFTER faadback from
Q N __j BUS DRIVER 446 SEL L TUE MOX L A —/0 Voo
LED DRIVER LED SINK| | SW/KBD ROW SW/KBD'|s y—0—t T > 2T ¢ U259 | T A vtouts
LATCH LATCH| | DECODER| | BUS DRIVER| | e Frow i . .. ' E
DR ORI I PN © T2 PIPROGRAM LATCH @ @ PROGRAM LATCH | - TUNE MUX o
| 7l - ;> Py 24 6— i YOICE Us3¢ -
sY = C
MY 2 O JQ‘E J ‘ja * e viele —
74z — _ B < EXLETE COUNTER 2 YR | S| Jowrines
o L5 total time c __
5 MHz LED MATRIX SWITCH/KE YBOARD s \ | § -csoel f ol
C TER @ d GATE LATCH % PROGRAM LATCH 2
CLock MATRIX OUN § " a0 g U333
cycle countfer (one shot) __
TUNE =
_ 5 10 6
SRTE ﬁ —;Eﬁfm
Ve GATE 5 E —
-CSOHS -EmT
SEQ GATE | Lever rransLare isrosv

Figure 2-5
MICROCOMPUTER ABSTRACT SCHEMATIC

IN INTFC

L3/

GATE 5)

U330

v

NS 7o Py

2-11



2412

2-10 MICROPROCESSOR, MEMORY, AND 1I/0O INTERFACE

Please see Figure 2-5 and schematic SD331. The Power Detector (PWR DET) circuit controls CPU start-up
and shut-off through the Clock and -RESET signals. PWR DET also contains battery BT301 which provides
back-up power, Vnv, for Non-Volatile (NV) RAM. The NV RAM'’s low current requirement allows the

- battery a ten-year life expectancy.

WARNING! BT301 MAY EXPLODE IF SHORTED FOR ANY LENGTH OF TIME, ALTHOUGH IT WILL
USUALLY “JUST” VENT NOXIOUS GASES.

Vnv also powers U309, CMOS quad NOR gate. With power off, inverter-connected U309-10 is high. This
high and that through D301 make U309-13 low holding the CPU -RESET. -RESET initializes the CPU and

resets its program counter (PC) to execute the instruction in location 0000 once the Clock starts and
-RESET goes high.

When power is switched on the CPU CLOCK starts immediately because the lower power supply
voltages stabilize before the higher voltages. When power is switched off, the higher supply voltages
decay more quickly. If the CPU is being clocked while power rises or falls, the EPROMs could
conceivably cause spurious data to be written into NV RAM, since they operate on a higher voltage than
the CPU (+12V as opposed to +5V). Accordingly, PWR DET immediately resets the CPU when power
drops, and disables the NV RAM -CS (see below). Divider R303/R302 monitors the highest power supply
voltage, which must achieve full value for U309-10 to go low. This discharges C303 through R3-1 so after
about one second U309-3 goes high, starting the CPU. With the power on, D303 provides 5V for Vnv.

The Data, Address and Control Buses were basically described in the preceding paragraph. A0-A9set up
one out of 1024 addresses on all the memory chips, while the specific 1-K block CS is decoded from
A10-A12, -MREQ), and -RFSH. -MREQ actually signifies the Address Bus indeed holds a valid address for
a memory read or write operation. Intended for use with dynamic RAMs, -RFSH indicates the Address

Bus instead holds a refresh address. Therefore to enable any memory, -MREQ must be low and
—RFSH high.

A15, the most significant Address Bus line is gated with the ENABLE RECORD (ENA REC) signal through
U320-11. ENA REC is pulled high by R308 unless grounded by the back-panel RECORD
ENABLE/DISABLE switch which, of course, prevents unintended recording into NV RAM. Gating A15 in
this way means that although NV RAM is read from memory addresses 0C00-OFFF(H), it is written into

‘through addresses 8C00-8CFFF(H)—rather than just relying on the usual -RD and -WR signals.

-WR indicates the Data Bus holds valid data to be stored in the addressed memory or 1/0 device, -RD
indicates the CPU wants to read data from memory or an 1/0 device. -IORQ indicates A0-A7 hold a
valid address for an 1/0 operation. The -INT input is discussed in paragraph 2-15.

The Probhet’s program is contained in three 2708 1024 x 8-bit ultra-violet erasable programmable

read-only memories (EPROM) occupying addresses 000-03FF (ROMO), 0400-07FF (ROMT1) and

0800-0BFF (ROM2). Since no write operations are performed into ROM, the appropriate CS is sufficient
to place an instruction on the bus.

THE NV RAM which holds the patch programs is made from eight 6508 1024 x 1-bit CMOS static RAMs.
Total current demand on the backup battery is 10 uA, or less. Many steps have been taken to protect NV,
although cassette storage makes a catastrophic NV RAM failure unnecessary.

TECHNICIANS SHOULD BACK-UP PROGRAMS THROUGH THE CASSETTE INTERFACE BEFORE
SERVICING. (IT TAKES ONLY TWO MINUTES.) PLAYERS SHOULD BE ENCOURAGED TO BACK-UP
THEIR PROGRAMS ON CASSETTES AND/OR ON BLANK PANEL DIAGRAMS (INCLUDED IN
OPERATION MANUAL]), SINCE [T IS ALWAYS POSSIBLE FOR PROGRAMS TO BE LOST THROUGH THE
COURSE OF SERVICE.



