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About This Manual and Servicing The Prophet

The Prophet is a sophisticated instrument, and SEQUENTIAL CIRCUITS INC, issues its technical
manual for use by qualified technicians only.

Of course the manual will also be read by Prophet owners and others interested in synthesizer design.
And we realize it will also be used by some to modify their instruments.

While we support this innovative attitude in spirit, we cannot support it financially. Madifications 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.

The manual is organized as follows:

SECTION 1 describes the Prophet’s physical organization and procedure for its complete disassembly.
SECTION 2 covers principles of the system (hardware and software) design.
SECTION 3 contains complete schematics and pictorials identifying all components.
SECTION 4 explains how to tune and adjust the Prophet for optimum musicality.
SECTION 5 oifers aid in identifying and correcting malfunctions.
. SECTION 6 is included for you to order replacement parts from SCI.

Your response to the Manual User's Questionnaire on the next page will help us monitor our
publication’s usefulness.
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Section |

Mechanical Procedures

1-0 GENERAL

This section shows how to remove the Prophet's main assemblies. Mot all of the procedures given
here should be necessary at any one time. For most service situations you will only need to separate
the top and bottom panel assemblies and arrange them as shown in Figure 7-0. This configuration,
discussed in paragraph 1-2, allows access to all trimmers on PCB 4, VOICE BOARD (Figure 7-7).

For more extensive service you may have to “swingout” or completely remove PCB 4. Procedures
below show how to do either, also, how to remove the remaining assemblies: PCB 3, COMPUTER
BOARD, PCB 2, LEFT and PCB 1, RIGHT CONTROL PANELS, PCB 6, POWER SUPPLY BOARD (PSB),
and the KEYBOARD (KBD).

Cenerally, each procedure gives disassembly or removal instructions only. It is assumed that re-
placement procedures are just the reverse,

Sections 2-5 of this manual assume that you are familiar with the Prophet’s mechanical design as
covered in this section.

1-1 PRECAUTIONS

Observe the following precautions when working on the Prophet:

* To prevent damage to the top panel, keyboard, or woodwork, use a carpetted or similarly-covered
work surface when opening the cabinet.

e Set 5701, power switch, OFF, and check 5702, 115/230V, on the back panel of units 184 and above
before connecting to power outlet.

e Never switch line voltage with instrument power on.

e Trimming and tuning must, of course, be performed with power on. 5o, avoid the power supply
primary circuitry, which conducts lethal voltages.

® Switch power off before disconnecting or connecting any internal circuitry, or removing or in-
stalling PCBs.

e 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 instru-
ment and desolder from both sides. Use a vacuum syringe or DIP desolderer, Don't overheat the
pads. WORK CAREFULLY.

® Remember that in service position, the top panel assembly balances on its rear edges. Don't
upset this balance by pushing too hard when trimming.
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1-2 SERVICE POSITION

To set up the Prophet for service first switch power off and turn instrument over to expose bottom
panel, Figure 1-0 identifies (*) screw hole locations around the per imeter of the bottom panel.
Remove eleven bottom panel screws.

Holding top and bottom panel assemblies together, turn the Prophet right-side-up again. Remove
four screws (*) along the top edge of the back panel. Slowly slide the top panel assembly forward
— about six inches — so when raised, the control panel knobs will clear the power supply capacitors.

Raise the top panel assembly to service position shown in Figures 1-0 and 71-7. For best stability both
top panel side back edges should rest on the bottom panel. The top panel upper edge rests on a
cable from the back panel. This is normal; but a small (half-inch) prop may be added to support the
top panel edge, and perhaps improve stability,

WARNING
LETHAL VOLTAGE 15 PRESENT IN THE POWER SUPPLY PRIMARY CIRCUITRY. BE CAREFUL.

The instrument can operate normally in this position. As shown in Figure 1-1, PCB 4 is completely
accessible for trimming (see Section 4).

PCB 3 W703 PCB 4
COMPUTER PCB 3/4 VOICE
BOARD P303 *® INTERFACE BOARD K

] LI [ i
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T i el

BACK VOICE
PANEL POWER G * *
CABLE CABLE

Figure 1-1
Service Position




1-3 PCB 4 VOICE BOARD SWINGOUT OR REMOVAL

Although most trimmers are accessible when the Prophet is opened, PCB 4 may be swung out to
access PCB 3 trimmers which are otherwise concealed. For this setup, switch power off, remove

. five screws identified (*) in Figure 7-1, and position PCB 4 as shown in Figure 1-2. Do not strain the
audio output cable which connects to the back panel. Power may be switched back on in this con-
figuration.

To remave PCB 4 completely, switch power off and disconnect voice power cable at PCB 3 (Figure
1-7). Also remove W703, with a gentle “see-saw’’ motion at P303. Then detach audio output cable
at quick-disconnects J709/P402 on back panel ]701 AUDIO OUT (Figure 1-0). When reconnecting
voice power cable, be sure tabs interlock.
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Figure 1-2
PCB 4 Swingout




1-4 PCB 3 COMPUTER BOARD REMOVAL

PCB 13 is held by the six screws identified (*) in Figure 1-3, and by direct connection to PCB 2. behind
it, (See 301, Figure 1-3 and P20, Figure 1-4.) To remove PCB 3, disconnect back panel and wheel

. cables, remave screws, and pull at the standoff indicated. also using a “'see-saw’” motion to mini-
mize stress along the board.

When replacing PCB 3 be sure |301/P201 pins are correctly mated before fastening screws. Align-

ment is insured by matching screw holes with their standoffs. Remember to reconnect the wheel
cable, too, before replacing PCB 4. When reconnecting back panel cable, be sure tabs interlock.
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1-5 PCB 1 AND 2 CONTROL PANEL REMOVAL

Once PCB 3 and 4 are removed, CONTROL PANEL removal involves pulling off all knobs, unscrew-
ing all potentiometer mounting nuts for either or both panels (using a half-inch nutdriver), and
. removing the screws identified (*) in Figure 1-4.

You may be able to avoid removing both panels by taking advantage of W701, the flexible intercon-
nect between them (Figure 1-4). Also, Section 3 of this manual includes pictorials identifying panel

components from the solder side — that is, as the control panels are normally mounted.

When replacing be sure all potentiometers fit carrectly through the front panel and check switch
action before tightening any potentiometer nut,
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Figure 1-4
PCB 1 and 2 Removal




1-6 PCB 6 POWER SUPPLY BOARD REMOVAL

PCB 6 is held to the bottom panel assembly by two capacitor clips and by five regulator mounting
screws. S50, removal for companent replacement requires unmounting all regulators from the back

. panel. Figure 7-5 details regulator installation. Note that the regulators are electricaily insulated
from the back panel.

After repair, you can check power supply output before installing on back panel.

CAUTION

DO NOT OPERATE THE UNLOADED POWER SUPPLY FOR LONG PERIODS WITHOUT HEAT-
SINKING THE REGULATORS. NEVER OPERATE THE SUPPLY UNDER LOAD WITHOUT HEAT-SINKING.

When replacing PCB 6 check regulator insulation from back panel with an ochmeter before apply-
INg power.
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Figure 1-5
. Regulator Installation




1-7 KEYBOARD REMOVAL
After removing PCBs 3 and 4, turn the top panel assembly over and disconnect W702 (Figure 7-4).

Figure 71-6 details keyboard mounting. Remove keybed supports, both ends, by first removing key-
. bed screws then rear keyboard mounting screws. Then remove front keyboard mounting screws.
The entire keyboard will slide out of the case — and back in — as shown in Figure 7-7.

NOTE

During this operation the J-wires (Figure 1-6) for the lowest and highest keys are vulnerable to damage
through collision with the keyboard mounting brackets. When replacing, check |-wires at each end
of keyboard for contact with bus bar. Also, remember to attach wheel ground lug.

R702
MOD
s FRONT
e
R70!
PITCH OB

WHEEL N - | e e,
GROUND e T T T B
LUG

REAR KEYBED KEYBED KEYBOARD
KEYBOARD SCREW SUPPORT MOUNTING
MOUNTING BRACKET
SCREW
Figure 1-6
. Keyboard Mounting

18




T gt lv_n.-.h..-r__.w.-u._.. e

Keyboard Removal

Figure 1-7



TO TO ,
ADDITIONAL

ADDITIONAL ADDITIONAL
VCOs ENV GENs HARMONICS
/N N
vCO D S
. G IT60 HI e
INIT FREQ J
&
ENV GEN
¢ N
VCO C YA
@ 1320 Hz | 0, MIXER -%/1 440-Hz
INIT FREQ O20E
&
ENV GEN
pe T~
. VCO B Vi
880 Hz
VCA
INIT FREQ J
L
FREQ
CV ENY GEN
® |
VCO A 7“\/“‘ Ao
@ Rz | vca
INIT FREQ
? .
KBD GATE/TRIC & ENV GEN
. Figure 2-0

Maonophonic Additive Synthesis

2-2




440
/ Hz 440-Hz

VCO /] "0BOE"
5 6 —d9' LOW-PASS / VCA >

VCF
INIT FREQ
r'/ < 4
FREQ
cv
ENY GEN ENV GEN
KBD
GATE/TRIG
Figure 2=|

Monophonic Subtractive Synthesis

Besides a dynamic envelope, a musical voice usually has a timbre which consists of a ’rundaf'ner_nai

. pitch and a number of harmonics — all of varying relative strengths. Pitch and timbre s.ynthe_sas raises
3 distinction between two techniques, shown in Figs. 2-0 and 2-7. The first, additive synthesis, might
create a timbre by summing the output of several sine-wave VCOs for the fundamental an:d 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 filter.

The additive and subtractive techniques have encouraged the development of two types of inﬁtr].l-
ments, roughly, “studic”, and *'peformance”. Since one can individually cpntrul each harmaonic,
additive synthesis may be potentially more accurate for synthesizing a particular sﬂund,IWhether
they are additive or subtractive, studio synths may be configured from ::lazensl of madules intercon-
nected by “patch cords”. The modules have knobs to establish the initial settings nf_‘ul'lfil-pararneters
such as frequency (INIT FREQ), pulse width (PW), and resonance (RES). But ths: flexibility and com-
olexity of modular synths discourages 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 an a modular synth. 50 tlheme often m{]ni:lrphﬂnlﬂ
synths instead feed multi-track recorders on which polyphanic interpretations or compasitions are
actually orchestrated.

A comparison of the number of modules and interconnections depicted in Figs. 2-0 and 2-7 shows
why the subtractive configuration has become the popular technigue for performance synths.
Obviously, subtractive synths may be far more portable and their patches will not be as elaborate.
Originally, these synths were monophonic. Or they exploited organ technology so more than one
note could be played atatime. “Preset’ switches that select fixed patches supplanted many modular
controls. Though one could certainly change sounds quickly using them, many players found preset
synths unsatisfactory because they eliminated an essential part of synth musicianship. Some manu-

. facturers 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 polyphanically.

2-3
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. 2-2 THE PROPHET

The Prophet is a subtractive, performance and studio analog synth. [t provides instantaneous patch
repeatability and polyphonic capability without the limitations of organ technology or fixed presets.

Fig. 2-2 shows 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 microcomputer
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 independent CVs and GATEs from a single keyboard. Common
analog circuitry mixes the few controls not processed by the system with processed control signals
from the voices. These patch the five voices to sound fundamentally alike (homophonous) with,
typically, pitch differences corresponding to (at most) five simultaneously held keys.

Fig. 2-3 specifies the principle functions of the four main blocks. Beginning with the voices, their
outputs are combined and overall volume set by a VCA controlled directly from the front panel.

Each voice is a complete synth with two VCOs, a MIXER, VCF, FINAL VCA, and two ENV GENs but they
are patched homophonously by common switch (5) signals and CVs. Each voice also has its own
KEY CV which provides polyphanic pitch infarmation, and GATE, which signals that the key is being
held. All § signals and most CVs are generated by the computer. The common CVs include master
tuning (MTUN), pitch-bend (P-BND), wheel controlled modulation (W-MOD), which are mixed in
the COMMON ANALOG circuitry. The COMMON ANALOG circuitry also requires a few 5 signals.

The microcomputer performs the tasks of voice assignment, It decides which held keys sound which
voices through their KEY CVs and GATEs. The computer assigns VOICE 1 to the first key held, 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 vaice. Far

. example, holding C, D, E, F, and G, sustains voices 1-5, respectively. Adding A “steals” VOICE 1 from
the C which "disappears”, even though it may still be held.

2-4
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In UNISON mode the KEY CVs are switched off. Instead, the UNISON CV supplies all pitch control
through the COMMON ANALQG circuitry. Also the GATEs are tied together, so all ENV GENs trigger
simultaneously.

Patch CVs and 5 signals originate from either of two places inside the microcomputer, depending
upon the operational mode. The central processor unit (CPU) implements these modes, as controlled
by the programmer — grey — switches. In MANUAL mode the CVs and 5signals directly follow the
programmable — black — knobs and switches. If desired the patch may be recorded into the non-
volatile program memory (NV PRGM RAM). Then in PRESET mode, the programmer selects data in
NV PRCM RAM which patches the voices.

Below, paragraphs 2-3 through 2-15 will explain the voices. common analog circuitry, control
panel/keyboard, and the microcomputer system in more detail. Paragraphs 2-16 through 2-24 will
then note hardware functions. Throughout these descriptions vou will often read that “the computer
... ([does this or that)”’, without it being explained why. Very often, the reason for this is that the "why"'
lies in the microcomputer program itself, And except for the most general remarks, the program will
not be detailed.

NOTE: The Prophet software is proprietary information. Knowledge of it is not required to either
learn how the Prophet operates or to adjust or repair it.

2-3 VOICE FUNCTION

To understand what the microcomputer system does ane may first learn what signals the voices
require. VOICE 1is used for explanatary purposes. (Except for circuitry on VOICE 5 enabling it to be
controlled by an external sequencer, the Prophet’s five voices are functionally identical).

NOTE: Throughout this manual OSC A and B stands for OSC 1 and 2 marked on the control panel.
Also the terms OSC and VCO, FILT and VCF, AMP and FIN VCA, are used interchangeably.

Fig. 2-4 diagrams a single voice and should be referred to for paragraphs 2-4 through 2-9 below. Four
types of functions are shown: 1) VC-modules; OSC A, O5SC B, VCF, FIN VCA, and the FILT and AMP
ENV GENs; 2) CV summers (SMRs) which combine the various CVs for OSC FREQ or PW, or FILT FREQ;
3) Control VCAs, each shown as atriangle with a “CV" line, used for setting audio or other CV levels;
and 4) Solid-state analog switches, each shown as a box with an “S” line. A binary 1 or HIGH logic
signal on the 5 line closes the path between the switch’s input and output. These switches make it
possible for binary data from the computer to patch the voices.

The only independent CV inputs to a voice are its KEY CV and oscillator BIASs. All other CVs are
common to all voices. For example, the FILT ATK CV is the same for all five FILT ENV GENs.

The Praphet has two distinct and separate modulation systems, W-MOD (WHEEL-, monophonic) and
P-MOD (POLY- or polyphonic). W-MOD uses a single LFO (or noise source) whose output, through
the COMMOMN ANALOG circuitry, affects all voices identically. On the other hand, P-MOD estab-
lishes the same modulation “patch’ within each voice using the five separate FILT ENG GENs or
OSC Bs. The minute differences between for example, oscillator phasing, creates varied modulation
between the voices. P-MOD is discussed below, W-MOD in paragraph 2-10.

2-4 OSCILLATOR A (OSC A)

O5C TA's FREQ is controllable by four CVs. A SUM CV originates in the COMMON ANALOG cir-
cuttry. It is the sum of the W-MOD, P-BND, MTUN, OSC A INIT, and UNI CVs,

The second signal to OSC A's FREQ SMER is the KEY 1 CV, which carries polyphonic pitch information
for each voice. As mentioned under 2-2, when playing in UNISON mode, KEY 1 CVis switched off and
UMNI CV = through A SUM CV — becomes the principal FREQ CV.

Fad
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BIAS 1A is one of the ten BIAS outputs from the Prophet’s tuning circuitry. Explanation of the auto-
matic tuning process must be left until computer functions have been described. For now, it is suf-
ficient to know that BIAS is 2 minute CV which corrects pitch deviations throughout the oscillator
range. The BIAS has a little over a semitone in range.

Fourth, OSC A FREQ can be controlled through the P-MOD circuit. A switch applies a CV_ mixed
from either the FILT ENV GEN or OSC B outputs to the A FREQ SMR.

The A PW SMR combines the PW A INIT CV, which follows the setting of the O5C A PW knob, with
LFO or NOISE modulation from the W-MOD circuitry. A P-MOD switch parallel to that for FREQ A
functions similarly for PW A.

When activated, OSC A SYNC switch allows OSC A to tune only to harmaonic frequencies of O5C B,
or changes OSC A's timbre when the two are not in harmonic relation.

OSC A has positive-going sawtooth and pulse outputs switched to the MIX OSC A AMTVCA, This CV
follows the MIX OSC A knob setting.

2-5 OSCILLATOR B (OSC B)
OSC B function is similar to O5C A except that O5C B can be a CV source, as well as an audio source.

A switch in the KEY 1 CV patch disables polyphonic tracking when OSC B is to be used as a fixed-
frequency oscillator. In such cases a switch in the OSC B MSUM circuit also subtracts UNI CV from
the B SUM CV. LO FREQ operation is also enabled by a switch in the B MSUM circuit.

OSC B PW is unaffected by P-MOD, so a summer equivalent to the A PW SMR is not required.
PW B CV results from PW B INIT CV and PW B W-MOD CV, combined in the PW B M5UM.

OSC B has a bipolar triangle-wave output in addition to the positive-going sawtooth and pulse
outputs. The P-MOD OSC B AMT VCA sets CV level to the destinations selected by the three P-MOD
switches,

2-6 FILTER ENVELOPE GENERATOR (FILT ENV GEN)

The FILT ENV GEN is a four-stage ADSR transient CV source. GATE 1 is a binary signal which goes
HIGH whenever that key to which the voice is assigned is pressed. GATE is also applied to the TRIG
input through a pulse-forming network containing C402. When GATE first appears, the resulting TRIG
pulse actually starts the ADSR sequence.,

The ATK, DEC, and REL periods are exponentially controlled by the CVs shown. The 5US level is
linearly controlled by the FILT SUS CV. The SUS period continues for as long as GATE is present (key
down) after the ATK and DEC pericods. The REL period starts when the GATE is turned off (key up).

FILT ENV GEN cutput to the FILT is normally controlled by the FILT ENV AMT VCA. As mentioned
above, the P-MOD FILT ENV AMT VCA allows the FILT ENV GEN to madulate OSC A FREQ or PW.
MNote that the P-MOD FILT switch is a redundant path for the ENV GEN output. This switch is intended
to allow OSC B to modulate the FILT.

2-7 FILTER (FILT)
There are four audio inputs to the FILT: 1) NOISE, whose level is controlled elsewhere; 2) OSC A; and

3) OSC B, whose levels are controlled by their MIX AMT VCAs. Fourth, the FILT output is fed back to
the input by the RES FDBK VCA to sharpen FILT resonance.
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FILT cutoff (CTF) FREQ is controllable by several CVs combined in a SMR similar to those for OSCA
and B. FILT SUM CV results from UNI, W-MOD, and FILT CTF CVs. A switch in the KEY CV path
disables polyphonic tracking. In such cases a switch in the FILT MSUM circuit also subtracts UNI Ccv
from the FILT SUM CV.,

As mentioned in paragraph 2-6, the FILT ENV GEN modulates the FILT through the FILT ENV AMT VCA,
and OSC B is effective through its P-MOD VCA and P-MOD FILT S.

2-8 AMPLIFIER ENVELOPE GENERATOR (AMP ENV GEN) AND AMPLIFIER (FIN VCA)

The AMP ENV GEN functions exactly like the FILT ENV GEN (paragraph 2-6). Its transient output
determines the amplitude contour of the FIN VCA,.

2-9  AUDIO OUT (AUD OUT)

The final audio stage sums the output from all the voices, adjusts their overall level with the VOL VCA,
and amplifies the signal to drive an amplifier. (Besides by knob, volume may be controlled by an
external CV source, such as a voltage pedal.)

2-10 COMMON ANALOG

The COMMON ANALOG circuitry includes the OSC A, B, #MND FILT master summers (MSUMSs),
GLIDE circuit, and the wheel which controls noise (NSE) or low-frequency oscillator (LFO) modu-
lation (W-MOD).

The MSUMs allow simultaneous pitch control and modulation of the VOICES. ASUM CV, the
common OSC A frequency CV, consists mainly of the OSC A INIT CV which follows the OSC A FREQ
control. The P-BND or MTUN controls effect pitch adjustment. When in UNISON mode, the indi-
vidual voice KEY CVs are switched off, and UNISON {(UNI) CV follows the keyboard. Increased
GLIDE CV delays quick changes in UNI CV. W-MOD output is added to A SUM CV when the W-MOD
FREQ A switch is closed,

OSC B MSUM is similar to OSC A, OSC B INIT CV, P-BND, and MTUN are combined in the same
manner. The OSC B KBD switch is closed for keyboard tracking in UNISON mode. For LO FREQ
operation, a switch applies negative voltage to the SMR. O5C B FINE CV allows vernier frequency
control of OSC B alone. '

The FILT MSUM combines the FILT CTF CV, which follows the FILT CUTOFF knob, with UNI CV if FILT
KEYBOARD tracking is selected.

PW A MSUM is implemented on each voice, since it includes P-MOD circuit output. PW B MSUNM
only needs to add OSC B PW CV with W-MOD,

The W-MOD signal switchable to OSC A, B or FILT FREQ and OSC A and B PW contains NSE or LEO
output as determined by the SRC MIX CV, CVinversion to the W-MOD LFO VCA allows NSE and LFO
levels to move in opposite directions. As SRC MIX CV increases, NSE output increases but LFO output
decreases. Pink (PNK) NSE is used for modulation. The MIX NSEVCA adjusts white (WHT) NSE level to
the voices. The LFO is similar to the voice VCOs .




2-11 MICROCOMPUTER SYSTEM

Itshould be clear from the above that operation of the Prophet’s analog circuitry requires only some
CVs, GATE signals, and logic signals for the switches.

You don’t need a computer to sound the voices. In a previous synth generation the required signals
might be provided by patch cords, mechanical switches, potentiometers, and a voltage-divider
keyboard. But such control would not usually be programmable or polyphonic, and that is why the
Prophet has a microcomputer system. “System” refers to the combination of electronic hardware and
computer software, or, program,

Figure 2-6 fills out the main elements of the microcomputer system and its input and output (1/0)
circuitry. If you are unfamiliar with microcomputers you might find it helpful to focus on the DATA
BUS (DB). Physically, this is a set of eight parallel wires carrying digital signals between the Z-80 cen-
trol processor unit (CPU), memary (PROM, RAM), and (1/0) devices.

Obviously, not all of the information transferable between data-bussed circuits will be able to be
communicated simultaneously. This would be like trying to hold a telephone conversation over a
party line with a dozen others. Control signals from the MEM ADR, IN PORT, and OUT PORT
decoders allow “conversation” between the CPU and any one other data-bussed device by, in effect,
inhibiting devices not involved with the conversation. In short, the decoder signals tell the MEM and
I/O devices when they are supposed to place data on the bus, or when data is intended for them.,

Let's see what takes place to sound a single key. The CPU, of course, runs everything according to
unalterable program instructions contained in erasable/programmable read-only-memaory (EPROM).
(The program is actually a continuous “loop”.) The CPU places data and addresses on those busses,
and activates the -IOREQ and -WR signals. This produces CS8 from the OUT PORT DCOD, which
latches the data into the keyboard, switch, and LED matrices. The matrix converts (digitizes) key
strokes into binary data. The address changes, -IOREQ and, this time -RD are activated. This produces
-C5Efrom the IN PORT DCOD, driving matrix data representing the key held on to the bus. The CPU
performs calculations on the matrix data to determine the actual position of the key pressed. It then

places the key number into the SCRATCH PAD RAM by supplying an appropriate address and -MREQ
to the MEM ADR DCOD, and -WR.

To sound the note the key number is read from the SCRATCHPAD and latched to the digital-to analog
converter (DAC) when the QUT PORT DCOD issues CSC. VDAC, an analog voltage corresponding to
the latched key number, is distributed by the CV DMUX to, in this case, KEY 1 CV, CV DMUX ad-

dresses are also latched by command from the OUT PORT DCOD. Finally, the GATE signal is latched
off the bus. ;

All of this activity is yet a minute portion of the whole loop. Of course, the program must be constantly
read from EPROM. In PRESET mode, the CPU also reads patch CV and 5 data from the NV PRGM
RAM. In MANUAL mode, the loop also includes a scan of the black switches and knobs. In either
mode, data output also operates the LEDs,

Although these operations are sequential, you perceive no delay between, for example, the key-
stroke and the note produced because of the speed at which the program is executed. The program
loops about 100 times each second in MANUAL mode, and about 140 times in PRESET. (This amounts
to about 350 to 475,000 DB operations per second.)

Paragraphs 2-12 through 2-15 describe output and input circuit functions in more detail.

2-12 CONTROL VOLTAGE (CV) and SWITCH (5) SIGNAL GENERATION

The analog circuitry and microcomputer system have been outlined. This paragraph concentrates on
the form computer data must assume in order to control the voices.
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Computer output consists of CV and switch (5) signals. All circuits which extract data from the micro-
computer system are based on the latch. The latch is 2 one-address digital memory, used to hald data
for an outpt circuit during the period when the CPU is busy with other operations, Latched data is
“refreshed” every loop. For example, a single latch may capture ON/OFF commands for six switches.
The switch commands remain valid until the CPU next sends data to the latch.

The DAC's basic function has already been introduced — it converts computer data to an analog
voltage. But the synth requires 41 CVs. Forty-one DACs, each connecied to a CV desination, could be
used. More efficiently, the Prophet uses one DAC and a CV demultiplexer (CV DMUX) to distribute
the DAC output, VDAC. VDAC assumes the value of all 41 CVs during each program loop. (SeeFigure
2-2, below). Since CV distribution is sequential, an analog equivalent to the latch is also required.
Forty-one sample-and-holds perform this function. Each 5/H maintains a specific VDAC value during
the period when the CPU is otherwise occupied. The CV output remains constant until the 5/H s
strobed (refreshed) during the next loop.

To exemplify the process, suppose the FILT ATK CVis to be set 1o 7.083V. In MANUAL mode this value
would originate directly from the control knob. In PRESET, this value would be read from the
NV PRGM RAM. [n either case, the CPU places the binary number 1010101 on to the DATA BUS, and
the OUT PORT DCOD issues CSC. This causes the DAC LATCH Q outputs to follow the state of the
DATA BUS — until the next appearance of C5C.

The latched bits drive a level amplifier consisting of transistors operated from a voltage reference.
This stage insures that the normally uncritical digital signals are equal and constant. Thus; the level
amp output is “precisely” low or high, following the latched bits. The R-2R ladder binary-weights the
current through each ladder “rung”, so VDAC, through U328, assumes the value shown. In the
example, the bit patern 1010101 converts to a VDAC of 7.083V. The current addition performed by the
ladder is shown.

The exact DAC scaling is 1/12V (83.3 mV) per step. This was chosen for convenience in controlling the
OSC and FILT FREQs, which are scaled at 1VW/octave. With these values, each step results in a fre-
quency change of exactly one semitone. (Which is why the OSC FREQ knobs adjust in semitones.)

The 7-bit DAC has a range of 128 steps, thus 0 - 10.583V (127 X 1/12V). In actual practice the DAC MSB
is not used for frequency control since only about half the full range is needed to represent either the
five-octave {61 note) range of the keyboard or the OSC (INIT) FREQ knaobs.

Returning to the example, the CV DMUX can be thought of as asingle pole, 41 position rotary switch
in which the switch position (address) is controlled by data from another set of latches. The address
currently routes VDAC 1o the first DMUX output, to which is connected the sample and hold (5/H).

The 5/H is a short-term analog memory comprised of a low-leakage capacitor and a |-FET-input
operational amplifier, nicknamed a BIFET. The BIFET has an extremely high input impedence —
several thousand megohms — and is configured for unity gain. With VDAC applied, the FILT ATK CV
ideally equals 7.083V.

To output the next CV, first the CV DMUX address changes, the new data is latched to the DAC. In the
meantime C1 holds its charge, since there is no leakage path. The 5/H output voltage thus remains
constant. C1's valueis large enough to hold the charge for at least 10 ms {the CPU “scan” rate), but low
enough so it quickly recharges to a higher or lower VDAC when it is next strobed. The process con-
tinues for the remainder of the $/Hs. In summary, though the CPU generates CVs sequentially, the
5/Hs make sure that the analog circuitry never knows the difference.

To generate switch commands, a latch alone is used. The Q outputs connect 1o the Scontrol lines. The
latched data 1071070 would therefore close (1) three corresponding switches and leave three open (0).
Unlike the DAC, the switches don't care about the actual numerical value of the data, since each
switch is anly connected to one bit. In other words, the same data which represent a4 CV value of
3.500V (101070 x 1/12V) 10 the DAC, stands for a combination of OFF/ON ¢ommands when laiched
instead to swirtches.
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2-13 CONTROL PANEL MATRICES

This paragraph describes how the computer “scans” the control panelto Ie?rn u:r}hatl’ﬁ: eys or switches
have been pressed, and to light the LEDs imbedded in switches (that are “ON".) Figure 2-8 block-
diagrams the control panel. You may also want to consult the schematic, SD212 (page 3-11).

A matrix is an area of signal lines with devices connected diagonally where they cross. SD212 clarifies
the arrangement. Consider the keyboard matrix first. One side connects to SWITCH DRIVER latches
U209/12, the other to drivers U204/5. (Bus drivers are functionally similar to latches. When clocked,
they place data on the bus.) To read the keyboard, the CPU places the number 00000001 on thu_a bus,
and supplies CS8. The SWITCH DRIVERS hold the first matrix line, DX0, high. Whateuer‘keys in the
row are held will place 1 an their connecting columns, DY0 - DY7. For example, if DO is held, the
number 00000100 will be driven on to the bus when -CSE appears. (If more than one key in a row is
held, the CPU subtracts to find the actual combination.) After reading row DX0, the CPU activates
row DX1 with the number 00000010, and CS8, and reads the matrix output again with -C5E.

The matrix diodes prevent switched bits from returning through other closed switches on the same
column, which would activate other rows.

Control switches are read in the same manner as the keyboard switches, except using another driver
clock, -CSD.

To light the switch LEDs, one row is activated low through inverters, and the LED DRIVER latches
U208/11 supply the necessary high signals. The LEDs are therefore not constantly lit, they only seem so

due to persistence effects accompanying our sight.

For PRESET operation, data representing selected switches and their corresponding LEDs is read from
the NV PRGM RAM,
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2-14 POTENTIOMETER MULTIPLEXER (POT MUX)
AND ANALOG-TO-DIGITAL CONVERSION (ADC)

The POT MUX and ADC allow the computer to read and therefore record knob settings for a patch.
They are only active in MANUAL and EDIT mode. During PRESET, data for knob settings is read from
the NV PRGM RAM. Four pots are not involved in this stage: VOL, and'P-BND, W-MOD, and MTUN

(which are in the COMMON ANALOG circuitry). The remaining 24, all having black knobs, connect
to the POT MUX,

The POT MUX and ADC can be thought of as the reciprocal of the DAC and CV DMUX. The POT MUX
sequentially connects each pot wiper to the ADC, which provides a 7-bit (0 - 127) representation of its
setting. Addresses specifying the POTs to be sampled are latched off of the DATA BUS by U210, when
clocked with CSA from the OUT PORT DCOD. The ST CONV signal, latched elsewhere in the
computer, tells the ADC to start converting VMUX. Inside the ADC a binary counter increments until
an external comparator finds its analog equivalent equal to VMUX. The comparison stops the
counter, and sends END CONV to the interrupt (-INT) pin of the CPU. The IN PORT DCOD issues C5SF,
driving the counter value on to the bus for recording into the NV PRGM RAM. The POT MUX selects
the next pot, and conversion again begins with 5T CONV.

Since the ADC counter increments until it matches VMUX, the conversion time for pots with higher
settings will be longer than for those with lower settings. (See Waveforms 2-1, below.) Under inter-
rupt control, the loopis not delayed by changing conversion times. The CPU will continue to execute
instructions throughout the conversion period.
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