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ALIGNVMENT INSTRUCTIONS

The trimpots referred to in the following instructions may be located on the 949's
circuit boards by consulting the topological drawing in the section on each board.

AUDIO ALIGNMENT

NOTE: For the following adjustments both FEEDBACK level controls should be OFF, DELAY
should be set to zero for each output, and ALGORITHM 2 should be selected unless
otherwise indicated,

COMPRESSOR DISTORTION AND LEVEL ADJUSTMENT

1) Apply a +6dBm 1kHz low=distortion sine wave to the 949,

2) Turn the INPUT LEVEL knob until the sine wave appears clipped at the COMPRESSOR
input.

3) Reduce the input signal level by 3dB,

4) Adjust the COMPRESSOR GAIN trimpot (G) so that the red LIMIT LED Jjust begins to
light.

5) Attach the distortion meter to the COMPRESSOR output,

6) Adjust the HIGH FREQUENCY DISTORTION trimpot (H) for minimum distortion.

/) Reduce the input sine-wave frequency to 100Hz,

8) Adjust the LOW FREQUENCY DISTORTION trimpot (L) for minimum distortion,

9) Repeat steps 4=8 as necessary.

OFFSET ADJUST

1) Apply a 1kHz, +6dBm sine-wave to the 949,

2) Adjust the INPUT LEVEL pot so that the LIMIT LED begins to |ight,

3) Reduce the input signal level by 45dB.

h) Adjust the OFFSET trimpot so that the yellow PRESENT LED just turns off or is
flickering.

NOTE: If a significant adjustment of the OFFSET trimpot (greater than 10 degree
rotation) is necessary, the COMPRESSOR DISTORTION AND LEVEL ADJUSTMENT should be
repeated,

MAIN OUTPUT DISTORTION AND LEVEL ADJUSTMENT

1) Se;ect MAIN OQUTPUT RANDOM FUNCTION, KEYBOARD CONTROL MODE (PITCH RATIO should read
1.000),

2) With a 1kHz signal applied to the input, set the INPUT LEVEL pot so that the top
GREEN level LED just begins to turn on.

3) Adjust the MAIN OUTPUT EXPANDER GAIN trimpot (G) for a peak=to=peak swing of 20
valts,

4) Reduce the input signal by 3dB and adjust the HIGH FREQUENCY trimpot (H) for
minimum distortion.

5) Reduce the input frequency to 100Hz.

6} Adjust the LOW FREQUENCY trimpot (L) for minimum distortion,

7) Increase the input signal by 3dB and re-adjust the GAIN trimpot for a 20 volt
output swing.

8) Select DELAY FUNCTION

9) Adjust the DELAY LEVL trimpot on the top board, HD921, for a 20 volt output swing.

DELAY OQUTPUT DISTORTION AMD LEVEL ADJUSTMENT

Follow steps 1-7 described above for MAIN QUTPUT.
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FEEDBACK LEVEL

1) Select MAIN QUTPUT DELAY FUNCTION.

2) Apply a 1kHz input signal with sufficient level to light the LIMIT LED,
3) Set MAIN DELAY equal to 200 msec,

4) Set both FEEDBACK EQ pots to FULL CUT,

5) Turn MAIN FEEDBACK LEVEL pot full clockwise.

&) Turn INPUT LEVEL pot off (counter clockwise) and observe output signal,
7) Adjust FEEDBACK LEVL trimpot so that output decays gradually.

TIMING AND CONTROL ALIGNMENT

The following alignment instructions should be followed carefully and in the
indicated sequence to assure proper performance.,

MASTER OSCILLATOR TUNING

1) Connect frequency counter (or 'scope) to PIN 7 of IC47,

2) Swing board up and adjust COIL (variable inductor) using a plastic hex alignment
tool for a frequency of 40,96kHz

CAUTI0N-Take care not to crack the brittle tuning slug.

MANUAL CONTROL

1) Select NORMAL pitch change mode and MANUAL CONTROL MODE.

2) Rotate MANUAL pot fully counter-clockwise and adjust trimpot MINF, located on front
pane] board HP941 for a PITCH RATIO of approximately ,240,

3) Rotate MANUAL pot fully clockwise and adjust trimpot MAXF, located on lower board
HA931, for a PITCH RATI0 of approximately 2.10.

4) Repeat steps 2 & 3 as necessary.

EXTERNAL CONTROL VOLTAGE

1) Select NORMAL pitch change mode and MANUAL CONTROL MODE.

2) Adjust MANUAL pot for PITCH RATIO of 1.00.

3) Select CV+MAN CONTROL MODE,

3) Apply minimum desired control voltage to the rear panel terminal strip input CV IN.
4) Adjust trimpot ECV OFFSET for a PITCH RATI0 of .500

5) Apply maximum desired control vaoltage to CV IN,

6) Adjust trimpot ECV LEV for a PITCH RATIO of 2.00

7) Repeat steps 3, 4, 5 & 6.

The 949 is factory adjusted for a +12 volt to ground ECV range so that the pitch can
be controlled by an external potentiometer connected to the BIAS OUT rear panel
terminal.

SINGLE SI1DE BAND GENERATOR

MOTE: This adjustment should not be performed without using a SPECTRUM ANALYZER
capable of resolving an 82kHz signal with 300Hz sidebands. Fortunately this adjustment
is not very critical; re-adjustment should be necesary only if one of the modulator
Ic's (1C's 38 & 39) is replaced.

1) Set SPECTRUM ANALYZER for a center frequency of 82kHz and resolution of 300Hz.
2) Attach SPECTRUM ANALYZER to PIN 1 of ICh1.

3) Select uPC# function and MANUAL CONTROL MODE with the MANUAL pot set at twelve
o'clock.
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4) Null 82kHz signal by alternately adjusting trimpots 55B1 and SS5B2.
5) Select uPCb,
6) Repeat step 4,

TAPE CAPSTAN DRIVE

1) Disconnect keyboard (if necessary).

2) Select KEYBOARD CONTROL MODE,

3) Connect frequency counter (or 'scope) to the 19,2kHz CAPSTAN DRIVE terminal strip
output.

4) Adjust trimpot CAP CAL for 19.2kHz

SERVICE SECTION

INTRODUCTION TO SERVICE SECTION

The circuitry of the H949 is contained on three printed circuit boards, with the
exception of the unit's power transformers, a bridge rectifier, and three of the
voltage requlators. These conponents are mounted on the right side and rear panels

of the chassis. The part numbers of the three circuit boards are:

1) HA 931 Rev  -Mounted horizontally on the bottom of the chassis. HA 931 contains
power supply, audio processing, pitch change timing and function control circuitry.
It is attached to the chassis at the rear panel terminal strip and to the bottom
cover by 8 size 4-40 screws.

2) HD 921 Rev _ ~Supported by five stand-offs above HA931 and attached to the rear
panel by two hinged stand-offs. When the five size 6-32 screws are removed HD 921 can
be swung up on its hinges allowing "power-on'' access to the lower and front panel
boards,

3) HP 941 Rev  =-Mounted vertically behind and attached to the front panel by six

stand-offs, it supports all front panel switches with the exception of the line and
power switches. It also supports the PITCH RATIO READOUT and all indicator LED's.
Mounted on HP941 is the following: AUDIO FEEDBACK, READOUT timing and DELAY SET

circuitry.
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POWER SUPPLY

The 949's power supply provides regulated +15, =15, +12 and +5 DC volts to the
circuitry contained on the three p.c., boards. The power supply circuitry is mounted on
lower p.c. board HA 931 and the right and rear chassis sides.

The AC input receptacle is mounted on the rear panel and accepts a standard [EC line
cord. The receptacle also contains the unit's 1/2 amp "'slow=blow'' fuse (3/8 amp for
230 volt operation) and a small plug=in circuit card which determines the operating
line voltage. This permits conversion to and from 230 volts without removing the
unit's covers.

Line voltage is connected to the POWER TRANSFORMER's primary windings (mounted on the
right side of the chassis) via the front panel POWER switch, The power transformer has
two secondary windings; one low voltage=high current for the +5 volt supply and the
other high voltage=-low current for +15, +12, and =15 volts. The secondary windings are
connected to HA 931 via & conductor Molex connector §1.

The +5 volt winding is routed directly to Molex connector 53 which is connected to a
G-amp bridge rectifier and 3=amp LM323 voltage regulator which are mounted on the rear
panel heat sink. The rectifier output (approx. +8.5 volts unregulated) and the
regulator output (regulated +5 volts) return to HA 931 via S3. The rectifier output is
connected to the electrolytic filter capacitor mounted on HA 931.

The other transformer secondary is connected to a bridge rectifier mounted on HA 931,
Both a positive and negative rectified voltage are output from the bridge and filtered
by a pair of electrolytic capacitors, The negative voltage is input to a 1/2=amp, =15
volt regulator, LM7915, mounted on HA 931. The positive rectifled voltage is routed,
via Molex connector $2, to two 1/Z=amp positive voltage regulators, LM78M12 (+12
volts) and LM7815 (+15 volts), mounted on the right side of the chassis, The regulator
outputs return via S2.
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AUDID PROCESSING

The three rear panel XLR connectors, AUDIO INPUT, MAIN OUT, and DELAY ONLY OUT,
terminate at a twelve=pin Molex connector AUDIO 1/0 which is connected to the
six-pole, double-throw LINE SWITCH, When the switch is in the OUT position, the audio
signal by-passes the unit (the input XLR is connected directly to both output XLR's)
and isolates the audio signal from the circuitry of the 949. This is an important
diagnostic feature allowing the user to test the external audio cables independent of
the 949's circuitry, When the LINE SWITCH is IN the audio input is applied to the 949
and the output XLR's are connected to the unit's output drivers.

INPUT PROCESSING

The differential input signal is buffered and converted to a single-ended signal by
three of the op-amps of quad op-amp IC1. The signal is routed, via fourteen-pin
connector P1, to the front panel and the INPUT LEVEL potentiometer, It returns via Fl,
and is summed with the FEEDBACK signal by the remaining op-amp of 1C1. The signal is
then low=-pass filtered by a seven=pole, four=-zero ''Cauer-Chebychev' filter (one-hal f
of quad op-amp I1C's 2 and 3 and one~half of dual op-amp IC4) and compressed by a
plug=in DBX 303 card (compression ratio 2/1). For proper adjustment of the DBX
"distortion null" and '"gain' trimpots, refer to the ALIGNMENT section of the manual ,
An AC=coupled inverting amplifier (one=half of IC6) superimposes a +5 volt DC bias on
the signal, which is then sampled by analog switch ICE and stored on the .001uF HOLD
capacitor. Due to the unipolar nature of the analog switch, the audio signal is
limited to a maximum voltage swing of 0 to + 10 volts, The sampled voltage stored on
the HOLD capacitor is linearly discharged by a ''constant current sink', %cnmprising a
2N3391 transistor, a IN753 Zener diode, a IN914 silicon diode, and associated passive
components), while being compared to 0 volts by an analog comparator IC3, The
comparator output signal, CMP, Is a pulse whose width is proportional to the samp | ed
voltage. The pulse-width modulated signal is then routed to the upper p.c. board HD92]
where It Is converted to a digital code as described later, Trimpot OFFSET ADJUST
varies the HOLD capacitor discharge rate by varying the constant current sink, For
proper adjustment of this trimpot refer to the ALIGNMENT section of this manual.

OUTPUT PROCESSING

The two output signals from connector D2, MDAC and DDAC, are applied to their
respective low=pass filters, expanders, and output buffers, The main output signal
MDAC is filtered by I1C6 and one=half of IC5, expanded by a DBX 303 card (2/1 expansion
ratio) and converted to a differential audio signal by one=half of IC7. Each phase of
the output signal is driven by a complementary pair of transistors which provides
greater output current capability into low impedance loads,

The DDAC output signal is processed identically to MDAC; filtered by one-half of IC's
2, 3 and 4, expanded by a third DBX card and converted to a differential audio signal
(second=half of I1C7).

PITCH CHANGE TIMING AND CONTROL CIRCUITRY

The pitch change functions of the 949 are accomplished by storing (or "writing')
digitized audio at a fixed rate and retrieving it (""reading') at a variable rate. To
increase pitch, one reads the data at a faster rate than that at which it was written;
to decrease pitch, one reads the data at a slower rate than written.(The similarity to
tape machine pitch change should be apparent). Of course matters are not quite this
simple; there is a rub.
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THE RUB: Let's suppose we are increasing the pitch of an audio signal as described
above. We must remove data samples faster than we are storing them, eventual ly emptying
our data store. At this point we are forced to stop outputting data and, not
surprisingly, this does not sound very good. A moment's reflection will reveal that a
similar problem arises when attempting to decrease pitch in this manner. This
underlying physical dilemma must be resolved in some way by all "real-time'" pitch
changing devices; in most cases, this involves some form of splicing of the pitch
changed signal. A number of schemes have been devised to perform this splicing; from
'erummy and cheap' to "sophisticated and expensive''. Our research has shown that the
effectiveness of any splicing scheme (or splicing ALGORITHM) is highly program
dependent. In general, an algorithm optimized for one class of signals (baroque music,
for instance) will probably not work well on a different type of signal (e.g. speech).

For this reason, two different splicing ALGORITHMS are available allowing the user to
selecE the more effective in any given application. Both of the algorithms are based on
55Iéc|ng between two independently read, pitch changed signals designated OUTA and
OUTH,

The pitch ratio of the 949 is determined by the rate at which data are read from the
memory. The "write-data' rate is fixed and equal to the SAMPLING RATE, 41kHz. To
achieve a three octave pitch change range, (two octaves down, one octave up), the
'read-data'' rate must vary from one-quarter to twice the "write=data" rate, that is,
from 10,25kHz to 82kHz. The actual read-data rate of the 949 must be double these
values (20.5kHz to 164kHz) because two pltch changed outputs are reguired,

A large portion of the circuitry of the 949 is dedicated te providing the user with a
wide range of controllable pitch change effects, All MAIN OUTPUT functions with the
exception of the DELAY mode employ the pitch change capabilities of the 949, The degree
of pitch change, equivalent to the PITCH RATI0, can be controlled from one of four
sources; the front panel MANUAL control, an external KEYBOARD control (keyboard
frequency range 1.28kHz to 5.12kHz for pitch ratios from .5 to 2), CVHMAN (an external
control voltage summed with the MANUAL control), or (optionally) an intelligent remote
controller (IEEE-488 bus),

READ FIFO CLOCK SELECT

The clock signal which actually reads data from the FIFO ARRAY (and determines the
pitch ratio) is designated the RDFIFO clock. The FUNMCTION SELECT and CONTROL MODE
SWITCHES determine whether the voltage=controlled oscillator (VCO), the single side
band generator (S5B), the system clock (FSYS), or an external frequency source (KYBD)
reads the FIFQ ARRAY,

VOLTAGE CONTROLLED OSCILLATOR (VvCOD)

The VCO output is selected when in the NORMAL, EXTEND, REVERSE or DELAY mode., In the
DELAY mode, the VCO has no effect on the output signal but is selected for PITCH RATIO
indication, allowing the user to set the pitch ratio before switching to the pitch
change mode., IC21 is a linear VCO biased to vary from 10.25kHz to 82kHz for an input
voltage range of +1 to +10 volts. Phase-locked=loop IC14 and binary counter IC17 form
a '"frequency doubler" which multiplies the VCO output frequency by 2, This results in
the desired frequency range, 20.5kHz to 16hkHz. Trimpot MAXF can be used to vary the
oscillator's maximum frequency (see AL|GNMENT).

The VCO can be controlled from the following sources:

1: MANUAL - The DC output (=15 to +12 volts) of the linear, front panel 10k ohm
potentiometer is attenuated by an inverting op~amp (1/4 of 1C22) and offset by a
summing amp (1/4 1C22), resulting in a voltage range from +1 to +10 volts, In the
MANUAL control mode this voltage is selected by analog switches IC's 25 and 37 and
applied to the VCO,
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2: CV+MAN - This mode allows an external control voltage, connected at the rear panel
terminal strip, to be added to the MANUAL control. Inverting op-amp, 1022, and a pair
of 50k trimpots allow a wide range of control voltages to be accommodated, Trimpot ECV
LEVEL varies the gain of the op amp allowing a small control voltage range to vary the
pitch ratio over a wide range or alternately, a large control voltage range can be
made to control pitch over a limited range, Trimpot ECV OFFSET allows the center of
the external control voltage range to be varied., The trimpots are factory adjusted so
that an external control voltage of from 0 to +12 volts results in a two octave
variation of pitch ratio centered about the MANUAL control setting, (See ALIGNMENT for
details.)

3: KEYBOARD - The preferred means of externally controlling the pitch ratio is by an
external oscillator with a freguency range of 1.28kHz to 5,12kHz, This results in a
two octave pitch change range, =1/+1, In this control mode, the VCO is phase-locked to
the external oscillator freguency resulting in precise pitch control with excellent
long=term stability (providing, of course, that the external control frequency is
stable), The KEYBOARD mode allows the pitch to be changed by precise musical intervals
(25 notes over a two octave range), and is particularly useful for generating
harmonies, Any keyboard instrument can be used to control the 949 if it meets the
following requirements:

a) The instrument must have a continuous output when a key Is depressed

b) The output frequency must vary from 1,28kHz to 5.12kHz,

¢c) The waveform must have at least a 3 volt peak-to-peak swing

d) The signal must be a "simple' waveform, e.g. sine, triangle or square wave,
|deally, the external fregquency is generated by an EVENTIDE HK940 KEYBOARD, This
keyboard control ler assures ABSOLUTE stabillity by synchronizing to the 949's system
clock, It also features a GLIDE (portamento) control, a LOCK-mode, which maintains the
pitch=ratio of the last key pressed, and the ability to control up to three 949's
independently and simul taneously,

When the KEYBOARD mode is selected, the VCO becomes part of a phase-locked=-loop which
locks to the external KYBD INPUT frequency, This external signal is AC coupled to
comparator IC9 whose square-wave output is one input to phase comparator 1015, The
other input to the phase comparator is the VCO output frequency divided by 8 from IC16,
The phase comparator output is low=-pass filtered by the loop filter, comprised of one
half of IC13. This results in the VCO running at precisely eight times the keyboard
input frequency., When used with an EVENTIDE HK940 keyboard the time constant of the
"frequency doubler' described above may be varied by the GLIDE potentiometer,

iC's 30 and 31 implement an important feature of the keyboard mode by detecting the
absence of a keyboard input signal, such as when the keyboard is an organ or
synthesizer and no keys are depressed, In this case, the pitch ratio is instantly set
to unity (no delay change) by causing analeg switch IC19 to select the system clock
FSYS.

Apart from its function in keyboard operation, this feature is important in its own
right. It allows the user to instantly '‘freeze' delay change in any of the pitch change
modes by switching to the KYBD control mode with no keyboard input present. This is
particularly useful in the FLANGE mode since it can be used to freeze the FLANGE at any
stage.

REMOTE CONTROL VOLTAGE - Analog switch IC25 allows the pitch ratio to be OPTIONALLY
varied by an intelligent controller interfaced to the standard IEEE-488 bus,
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SINGLE SIDE BAND GENERATOR - S5SB

The 55B is selected in the uPC, FLANGE and RANDOM modes where stable, precise control
of small pitch variations is desired, The circuitry of the $5B can be divided into
three sub-sections: a pair of amplitude modulators, the carrier frequency generator,
and the gquadrature oscillator,

An amplitude modulator is a device which multiplies two analog signals., As per
convention the higher frequency signal is called the CARRIER and the lower freguency
signal the MODULATION, Theoretically if the carrier and modulation inputs are sine
waves, the output will be the sum of two sine waves, one whose freguency is equal to
the sum of the two input frequencies (CAR+MOD) and the other's equal to the difference
GFDEEEHinput frequencies (CAR-MOD). These two signals are called the UPPER and LOWER

S DS,

| f two such modulators are connected so that the carrier inputs are of the same
frequency but 90 degrees out of phase (in quadrature) and the modulation inputs are
also in quadrature, then adding the two modulator outputs will yield only one sideband;
either UPPER SIDE BAND (CAR+MOD) or LOWER SIDE BAND (CAR-MOD).

In the 943 the CARRIER input is FSYS (=82kHz) and the modulation is the output of a

voltage controlled quadrature oscillator which can be varied from approx. 50Hz to
2000Hz,

MODULATORS: IC's 38 and 39 are monolithic modulators which will accept an AC-coupled
carrier input and an AC-coupled modulation input and generate a suppressed-carrier,
sum and difference frequency, output signal. Trimpots S$5B1 and $5B2 can be adjusted to
null the carrier component at the $5B output, (This adjustment should not be attempted
without a spectrum analyzer; for details see ALIGNMENT)., Each modulator has
differential open=collector outputs which are cross-coupled and connected to the [nput
of a difference amplifier (1/4 of 1C41), This amplifier's output is band-pass filtered
(1/4 of ICK1) to remove spurious harmonics which are the result of the modulation
process, The SSB signal is converted to a square wave by comparator IC18,

CARRIER FREQUENCY GENERATION: The carrier frequency of the S55B generator is derived
from PC2, the 1.64MHz output of the uPROGRAM COUNTER located on the upper p.c.board,
which is routed thru connector D3 (pin6), This TTL level signal is blased to drive
IC44, a decoded output decade counter. Two of the ten 164kHz outputs, which are 180
degrees out of phase, drive dual data flip=flop ICL2Z, each half of which is connected
as a '"'toggle' flip-flop. The outputs of these flip-flops are a pair of 82kHz square
waves which are 90 degrees out of phase. The output of one flip-flop, CARRIER 2, is
applied to modulator 1C39, while one of the two complementary outputs of the other
flip-flop, CARRIER 1, is selected by a pair of analog switches, two quarters of IC43,
Depending on which switch is turned on, CARRIER 1 will either LEAD or LAG CARRIER 2 by
90 degrees; which causes the 55B to generate either the UPPER or LOWER side band.
selecting the UPPER side band assures that the pitch ratio will be greater than unity
while selecting the LOWER side band guarantees a pitch ratio lower than unity. One
half of dual flip-flop ICL6 determines which of the switches is selected. The
flip-flop's state depends on a number of conditions, in particular the selected
FUNCTION .,

On "power-on'' this circuit is synchronized by a pair of RC time constants which reset
the decade counter IC44 and the dual flip=flop IC42, To insure proper sequencing the
time constant of the counter is an order of magnitude greater than that of the
flip-flops. It is possible, by switching the unit on and off rapidly, to throw this
circuit "out of synch'" rendering all 558 functions inoperative. To re-synch, turn the
unit off for 10 seconds before re-applying power.
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If either of the uPC {micro-pitch change) FUNCTIONS is selected, the appropriate
cwitch of 1C43 is enabled bringing one input of a pair of comparators, (1/2 of IC47),
to either +12 or approx. +1 volts. This enables the appropriate comparator output
which in turn sets or resets |Cub6 causing Lhe 558 to generate the UPPER side band for
uPC# and the LOWER for uPCb.

In the FLANGE mode, the objective is to ewitch alternately between UPPER and LOWER
side bands thereby sweeping the delay back and forth between two ''fixed'' delay times.
These fixed delay times are determined by a resistive, voltage-divider network which
feeds an approx. +3 volt signal to one comparator and an approx. +7 volt signal to the
other. With both switches of IC43 turned off the remaining input of each comparator is
an analog equivalent of the CPU POINTER register from the upper p.cC. board. This
voltage Is an accurate, linear indication of the current delay of the pitch change
signal. The POINTER voltage swing in pitch change modes is normally 0 to 10 volts (0
to 25 msec respectively). In FLANGE, the comparators restrict this range to +3 to +7
volts (corresponding to a delay of approx. 7.5 to 17.5 msec), by switching to the
UPPER side band (decrease delay) whenever the POINTER voltage exceeds +7 volts and the
LOWER side band {increase delay) if it is less than +3 volts.,

Flanging i1s created by adding a pitch changed (varying delay) signal and a fixed delay
signal. In the FLANGE mode, the 949 automatically adds a fixed delay signal (12.5
msec) to the pitch changed signal (whose delay varies from approx. 7.5 to 17.5 msec).

in the RANDOM mode, analog switch IC45 s turned on, changing the fixed voltages at
the comparator inputs Lo approx. +1 and approx. +9 volts, constraining the delay
change to between 2.5 and 22.5 msec, Within this 20 msec range the delay Is free to
change according to the state of flip=flop IC46. |f the flip-flop is nelther being set
nor reset by the comparators, then its state is dependent on PRN; the output of a
digital, pseudo random noise generator. This means that, providing the delay is within
the allowed range, there is a 50% probability that the delay will be increasing or
decreasing, resulting in a natural, ''random=walk'' through the allowable delay range.
|f the delay exceeds either delay limit, the comparator sets (or resets) IC46 forcing
the delay away from the limit,

VOLTAGE CONTROLLED QUADRATURE OSCILLATOR

Two integrating amplifiers (1/2 of IC41) connected with positive feedback, oscillate
at a frequency determined by their associated RC time constants, This type of
oscillator is called a "quadrature oscillator' because the outputs of the two
amplifiers are sine waves which are 90 degrees out of phase, These quadrature sine
waves are the modulation inputs to the modulator IC's. Three analog switches (3/4 of
IC4D) are employed as the voltage-contgolled variable "resistors''. Actually it is the
average resistance of the analog switch which is varied by controlling the duty cycle
of a high frequency control signal. The wider the pulse width, the lower the average
resistance; with a 100% duty cycle the switch is always on and the resistance is
approx. 100 ohms, At the other extreme, 0% duty cycle, the switch is always off and
the resistance is approx. 1M ohm.

Comparator IC47 generates the switch control signal with a pulse width proportional to
the control voltage output from op-amp 1022 (0 to +10 volt range). The control voltage
is compared to a triangle waveform which is generated by low-pass filtering the square
wave output of 122, The source of this control voltage can be either the MAN, MAN +
CV, or with the optional REMOTE interface card installed, a REMOTE control voltage.
The KEYBOARD has no effect in any of the SSB modes
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In the two uPC modes, a pair of analog switches (1/2 of IC45) are turned on and the
quadrature oscillator varies from approx. 20Hz to approx, 6kHz, resulting in pitch
ratios from unity to approx. .93 in uPCb and from unity to approx, 1,07 in uPC¥ . In
FLANGE or RANDOM the switches (IC45) are turned off and the frequency is variable from
approx. 20Hz to approx. b600Hz, for a pitch ratio from approx. .993 to 1.007.

PSEUDD RANDOM NOISE GENERATOR

When the RANDOM FUNCTION is selected a digital pseudo random noise generator is
clocked at 820Hz (signal FSYS divided by 100, IC's 48 & 50) outputting digital noise
signal PRN. PRN is the input to 1/2 of IC46, a dual data flip-flop, which controls the
558 modulator selecting pitch ratios above or below unity (decreasing or increasing
delay). The noise generator is a 19 bit maximal=length shift register comprised of
IC26, an 18 stage shift register, and the second half of flip=flop IC46 connected in
series. Two of the outputs are fed back to the input thru XOR gate 1C20,

The shift register can '"latch up" if all the outputs are at zero, IC23, a seven stage
binary counter, detects the "all-zero' condition and sets the flip-flop thereby
re=initiating the sequence,

TAPE CAPSTAN DRIVE

This circuitry is designed to allow a variable speed tape machine to be controlled by
the 949 in such a way that for unity pitch ratio the tape speed is normal, while
ratios above or below unity will result in tape speeds slower or faster than normal,
The result of this "reciprocal' control of pitch/speed is that normal pitch Is
maintained while the tempo is varied, This is a handy feature when trying to fit a 62
second commercial inte a 60 second time slot,

1/2 of I1C34, a dual monostable multivibrator and 1/4 of 1C36, a quad op-amp, convert
the RDFIFO clock frequency (which determines the pitch ratio) to a DC voltage. This
voltage is then multiplied by the CAPSTAN DRIVE frequency, the output of VCO 1C35,
using the second half of I1C34 and analog switch I1C37, The resulting voltage is the
input to the VCO, The VCO output frequency is calibrated using trimpot CAP CAL, to
output a standard capstan drive frequency of 19.2kHz with the pitch ratio set to unity
(see ALIIGNMENT). IC's 32 and 33 are counters which divide the VCO output down to the
two other freguency standards 9,6kHz and 60 Hz, All three capstan outputs are driven
by CMOS devices with a voltage swing of from 0 to 12 volts and negligible current
drive capability. NOTE: DEPENDING UPON THE INPUT DRIVE REQUIREMENTS OF THE TAPE
MACHINE, IT MAY BE NECESSARY TO BUFFER THE 949's CAPSTAN DRIVE OQUTPUT WITH AN EXTERNAL
AMPLIFIER,

AUDIO LEVEL DISPLAY

The front panel input audio indicator LEDS are controlled by the output of the ADC
(analog to digital converter), I1C52, a four bit binary counter, and IC 51, a four bit
comparator, form an instantaneous peak hold circuit. The comparator compares the
current value of the counter with the ADC cutputs (four MSBs). If the ADC value is
greater than the counter value, the counter is loaded (NAND gate [C49), The counter is
slowly decremented so that if no peak occurs it will eventually count down. 1C53, an 8
X 32 PROM, is programmed to decode the four bit counter output into the appropriate
LED drive signals, One of the PROM outputs detects a count of zero and inhibits (NAND
gate, IC49) further decrement pulses preventing the counter from counting thru zero.
The REPEAT switch is the fifth input to the PROM., When the REPEAT switch is pushed in,
LED order is reversed, indicating that the REPEAT mode is active while continuing to
display an input level indication (albeit upside down).
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MASTER OSCILLATOR

Transistor Q1, a pair of 3pf capacitors and a variable inductor (located beneath the
board) form a high frequency, tuned-circuit oscillator tuned to 105MHz, Transistor Q2
amplifies the oscillator output and provides the proper levels to drive TTL and ECL
devices. Two dual flip-flops, IC's 29 and 30, connected in serjes, divide the 105 MHz
signal by sixteen,

PROGRAM COUNTERS

The 6,56MHz output of IC30 drives synchronous b=bit binary counter IC4h which outputs
a 410kHz signal to IC45, a synchronous 4=bit decade counter, The 41kHz output of I1ChHS
(pin 7) is the 949's sampling frequency. The least significant output of ICkL (pin 3),
at a frequency equal to 205kHz, is the CPU clock signal CCPU, The seven most
significant outputs of IC's 44 & 45 comprise an eighty count PROGRAM COUNTER with
outputs designated PC1=PC7. The program counter outputs access the micro=instructions
stored in the ulNST proms,

TIMING PROM

Program counter outputs PC3 to PC7 are the address inputs to ICK6, a 8X32 programmable
read only memory (PROM). In normal operation only 20 of the 32 8-bit words are
accessed (because PCL=-PC7 are the outputs of a decade counter). The outputs are
defined as follows:

IC Lé

PINE  NAME DESCRIPTION

] NSPFTR SAMPLE POINTER VOLTAGE not
2 SAMP SAMPLE INPUT AUDID SIGNAL
3 SELECT ENABLE ulNST PROM QUTPUTS
4 TS ulNST PROM ADDRESS BIT

5 T4 ulNST PROM ADDRESS BIT

A NRSTAD RESET ADC not

7 NENAD ENABLE ADC not

9 SDLOD SAMPLE DELAY ONLY OQUTPUT

CENTRAL PROCESSING UNIT (CPU)

The 949's sixteen-bit CPU comprises four 'bit slice" bipolar IC's of four bits each,
part # 2901. Each chip contains a four=bit multifunction Arithmetic Logic Unit {ALU) ,
instruction decoding and timing logic, and sixteen four-bit general purpose registers.
These registers are of the "two-port' variety which allow simultaneous READ/WRITE
operations with independent read/write addresses or simultaneous reads from different
addresses, The 2901 also provides zero and sign status outputs,

The four 2901's, IC's 22-25, are connected to form the 16-bit CPU with IC22Z being the
most significant slice (MSS). The ten microinstruction inputs (19-10,C0) as well as
the eight address lines (four A-port, four B-port address bits) are connected in
parallel across all four slices. Sixteen=bit data is input to the CPU on the "D=-bus'
and sixteen-bit output data are output on the "Y-bus',
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MICRO=-INSTRUCTION (ulINST) PROMS

Every sample period (approx. 25 usec) a sequence of eighty micro-instructions (ulNST)
is accessed by program counter outputs PC1-PC/. These ulNST's are stored in eight
8X32 PROM's organized as four pairs of PROM's with the corresponding outputs of each
pair connected together, This forms, in effect, a single 32X64 PROM, four PROM's wide
and two PROM's deep. In this way, program storage is divided into two sections of four
PROM's each, TIMING PROM bit SELECT and 1/6th of inverter IC31 enable the TRI-STATE
outputs of first one group of four PROM's and then Lhe other, I1C's 47, 49, 51 and 60
store micro=instructions for the first 32 program steps and IC's 4B, 50, 52 and 61
store steps 32-79, The 48 program steps 32-79 are read from the 32 bit proms by
accessing 16 of the PROM addresses twice. TIMING PROM bits T4 and T5 are the two most
significant address bits of the second group of PROM's, These address bits select one
of four groups of eight PROM addresses. This scheme al lows groups of eight
micro=instructions each (sub-routines) to be repeated. The ulNST PROM output
designations are as follows:

IC49 & I1C50 IC51 & IC52

PINZ NAME DESCRIPTION PIN# NAME DESCRIPTION

| | & CPU uwlINST bit 1 A3 CPU A=port addr bit

2 10 CPU ulINST bit 2 Al CPU A-port addr bit

3 I CPU ulINST bit 3 AO CPU A=-port addr bit

L BO CPU B=port addr bit fy 16 CPU ulNST bit

5 Bl CPU B-port addr bit 5. G COND'L ulINST bit

b B3 CPU B-port addr bit b CCO COND'L CPU CARRY IN

7 | 4 CPU ulNST bit 7 CA2 COND'L A=port addr

9 |5 CPU uwINST bit 9 |2 CPU ulINST bit

|C60 IC61

] Cl3 COND'L ulNST bit ] Ci3 COND'L ulNST bit

2 CKRMP Clock RAMP FLAG 2 - UNUSELD

3 CKDIR Clock DIRECTION FLAG 3 XB2 ENABLE COND'L B2

b cB2 COND'L B=port addr bit Iy ce2 COND'L B=port addr bit

G x7C 17 MULTIPLEXER addr bit 5 X7C |7 MULTIPLEXER addr bit
6 XjB " b X7B L :

! KA " 7 X7 A I

9 X3A |3 MULTIPLEXER addr bit 9 A3A 13 MULTIPLEXER addr bit
IC47 |CLY

1 = UNUSED 1 X3B |3 MULTIPLEXER addr bit
2 X 3B |3 MULTIPLEXER addr bLit 2 X3C %)

3 NWRT RAM ARRAY WRITE NOT 3 CKDAC CPU OUT to DAC LATCH

4 %AZ ENABLE COND'L A2 L SREF SAMPLE MAIN OUT REF

5 SFXD SAMPLE FIXED DELAY 5 CKFIFO LOAD FIFD ARRAY

b MAC RAM ARRAY ACCESS 6 MAC RAM ARRAY ACCESS

7 CKSN Clock SIGN FLAG / CKSH Clock SIGN FLAG

g CKZR Clock ZERD FLAG 9 CKZIR Clock ZERO FLAG
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CONDITIONAL MICRO=-INSTRUCTIONS

The MICRO-PROGRAM of the 949 can execute a limited type and number of conditional
micro-instructions by inverting the status of up to 3 bits of the CPU ulINST word (bits
13, 1/ and CO) if a specified condjtion is true,

CONDITIONAL ulNST bit 1/:

With 18=0, the status of |7 determines whether or not the result of the current CPU
operation is stored In the register specified by the B-port address, |f [7=0 the
result is not stored,

Conditional uINST bit CI17 (IC's 51 & 52) Is one input to an exclusive-or (XOR) gate
IC53 whose output is CPU ulINST bit |7, The other input of the XOR gate is the output
of an eight-in one=-out multiplexer 1C62., One of the 8 multiplexer inputs is selected
by the three-bit address X17 (ulINST bits X7C, X7B, X7A). For unconditional
instructions XI7=0 which selects input 0 of 1062, Since input 0 is connected to
ground, the XOR gate passes CI7 unchanged (17=Cl17). Selecting one of the other
multiplexer inputs will cause the XOR gate to invert CI7, (I17=NOT(CI17)), if the
selected input is true, The multiplexer input assignments are listed below:

CONDITIONAL ulNST bits 13 & CO:

These CPU ulINST bits can be conditionally inverted in the same manner as described
above for 17, Conditional ulNST bit CI3 is one input of XOR gate IC56, The other XOR
input is the output of eight-in one=out multiplexer 1C63, One of the 8 multiplexer
inputs is selected by three=bit address XI13 (uINST bits X3C, X3B and X3A). For
unconditional instructions XI3 can be either 0 or 7 as these inputs are connected to
ground, Selecting one of these Inputs will cause the XOR gate to pass CI3 unchanged
(13=C13). Selecting one of the remaining inputs will cause the XOR gate to invert CI3
(13=NOT(CI3)) If the selected input is true,

Inverting ulNST bit I3 changes an addition operation to subtraction, a pass operation
to an invert, etc, To satisfy the requirements of the binary number system used by the
CPU, the input carry bit CO must be 0 for addition and 1 for subtraction. For this
reason, condltional ulNST bit CCO is applied to XOR gate IC53 and conditionally
inverted by the output of multiplexer I1CE3.

|7 MULTIPLEXER====IC 62 | 3=CO MULTIPLEXER====|C 63
PIN# INPUT CONDITION PIN# INPUT CONDITION

I 0 GROUND b 0 GROUND

3 1 ALGOR I THM 3 | ALG1

2 2 NOT (RANDOM or FLANGE) 2 2 RAMP FLAG

| 3 EXTEND PC ] 3 PC7

15 4 SIGN FLAG 15 4 NOT REVERSE

14 & ZERO FLAG 14 5 DIR FLAG

13 & READ FLAG 13 6 SIGN FLAG

12 7 (READ) AND (ZERD) 12: -7 GROUND

CONDITIONAL CPU REGISTER ADDRESSES

Both A and B port CPU registers can be conditionally addressed to a limited extent.
XOR gate IC53 allows ulNST bit A2, (one of four A-port address bits), to be inverted
if both program counter bit PC7 and ulINST bit XA2 are true. XOR gate IC56 performs an
identical function on ulNST bit B2 (with qualifier ulNST bit XB2), This conditional
addressing scheme allows the same ulNST to be executed more than once using different
source and destination registers each time.
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STATUS FLAGS

The 949's micro-program employs five status flags as conditional micro=instruction
qualifiers. Two of these flags, ZERO and 5IGN, store Lhe status of CPU operations
while the three remaining flags, RAMP, DIR and READ, indicate pitch change status.

ZERO FLAG - 1/2 of dual data latch IC54 is strobed by ulNST bit CKZR. When strobed the
flag is set to 1 if the current CPU output is equal to zero,

SIGN FLAG = 1/2 of dual data latch IC54 is strobed by ulNST bit CKSN, When strobed the
flag is set to 1 if the current CPU output is negative.

RAMP FLAG - 1/2 of dual data latch 1C55 is strobed by ulNST bit CKRMP. The RAMP FLAG
initiates ALGORITM 2 splicing ramps and is a convenient oscilloscope trigger point for
observing ALGORITHM 2's splicing operation.

DIR FLAG - 1/2 of dual data latch 1C55 1s strobed by ulNST bit CKDIR, The DIR FLAG
indicates the direction of delay change (pitch ratio increasing or decreasing). In all
pitch change modes the DIR FLAG is set to 1 (f the pitch ratio is greater than unity
(delay decreasing) and 0 if less than unity (delay increasing). If the pitch ratio is
precisely unity (delay not changing) the DIR FLAG's status indicates the direction of
the last delay change. The DIR FLAG Is an important diagnostic aid In that its proper
operation indicates that a significant portion of the CPU and associated circuitry is
functioning properly. NOTE: In all of the pitch change modes, delay change can be
stopped by selecting the front panel KYBD CONTROL MODE and disconnecting any control
frequency input such as the keyboard.

READ FLAG - 1/2 of dual data latch I1C13 Is strobed every sample period storing the
FIFO ARRAY's status, The READ FLAG indicates that the FIFO ARRAY is half empty and
requests a transfer of four data words from RAM to FIFO.

CPU DATA INPUT

The sixteen=bit CPU data input bus is referred to as the ''D=bus'', The DATA PROM ICh3
inputs necessary 8=bit program constants to the CPU on lines D7=D14, The most
significant Input bit D15 is grounded and the 7 least significant bits D0-D6 are

pul led=up to +5 volts by a 100k resistor network. Since IC43 Ts a 8X32 bit PROM it
cannot output a unique constant value for each program step, instead a unigue value |s
avallable for each consecutive group of four instructions. The DATA PROM's TRI=STATE
outputs are disabled twice every sample period allowing MAIN and DELAY ONLY delay set
data to be Input to the CPU.

CPU ANALOG OUTPUT

The eight least significant bits of the CPU, YO-¥7, are stored when ulNST bit CKDAC
strobes eight=bit latch iC38. IC's 36 & 37 convert the B=bit latch output to an analog
voltage designated CPU ANALOG OUT.

Three independent analog signals are generated by the CPU each sampling period; two
splicing signals REFA & REFB (reference voltage inputs of the MAIN QUTPUT DAC) and a
voltage corresponding to the current value of the pitch=change POINTER register. In
all three cases, the voltage swing is 0 to 10 volts. In the case of the pointer
voltage an output of 0 volts corresponds to 0 delay while a 10 volt output corresponds
to a delay of 25msec. :
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11X16K DYNAMIC RAM ARRAY

Eleyen 16K dynamic random access memory (RAM) iC's, MO-M10, comprise the digital audio
data storage of the 949, The seven address inputs, row address strobe (NRAS), column
address strobe (NCAS), write (NWRT), as well as the three power supply lines (+12, +5
and =5 volts), are connected in parallel across all eleven RAMS. NWRT goes low once
per sample period to write new data into the base address location, When the REPEAT
switch is depressed NWRT is disabled and no new data is written into memory.

The data inputs to the RAM are the outputs of the analog-to=digital converter (ADC)
counters. The RAM ARRAY outputs data to the DELAY ONLY QUTPUT DAC and the 12X32 FIFO

array.

ANALOG=-TO-DIGITAL CONVERTER (ADC)

Every sample period the pulse-width modulated representation of the audio signal is
converted to an eleven=bit binary word, This is accomplished as follows:

The pulse-width modulated audio signal, CMP, from HA931 via connector D2, is one input
to 126, a two input NAND gate. The second NAND gate input is TIMING PROM output NENAD
which defines the conversion period. During conversion the NAND gate enables an 11 bit
binary counter chain comprised of IC's 28, 32, 33 & 34, The counter chain remains
enabled until either CMP goes low or the end of conversion (NENAD), In this way, the
pulse width, which Is proportional to the audio signal level, determines the number of
positive clock transitions (105MHz input clock) input to the counter chain and hence
the resultant count, At the end of the conversion period, NWRT goes low and a random
access memory (RAM) write cycle is initiated, writing the 11 bit word into the 11X16K
RAM array, When the data has been stored, the ADC counters are reset by TIMING PROM
output NRSTAD in preparation for the next conversion cycle, In the event that the
counters overflow during conversion (count greater than 2047), the carry output of
IC34 sets the overflow flag 1032, The overflow flag sets the ADC to its maximum count
of 2047 by setting each bit of the counter chain high., The overflow flag is cleared
when the ADC is reset by NRSTAD.

DELAY ONLY OUTPUT

Eleven=bit DELAY ONLY DAC 1C9 (a twelve=bit multiplying DAC) in cenjunction with
one=half of quad op amp 1C7, converts the RAM output to an analog voltage, The DLY LVL
trim pot varies the DAC's reference voltage which in turn determines the maximum
output voltage swing. The reference voltage should be adjusted to approximately =10

volts resulting in a 0 to +10 volt swing at the op amp output., FOR PROPER ADJUSTMENT
REFER TO ALIGNMENT INSTRUCT|ONS,

The RAM ARRAY is enabled for approx. 3usec allowing the DAC output to settle and
analog switch IC6 to turn on, charging the .001uF hold capacitor, uINST bit SDLO is
the sample control signal which closes the switch for approx. 1.5usec, The hold
capacitor voltage is buffered by op amp IC5 which is AC coupled (removing +5 volt
bilas) to inverting amplifier IC1. The output of ICl runs to connector D2 and is
designated DDAC.

NOTE- The analog switches employed in the 949 can only pass signals limited to a 0 to
+10 volt range. For this reason, a +5 volt D.C. bias is superimposed on signals where
necessary.
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FIXED DELAY QUTPUT

For the MAIN OUTPUT functions of DELAY and FLANGE the main output signal must contain
a stable fixed delay. In the DELAY mode, the FIXED DELAY is equal to the front panel
MAIN OUTPUT DELAY SET SWITCHES., If the FLANGE mode is selected, the FIXED DELAY is
equal to the switch setting plus 12.5msec. The appropriate FIXED DELAY signal is
applied to the sample and hold cicuitry of analog switch 1C4, a .001uF capacitor and
op amp I1C3. This signal is input to analog switch IC2 as well as to the phase shift
network of 1C1. The output of this phase shift network is applied to a 2nd switch of
IC2 and the switch outputs are connected together so that either the direct or
phase-shifted FIXED DELAY signal can be selected, In DELAY mode, the direct FIXED
DELAY signal is selected, in FLANGE the phase-shift signal Is selected; in all other
modes both switches are off, The selected signal is summed at inverting amplifier ICI,
whose output is desigated MDAC at connector DZ.

FIRST=IN FIRST-0UT (FIFD) REGISTERS

six 4X16 FIFO's, IC's 16-21, are organized as a 12X32 FIFO ARRAY. Eleven of the FIFO
inputs come from the outputs of the dynamic RAM ARRAY with the carresponding FIFO
outputs connected to the MAIN OUTPUT DAC ICB, The READ FLAG IC13 requests a RAM read
operation of the CPU whenever the FIFO is less than half full (fewer than sixteen
words stored). The read from RAM and write to FIFO sequence occurs as follows:

1) The CPU computes and outputs the RAM address for the next OUTA data word.

2) uwlINST bit MAC initiates a RAM read.

3) ulNST bit CKFIFO gated with the READ FLAG clocks RAM OUTA data into the FIFO
4) Steps | to 3 are repeated for OUTE data

5) Steps 1 to L are repeated.

The result of the above sequence is that If the READ FLAG is true for a given sample
period, four data words (two for OUTA and two for OUTB) are read from RAM to FIFO.

RDFIFO from connector D2 is input to a dual monostable multivibrator IC15 which
ensures that the FIFQ shift-out clock's pulse width is greater than 100nsec (narrower
pulses may be ignored by one or more FIFO's, resulting in an '"OUT OF SYNCHY
condition).

Data 1s clocked out of the FIFO and to the DAC at a rate variable from 20,5kHz to
164kHz. The shift out clock is inhibited whenever the FIFD ARRAY is empty or the DELAY
mode is selected,

As described above, data shifted thru the FIFO alternately represents samples of OUTA
and OUTB, Due to the asynchronous nature of FIFO's it is impossible to determine
whether a given output word is part of output A or B. It is therefore necessary to
"tag'' the data words so that they can be identified as belonging to the A or B output.
Program counter signal PC4 is used as the '"tag" bit (twelfth FIFO data bit). PCY is
sero when OUTA words are shifted into the FIFO array and one for OUTB words.

MAIN OQUTPUT DAC

ic8, a 12=bit multiplying DAC and a pair of op amps, 1/2 of IC7, can?art the FIFO
outputs to an analog voltage. The output of IC7 is a multiplexed audio signal
containing alternately OUTA and OUTB data at the RDFIFO clock rate. The ''tag'' data
bit, designated A/B at the FIFO output, is used to de-multiplex the'twg pitch changed
audio signals by appropriately gating the sample pulses of the two independent sample
and hold cicuits, Two of the op amps of 1C5 buffer the two output signals which are
then AC coupled and summed by op amp IC1. The output of ICI1 is designated MDAC and
runs to connector DZ.
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MAIN QUTPUT REFERENCE VOLTAGE

As mentioned previously the CPU analog output contains three multiplexed signals REFA,
REFB, and POINTER. The two reference signals must be applied to the MAIN OQUTPUT DAC
reference input during the time slot corresponding to the proper output, OUTA or OUTE.
Since the output rate of the reference signals (CPU out) is system synchronous and the
output rate of the two pitch changed outputs is not, the CPU output must first be

de-multiplexed at a synchronous clock rate and then re=multiplexed at the pitch change
rate .

A pair of analog switches, 1/2 of IC4, and 1/2 of quad op=-amp IC3 sample and hold the
two reference voltages, REFA and REFE., The two sample pulses are generated by NORing
(IC11) ulINST bit SREF with PC7. REFA and REFB are then multiplexed by a pair of analog
switches, 1/2 of 1C2, and summing amp IC5. FIFO '"tag' output A/B and its inverse
N(A/B) control the switches turning on REFA when QUTA Is valid and REFB when QUTB is
valid at the MAIN DAC output.

TIMING DIAGRAM
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HP 941 REV.D - fFront Panel P.C. Board

HP 941 supports all of the front panel controls and indicators with the exception of
the POWER switch and the audio LINE switch, Three 14=pin DIP connectors, designated P1
through P3, connect the front panel p.c. board to the lower p.c. board HA 3931, A
fourth DIP connector, D4, routes delay set information to the upper p.c. board HD321,

P1 carries +15 and =15 volts as well as all audio connections. P2 and P3 carry +5 and
+12 volts, FUNCTION and CONTROL MODE select lines, REPEAT, ALGORITHM and PITCH RATIO
signals.

INPUT LEVEL

The INPUT LEVEL potentiometer is routed to connector P1, The cathodes of the LED level
indicators are routed to P2 through current limiting resistors while the anodes are
connected to +5 volts, The REPEAT switch is a locking PUSH=ON/PUSH=0FF switch whose
output is de=glitched by two of the inverters of I1C6,

FEEDBACK

The outputs of the FEEDBACK LEVEL potentiometers are summed by 1/2 of op amp I1C8 which
drives a passive equalization network. A pair of 100k ohm log taper potentiometers
vary the frequency response of the network and its output is amplified by an inverting
op amp 1/2 of 1C8,

DELAY SET SWITCHES

Two banks of six locking PUSH/PUSH switches allow independent delay setting of the
949's outputs. The MAIN and DELAY ONLY switch banks are strobed by timing signals
SREFB and SREFA respectively, These signals are routed from connector P3 and enable
Itk (a quad analog switch) which pulls the active pole of the appropriate bank of
switches to +5 volts, Corresponding outputs of the two banks of switches are OR'd
together through diodes and connected to the inputs of hex TRI STATE buffer IC6 (an
80C97). The outputs of IC6, which are enabled at the proper time by NOR gate IL5, are
connected to the CPU input bus via connector D4, One-quarter of analog switch ICh
disables the MAIN DELAY SET switches 6.25, 12, and 26msec. except when the MAIN QUTPUT
UDELAY' FUNCTION is selected,

FUNCTION SELECT

The MAIN OUTPUT FUNCTION is determined by the setting of five switches, one PUSH/PUSH
type and a bank of four interlocking double-pole, double-throw (DPDT) switches, Each
interlocking switch selects one of two functions as determined by the setting of the
PUSH/PUSH FUNCTION switch., The selected function line is brought low while the
remaining seven lines are pulled up to +12 volts, The eight FUNCTION SELECT outputs
are routed to MA931 through connectors P2 and P3. Eight inverting buffers, IC's 5 & 6,
drive the RED/GREEN FUNCTION SELECT INDICATOR LEDS. For proper operation, one, and
only one, of the four interlocking switches must always be selected,

ALGORITHM SELECT

The PUSH=ON/PUSH-OFF ALGORITHM select switch determines the splicing algorithm used in
the PITCH CHANGE modes (NORMAL, EXTEMND, uPC, and REVERSE)., ALGORITHM 1 should always
be selected for pitch ratios below .5 (one octave down). In the RANDOM and FLANGE
modes ALGORITHM 2 is normally selected, Selecting ALGORITHM 1 will introduce an
additional delayed signal at low level, which may or may not be desirable. In the
DELAY mode, the ALGORITHM switch has no effect.
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CONTROL MODE SELECT

A bank of three interlocking DPDT switches selects the 949's pitch change contral mode
and also turns on the appropriate LED indicator, When the MANUAL control is selected,
the front panel 10k linear pot controls the pitch ratio. When CV+MAN is selected the
MANUAL control voltage is added to an external control voltage signal input at the
rear panel terminal strip. The KEYBOARD control mode allows the pitch ratio to be
controlled from an external keyboard or audio frequency oscillator (frequencies from
1.28kHz to 5.12kHz for pitch ratios from .5 to 2,00) when either the NORMAL, EXTEND or
REVERSE MODE is selected,

NOTE: If the KEYBOARD CONTROL MODE is selected without applying a keyboard input
signal, the PITCH RATIO is set to unity which FREEZES DELAY CHANGE. This allows delay
change to be stopped at any point by pressing the KEYBOARD switch, While true in all
modes, this feature is particularly useful in the FLANGE mode, allowing the user to
stop the flange sweep at any point, Delay change (or flange sweep) starts agalin when
one of the other control modes is selected,

PITCH RATIO READOUT

The four digit readout is driven directly by 1C1, a 28 pin frequency counter/display
driver 1.C., A pair of dual monostable multivibrators, IC's 2 & 3, generate the
following timing signals:

1) RESET - Resets the counter at the end of each counting period (approx. 1/10

second) ,
2) STORE = The store signal loads the output latches of IC1 at the end of each
counting period. These latch outputs drive the LED readout,

3) COUNT = The read FIFO clock, RDFIFO, is divided by ten on HA 931 and the resulting
signal FPR 1s connected to HP 941 via connector P2. Monostable 1C2 gates FPR and
outputs COUNT to ICT,

The COMMON ANODE display is multiplexed by digit drive signals DO to D3 enabling the
digits in sequence, The seven=-segment drive signals SA to S5G turn on the appropriate
segments of each digit. One of the inverters of ICL lights the decimal point of the most
significant digit by Inverting digit drive signal D3,
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Integrated Circuits used in the H94S Harmonizer

LM323 - 3 amp, 5 volt
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IMPORTANT NOTE:

All parts with the above marking are FACTORY PROGRAMMED, and will fit only

into their own specific locations on each circuit board.

CHANGEABLE.

THEY ARE NOT INTER-

For example, you cannot exchange |C60 and IC61 on the HD921 board -

they have been programmed differently, and their characteristics are completely

different.

should you ever need replacements for
any of these parts, you must specify
the board number and the IC number,

to ensure receiving the correct

replacement.
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