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Eventide speciffications:

MODEL H910 HARMONIZER®

INPUT CHARACTERISTICS Impedance nominatl 10k, balanced, maximum level +24dBm. Level
for full dynamic range from -10dBm to +24dBm.

QUTPUT CHARACTERISTICS Impedance nominal 15ﬁ ohms. Suitable for driving 600 ohms or
greater at +18dBm. With xfmr, 600 ohms balanced +22dBm.

DISTGRTION less than .2% at 1kHz, reference output level.
DYNAMIC RANGE Greater than 90dB from clipping to noise floor.
PITCH YARIATION One octave up, one octave down, continuousiy variable. Digital

readout indicates precise ratio.

DELAY In pitch change mode: 0, 30, 60 milliseconds.
In delay only mode: 0 to 112.5ms in 7.5ms steps.
Delay only output: O to 82.5ms in 7.5ms steps.

FREQUENCY RESPONSE At any delay, unity pitch ratio: 20Hz to 12kHz, +1dR.
No degradation with increasing delay. N

SIZE Requires 8.89 centimetres (3%") x 48.26cm {19") pane! space,
Extends 22.86cm (9") behind panel.

POWER REQUIREMENTS 115¥AC, 50/60Hz +5% or 230VAC 50/60Hz. Nominal power dissi-
pation 25 watts.

REMOTE CONTROL The RK340 keyboard is available to control the H910 Harmonizer.
This is a two-octave keyboard (C to C} and each key corre-
sponds to 1ts associated musical interval. MWith this unit,
one can play various harmonies in real time. If the keyboard
is ordered with polyphonic capability (option 06), it may be
used to control up to three HS10's at a time to produce
four part harmany.

An input is provided to phase-lock the H910 Harmonizer to any |
synthesizer. A 3-volt peak-to-peak signal is reguired. 5

The pitch may be vavied by a control voltage input in the |
S to 15 volt OC range (internally selected).

|

NOTE: Depending on the pitch ratio selected and the nature of the program material,

the H910 may produce "glitches" in the output during the pitch change operation, The
H910 has been designed to minimize this problem, especially with musfcally useful small
pitch changes. For critical applications requiring the maximum in "no-gliteh” operation,

specify Eventide's H94% Harmonizer.

o /
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THE ORIGINAL STUDID HARMONIZER SPECIAL EFFECTS UNIT — THE H310 HARMOMIZER IS
THE DEPENDABLE, COST-EFFECTIYE, AND MULTIPURPOSE PACKAGE THAT REY
AUDID EFFECTS PROCESSING. PLUTIONIZED
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FEATURES OF THE H91D HARMONIZER

PITCH CHANGE -- One octave up, one down. The HILQ preserves all harmonic
ratios and thus all musical values since it incorporates advanced circuitry
which actually transposes input signals. Any musical interval can be achieved
by the continuously variable pitch change control. The pitch ratio selected
is shown on the 3-digit LED readout. An optional keyboard allows for pitch
change to be produced in discrete musical steps.

DELAY AND REVERB -- The economical H910 1s a versatile digital delay line,
It can be used for "doubling" vocals, delay equalization in sound reinforce-
ment, and for many special effects, including several types of reverb and
echo. Two outputs are avaflable, each with a variable delay, which allow
for vocal multiplying, distributing speaker systems (especially useful for
PA work), and even more effects.

ANTI-FEEDBACK -- Feedback caused by energy buildup due to room resonance js
decreased by shifting successive repetitions of the same signal away from the
resonant frequency. The H91D incorporates a control which periodically shifts
the signal pitch up and down to accomplish this. Unlike heterodyne "freguency
shifters,” ng dissonances are introduced,

SPECIAL EFFECTS -- Simultaneous use of feedback, delay, and pitch change can be
used to create a variety of audio effects. Maximum delay and one interval of
pitch change combined with feedback generates a musical progression of a single
not2. Pitch change and feedback with ne delay gives an unusual robot or alien
speech effect. Short delay with feedback but no pitch change gives a hollow
flanging or tunneling affect; long delay generates a distinctive reverb.

[
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SYSTEM INTERCONNECTION
HARMONIZER mopeL H910

'y
TERMINAL FUNCT ION FUNCTION
HUMBER _ (option 03}
i flemote Control 8ias QUT Remote Control Bias OUT i
i Remote Control Voltage IN Remote Control Voltage IN
3 Remote Control Frequency IN Remote Control Frequency IN
b Remote Control GROUND Remote Control GROUND
5 Opticnal Qutput QUT 150 ohm unbal. Optional Output OUT é00 ohm +phase
6 Optional Dutput COMMON Dptional Qutput QUT 600 ohm -phase
7 Chassls Ground Chassis Ground
8 Main Output OUT 150 ohm unbal Main Output OUT 600 ohm +phase
q Hatn Output COMMON Main Qutput OUT 600 ohm -phase
10 [NPUT 10K +phase INPUT +phase
il INPUT 13K -phase INPUT -phase -
12 {hassis Ground Chassis Ground
REAR VIEW OF TERMINAL STRIP ON
REAR PANEL OQF HARMOMIZER,
if the Harmenizer Is equipped
for use with the optional Key-
board, additiona) connector(s}
will be provided. Refer to the
Instructiens on pages 14 and 15,
INTERFACE MODES:
Voltage control of It is possible te remotely control the Harmonizer pitch .
nad

Pitch Ratic

ratio by supplying a control voltage in the range from O

to +15YDC, An Internal adjustment allows setting of the
centrol voltage full scale between +5VD{ and +15VDC, making
it compatlble with various synthesizers. The control vol- o
tage should be applied betwsen terminal strip pins 4 and

2, with pin 2 baing more positive. Care should be taken

to Insure that the control voltage is as pure and free of




Resistive contro!
af Pitch Ratia

Anomalous Readout
Indications

Contral Voltage
Range Adjust

Frequency Control
of Pitch Ratio

Signal Requirements

ripple as possible to avoid frequency modulation of the
pitch shifted signal.

For your convenience, a source of clean ¥15 volts, current
limited by a 10K resistor, Is available at pin | of the ter-
minal strip. The equivalent input circuit at the contrgl
voltage IN pin is a 10K resistor in series with an opera-
tional amplifier nen-inverting input. Therefore, voltages
within the range 0 to +15 wiil be feeding an essentially
open circuit. Exceeding +15 valts will cause current to
flow into the input, Jimited by the resistor. Greatly
exceeding +15 may damage the input, and shouid be avoided.

A remote control may be provided simply by connecting a 10K
potentiometer between terminal strip Pins | and 4, and con-
necting the wiper to Pin 2. The unit |s factory set so that
this connection will provide a full range. Kote that the
maximum input voltage in this configuration s 7.5 volts.

When operated in the Remote Control modes, & Harmonizer
containing a Pitch Ratio Readout may Indicate ratios above
2.00. However, the actual ratio will be limited to 2.00
regardless of the reading. MNote that the Pitch Ratio
Readout continues to operate even in the DELAY ONLY mode.
This is of advantage because it permits one to set a pres
cise ratic and then switch from normal to that ratio without
going into the PITCH CHANGE mode.

Ta adjust the external control voltage range, remove the Hap-
monizer top cover and swing the top board up on its hinges.
The adjustment (labelled ''CY ADJ") is a small trim resistor
located about 3 cm behind the KYBD/CY switches on the bottom
circuit board.

In addition to veltage control, the Harmonizer may be exter-
nally varied In pitch ratio by applying an input frequency
from a signal generator, synthesizer, or other source. This
mode is preferable to the Control Voltage mede far musica!l
applicatlons as the Input frequency is precisely related to
the pitch ratio. 1.e, if the input frequency is increased by
one interval, the pitch ratio likewise increases by one inter-
val.

The input frequency must be spectrally pure in that cnly the
fundamental and its harmonlcs may be present. The unit will
not accept signals with more than one fundamental frequency
present, and should not be driven by any source from which

a clean, constant level signal cannot be guaranteed. Function
generator/synthesizer waveforms such as sine, square, and tri-
angle waves are all acceptable,

The input voltage should he at least Svelts peak to peak for

a sine wave, and at Jeast 3 volts for a square wave. Al
standard logic families meet these requirements.




tnput frequency for unity pitch ratio is 4186 Hz {CB). in-
creasing or decreasing the input frequency by up to cne
octave produces a correspending change in the pitch ratio,

Tuning When using the Harmonizer with a customer supplied keyboard, -
it may be necessary or desirable to tune the master oscillatar
to match another musical source. This may be done by ear ]
or by instrument. For absolute accuracy, a frequency counter '
should be attached to the TRIG Foint in the center of the
top board, and the Inductor ba adjusted for a frequency of
33,488 KHz. For relative accuracy {for instance, to compen-
sate for improper tape speed or pocrly tuned Instruments)
apply the 4186 Hz L8 tone to the control frequency {nput,
and adjust the inductor until the Harmonizer input signal
Is in tune with the other instruments or sources.

The inductor |Is located underneath the top board. The tuning
adjustment may be made by inserting a plastic hex alfgnment !
tool through the hole in the ground plane on the left side )
of the top board. B8e sure to use the proper tool-a screw- 1
driver will crack the core and make it impossible to move. ~

Grounding As with any piece of audlo equipment, good grounding practices
should be followed when connecting the Harmonizer. 1in the
‘balanced configuration {eption 03), terminal strip pins &, !
7, and 12 are all grounded and there is a DC path connecting
these pins, In the unbatanced configuration {standard) pins
&, 9, and 11 are also cornected to the same DC ground.
Monetheless, the grounds should be connected insofar as possi-
ble as described in the table. This wll)] help prevent ground
foops and subtle troubles that can occur when equipment to
be interconnected is at differing ground potentials.

A sure slgn of grounding problems is if an unexplained hum
or buzz is present even when the LIKE switch of the Harmonizer
is in the OUT position, The LINE switch bypasses the unit
with a D€ path, and is independent of whether power is applied.

While the Harmonizer is susceptible to cartain faults and !
component breakdown, 1t 1s very unlikely thar generating hum .
of buzz is among them. |If the unit seems to be contributing
such a signal, and there [s no evidence that the power supply M
is faulty, check your grounding scheme first of al}. inciden-
tally, this applies tc almost all accessory equipment.

Fower The Harmonizer is supplied with a three wire power card and
international standard IEC connector. The ground pin connects
the chassis to the electrical ground system., The unit may
be operated on 115 {nominal) or 230 {nominal} VAC, 50-60Hz. L

3]
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LINE

{NPUT LEVEL and
LIMIT LMDICATOR

FEEDBACK

MANDAL

S ..

CONTROL AND INDICATOR DESCRIPTION 6

This control switches the Harmonjzer in and out of an
audlo circuit. When the switch is in the ONT position,

the unit is completely bypassed by a DC path and power
nead not be applied.

This controb varies the*level of the audio input to the
Harmonizer. It should be adjusted to take advantage of the
maximum dynamic range of the digitdl and analog clircuitry by
setting the contral as far cleckwise as possible betare
excessive distortion becomes apparent on the output signal,
The LIMIT indicator is used as an aid in setting the IKPUT
LEVEL control. It is adjusted to give a brief flash each
time the maximum dynamic range is even momentarily exceeded.

Because the LIMIT indicator is peak respording, and because
ef the characteristics of the internal signal processing
circuitry, it is desirable for the indicator to flash occa-
sionally during normal operation. The amount of flashing
[s strongly depsndent upon the nature of the input signa}l.
As an aid to the operator, a general guide is provided:

SIGMAL SQURCE LIMIT INDICATOR DUTY CYCLE
Integrated program {radio) once per two seconds
Integrated program (1ive) once per second

Voice (talking) Once per two seconds

Piano 2-31 per second

Guitar, acoustic 2 per second

Guitar, fuzz 1 per second

Synthesizer infrequent

Organ infrequent

Drums ance per heat

Remember, the above is a general guideline! The ear is the
best measuring instrument around, and the best setting is
one at which the output level is maximum and distortion is
not yet evident.

The FEEDBACK control may be used to add reverb in controtled
amounts to the delayed output of the Harmonizer. The control
attenuates the signal coming from the main output and re-
applies it to the input where it is mixed with the incoming
signal. ({Tha slgnat is isolated internally s¢ that no sig-
nat is applied back to the input line}. The reverb period

is controlled by the DELAY setting, the decay time (s varied
by adjustment of the FEELDBACK control. Clockwise rotation
of the control Increases reverb time, until the feedback
gain exceeds unity, at which time the system will begin to r
aoscillate. The control Is alsoe operative in the PITCH
CHANGE mode, and may be used te create numercus extremely
unusual special effects.

The.HANUAL control is cperative in the PITLH CHANGE mode
only. It (s used to change the pitch ratic batween the In-




ANT | -FEEDBACK

¢

DELAY ONLY and
LED IHDICATOR

ADC'L DELAY
SWITCH GROUP

PITCH CONTROL SELECT
SWITCH GROUP, LED
IND| CATCR

put and the output. When centered, the ratio 1s unity., When
fully ciockwise, the ratlo |s 2, and the output pltch is
increased by one octave., When fully counter-clockwlse, the
ratio is .5, and the output pitch Iz decreased by one octave,
Intermediate settlngs produce fractlonal octave ratlos, and
the control is "bandspread" around unity to make small ratio
adjustments easier,

This control is operatlive In the PITCH CHANGE mode only,

when the A-F button in the PITCH CONTROL SELFCT group Ts
depressed. Increasing clockwlse rotatfon of the ANTI-FEED-
BALK control progressively adds a small up and down frequency
shift to the output signal, which serves to decrease the
effect of room resonance peaks on the signal which ultimately
re-arrives at the microphone. Because the effect becomes
more audible as the control is advanced, the optImum setting
[s & compromise between adeguate feedback reduction and
audience and/or parformer disturbance.

This switch determines the mode of operation of the Harman-
izer. When it s depressed, the pitch change capability of
the unit is defeated, and the Harmonlzer acts strictly as a
digital delay line. In this mode, the LED INRDICATOR Tmmed-
iately adjacent to the switch becomes [lluminated, and the
legends baneath the ADD'L DELAY switch group become relevant.
When the DELAY ONLY switch is In the cut position, the LED
INDICATOR adjacent to the PITCH CONTROL SELECT switch group
becomes illuminated, and the two right hand buttons In ths
ADD'L DELAY group are the only ones activated. |In this case,
the legends above the swlitches are relevant,

This switch group contrels the delay of the maln ocutput. In
the DELAY ONLY mode, the delay is the sum of the delays of
the ndividual switches depressed, as read out on the bottom
of the switch group. Maximum delay is 7.5+15+304+60 millisec-
onds {112.5ms), and any intermediate setting can be achiaved
in 7.5ms steps. In the PITCH CHANGE mode, the additional
deltay is the sum of the defays of the two right hand switches
depressed. Maximum additional delay [s 30+30ms. Hote that
in the PITCH CHANGE mode, the delay is continuously varying
over an approximate 30ms range, and %0 a preclise delay is not
achievable.

When the PITCH CONTROL mode is activated, the LED INDICATOR
immedlately to the left of the PITCH CONTROL SELECT switch
group becomes illuminated, and the four switches assume con-

trol of the pitch change function.

MANual: This switch delegates control of the pltch ratio to
the MANUAL contraol, as described above.

A-F: Depressing the Antl-Feedback swltch delegates control
to the ANTI-FEEDBACK control as describad above.

KYBD: Allows operating the Harmonlzer by an external key-

board. This keyboard may be either EVENTIDE optlion

e
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POWER AND LED
{NDI CATOR

OPTIONAL EQUIPMENT:

PITCH RATID READOUT

OUTPUT 2

05 single voice or D6 polyphonic phase-locked key-
board, or a synthesizer or other oscillatar which
provides signals in the same frequency range. For
ievel and frequency requirements, refer to the
Interfacing sectlon of this manual.

cv: An exterpnal variable voltage variable from 0 to
7.5V may be used to control the pitch ratie. The
precise range may be internally adjusted to make
the Harmonizer compatible with various synthesizers.
For requirements and adjustment information, refer
to the Interfacing sectior of this manual.

Depressing this switch appiies AC power to the Harmonizer.
The LED JHOICATOR becomes illuminated indicating that the
unit is operational.

I ¥ your Harmonizer Is not equipped with the PATCH RATLO
READOUT or a second output, the front panel locatiens reser-
ved for them will be covered with a plate.

An EED readout gives the numerical pitch ratio of the Har-
monizer. As this is a true digital readout, it is not sub-
ject to miscalibration and may be used as a precise reference.

When using the Harmonizer in conjunctlon with a tape player
for tempo regulation, the oscillatoer controlling the tape
speed shauld be set to the reciprocal of the readout mulei-
plied by the base frequency (such as 60Hz). ExaMPiE: The
PITCH RATIO READQUT shows 1.30 (which corresponds to an
increase of about 5 musical intervals). To find the osc-
illator frequency to reduce this toe normal pitch, assuming
a 60Hz synchronous motor, multiply 60HzX1/1.30=k&.15Hz.

A similar procedure may be used to calculate time speed up

or siow down. Assume you have a &5 second tape which you

want to run in G0 seconds.

!: Flind the speed ratio desired: &5/60=1.083

Z: Find the required oscillator frequency: |.083X60Hz=65Hz.

3: Find the pitch ratio required to reduce the pitch Lo
normal: reciprocal of speed ratio=i/1.083=.923.

Note that settings past the second decimal place are not

too impertant in non-musical applications, or even in musical
app!Tcatiens in which the entire program Is being pitch or
tempe adjusted.

For musical applications, our optional keyboard will allow
setting to precise Intervals automatically. These same
intervals can be set using the readout, and referring to a
page of this manual reprinted from our 17454 manual, which
contains a chart showing PITCH RATIO READDUTS FOR VARIOQUS
MUSICAL RELATIONSHIPS.

This switch group controls the delay of the second ocutput.
It is operative regardless of the setting of the DELAY ONLY
cwitch. The total delay is the sum of the buttons depressed.




APPLICATIONS

The precading sections detail the apeeation of the Harmenizer and its interconnection
with cther components of the system. This section will discuss a few of the uses to |
which |t may be put. The Harmonizer performs two distinct functions: CELAY and PITCH
VARIATION. To a large extent both modes are independent, and one should not fee) that

all appllcations must make use of all Features. For instance, the Harmonjzer is a -
cost effective digital delay line for a large group of applications, and in some
circumstances s the jdeal purchase even if the PITCH CHANGE capability is never used!

SHORT DELAY, PITCH CHANGE UNUSED

PSEUDD STEREQ Connect the Harmonizer to a program source, and add fts
output te its input through operational amplifiers. Set
the wnit for 7.5ms defay, If 2 op amps are used, as
shown below, there wil}! be a broad range of frequencies
over which there wil! be addition in one channe! and can-

Harmonizer : ™
INPUT| 7.5ms delay Right

cellation in the other. The ocutputs wiil appear as two
interleaved combh filters in the frequency domain, with the

filter width being about 66Hz. As the input frequancy shifts
the source will appear to vary from the "left" tg the "right"
cutput. The circuit introduces no compatibility problems as  —
the two slignals added together recreate the original Input

and cancel the delayed signal, vet the illysion of steres Is i
very convincing.

HAAS EFFECT 7.5ms, and perhaps as much as 15ms of dalay can be added to
SOURCE LOCATION one side of one or more instruments in a stereo or quad
mixdown to aid the illusion of source placement. The ear
tends to localize a source as coming from the direction
of first incidence, even if the signal coming from another
direction is somewhat louder. This may be used to advantage —a
in "delay panning” in situations where the signal must be
present in all speakers, such as in a three-channel motion
picture sound track. As the Harmonizer is much less expensive LJ
than the typical DDL, it is economical tc tie up a channel of
delay for such uses. -

HUM REDUCTION BY By setting the Harmonizer at 15ms and subtracting the output

COME FILTERFNG from the input in an operational amplifier, cancellations are
produced at every 66.67 Hz, By following the TUNING instruc-
tions given earlier, it should be possible to increase the
delay to precisely 16.666ms, which will produce nulls at 60,120,
18GHz, ete. (If the tuning range is too small, & very small F1
capacitor may be added {n parallel to the coil. S5pf should be |-
enough.) -




VOCAL AND ENSTRUMENT
"'"DOUVBL ING"

DELAYED ECHO FEED

SOUND RE!NFORCEMENT

At delays between 15 and 60 miliiseconds {typically 22 to
45ms) adding the delayed signal to the original, either
directly, or to a different panning position creates the
illusion of more than one singer or player. Doing se
tends to ''fatten' the signal, and is an excellent method
of adding lushness to string and horn sections. Using
the optional output produces a further multiplying effect.

A typical application would be to fead a small string sec-

tion in the center of the mix, and the same signal delayed,
say, 3.5 milliseconds on the left, and the same sigral delay-
ed this time by 60 milliseconds on the right. The correct
delay settlng is largely a matter of taste. Instruments with
sharp transients such as guitars wiil typically require shorter
delays, vocals medium delays, and strings and horns !onger
delays.

Hatural room echa is characterized by a short delay before
the original return from the first reflective surface. By
interposing the Harmonizer between the signal and the chamber
input, one can to a degree simulate rooms of various sizes

by delaying the onset of the echo. Typical pre-echo delays
vary from 30 to 100ms.

LONGER DELAYS, PITCH CHANGE LNUSED

A common problem in sound reinforcement is caused by the siow
propagation velocity of sound in air. Assuming a room or
auditorium 100 feat long with a fecturer or singer at one

end, how does one gat the sound to the other end without achoes?
For good coverage, speakers could be placed, say, at 40 feet

and 70 feet from the end, but a listener near the end of the roor
would hear sound from the nearest speaker first, followed by
sound from the middle speaker, followed finally by the voice

of the lecturer. For proper perspective, it is highly desir-
akle to hear the direct sound first, followed by the reinforced
sound. The traditional solution has bean to avoid distributed
systems in favor of loudspeakers slightly behind the stage.

Thls salution warks, but requires more level than is strictly
necessary, and gives progressively poorer quality as the dimen-
sions of the room emphasize length over height. In low rooms
with balconies {such as many churches), the distributed approach
must be employed for intelligible results.

By using a two-output Harmonizer, one can feed the distributed
speakers with signals delayed according to their distance from

the micropheone, thus eliminacing the precedence reversal

effect, The delays shouid be adjusted to the satting which

makes the sound appear to emanate from the front of the room,

{This Is a practical application of the Haas affect, mentioned |
earlier in this section).




REVERBERAT|ON

PITCH/TEMPO
VARIATION

GETTING TRALKS
BALK IN TUNE

SPEEDING UP/
SLOWING DOWN
COMMERC | ALS

FAST REACTEON

LIVE PERFORMANCE

The Harmonizer employs a FEEDBACK control, which applies

varying amounts of the maln output back to the input. Turning
this control clockwise while the unjt i5 In DELAY creates 1
a reclrculation loop, whose decay time depends upon the

FEEDBACK amplitude and the length of delay engaged. Varjous
types of reverb and echo can be simulated by adjusting these

two parameters. Additional realism can be injected with a

dual output unit by adding another feedback pot from the :
second output to the [nput, thus giving two independent

time constants. !

PITLH CHANGE

The Harmonlzer is capable of changling pitch by up to a full
octave in either direction whila preserving muslical values,
The CONTROL AND [NDICATOR DESCRIPTION section describes the
modes and methods-by which this may be accomplished,

When mixing a multitrack master, someone may notice that an
fnstrument is out of tune. ({Don't ask why it wasn't noticed ‘~
earlier). It may be impractical ar impossible to recall the
musician. By playing that track through the harmonizer, Tt

is possible to restore it to the pitch of the rest of the
ftracks.

There are numerous occasions when radlo stations must vary
the length of recorded material. Asn editorial may have to
be fit iato a time slot, a commercial may be 63 seconds Tong, .|
etc. Using the Harmonizer In conjunction with a tape recorder
speed control or VS0 allows one to correct length without
changing the pltch of the recorded material.

In certain circumstances, particularly in film work, it is
necessary to make rapid changes in pitch, from one contralled
value to another. The voltage control mode may be used in
conjunction with an easily built accessory ta effect this.

The accessory consists of a rotary switch {or any other conven-

jent switching arrangement} and several variable res[stors. MJ
These resistors may be sequentially switched across the control
terminals on the rear panel, and the Harmonizer will immediatel--

assume the pitch ratio to which they were set sarliar. A

simllar set of resistors can he concurrently switched in the

tape spead control, so that pitch and tempc may be simultanecusly
and independently waried. .
The optional keyboard available for the Harmonizer allows one

to "play" the pitch ratlo so that any musical Interval between
the original lnput and the pitch-changed output may be [nstan- .
taneously achieved. |f purchased in its polyphonic configur-
ation, the keyboard may control three Harmonlzers at once, e %
allowing multipart harmony. Note that [f this feature is to




FEEDBACK

be controlled by a singer during a live performance, some
provision should be made to eliminate the Harmonizer cutput
from the monitor mix, as the accustical feedback to the
performer tends to create some confusion about what note |s
actually being sung. This tends to throw him eff pitch, at
best!

A unique effect can be achieved by employing feedback

while the Harmonizer is changing pitch. Three controls have
effect: The MANUAL, ADDFL DELAY, and FEEDBACK all change
the character and extravagance of the weirdness caused,

What happens? Each time a signal goes arcund the loop, its
pitch is increased or decreased according to the setting of
the MANUAL control. |If the ratio is small, many repetitions
€an occur before the original signal! is out of the frequency
band available. If for Instance the ratio is set at one inter-
val (about 1.06), putting a tone into the input generates an
equal ly tempered scale which is output sequentially. The time
between the notes is determined by the delay setting, and the
amgljtude betwesn successive notes is determined by the feed-
back amptitude,

Additional interest is added by the fact that as a cansequence
of the pitch change, the delay is contlinucusly changing over

a 30ms range. |If the ADD'L DELAY is set at O and the feedback
is turned up, an extremely ""hollow'" variable reverb js set up
when the pitch ratio is pear unity, and as the ratio is varied,
a literally indescribable effect is created. MWalt until the
next generation of monster pictures comes out—we bet that

a Harmonizer will be used to audioize the BEM's.




13
PITCH RATIO READOUTS
FOR VARIOUS MUSICAL RELATIONSHIPS

The figur?s in this table are accurate te four decimal places.
For use with the 1745M Delay Line with Pitch Change Module, ignore the last digit. '
"For use with the Madel H910 Harmonizer, round off the figure to twe decimal places., LJ

NOTE | RELATIONSHIP ~
1.0000 % _UNISON T 1. i.
L9439 +1 1. 1.
. 8909 +2 1. 1.
. 8409 +3 ). b
. 7337 +4 l. l. )
.7hg2 +5 1. 1.
iy +6 1. 1. :
L6674 s b y }
6300 +8 l. l. -
5946 +9 . 1. .
L5612 +10 | 1. 1. ™
5297 +1t | 1. 1. -
5000 oCT [ 2.
FITCH CHANGE: i
The Eventide Harmonizer and 1745M Delay Line with Pitch Change Module may be used f
to generate musical harmenies by reference to the above table. Because a digital i

compression or stretching process is used, all harmonic relationships are preserved,
unlike the disharmony preduced by heterodyne-type 'freguency shifters'.

For example, suppose twe frequencies, originally in a musical relationship, are

shifted up by 100 Hz. Although the abseolute difference between the signals remains
constant, the musTcal interval between them decreases. However, if the two LJ
frequencies are multiplied by any constant, as in the Harmonizer and Pitch Change

Module, the interval remains constant, even though the absoiute difference will

change, ‘ !]
TEMPO REGULATION: )

The internal osciilator of tha 1745M provides an output freguency which may be g
used te control the speed of a tape recorder. The H910 Harmenizer does not have
this facility.

[
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HK940 - KEYBOARD FOR EVENT(DE HARMON 1 ZER
MoDEL H910 akp mopeL H949

The twe octave phase locked keyboard is available in two versions - option 05,
mane, for controlling one Harmenizer, and option 06, polyphonic, for controlling
one, two, or three Harmanizers. The mono keyboard cannot be 'upgraded' tg
pelyphonic.

The keyboard controls the pitch ratio of the Harmonizer(s) in discrate musical

steps. Middle C on the keyboard is 1.00 on the readout - & obne-to-cne pitch ratio
{unison). Playing the E above middle C will give a harmony of a major third, playing
E flat will give a minor third, and so on.

When the polyphonic keyboard is being used to contro! three Harmonizers, the first
key pressed controls Harmonizer #1, the sacond key pressed {while holding the Firsg)
contrats Harmonizer #2, and the third key prassed (while still holding the firse and
second} controls Harmonizer #3. Releasing any of these keys and Pressing another
will change the pitch of that Harmonizer only.

The keyboard GLIDE pot affects Harmonizar #1 only. The pitch change action ranges
from instantaneous to a gentle slide. There is a LOCK switch for each Harmonizer,
which holds the Harmonizer ab the last note Fressed. in non-LOCK mode, the
Harmonizer(s} will return te middle € in the absence of any key depression.

No music is generated in the keyboard. Yaur music, passing through the Harmonizer,
is pitch changed on instruction from the keyboard. The keyboard/Harmonizer
combination can be used as a musical instrument |f the Harmonizer Tnput is supplied
with middle C {approximately 260 cycles) of the waveform or timbra ¥OU require,

The keyboard is basically an electronic clock, with some sequencing and timing
circuitry. The kayboard is slaved to the Harmonizer clock {Harmonizer #1 for the
poly keyboard) for perfect unison at middie C. Keyboard keys select appropriate
timing pulses, which command the desired pitch change in the Harmonizer.

_ _ (REVERSE THIS mODIFICATION T3 USE
Use of the HK940 Keyboard with Model HS49 Harmonizer A HOLY KEYROARD WITH THE HS10)

The K349 Harmonizer can lower the pitch of an input sianal by twa octaves. The
keyboard does not control this lower octave.

For use with the H949 Harmonizer, the keyboard requires the following modification.
With keys towards you, loosen the left wooden side enough to allow removal of the top
covar. Underneath is the underside of the circuit board. Add a 100 of DMI5 capacitor,
as shown. BReplace the top cover, and tighten the left side,

UnPERSIDE OF SR CLYT Bod420. g
ADD THIE 8 3 i On the HA931 anslcg
CAFREITDA _:} g ] | board, make the cut
o O 2 | as shown:
- Lo Fol-b ) 0
r p-F L p T 1 Thi T3 At U} 12-F1H HOLE" CANNGOTOR
0 DoOGCQODOD0D
@ ® e (UT HERE
LpE
LEFT StDE auin
NOTE: If the keyboard was supplied for use with a
943 Harmonizer, the modification has been done already,
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INTERCONNECTION OF HK940 KEYBOARD WiTH EVENT IDE HARMONIZER MODELS H91D & H349

I.

Harmonizer with mona keyboard, and H i
' armonizer #1 with poly keyboard. should
be equipped with a keyboard socket on the Harmonizer rear pan:l. , -

a}

b)

c)

d)

Hf ne socket Ts supplled, ask your dealer to provide one.
NOTE: every H949 is fitted with 3 socket already,

tf the socket is supplied but not installed, proceed as follows:

l. screw socket into rear panel of Rarmonizer (remove
blanking plate), '

if. plug connector M3 together {observe palarity).

Pii. remove shorting connector from Mé, KEEF IT SAFELY! it will
be needed if you aver require to use the Harmonizer with a
synthesizer keyboard or similar,

iv. plug connector M4 together {observe potarity).

Connect keyboard cabla to socket on Harmonizer rear panel.

H310: Press KBD switch on Harmonizer front panel.
H949: Select KEYBOARD control mode on Harmonizer front panel.

Harmonizer #2 or #3 with poly keyboard

a)

b)

c)

For H91{& Rarmonizers only:

if Harmonizer has a2 keyboard socket, this must be disconnected
from M3 and M4, and shorting piug replaced on MA {observe polarity).

i. If you have 1ost the shorting plug, the two pins to be
shorted together are {counting the pin nearest the front
panel as #1} pin #2 and pin #3.

A cable which is phone plug to two lug connectors is supplied.
Connect phone plug to jack H2 or M3 on keyboard rear panel,

H910: Connect red lug to terminal 3 of Barmonlzer {see page 3
of manual:. terminal 3 [s Remote Control Freguency IN).
Connect biack lug to terminal 4 of Harmonizer (Remote

Control GROUND) .

K949: Connect red lug to terminal 9 of Harmonizer {External
Control FROM KYBD).
tomnect black tug to termlnal 10 of Harmenizer {External
Control GROUMD).

H310: Press KBD switch on Harmonizer frent panel,
H349: 5Select XEYBOARD control mode on Harmonizer front panel.
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PERFORMANCE ASSURANCE

This section is provided to enable the user to determine whather the Harmonizer

is operating normally.
describes the indications obtained
indications are not as described,

iately following.

If no abnormal

Functioning properly.

STEP

#
1

10

ACTION

Observe serial plate to deter-
mine fine voltage. Push in
DELAY ONLY and LINE switches.
Push in POWER switch,

Apply a +4dbm, IkHz low dis-
tortion sine wave to rear pan-
el audio input. Rotate LEVEL
contrel to maximum, FEEDBACK
Lo minimum, set DELAY to zera.

Connect a distortion meter to
the output terminal! and de-
crease the LEVEL control set-
ting until the output level
is about +4%dbm.

Set the DELAY to 7.5ms,

Set DELAY of first output
Lo maximum, and FEEDBACK
Lo center.

et DELAY to zero, place unit
in PITCH CHANGE mode, and sel-
ect MANual control.

Select Anti-Feedback mode on
PITCH CONTROL SELECT group.

Select keyboard mode. Apply

a 3volt rms signal in the 2.1
to 8.4 kHz range to the KB in-
put terminal.

Connect a 10K linear variable
resistor from REMOTE + to RE-
MOTE GMD on the rear panel.
The wiper goes to C.V.

Return the LINE swith to the
OUT position and rewove power.

The left column provides instructions, and the right column

when the instructions are followed.
refer to the troubleshaoting suggestions immed-
indications are obtained, the Harmonlzer }s

1f the

INDICATION

Power an, line in, and delay only LED's should
become Tlluminated. |f the Harmonizer is pro-
vided with & digital readout, all three numer-
als will lighe.

A clipped sine wave should appear at the audio
output terminal{s). The LIMIT LED should ba-
come flluminated,

Observe that the LIMIT LED has gone off. The
distortion meter should read lowar than .3%.
}f a second output is installed, measure its
distertion, It should be lower than . 3%, and
within .12% of that of the first output.

There shauld be no change Tn distortion reading.
Listen to see if any periodic noise has been
added to the signal.

Key the audig tone and confirm that a reverh-
11ke decay is present when the signal 7s off,

Pitch change LED should become i!luminated. Vary
the MANUAL control over its full range, The read-
out should vary hetween .5 and 2.00, and a smooth
pitch change effect should be evident.

Observe narrow frequency modulation of the input
signal. Depth of modulation should increase with
clockwise rotation of ANTI-FEEDBACK control.

Yarying the oscillater freguency from 2, 1kHz
to 8.b4kHz should result in piteh ratios from
.5 to 2.0, This may be verified by the readout
if one is installed. |

Rotating this control from one extreme to the

other should rasult in the pitch ratieo varying
from .5 to 2.0.

Confirm that there is still an output sigral,
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Successful completion of the above tests s sufficient to aillow one to infer that
the Harmonizer Is operating properly.

TROUBLESHOOTING

If trouble was encountered during the above procedure, refer to the possible cause
{below) referred to the step number (above),

TROUBLE

N STEP FOSSIBLE CAUSES

£ 1 If no serfal plate, inform factery immediately!. Check individual power
supply voltages. Check internal fuse.

2 If lamp works but no cutput is present, check digital and analog output
circuitry. |f output is present and clipped but lamp doesn’t wark, check
digita) limit circuitry and lamp driver transistor. If lamp doesn't work
and output is not present, check input analog and A/D circultry. Make
sure all) connectors and cards are properly and firmly inserted.

3 Determine whether distortion is digital or analeg in nature by observing
the cutput signal. |f digital problem, check for defective memory or
conversion circuitry. |If analeg problem, refer to alignment procedure.

i Check digital to analog converter circuitry and delay setting circuitry.

L Check 6pin Molex connectors to front panaf .

b If digital distortion results, check memory addressing logic circuitry.
If npo output Is present, check phase-lockad loop operation. If the pitch

ratic is not variable over the full range, refer to the phase-tocked
icop alignment procedure,

7.8,9 Check phase-locked loop alignment procedure.

10 Check LINE switch and asscciated circuitry.

ALIGNMENT

The Barmonizer is aligned at the factory, and the alignment is sufflciently stable

so that pericdic adjustment should not be requirad. However, it may be desired to

rezlign the unit, either for reassurance or bhecause some component or aasem?ly h?s

been changed. Performing the analog adjustments will require a !ﬂw diSt?rtIGH sig-
nal generator amd a distertlon meter. The digital adjustments will require an os-

cilioscope with a calibrated time base.

HA920 ANALDG BOARD ALIGMMENT
COMPRESS0R

1: Refer to drawings for control locations on Compresser module,

1

——— o

(L3
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2: Set Harmonizer controls for zero delay in the DELAY ONLY mode. Set
input level control to MAXimum.

3: Apply a i1kHz signal at sufficient level to cause the LIMIT indicatar
to become ifluminated.

& ﬂb?erve signal at T.FP. 3 on the top board {HDIIQ). Adjust the offset
trimpot  for symmetrical clipping.

5: Attach distortion meter input to pin 12 of the Compressor module.

b: Set input signal level to +hidbm. Adjust the Compressor level control
so that the LIMIT LED just turns on.

7: Reduce the input level to -10dbm. Adjust the HF Dist. control for a
null in distorcion.

8: Reduce input frequency to 100Hz, Adjust the LF Dist. control for a
nutl in distartion.
IMPORTANT NOTE: Both of the above control adjustments ¢an vary the
output signal level in addition to nuiling the distortion. Be sure
that a true distortion null is obtained.

9: Repeat steps 6.7, and 8 if significant adjustment was made in any of
those steps.

EXPANDER

l: Set Harmonizer controls for zerc delay in the DELAY ONMLY mode.

2: Apply a tkHz signal and adjust the LEVEL control so that the LIMIT
LED is just on the threshold of illumination.

3: Adjust the Expander Level control until the level at the cutput ter-
minal is 16 volts peak-to-peak.

b: Adjust the HF Dist. control to obtain a distortion null. If a spectrum

analyzer is available, null the sacond harmonic.

£: PReduce the {nput frequency to 100Hz. Adjust the LF Dist. control for
a null in distortion.

£&: Repeat steps 3,4, and & if a significant adjustment was made in any
of those steps.

INFUT FILTER

Apply a 1KHz signal and adjust the LEVEL contrel until the ocutput tevael is
-bdbm. Change the input freguency to !2kHz and adjust the HF Trim pot unti!
the output level is -bdbm. Check the frequency response to confirm that it
is within specification: it may be necessary Lo readjust the trim pot very
slightly to lower a high frequency peak near 12kHz.




T

HE 9i¢

FEEDBACK

With the Harmenizer in the DELAY DNLY mode, set the delay time for zero
delay. Set the FEEDBACK control to MAXimum. While obsarving the aoutput
with an oscilloscepe, adjust the FB Level trimpot until the system osc-
illates, and then back off the adjustment until oscillatien Just ceases.
Note: Feedback may be inserted in or out of phase at the user's option,
The PC mounted PHASE switch allows selection of polarity,

PHASE-LOCKED LOODP

Manual Mode:

Connect frequency counter or oscilloscope to PLL test point near IC-7.
Select MANual control mode and center MANUAL potentiometer,

Adjust MIDF trim pot until measured frequency at test point is 33.5kHz,
Rotate MANUAL fully counterclockwise and adjust MINF pot for 16.5kHz.
Repeat 2,3, and % as necessary, as the adjustments interact.

Rotate MANUAL fully clockwise and adjust MAXF trimpat for &7kHz/

AN =l S

Anti-Feedback Modea:

1. Select A-F Made and rotate ANTI-FEEDBACK control fully counterclockwise.

2. Select PETCH CHANGE mode {DELAY ONLY switch auT).

3. Apply a -4dbm 1kHz signal and observe the Harmonizer audio output while
triggering the oscilloscope an the input signal.

4. Adjust the PW trim pot until the display appears staticnary, indicating
non-varying delay. '

Contro! Voltage Mode:

1. Select CV mode.

2. Apply maximum deslired contrel voltage to remote C.V. input.
3. Adjust C.¥, AD} trim pot for a measured frequency of 67kHK=z.

DIGITAL BOARD ALIGNMENT
OSCILLATOR

1. Connect a frequency counter or oscilloscope to the TRIG test peint.
2. Tune the inductor to the left of I(-1 to obtain a trigger frequency of

33.5kHz. (The col!l is on the bottom of the board. Use a ptastic tuning

wand inserted through the hole immedlately above the coil.)

3. If the Harmonizer is to be used with an external keyboard supplied by
the customer, or with an aoscillator, it is desirable to set the fre-
quency to precisely 33.488kHz after 10 minute warmup. I the unit I?
ta be used with an Eventide keyboard, or no keyboard, this precision is
not necessdary.

REFERENCE VOLTAGE ADJUSTHMENT

1. Set Harmonizer for zero delay in the DELAY ONLY mode.
2, Adjust RA to obtain =-10V¥dc at test point 5.

3. Ad)ust RB to obtaln OVWdc at test point 4,

7
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THEQRY OF OPERATION

The purpose of this section is to describe in a specific manner the method by
which the Harmonizer operates. The various clrcuit sub-groups are dealt with
individually, with reference to what each one dees and how It doss it. To
keep the section to a manageable length, we assume that the reader is fami!llar
with the individual integrated circuits employed, and 3o will describe the IC's
place in the scheme of things rathar than the operation of each IC itself. FPin

connections and other data pertaining ta the IC's are an appendix at the end of
this manual.

There are four different printed circuit assemblies which contain almoast all the
circuitry of the Harmonizar. Thay are:

DESIGNATION ASSEMELYH TOTALS: STANDARD OPTION 2 OPTION 4
ANALOG CIRCUIT BOARD HAS20 1 1 1
CIGITAL CIRCUIT BOARD HOI1 0 i I 1
COMPRESSOR/EXPANDER 3034 2 2 3
PITCH RATIO READOUT HR930C e 1 0

Option 0b, an extra variable delay output requires certain components and jumpar
wires to bhe attached to both HAS20 and HPO1Q, in addition to the 3rd 303A assem-
bly. These components must be added and checked out at the factory.

If Option 03, balanced infout transformer coupling 7s supplied, the transformers
ara mounted an the HAS20 board.

The varicus froat panel control potentiometers, AC power connector, and Powar supply

regulators are connected to the HAS20 board by wire harnesses and removable connec-
tars,

CIRCUIT DESCRIPTION: ANALOG BOARD HA92D

This assembly contains components and printed ¢ircuitry to perform the following
system functions:

FOWER SUPPLY

1: Supplies regulated DL voltages to the pracessing circuitry.

AUDIO SIGMAL FROCESSINKG

1: Converts a balanced audio input signal to an unbalanced-te-ground signal.
2: Adds a variable, controlled amount of feedback from the cutput to the inpurt.
3: Compresses the input and fed-back signal by a 2:1 ratio.

h: Low-pass filters the audio signal to prevent aliasing.

2: Converts instantaneous signal levels to a pulse-width-modulated signal.

6: Expands the digitally processed audio signal by a 2:1 ratio.

PHASE-LOCKED LOOP

I: Provides for manual contral of pitch ratio.

2: Provides for the Anti-Feedback function,

3: Provides for and interfaces with a remote keyboard.

4: Provides for remote voltage control of pitch ratio.

FRONT PANEL SWITCHES

1: Contains LINE INJOUT signal routing circuitry.

Z: CLontrols selection of DELAY ONLY and PITCH CHAKRGE modes .
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3: Controls selection of delay time of the output(s).
4: Selects mode of pitch change control; Manual, Anti-Feedback, or remote.
5: Controls application and routing of power to the Harmonizer.

POWER SUPPLY:

The power supply generates the following voltages:

t +I5 volts for the analog circuitry,

+12 volts for the random access memories and the {HOS circuitry.
+3 volts for the TTL logic and the CMOS on the optlonat readout,
-6 volts for the random access memories.

=I5 volts for the anatog circultry.

m D& m e

The +15, +5, and -15 volts are in each case generated by a power transformar
driving a full-wave bridge rectifier, filter capacitor, and integrated regulator.
The +12 supply is derived from +15 by connecting 3 silicon diodes in series

with the +15 supply and loading the output of these dicdes with the essentially
constant current drain of the logic and RAM circuitry. The ~6volt supply, which
is only required to supply a few milliamps, is derived from the -15 volts supply
with a resistive divider to a zener diode

AUDIO SIGNAL PROCESSING: :

Two of the four operatlonal amplifiers of I{-1 are employed as voltage followers
which isolate and buffer the balanced input signal. A third section of 1C-1
differentially amplifies the still-balanced sigral and converts Jt to a single
ended source. :

Summing amplifier I1C-0 combines the signals from the INPUT LEVEL control and

the FB LEVel trim pot. The trim pot IImits the maxlmum level of fed-back slgnal.
The Compressor module consists of two sectlions, a level detector, and a voltage
controlled amplifier., The level detector measures the module output level and
generates a OC signal proportional to this tevel over a wide dynamic ranga. The
BC signal is fed back to the VCA in such a proportion that for each 10db Increase
in input signal level!, the VLA gain is decreased by 5db. This results in a 2:]
compression ratio. The Compressor module is identical to the Expander module
{and in fact is interchangable with 1t). They dIffer in operation by means of
external connections, which change pre and de-emphasls constants and the sensa
of the DC control voltage. In the expand mode, the module produces an equal and
opposite effect to the Compressor, and thus the two units In tandem are transpar-
ent to the user.

The remaining sectlon of IC-1, and IC-2, each with its asscciated passive com-
ponents, forms a two pole low-pass actlve filter. These filters are calculated
to severely attenuate frequencies above 12kHz. The HF TRIM resistor adjusts

the high-Q section for optimum response and compensates for component toler~
ances,

The audio ocutput from this filter is applled to a MOSFET transistor operated in
the switching mode. When thlis transistor |s ON, the .0037uF capaclitor Is
charged to the instantaneocus value of the signal voltage. When the transistor
is turned OFF, the capacitor is discharged from this value to ground linearly

by a constant current sink formed by the 2N3391 transistor and associated ref-
erence voltage dicdes. The discharge time [s directly proportional to the
veltage on the capacltor at the instant the transistor is turned OFF. A.Dt
offset is applied to the signal at the input of the fllter so that the signal
plus offset Is restricted to a positive range of 0 to & volts. IC-3 is a

high speed comparator which is referenced to ground. When the potential on

the capacitor crosses 0 volts, the comparater shuts DFF. Thus the comparator

il
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cutput puise width is proportional te the stgnal level on the capacitor.

FHASE-LOCKED LOOP

In the MANua! contro? mode, 1C-F7 is used as a voltage controlled oscitlator.
The output voltage of the MANUAL control petentiometer is combined with a OC
bias to achieve a parabolic contral of pitch ratio. The maximum, minimum, and
center frequencles are set by MAXF, MINF, and MIDF respectively. This circuilt
assures that small pitch ratios can be set accurately,

In the Anti-Feedback mode, IC-7's control voltage is generated by a servo
loep which causes a small controlled deviation about unity pitch ratie. Dual
monestable multivibrator 1C-5 proportionzlly charges two capacitors to DC
voltages corresponding to the digital reference freguency (FREF) and the
phase-lacked loop frequency (FPLL). These twao voltages are compared by one
section of quad operational amplifier [C-6, and the resulting errar signal is
applied to 1C-7 causing its Output Lo track FREF, to maintain unity pitch
ratio. When a smal!l offset voltage is added to the error signal a corres-
ponding deviation from unity pitch ratio results. This offset valtage is
generated by another section of IC-6 and its magnitude is controlled by the
front panel ANT|~FEEDBACK control potentiometer. The polarity of the offset
voltage is controlled by signal CHP from connector $D which switches a trans-
mission gate {part of IC-9) on and off, changing the gain of the op-amp from
+1 to -! and consequently the palarity of the offset voitage. The result of
this operation is a slight frequency modulation of the audio signal. Proper
operation of the anti-feedhack circuit requires that the output pulses of the
two mencstable multivibrators be of equal widths, Trim pot FW adjusts the

tulse width.
In the KeyBoard mode 1C=7 is employed as a phase-locked loop whose output
frequency is 8 times its input frequency. 1C-8 accomplishes the Necessary

divide-by-eight functiocn. The KeyBoard input signal originating on the rear
panel terminal strip is applied to i{-10 which serves as an Al-coupled limiting
amplifier. One-half of quad operational amplifier I1C-11 integrates the phase
detector cutput of §IC-7 and applies the control voltage to IC-7. When IC-12
and |1C-13 detect the absence of a keyboard imput slgnal, the pitch ratio is
automatically ser to unity.

fn the Control Veltage mode, IC-7 is again a voltage controlled oscillator.
One-half of quad op-amp IC-1} buffers the Input control voltage. The gain

of this amplifier can be varied by trim pot C¥ ADJust, thereby allowing any
centre! voltage range from 5 te 15 volts to be used.

CIRCUFT DESCRIPTION: DIGITAL BOARD HD91D

This assembly contains components and printed wiring to perform the following
system functions.

1. Generates timing and control signals necessary for system operation.
2. Generates the memory address for read/write operations of the random

ACCESS MEemary. ) .
3. Provides 4Dkbits of random access memory to store a digital representation

of the audio input signal.
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k. Converts the putse-width-modylated signal generated by the analog circuit
board to a 10-bit digital format.

5. BGenerates the reference voltages REFA and REFRH.

6. Converts digital data words from the random access memory to analog form.

7. Low-pass filters the resulting analag signal.

IC-1 ¥s an ECL integrated circuit which, with its associated LC network, gen-
erates the master clock signal of the Harmonizer. The ECL leve! is converted
ta TTL by the 74500 Schottky gate and transistor buffers, The TTL level sig-
nal is viewable at TP!. The oscillator frequency is factory adjusted for
51.4MHz, but may be detuned for special appllcations by varying the inductor
located immediately to the left of IC-1. The buffered oscillator output |s
applied to 1L-3 which divides its frequency by &, then to & kit counter [C-5
{divide by 16}, modulo 3 counter IC-14 (divide by 3), and finally 1C-21, a
modulo 8 divider/decoder which produces 8 different sianals, each at the
sampling rate of 33.5kHz. Each of these sfgnals forms a time slot within

the sampling interval, and corresponds to a random access memory cycle or
aperation. For pitch change cperation, up to 3 write and 4 read cycles

are required. The 8th time slot is reserved for a read operation If the
optional second output is installed.

These 8 timing signals are comblned with higher speed pulses by varicus por-
tions of IC's 15, 25, and 30 to produce the memory control signals™WE and CE
(Write Enable Not and Chip Enable). In a similar fashion, IC's 1%, 2i, 23,
and 37 produce the sample pulse 5PL, and the output data latch strobes LTCHA .
LTCAB. Pitch change is accomplished by writing data inta the memory at a
fixed rate and reading data out at elther a faster {increased pitch) rate,

or a slower {decreased pltch) rate. In the DELAY ONLY mode, the pitch rarieo
is unity and so the read rate is equal to the write rate. The read rate is
determined by signal FIN whclh is equal to the system synchronous signal,
FREF, in the DELAY ONLY mede and asynchronous phase-locked loop output, signal,
FPLL, in the pltch change mode. IC's 4, 6, and 7 form a detector circuit
which synchronously sets D-type flip-flop IC-46, and generates a synchronous
output latch pulse LTCH on each positive transition of FIN.

Setting IC-4B initiates the followlng sequence of svents:
1

between addresses 3K and LK only by pulse™WE.
IC's 16, 18, ¥9, and 2} compare the rates of FIN and FREF and increment
or decrement the pointer register, IC's 32, 33, and 34 depending upon
the results of the comparison. {INCB if FIN is less than FREF, DECB if
FIN is greater than FREF).
Note that IC-46 is reset twice during each sampling period, thus the above
sequence can occur twice each sampling period, correspending to a pitch ratio
af #:1,

2.
3. The data appearing at the ocutput of I1('s 5% and 56 are written into memory
4.

IC's 38, 39 and 40 are serially connected to form a }2bit down counter whose
output represents the memory ‘'base address''. At the end of each analog to
digital conversion the ten bit data word is written into the menery location
defined by the base address counter. This counter is decremented each sampl ing
period and reset toc 3K each time a carry Is generated by 1C-40. As a result,
the input data are stored sequentially {n memory locations 3K through 0.

Memory output data is loaded into output B latches, I{'s 50 and 52 by LTCHB.
Memory output data is loaded into output A latches, IC's Sh and 56 by LTCHA.

——
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IC's 32, 33, and 34 are serially connected to form a 10-bit up/down counter
whose output represents the memory polnter address. IC's 41, 42, and 43

are each 4-bit binary adders serially connected to sum the base and pointer
addresses resulting in the 12-hit read address for output A, The value of
the pointer address determines the amount of delay at output A, up to a
maximum of 1024 bits. Changing the pointer address by INCB or DECB changes
the amount of delay, thus accomplishing pitch change. in the DELAY ONLY mode,
the pointer address is set to zero by setting the DLY signal high.

IC's 28 and 31 form a presettable modulo-3 counter which is used to set the 2
most significant read address bits for output A. The delay set signals C
and D from the HA%20 assembly preset the counter for deiays of K or ZK in
the PITCH mode, or 1K, 2K or 3K in the DELAY ONLY mode. Control signal ADS
gates both the 10-bit ocutput of the pointer, and the 2-bit cutput of the
moduico-3 counter so that they are active prlor to each occurrence of LTCHA.
The data at output A are sequentlally written into memory locations 4K to

3K and read out to output B on each LTCHMB signal. Control signal ABC gates
th? 2 most significant address bits to access memory locations 4K through 3K
pricr to each occurrence of L{TCKB. The result s that cutput B (s an exact
replica of ocutput A but delayed by K bits, or about 30 milliseconds.

The Random Access Memory array comprises ten IC's, W through M3, each of
which can stare 4,096 bits of data. These are known as 'K RAMS*', the K
standing for 1024 instead of the metric 1000. The memory array organization
is "10X4K", with M@ storing the least significant bit (D@} and M9 storing the
most significant bit (D9) of each data word., The address and write enable
lines of all ten RAM's are connected in parallel, IC-13 is a CHOS hex buffer
which drives the chip enable {CE} lines, c¢ne secticen of the buffer for each
pair of RAM's,

The outputof/the comparator, COMP, is applied to the enabling inputs of a high
speed TTL counter, IC-12, eoperating at 51.4MHz., IC-12 divides the input fre-
gquency by 4 and applies this output to two 4-bit counters which are sequen-
ttally connected. These counters count up until they are turned off by the
COMP sTgnal ar reach their maximum count of 1024. At the end of aach conver-
sion cycle, the ten bit output corresponding to the pulse width of the COMP
signal is lcaded into the tri-state buffer IC's 9 and 11 and written into the
memary. The counters atre then cleared in preparation for the next conversicn.
IC's 17 and 15 detect an underfiow indicative of digital clipping and generate
LIM which controls the front panel LIMIT indicator.

When the memory pointer register is incremented or decremented through zero,
1C-45 is reset, enabling 1C-47, a l4-stage binary counter. This counter is
incremented by LTCH8 with its outputs applied to IC's 48 and 43, each of which
is a guad exclusive-OR gate. The output of these gates supply current to a
welightad resistor network which, In conjunction with one section of guad op-
erational amplifier 1C-62, form a discrete digital to analog converter. The
output from this op-amp is REFA. When 1C-4%7 is disakled, REFA is 0 vDC. As
IC-47 counts from O to 512, a negative-going ramp is generated at REFA. Count
512 invarts the outputs of I1C's 48 and %9 and REFA, which is now at -10 volts,
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OPTION O4:  Extra Variable Delay Output (0n HA920 and HD31D assemb]les)

starts ramping up to 0 VDC. Count 1024 sets IC-45 which disables the counter.
REFB is generated from REFA by another section of 16-62. The two references

are complementary trlangle waveforms. Thelr amplitudes should be 0 to =10

volts, and each may be adjusted by its associated trim pot, RA and RB. In the !
DELAY ONLY mode, REFA and REFE assume constant DC values, 0 and -10 VDC, depen~-
ding upon the length of delay selected.

Both outputs A and B employ two levels of latching. IC's 54 and 56& are the
first level lateh of output A and accept the 5 least significant and 5 most
slgnificant blts respectively. These latches are strobed by LTCHA during

the approprliate RAM cycle. 1C's 50 and 52, strobed by LTCHB, perform the
identlcal function for output B. IC's 55 and 57 are the second level of lat-
ches for output A and are strobed by LTCH which occurs at each positive-golng
edge of FIN. The outputs of these latches are applied to D2, a 10-bit mult|-
plylng digital to analog converter, whlich produces analog output A. DI pro-
duces analog output B. Another sectlon of 1C-62 sums aralog outputs A and B
and produces audlo output F. '

A two-pole low pass filter is formed by the final section of IC-62, which
attenuates clock-related components of audio output 1. :

OPTION D2: Digltal Piteh Ratio Readout {HR 930 assembly)

[C-3 and one-half of 1C-4 comprise a divide-by-1000 counter which divides

FREF tnto a counting time interval during which PPLL pulses-are accumulated.

iC~2 is a three-decade countar with muitiplexed outputs. It is enabled dur- :
ing the 1000 FREF pulses, and the pumber of FPLL PUlses accumulated during L
the interval are transferred to an internal fatch by control signals genersted

by 1C-5. The counter s then reset, along with IC~3 and half of tC-4, by

another control signal from IC-5. The second half of IC-4 diyides FPLL by i
10, so that If FPLL and FREF zre equal, a count of 100 is accumulated In :
IC-2, Indicating a pltch ratic of }:!, The data storad in the output latch

of 1C-2 are applied In a bit-parallel, word serfal order te the input of

IC-1, a seven segment decoder-driver, which drives the anodes of the three

LED readouts. The cathodes are driven sequentially by the three translstors

under control of 1C-2, assuring that the proper digit {s activated corres-

ponding to the data appiled to 1C-1. ;

The delay is selected by switches on the HASZD board, and is applied through
transmlssion gate 1{-02 to the address hus, and to modulo three countar \C-
01, whose output also goes to the address bus through the transmission gate.
Delay is determined by $A2, SB2, $C2, and $D2 when the gate [s actlvated o
by the slgnal from tC24=1. The data are read out of the RAM and applied

to a 10-blt latch conslsting of 1C-05 and IC-06, The latch strobe is gen=
erated at the proper time by IC's O4 and 46. The latch output is applied to
10-bit D/A converter 1€-00, followed by current-to-voltage converter I10~-07
and two pole filter IC-08. The filtered audio output then goes to the

HAD20 assembly and thraugh an expander module and buffer amplIfler to the
outslde warild.
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TROUBLE INBICATIONS

If the harmonizer is almost functloning properly,

waveforms such as these below may

be obtained. Possible causes for the abnormality are indicated next to the SCope

photos.

SYMPTOM OUTPUT SIGNAL

Excessive distartion
{triangular wave input)

POSSIBLE CAUSE

Misalignment of distortion trim
adjustments or defect in current sink
on input board. If all outputs show
an identical problem, the problem is
on the input board. |If cnly one out-
put has distortion, problem is with
that output,

The photographs show sericus misalign-
ment. S5light alignment errors will not
be visible but will show up with dis-
tortion measuring equipment.

Noisy signal,
"Frying sound",
“"granutarity’
Note difference
in bottom trace.

One or more of the less significant
bits missing from the output. Indi-
cates possible bad memory IC if both
cutpets bad, or defective output latch
or D/A 1f ane output bad.

Extremely noisy:
pops, crackles,
output has "qlitches"

If &0 or 2D Hz component, probable
power supply problem, or low line
voltage.

If glitches appear repetitively, probabl
defective high order kit in memory,

or defect in input A/D converter or
timing.
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Read and Refresh Cycle "

Tmgr
Yo LE
T ADORESE FTABLE ADDRETE CAM CHARGE X ADONESE $TaBLE
L
- T ] I-—l'r — |-I---"|'
ag ‘oam
Yy —
L 4]
[
e m B
T
W
e
W cay .\"- WE an
CHAMGE THANGL
[ Pp——
Yoy —— _— i
YoM —— - P e ——
HIGH Hag !
I*MDME_‘X dy0 — ]‘_mumnce_'“
Yo mm— [ —
L arx - ’—lﬂ

Write Cycle

Yty
L L._
prosy X ADLRESS 5TABLE X MDDAERS CAN CHANGE X ke
L
e P —— ——
L trtm — ir

g =

e

—— VRS L
¥ ——l
't
‘-'-"'f [— T = b
Yin
we WwE
WE i Gy Wi CAN CHAMGE
CHAMGE CHANGE
L 1
] [— T —
L
,
" - Dy

Thu Ly AN CHANLE Dty STABLE Al AL

Yy r

h ————— - A e o —
B e - | K
Baur -un;.ﬁ:m: _\ / LU FIME 1 I_:D“EE —_

Wl - ——— e e ee— i, . w -

s
NOTES: t. For Refresh cycle ronv and column addresses musl be stsbla betont T arwd remain satibe for wntine oy peegd.

Vs + 1.5V i vhe ewfernca vl for masiuring timing of the sddremm, &5, WE. and Dy,
+ Vg + 3.0V i the raferance ievel for masturing titiang of the sddreaes, &35 WE and Dy,

- VoD -2V i the refarence livet Jor messuring Timing of CE.
- ¥55 + 2.0V i ther raference bl for masmring tha iming of DT

t

k2

1

4. Vg + 2.0V is the referance laval 1or maasuring 1lming ol GE.
L

&




T28

LARGE SIGNAL FREQUENCY
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DESCRIPTION
The LMIMA snd LM30YA are high performance opera-
tional amplifiers featuring high gain, short gircuit pro-
tection, simiplified compensation and excellent temperatura
stability,

May be replaced by TLOBI
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DESCRIPTION

The pA741 is a high performance operaticnal amplifier with
high open leop gain, internal campensation, high commen
mode range and excepticnal temperaturs stability The
pA741 is shortcircuit protected and allows for nulling of
offset voltage.
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DESCRIPTION

The uA710 is a High Spesd Differential Vottage Gomparator
featuring low offset voltage, high sensitivity and a wide
input voltage rangs. It is idealty suitsd for use s1 & pulse
height discriminator, an analog compaerator or a digital line
recaiver, The output structure of the pA710 is compatibte
v with DTL, TTL and Utilogic integrated circuits.
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Voitage Regulators

DESCRIPTION

The LM109 and LM30Z are complete B volt regulators
fabricated on & single silicon chip. Thee regquiatory are
designed for local “on card” regulation 1o eliminate many
ot the noise and ground loep problems associated with
single-point regularion. They employ internal current limit-
ing, thermal shutdown, and sife-area compensation which
makes the circuitry essentially blow-out proof, If adequate
heat sinking is provided, the devices can deliver Qutput
currents in excess of 200mA from the TO-5 package, and
14 from the TO-3 package. In addition to their use as
fixed 5 wolt regulators, thess devices may be used with
external components 1o obrain adjustable cutput levels.
They may also be wsed as the power pass element in
Precision regulatars,
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vAT800 SERIES

GENERAL DESCRIPTION — The gAT&O0 series of Three-Termunal Positrat Voltane Regulatars are
cormstructed uiing the Fairchild Planar® epiaxial process. Thest regulators employ intermal currend
hreiting, thesmal shutdown ang sale-area compensatan making therm sssentigliy brow-out proof 3
adequare hear sinking s proviged, they can deliver owar 1A outpur current. They #re intended a3
finmd-valtage regulatars w a wide range al applications including local, oncard fegulation for
elirrination of maise and distnibution probléms assoeised with sinple paint regulaton In aéddition ta
Lse 33 fiaed woliage regulators, these devicet can be ysed with External Companents o oltmr
adjustdbie output vol tages and curents and ag the POwwer pass efement in précision regulatars.
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