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The PAIA 4783 Joystick Controller is a versatile, yect compact, method to
contrel up to three simultaneous parameters on a voltage controlled music
synthesizer. Motion on both the X and ¥ axes produces separate outputs,
with RANGE and BIAS adjustments for each axis, Additionally, the metal
jovatick shaft serves as a touch activated trigger source to initiate a variety
of preprogrammed effects on command, Switch selectable multiplior function
allows processing of remotely generated control waveforms,

SPECIFICATIONS

Power Source: two 9 volt batteries
Control Voltage Output: T4 volts |
Trigger Output: +8 volts

Control Voltage Inpuk: up to 5 volts

@ 1977 PATA Flectrondes, Inc, . 1020 W, Wilshire Blvd, , Olklahoma City, OK 73116




Prior to beginning assembly, check the supplied parts against the

following parts 1ist,
QUANTITY

1bundle,......ovv...

L J ER RN e

ITEM

. AT83 Clircuit Board
..4783 Case Top
..Lase bollom plate

LWood end blocks

Joystick mechanical assembly

LLChrome Joystick begzel
L7485, 201, or 301 Lype op=amp ICs
. ANO914 or 1N4148 signal diode

LEDEonL I (DO NOT remove from foeam block until

ready to install)
A x 30 inches hoolup wire

.5 inches rubber [lex Lead
.. 0K polestiometers
cos LMK pobentiometors

.. 3PDT slide switchas
...0OPDT slide switch

.9 lug terminal strip

.. Red pin jacks

Blazlk pin jacks

Jinnerman nuts (see Fig, 4)

A volt battery connectors



Lviiasvaisnm s Bolder Tug

Ly snetpms st i AL S LA
ZiiiinensssasrerenaeocLoreaded "L hooks

&, ivansirrsnesersseilibber feel
B ey Push-on Knohe

Bios i wnmaia A T Potentiomater mounting nuts
B iiirrrinnneiieaaaa 4 x 378" gelf=tap scrows

4 iiiiiiiiaeiieea,, =50 x 1/4" machine screws

oo Td=10 x 1/2" machine screws

£n

A | e R S i #4 internal star loclowashers

10 i iiieeini e ny, =40 nuts

[45]

....3/16" spacers

B tiriaerreernanena. =10 x 1/4" machine screws

B iiirnnarennnaanse s 0K resistors {orange=orange=yellow)
2iiiiiiiiaaiinnnass, B2K resistors (proy-red-orange)

4 irernaarrennnas MR resistors (brown=black-orange)

2 e JBBIK resietors (blue-gray-yellow)
1.iiiiinnrninnnaa e TK resistor (yellow-viclol-red)

i iiiirrreneeneees 100 pf disk capacitors

o ieiiieeessineon. 0l mid disk capacitors

L eiiiiieeney . o001 mid disk capacitor
L, eiiiiinnassnn.,+ 006 mfd disk capacitor

If you should find any parts missing, damagzed, or otherwise unusable,
coatact PALA Electronies Tech Services for replacement. Along with your
reguest , we must have the paclker number from the parts bag, and the
order number which contained this kit.



{ ) Rotate all control shafts fully counter-clockwise and push the knobe firmly into
place so that their pointers point to the seven o'clock position of an imaginary
cloclk foce,

THIS COMPLETES THE ASSEMBLY SECTION, PROCEED TO THE TESTING
AND CALIDRATION SECTION,

TEBTING

All that is required for testing the Joyatick 15 a voltmeter or similar basic
tegl moter, First, connecct the negative lead of the moter to the GROUKND jack on
the rear of the Joystick case. Connect the positive lead to the output jack labeled
TRIGGER. Set the voltmeter to a range which will conveniently measure L0 volis=.
Slide the Joystick Power switch to ON, The meter should initially read0 vaolts.
Touch the metal shaft of the Joystick, The (ripger oulpet voltage will now jump to
pogitive 9 volts. IT not, check the eircuitry based around IC3. Double check D1 and
D2 to make sure thev are installed with the correct polarity. You may also wish
to check these diodes to make sure they were not blown out when soldered into
the cireuit, Of course, ICS itsclf is the most important part of the touch switch
circuitry. Improper operation of the touch switch may he traced to static or
installation damage to the IC.

Move the positive meter lead to the "X" output jaclk. With the "X" section's
RANGE and BIAS controls fully countercloclowise, you may note a slight negative
deflection of the meter, Advancing the BIAS control appresxdmately 50% should
bring the meter reading Lo 0 volte, Further advancement of the BIAS control
should deflect the meter to positive 4 volte or more. After this is confirmed,
return the BLAS control to the mid-rotation point that providez O volts culput, Set
the meter to a range which will convenlently measure one voll or legs, Advance
the BIAS control sliphtly, until the meter shows 1/2 of full seale deflection. In
other words, the meter should be pointing straight up. Move the Jovstick shaft to
the right and to the left. As the Joystick is moved to the right, the meter should
move several tenths of a volt more positive, Movement of the stick Lo the leit will
produce a slight deereage in the output voltage, Return the meter range switch
to a scale which will measure 5 to 10 volts, Increase the Jovstick RANGE control
to approximate mid-rotation, Reget the BIAS control to provide 1/2 of a full
geale reading on the meter. Now move the Joystick shaft to the left ond ripht ond
note that the output deflection is increased to scveral VOLTS of devialion, At
moximum BANGE, the cutput swing will be about plus/minug 4 volts, Likewise,
al minimum RANGE setting, the BIAS control should produce about plus/minus
4 volts deviation or more.

Move the positive meter lead to the "Y' section output jack. Repeat the test
procedure which was used for the "X" section, this tme using the RANGE and
BIAS controls in the "Y" sectlon and subgiituling upwards and downwards Joystick
moticn for the right and left molion previously used., NOTE: In our prototypes, we
have noticed that usually the 'Y BIAS contrel can not be decreased for encugh to
provide 0 volt output when the "Y' RANGE control is fully advanced, To correct
for this, the internal Joystick trimmer must be decreased, Push the trimmer.
lever of =4 all the way to the pesition indicated by the asterisk in Figure 5.

This should cause the R=4 trimmer lever o now be pointing towards the front
lip of the case top, Now, repeat the test procedure for the "Y" sectlon to make
gurc the RANGE and BIAE controls operate in the proper manner,
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USING THE JOYSTICK

Before getting deeply invelved with some sample applications for the
Joystick, it is important to understand that the Joystick is a much more
versatile and wide range contreller than the more common AGQ keyboard,
The mueleal keyboard offers precision repeatability of a Hindted sel of musical
notes, Bul, the Joystick has a much wider range of oulpuls, with capability
to generate an infinite number of outpuls acreoss its range. Additionally, it has
the capability to gencrate TWO variable cutputs PLUS a third Lripgper oulput,
With all this inereased capability comes an increase in operational subtlety
and lack of applications comprehension. The point is that you must be pre-
pared to experiment and PRACTICE in order to LEARN how to gel the most
from this new controller system, just like you had to LEARN how to play the
AGD Jeyboard., The reward will be the ability to do some very complex
control of a large assortment of synthesizer equipment from one efficient
controller device,

PANEL LAYOUT AND CONTROL QPERATION

Kote that the front panel graphics are arranged to depict the interaction
of the rotary controls with the Joystick. The "X" and '"¥" designations are
derived from standard notation for designating a point in o two=dimensional
graph. The X axis refers to horizontal, or side-to=side Jovslick motion.
The ¥ axis refers to vertical, or up-and-down Joystick motion.

The controls in the X section operate exactly like the Y controls, except
they affeclt a different axis of motion,

RANGE = This control determines the amount of cutput voltage change

for a plven amount of Joystick motion. Clockwise rotation will give increased
output changes.

BIAS = This contrel determines the amount of initial voltage at the output; or in
other words, the ceater voltage of the Joystick at rest, Any movement of the
Joystick will then cause an inereasc or decrease in this center bias setting.
Minimum scttings of the BIAS controls represeats an output of approximately
=4 volte, Clockwise rotation will increase the output veltage to a maoximum
of about +4 volts.

THRIMMERS = The ribbed, thumbwheel sliders adjacent to the joystick mech-
anigm acl ag fine tuners for the setting of the Joystick,

POWER - Sliding this switch to the rigld applies power to the internal
clrouitry. Be sure to switch off the power when not in use to belp prolong
battery 1ife,

On the rear panel:

GHRD - This jack should be patched to a common ground polnt on the equipment
which the Joystick i to be controlling, This connection is REQUIRED for
proper operation of the Joystick.

TRIG = This cutput jock provides a trigger output of approximately 48 volts
whon Lhe metal section of the Joyestick shaft is touched., The culput will remain
ligh as long as the shaft is touched.



As with the front panel controls, the operation of the rear panel 1s similar for
bath the X and ¥ sections,

OUTPUT= The voltage which is the resulting summaiion of Joystick locodlon,
control setting, and so on, appears at this jack. This jack will be patched to
the medule you wish to contrel with the Joyvebicl,

INPUT = This jack allows for lnpul of complex control waveforms which can
then be selected, prozessed, and outputted from the Joystick, This jack 1s
used for some very special modes of operation, and will be discussed in detadl
in o later scolion.

CV/MULT= This switch selects the normal variable voltage mode of operation
(CV), or the multiplier mode of operation (MULT) which uscs the previecusly
mentioned INPUT jaclks,

This sepms the appropriate time to talle about two other "controls” which
aren't attainable from the cutside of the case, On the rear of the Joyslick
mechanical asscembly, you will find two protruding plastic "pillars" with an
Allen-type hex screw in the end. These screws adjust the tension of the
Jovetick "spring return’™ action, Screwing these adjustments further into the
plllar will cousc a faster, tpghlter spring return action. Similarly, backing
thege screws oat of the pillars will cause the spring action to get weaker
until, just before the screws hegin to leave the pillar, the Joystick has no
spring return action at all, At this pogition, the Joyatick should stay anywhere
aleng the axis thal you put it, This could be useful for some applications, and
you may wish to readjust one or beth axes of your Jayslick to operale in this
manner, NOTE that the adjustment serews should not be completely removed
from the pillars, as this will allow several small springs and pivet armes an
opportunity to fall out and be lost, Chances are thal you may wanl Lo readjust the
tension again in the foture, so try to avoid the loss of these partsa.

APPLICATIONS

Now that wo have all the details out of the way, let's get down to patching the
Jovatick inte & system and putting it to use, One of the first things (hal comes bo
tmind when vou sct a lmob, lever, or thumbwhes] next to a kevboard is pitch
bending, Sinee you will be bending the piteh up and down, it makes sense to
use the "Y' ( vertical) axis for this application, First, MAKE SURE thal you
have a pateh cord connected from the Joystick GROURD jack to a ground jack
an your 4741 Wing (or to the chassis of the unil to be contralled, if il is from
another ayetem)., The Y oatput ghoald he patched into the VCO (s o he conkrolled
IN ADDITION TO the normal control voltyze from the keyboard, sequencer,
ete, (Bee Fligure 10}, The front panel ¥ RANGE should be set to minimum, We
di not want any control voltage at the output when the Joystick is ab its resting
center pogition, o the ¥ BIAS should be set to approximate mid-position.
While ingerling and removing the patchcord from the output jack, maoke slight
adjustments to the Y BIAS control until there ig NO pitch offsct when the
Joyetick is connected to the VOO, This is the point where there is 0 volts
lpias at the Jovstlelk output, If you can got closcwlith the BIAS control, then
vou can fine tune the zero setting with the Joystiek trimmers, Now, you should
be able e play up and down vour keybeoard and selectively add upwards or down-
wards pitch bends of up to a musical fifth or se. I you prefer more dramatic,
wide=range pitch sweeps, the RANGE coulrel can be advanced as desired.
NOTE, theugh, that the BIAS control will need to be reset to provide the initial
0 volt output.
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Those of you who are invalved with experiments in microtonal or macro=-
tonal tunings can use the front panel BIAS control Lo generate the positive (for
microtones) or negative (for macrotones) voltage offsct required. The wide
range of the BIAS contrel should provide for a world of new tonalities to be

cxplored,

Now let's toke the basle patch a step further, Let's add variable filter sweep
which iz conlrolled by horizental (X axis) motion of the Joystick. (See Figure 11),
Uge an additional pateh cord to connect the X outputl fo the conlrel input of a
VCI'. For now, use the Joysticlk as the only inpul Lo the filter. With this patch,
moving the Joystick up and down while playing the keyboard will produce pitch
hends, while moving the Joystick from side to side will act as a tone control,
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When uging this patch you will prebably find it most useful to have the X RANGE
sot betweon midpoint ond moaxdmuim for the widest range of tonal changes.

This domenstrates a vory important design conecepl-=insteand of using one sel

of master controls to adjust range and biag of both Joystick axes simultaneously,
wi choge Lo relain separate control for each axds to allew for the wid=zst rango
of posaible applications, On Joysticls which have enly one master range conlrol,
vou would never be able to execute the preceding patch without having either

an extremely norrow (thuas ineffective) [lter sweep range or a very wlde picch
bend range (thus difficult Lo use for beads of a few semitones anly).

To add a third dimension of conlrel to our expanding patch, connect the
TRIGGER output to the input of an envelope generator. (See Figure 12.) Then,
patch the output of the envelope generator into the control input of the VOF which
is being used as a tone control for the X axis, With these connections completed,
vou will be able to bend pitch, change the tone manually, AKD touch the metal
ghafl of the Joystick Lo gel an antomatie sweep of the filter, NOTE that when using
the bouch TRIGGER function, all Joystick movement must be done by holding the
end of the shaft,
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TFrom these basic applications, we can expand to using the Jovstick trigger
oulpul Lo infliate a sequenced pattern, or better yet--to single step through
a scquenced pattern, This way, you could have o number of preset voltages for
a tonal seqguence, a chord progression, or perhape just use the sequencer gate
oulputs to enable various patches through a number of VCAS, Now, wheacever
vou touch the Jovetick chaft, the sequencer will advance one stage, and the
naxt preset "pateh' will be heard, By now vour creative instinets should be
getting 4 few ideas worth experimenting with, TRY THEM ALL. Experimont
with having the Joystick control every modile in your system, This will help
you derlve or stumble upon some good control combinations which you may not
have thought of vel,
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The Joystick can be used as a range determinant for contral signals in
saveral wayvs, Probably the most obvious is to use the Joyetick as a Sias
vollage penarator, with the froat pancl BIAS contrel set to the lower 50%
of ite range, This will cause & negative voltage output from the Joystick
which, when summed with the control signal you wish to process, will
provide enough negative bias to keep the other control eignal from having
any effect, However, as the Joystick is moved to sweep the culput voltage
up to U volls or greater, the other control signal will have more and more
polential for forward biasing the module it has been attempting to cantrol,
Finally, when the Jovstick is outputting 0 volts, it is as if there is no doy=
stick patched into the circuit, and the control signal will have its full sweep
range applied to the module, Lel's apply this technigue in o situation where
we want to have a variable amount of repeating sweep on a filter. (See Figure
13,} Pateh an opeillator signal through a low=pass or hand-pass type VCT,
and oul o your amp. Select the varlable cutput of a control oscillator,
and patch into the control input of the VCF. Set the variable oulput of the
cohlrol oscillator to produce about 2 Lo 3 volls culput, Patch a Joystick outpul
inte the VOF along with the contrel oscillator. If you can hear the Low
¥reguency Oscillator (LFO) sweeplng the filter a bit, decrense the selting
of the Jovstick Bias eoatrol to sum in a bit more negative voltage, Now, when
the Joystick is moved, the sweeping ageillation of the filter should become
increasingly predominant, With a bit of practice, this type of Joystick
opcration can add a significant amount of expression to your playing by
providing fade-in vibrato, left hand modulation depth, or envelope range
or emphasis control for dolng accents, ctc,
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A glightly different method of control waveform range processing is through
the use of the MULTIPLIER funclion which is accessible from the rear panel
of the Joystick, In this mods of operation, the fixed joystick bias voltage is
gwitched out, and an inpat 1s provided so the Joystick mechanism can be
usced to sclect variable amounts of a control waveform of your cholice, This
will provide a amoother variation in amplitude than the previous method, as
we no longer need to bring the control waveform above a cartain threshold
before the control signal can ta%e aeflecl, Now, the Joystick will canse a



true amplitude control of the input waveform. Additionally, a bias offsel can

he added to the output, if desired, through the use of the front punel

BIAS control, This could serve as an inititial range sciting before the Joystick
introduces the vavious amounts of the modulating waveform, As an example,
let's use the Joystick for envelope amplitude control, Bee Figure 14, We will
use a slgnol from an ADSR to be fed into the Joystick., Patch the ADSR oontput
into the ¥ INPUT jack on lhe rear of the Joystick, Slide the ¥ selector swikch

to the MUILT position. Patch the ¥ OQOUTPUT Lo the module you wish to control-—
let's use a filter again, In the MULTIPLIER mode of eperation, you will
probably find it easiest to have the RANGE control set in the 50% to 100% area,
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Fig. /9: Exrermac SignaL MuLtiPLIER PATCH

This will provide the widest range of Joystick action, Initially, set the ¥ BIAS
control to approximalte mid-positlion, While playing the keyboard, the Joystick
can be moved up or down te couse an incresse or decrease in the deflection
range of the filter, Experiment with differcent RANGE and BIAS settinga, as
there are limitless possibllities with this mode of operation, How about having
the Joystick trigger the module it is processing? In fipure 14, remove

the ADSR trigger from the keyboard and connect to the Joystick trigger
oulput,

If you are ready Lo move up lo some VERY subtle and tricky control
configurations, you can try complete system coatrol with the Joystick,
At firet, this type of patch is frustrating, as it is hard to gel the degrec
of control required Lo produce "musical” sequences. A typical system
control patch would be similar to that shown in fipore 15, Onece you have
refined this type of Joyetick operation, you will have pained a very
powerful new tool for the expression of the extreme subtleties of your
music.
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DESIGN ANALYSIS

The basle circuit of the Joyslick is a DC voliage amplificr consisting
of IC1 for the Y section, and IC2 for the X section. A small variable
positive/nepative voltage 1= selected by the BIAS control and fed through
the IC in an inverting mode which has a gain of aboul 4. A variable
posltive vollage is selected by the Joystick and applied to the IC in a nonin-
verting mode, RANGE conlrels allow for dropping the amount of
voltage appearing across the Joystick potentiomeler. Slide switches
51 and 52 allow for selecting fixed voltage input to the Joystick or control
wavelorms applied to the lnput jacks, J1 and J2.

The touch switeh section requires a high frequency clock which is
generated by IC3A and IC3B. Under normal conditions, identical clock
signals are applied to both inputs of NOR=-gate IC3C, Thus, this gate acts
ag an inverter and the clock signal reappears at D1, The high states of the
clock signal serve to charge C4 to an equivalent peak voltape, With the
values selected, D1 becomes reverse biased when the clock signal gocs
low, so the only discharge path for C4 is through R13. (The input impedance
of the following inverter, IC3D, is very high and presents negligible
leakage paths.) K13 Is selected to have a discharge time slightly longer
than the period of the clock signal, thus maintaining a high logle level
golng into inverter IC3D. In this condition, a low (prounded) output cceurs
at the trigrer output,

When the capacitance of a human hody is applied to the Joystick shaft, it
le enough to charge up to the peak value of the clock signal at G, When the
clock output goes low, D2 hecomes reverse biased and R15 presents the
only discharge path for the body capacitance, Therefore, the logic input
Lo pin 6 of IC3C staye high while the other input goes low, As long as the
high logic level is maintained across the body capacitance, the output of
IC3C will be low. If this point stays low for more than a few clock cyeles,
C4 will bave time to discharge through R13 causing a low logic signal to
be applied to output inverter IC3D, After inversion, the high trigger output
is made available at point H.
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ASSEMIBLY DRAWINGS

Remove this section for easy reference

during assembly.
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