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INTRODUCTION/I

INTROOUCYEON

The 06«0 is the latest development in the evalution of Oberneim
synthesizers. The design philosaphy behind it was to take all of the
fectures of the (H-Xp, add 55 many new features &5 were econowicelly
fosasble, and redesian all of the circuitry for incressed relisbility
#nd lower cost. The result iz o synthesizer with 30 fewer calibraticns
snc 11 less circuit boaros, and with many of the remsining calibrsticns
micreproceseor assisted, The circuitry =nd the trimmers thet were
elinineled have been replaced with software functione in the
ricroprocessor which sisulote the replaced hardware.  Some of these
functions are explsined below.

VOO TRACKING

The volta per octave (scoling) psraneters of the 16 gscillstors in
the (B-8 are adjusted by tne nicroprocezsor whensver the AUTD buttan 13
presgac, The processor sarples 5 different frequencies for esch
oecillator and calculates the proper correcticn voltage 1o bring esch
ascillator in tune. Inis voltage changes depending on the finsl pitch
desired from the oscillstor. There it o rough trimmer adjustment for
eech gecillotor's velts per oftave in order to get the oscillator within
the range in which the precessor can calibrate il, [f this calibration
iz out of the ecceptible range, it wsy be noliced by either AUTO TUNE
fuiling that oscillator, or excessive besting betwsen it ond other
oscillators while it ie EETWEEN nhalf steps. The ressen for this is that
the processor compensates for scaling of the oscillators for each half
atep, requiring that the ascilliataor be celliibrated weli enough so that
the tracking between half steps is & wolt per octave. If this is cut of
celivrebion it cen also be percived ss steps in the LFU modulation,
since the pscillator will jums slightly in pitch az the madilation
amaunt reaches each holf step.

LFis

All of the LFOs in the 0B-8 ere qenersted in softwere. 'What this
neans 15, the voltege neceseary ab any given time to simulate LFO
nedulation 18 gutpul through Lhe DAL Lo whigtaver cestination in
selected.  1f, for exswple, the triangle wave of the LFG ahould be at
1ts peak, then @ high voltsge will be cutpul to the cestinsticn. Mhen
the LFU should ramp gown, the veltsge is decresssed, A1l af the
elactrenic switches and VCAs normally required with o hardware LFO in
arger to delermine its desLination and amplitude are eliminated since
thege functions are now accomplished in software.

PLICH BEND

The pitch bend and vibrato levers sre scenned by the microprocessor
ond their relative positions ere celculsted to determine the voltege
necesaTy Lo bend o piteh ws or down, or haw nuch vibrolo to odd, This
eliminates all praoblems assoriated with matching 100k resistors in order
to eend eoqusl voltages ta sll waices, op avp offsets, and eceling
trimmers. There are 2 rough triswers used te bring the levers into
range 80 thet the processor can resd them. Onze they are in range, the
precessor re-calculotes the center cead-zone of each lever esch Lime
AUTO is= pressed.

4-POLE FILTER

The OB-Xa had scperate 2-pole snd 4-pale filters for esch voice,
each filter utilizing & CEM3320 with different exbternal coapocnents to
inplenent the filter Tunclions, In the 03-B, There is coe 3320 per
voice, and the externsl comporente are electronically switched to
qgenersle eithor 2 2-pole or a &-pole slope. This eliminates the need to
Ealib:atc the two fillters seperstely, since Lhey are now the sane
filter.

OF AMP (FFSETS

Nany sanple and hold op avpe cen 2ffect o parometer if their offset
iz lerge. Tao correct far this, the processor uses s software
calibraticn procedure described leter te sssist in eetbing the offset to
J volte, Thie adjustment ie most critical For the envelope tinme
pargnuters, since the (EM3210 envelape chips require & control voltage
range froe § to 300 millivolts. The softwere ie able te correct for the
affsets by ocutputting & voltage to the saapie end bolds that will
conpensate for the offget. I en cp atp hes +30 millivelia of offget,
the orocessor will coutput 30 millivolts less then the final voltaoe
requirec for that sample and held, effectively canceling the offset.



CALIBRATION /2

08-8 CALIBRATION FRCCEDURE

The felliowing calibration instroctions are thome followed by the
Lechnicians at Oberheir Clectronics pricr to the shipment of a=n 0B-3,
The nicroproceseor sssiste in meny of the necessory calibrations by
ingicating which direction Lo turn o trimver, anc indicating when @
trimsner iz colibroted by using the test LEZDs located on the inside of
the front panel circuit boards (they sre vieible when the lid is cpen).
Even thaugn these calibrations seldom need adjustment, §U is o good ides
o cnheck them shensver servicing on 08-8,

A digital voltmeter with 4 & 1/2 digits 1= recuirec to perform some
of these celibrations. The reat can be cone without any test equipment,

For acceas to all voices when servicing an (G-B. it is necessery to
rerpove the right wood endbell completely and te remove the tor two
screws from the left endbell. The four sorews holding down the circust
bosrd with the Upper four voices shoulc also be removed, Lo sllow sccess
to the Lower Voices.

The test procedures to follow sssunc the 0.8 has softwere version
A% or gbove., To cetermine the smoftware version, press the CHORD/PAGE 2
button twice and nold 1t down the second time (the LED shoulc now be
1it]), and shile holging it, press snd hold the SYNC button. The LEDs
being cisplaved in the PROGRAMMIR section naw show the current version
nurber. If the LEDs light up a5 version Al or AZ, & lew specisl
procedures are required which will be mentionad lster in the Lest
descriptions. For software vergion A3, the only difference is that the
m;[ti;;ut volume offzet connot be calibrated (unleas upgatec Lo AL with E£CO
a10),

First, power the unit on. Verify all valtage sourcas (+5, -9, +15,
and -15) st conneclors [ anc 3. Crlibrate the +15 supply using 72 1o +
or -10mv, Calibrate the 5 supply ing 1) 10 + or - Snv.  The +5 and
the -1% supplies do not reouice calibration, hut zhould he verified Lo
e within + ar - 55 of their rated value.

Now, enter the calibration aode by turning the TEST 1 switch an
(). This switeh is located inside the aynthesizer st the lowsr left
corner of the frant penel. All LEUs should mow be of f mxcept for the
0SC 1 HOO LED 3n the Bend Rox. The Band Box in conjuction with the two
leas on the inside of the pot boare snd the firat eight keys of the
keyboard con now a55ist in meny of the necesssry calibraticas. Easch
button perforns a gifferent test or calibrotion procedurs snd assists in
colibrating 28 of the % trimeers in the 08-8,

CALIBRATING THE DAC
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Pressing the (50 )1 MUD butbteon in the Bend Box ecnablesz the DAC
crlibration mode, Thie procedure allowe for the DAD offeet and mcaling
to be calibrated, and should be dane befare any other calibraticns
(excluding the pawer supply). Connect & voltmeter Lo the DAC OUTPUT snd
AGND test paints on the processor board. If there are no test points,
the DA output can be found st pin 20 of UAS. Be sure Lo comnect to o
ground closest te the DAL, Press CO on the keyhoard. Adjuat the 242
CFFSET trimmer (73) until the acter reads 0.000 volis. ANaw press 0DQ.
Adjust the DAC SCALE trimrer (T4) unti) the meter reacs 10 volts +/-
v, Then press CU egsin snd check that the pmeter still resde G.000
volts ang recelibrate i recesssry. NOTE:  The semple/holdes to the
attack, decsy wnd release controls of the Filter and YCA erwelopes are
enabled during this test go Lhat op-srp offzets may be checked, This is
recassary only L veesion Al is being used, The procedure ie described
under SETTING ENVELOPE OFFSETS.



SETTING THE BEND TRIMMERS
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When the DSC 2 MID switch is sclected, the Send Hox trimmers can
be colibrstec. These trimmers are used to roughly center the Piteh Bend
anc Modulation Levers. Fireb, flick bhe levers back and forth a little
Lo meke sure Lhat thay wre in thelr rest position. Press CO, The LOWER
LED has come on to indicste thel the Moduletion Lever Lrimmer can now be
a¢justed. Either one or both of the inside Pot Board LEDs (hereafter
colled Lest LEDe) will be on. If both LED: are 00, Lthie trimmar is
aiready properly calibrated. If only cne LED is on, Adjust the RIGHT
trimner on the Beng Board until both test LEDe are an. Now press DO.
The LPPER LED has come on to indicate thas the Berd Lever Lrimmer can
now e wijusted. Adjust the LEFT trimeer on the Beng Baard until both
irds are on.  The 8onc and Mogulalicn Lever Lrimvars are now celibrated,



ADJUSTING ENVELOPE OFFSETS

The lollowing pracedure should only te done if the anvelope psrame-
ter times are not matchod bebtwsen the upper and lower four veices. This
csn by determined by listening for more than a 2 second varistion from
voice to vpice when holding & note with the filter attack sel to maximum
and Lhe Cilter sustain end decay set to minimue. This calibretion is
stored in the mesmory of the microprocessor snd should not have Lo be
resst nlees the memory, the battery, or U35, U35, or UZ7 have been
removed or replaced. The purpose of this cslitraticn iz to allew the
ricroprocessor Lo compensate for the offsets of the envelope sample and
nolds, since these offgets cen cuuse the envelopes to have different
Line constants. This calibratien proceduse existe only on saoftware
vergions A% and above, For wnits with Al or AZ software, sovelepe
matching is done by selecting low offset op awps for use st U223 and U35,
The offsets of these op anps can be checked while in Lhe DAT CALIBRATION
mads, snd should be ssiected to 8s close to O volts #s possible.
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oy31 up on the RATE knob, The RATE LED should come on to indicele
that the fnvelope Offset mode has bsen selested. Cornect the WM tao US3
pin 1& on the Lower Voice Board. Connect the ground of the OW to 2
rownd nesr pin U23 {The ground side of onc the neerby electralytic
capscitore will do). PBe sure that the DEPTH knod is pushed in s¢ that
the Lowsr Voice Bosrd is selected. Press CJ, Using the LPPCR and LUNZH
buttons, odjust the offset until the neter resds 0.000 wolts, - or - i
millivolt. To adjust it up or down fast, hold down the MDD button
wnile holding down UPPER or LOWER. When not halding the MODE button,
the of fset will move up or dawn clowly, When the offset is 2at, press
the ARPEGGIATE button to write the offset into memory. None of the
cnlibrations set in this mode will be remenbared unless each iz writlen

into semory. Now attach the OVM to U35 pin 6. Press DO. Adjust for
0.000V offaet using the UPPER and LOWER buttons enc write it inte menory
with the ARPEGGIATE button. Uaing the disgram as & Quics, repeat this
procesyre for the Filter snc VCA Decay, end the Filter and VCA Attack by
selecting the proper parameter ueing the first six white keys on the
keyboard. Do rot adjust the Filter Sustain or the Volune COffset yet.

Now, pull up on the DEPTH kncb to select the Upper Voice Board.
Conneet the meter to the Uoper Yoice Board end repezt the pracedure of
the Lawer Bosrd. Be sure to write each offget intc memery with the
ARPEGGIATE butten,

After the Relepse, Decay, and AtLsck parsmeters have been
calibratad, the Filter Sustein cen be calibrated. This calioratien enly
requires that the Upger and Lowsr Voice fScards be natched, but it is not
necessery for them to be sdjustec for 0.000 volle offset. With the
DEPTH knobt still pulled up, connect the meter Lo U27 pin 1 on the Upper
Voice Boare. Press 80. Adjust the offset for zero volts, or & close
$2 it cen be adjusted to zero volts, If the of fset is mot zero voifts,
renember the offsel vslue. Write the offset inlo memory with the
ARPEGGIATE buttcn. Fush down the DEPTH knob and ceanect the meler 12
U27 pin i on the Lower Voice Bearc. Fress BC. Adjust the offeel so
that it is the ssme as the Upper Voice Board, 1 the offset will not go
jow encugn, set it se low 8s it cen go, store it in mewory, od reacjust
the Upper Soard offsel to match the Lowsr Board.

The Final offset cslibretion is the autput voluwe affset. This
ag justneont is nacde 0 insure cqual volume betwsen Voice Bosrds at any
volume setting. This calidration only exists in software versions AS
and abave. Like the Filter Sustain calibrstion, the important thing is
10 netch the Z bosrds, even if they are nob est faor D offset. Hoke
cure that the MASTER YOLUME snd trimwers TS0L on each VYoice Board are
all the woy up defore making this acjustment. Firsi on the Lower Yoice
Bosrd, ramect the meter to US03 pin 6. This 1z 3 high impedence signal
s0 be sure to use s shielded coble on the meter. Prese the DEPTH knob
into ite down position and press Cl on the keyboard . Using the ssme
arccedure as for the Filter Sustain, adjust the offset until the meter
rends 0.000 wolts or 35 @s cicse to O as possible. Write the of fael
into mevory with the ARFEGCIATE button. If the offset is more than 150
willivolts, replace USOZ with snother 2080 and repeat the procedure.  If
the offget ls delow 150 mv but above U, remember the offget. Repeat the
procedure for Lhe Upper Voice Bosrd by pulling up on the DEFIH knoh,
preasing C1, and connecting the meter to U305 on the Ugper Board.
Agjust the offset =o thet it matchee the Lower Bosrd. If the offant
cennot be ecjusted low wacugh, set it &5 low a8z it will qo below 150 mv
{otherwige it should be replaced), write 3t into pemory with the
ARPEGSLATE button gnd resst Lhe Lawer Besrd so thal the of fset matches
the Uoper Baard, Write the new offset into mevory. After all of the
of fust =slshrations have bzen completed, press Coan ca the 2ATC knob,



OSCILLATOR VOLTS PER OCTAVE ADJUSTNENTS

Ts calibrate the valts peov nctave of asetllstor 1 of each voice,
prese the OSC 2 ONLY button. The voice to be calibrated is selected
using the first 8 white keys on the kevboard (CO-C1). The gate LED will
be lit on the wvoice thet is currently selecled. Select voice 1 by
pressing [0 on the keybgard. If both test LECs are on, this cscillator
i in calibration., If only one LED is con, acjust the volts per octave
trimver (7101} until both test LEC=z sre on. If baoth test LEDe are off
or seenm to be flashing rendonmly, then this cscillator is not functicning
properly and should be repeired or replsced. Selact DD mow to colibrate
voice 2 and repesl Lhe procedure stoted sbove for yoives 2 through §
uging trimwers TZ01l, 7301, 7401, otc. After calibrating all & voices,
both teat LEDs should be on whenaver pressing any of the first 8 whise
keys. To calibrate cscillator 2 of each woice, prees the BEND AMOUNT
button. Foliow the procedure for calibrating cscilator 1 using the
first 8 white xeys =a select which voice is being calibreted. Adjust
ostillator 2's volts per octave Lrimmere {7103, 1203, 7303, ete.} untii
all 8 voicee are calibrated. To calibrete the smount of Filter anvelops
madulation into ascillator 2, press the DOWN THANSPISE button snd selest
8 vaice using the first 8 white keys. Agjust the F-ENV trigeer for each
voice (1102, T202, etc.) until both test LEDS are on, Again, if noth
test LEDs are off or flashing randoaly, oscillator 2 of the selected
voice 315 not functioning corractly. NOTE: The volle per ootave Tor Osc
Z and the envelope offsets pust be coliarsted before this sdjustment iz
nede. Also, on software version Al and AZ, the F-ENV calibration may
nal be able Lo be celibrated sa that bolh LIDs are alwayve on. This is
Jue te the tempature Snstability snd Lhe nonlinearity of the CEM3360 VCA
on each volce (U10%), If this §s o praoblem, It ran be rectified by
inplinenting ECOs 405 and 406 and replacing the eprome (UZ1-U24) with
the most recent version of smoftware. Ihie change recuires many cuts ang
Juepers 23 well as component value changes and should only be sttenpted
ir shsolutely NeCREsary.
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LED TEST

To test all of the LEDs, press the HODE button. Tnis test will
turn on all of the LED: on the Front penel and in the Bend Box except
for the CASSZTTE LED which must be turned on with the Cossette Enoble
switch. Any LEDs that do not light are mot functioning properly. To
leave this node, select another test.

SWITCH TEST

Enter the switch test mode by pressing the ARFEGGIATE button. When
in the switeh test mpode, esch switch on the front psnel will light its
respectiive LED when pressec. The AUTO switch will light the detune LED.
This test, in conjunction with the LED test, con be used to determine
wiecther & switch or 8 LED 18 not functipning. To leave this mode,
select another tesl.

OSCILLATOR DRIFT TEST

Thiz test is used to determine if eny of the cecillstors drift an
unrezsonable emount over s given time snd tempersture. To eater this
mode, press the UWPPER butlon in the Bond Box. The WPER LED will flash
and the processor will wait 10 minutes to sllow the internsl temperature
to stabilize, afterwhich it will sutotune 81l of the voices. The UPPER
LED will continue to flash s the processor weits snother 10 minutes,
and then sutotunes the cscilletore sgsin, comparing them to the last
tuning. After the gecond tuning, the UPPER LED will stay on to indicate
that the test iz over, and if any of the oscillateors have drifted more
then + or - 10 cents (hundredths of s eewmitone), the processor will
light a corresponding LED for the orifting cscilistor(s). The bottom
row of LEDs in the pregramser section of the front panel except for the
HANUAL LED will show which oscillater(s) orifted cut of range. Tne
SPLIT LED is for voice 1 cscilletor 1, the DOUBLE LED is ror voice 1
oscillator 2, LOWER £8 for veice 2 osc 1, UPPER ig voice 2 oec 2, GROUF
A is voice 3 osc 1, CROUF B iz voice 3 osc 2, GROUP C is voice & osc 1,
GROUP © is voice & asc 2, and PROGRAM 1-8 are for voices 5«B. 1f any of
these LEDs camz on, the test should be perforned sgein to verify that
the lit cacillator is bed, since this Lest requires thal the temperature
renains steble to ceternine sccuracy, ond could fail an oscillator due
to room tempersture chunges. If the cscillator fails the test twice, it
should be replacec and recelibrsted, enc the test should be performed
8gain, ta insure thet the new oscillstor is within stsbillity range.

This test iz accomplished by tuning each escillstor st A-Sharp 3
(066,16 Hz), waiting 10 minutes, tuning again 8t A-Sharp 3 snd comprring
the arount of cerrection necessery to tune. IF the difference between
the Z tunings is more than plus or minus a helf a cycle, the oecillstor
is displayed. It iz important tc mate that this test can conly check for
lorg term drift, snd not short term stebility since the tuning iz done
anly twice within the 10 minute interval. If it is desired to interrupt
thiz test while it is In process, press any of the other test switches
to enter & new test,



REMAINING BEND SWITCHES

Tne remsining Bend Box switches (LUWER, UP TRANSPOSE) co not
currently have eny teat function and will be ignored shen pressed.
These owitches have been left for possible future test procedures.

A1l of the microprocessor ssgisted calibrations ang
Ltests  hove now been done.  Return the synthesizer to
its normal opersting moce by turning the TEST ] switch
inaige Lthe front panel to its off position before
performing the following csilibrastions.

FILTER CALIBRATION

There are three more calitrstions recessary per voice before the
voices are calibrated, snd these are for the rijter, This calibration
precedure can be done by ear., or with & strobe tuners, First, put the
froat penel into manusl made, end turn off all of the switches excep:
TRACK in the filter section. Turn the RESONANCE, VOLUME INVELOPE
SUSTAIN, and PROGRAM VDL/BAL knohs all the way up, center the MASTER
TUNE control, and turn everything else sll the way gown. Set the msster
volure tc a desired listening level. Gc into pege 2 by pressing the
CHORD/PAEE 2 button twice, and turn off gll of the voices sxcept the one
to bte calidrated by using the prograw 1-8 buttome, Pley = naze on the
keyboard and edjust the resonence trimver (T104 for voice 1) up until
sounc can be heard. While plaving elternste octaves on the keybosrd,
adjust the voltz per octave triseer (T106) until the intervel is one
octave. Verify this adjustmest by ploving notes 2 or 3 cctaver apart
and deterrining that the octaves are in tune. Nexi, adjust the
resonence trimmer (7104} down while holging down o key wntil just after
the filter stops cscillating. To sdjust the filter initial frequancy
{7105}, Turn on oscillator | ang sdjust the trimmer for maximum volune.
This sets the Filter tc the same frecuency ns the sacillstor. depest
this procedure for all 8 vaices by enabling the veice to be calibrates
and follawing the steps stated ebowe, After all B vaices have been
zolibrated, turp all 8 volces back on and varify thet all F voices saund
the sane,

CUTPUT VCA VELUME ADIUSTMENT

The only twe remaining adjustnents are the final volume trimmers
(7501) on pach Voice Basrd). While listening in MIND, turn both
trimers Lo maxinum voluwe (clockwise), Turn the MASTER YOLUME and the
FROGRAN VOL/BAL knobz to maxinue, and check for even volume betwsea the
two Voice Boords by playing through the voices and seeinp if four voices
are louger than the other four. 1f uneven, adjust the Lrimmer on the
hoard that ig louvder to msten the other. while still in moro, Luen the
H“aster volume nhslf way up, Check for sbout the esme velume bebwesn
Voice Boarde., IF the difference 31z very maticable, the cutput volune
offsets nay nesd te be colibrated. This procedure was nentionad under
ADJUSTING ENVELOPL (FFSETS, If the software version is Al, A2, or A3,
replace USD3 on the louder bosrd with & X80 with low affset and
recalibrate T501.



FREERUNNING/8

FREERUNNING THE 08-8 PROCISSOR BDARD

By renoving the juwper plug at location U25 on the 068-6 Processor
Board the 780 will be placed in a freerun mode. Yo do Ehis turn aff AC
pawer, remove the jumper &nd reapply AL power,

Theory:

In cases when the P Jocke up, treubleshcating can be = nightmare.
Becouse the uf bue forme & complex feedsock loop, failuce here causes
wezny components to behave sbrormally or vice-verss. Ihe gnswer is to
break the feedback path. By remaving the jusper plug, the dete bus is
ispiated from the systen. The pulli-down resistors cuuse the of to see
only NP instructions (DOH for s Z8J CPU). Therefore on power up Lhe
First instruction feteh is o NOF. This instruction itcrenents the
progran counter ond cauees ¢ fetch of the next instruclion (snotber NOP
in this case}. This technique forces the processor to sddress the
entire memory-nodress space cegpite foilures an the bus, sdoress decoder
or ROM.

Troubleshaating Technique:

The test gel-up used iz relative Lo the "Instructicn Op-Code Feton"
cycle (rofer to esny ZB0 dato book). With Lhe P freerusning attach the
EXT. trigger of on ascilloscope to the RD* signal (pin 2 on the 280},
trigger cn the falling sdge,

An acending binary caunt can now be observed on andress lines ALO
through A15, Address decoging cen be verified by chacking sll logical
outpute for esny type of transistion,

If the P fe not stepping through the sgdress Field (po movensnt on
the address pins of the 280) then s reflure is likely in ane of the
following:

The Z801.

The systenm clock.

The BUSRO* iz stuck low.

The power supply.

The RESET input is stuck low.
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T B0ARD INTERCONNECTIONS
CONNECTOR D CONNECTOR E COMNECTOR © CONNECTOR H PaT
Computer Interface Bend Bux Connector Fot Boarc Lornector Voice Boarc Cornector s
] eus d) E] 4 .
(fear Panel} {0n Procesacr Board) L ) \pa;¥tocassor:Bowry) Thegse connectors ace mat  labeled.  The

connectors are described from top toc  bottom

s pot

Ll
R

- HRD* EAN SSE LS Gl - AGND RE - NDISE with 1K Bahed ey
- CROUND e T G2 -  ANLGIN HI - ¥CFP ke o e

- CROUND £3 - .15 3 -  AGND S - AGND POT BOARD 1 PUT ROARD 2
- GROUND £4 - OGN 64 - ald I I o T e e b
- GROUND ESY: e 5 G5 -  VOLP HS - ANLGOUT al SWOTe Al

- CROUND €6 -: OGN G6 -  +15 HE - ACND Az LEDRS A2

- DSC MU €7 - AR G7 - SHINTe Hi° - AGND A3 SKD5* A3

- HD & £ - 5 Gg§ -  POT)e H3 - RAGND ag SMENC* s
-HD S €9 - LaR0 69 - AR} H? -~ AGND a5 LEDR? &S

T 'S €10 - AGND G0 -~ CGAD HI0 - VOLPOT A6 SHD6* A6

- HD 7 £11 - PDT3* Gll = +5 H11 - CASSIN A7 SNEND* AT
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