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SECTION 1. INTRODUCTION TO C.M.I. MAINFRAME

1.0 INTRODUCTION

is a complete music
special purpose
rocessor

The Fairlight Computer Musical Instrument

production and performance instrument. It is a
computer system incorporating a custom dual M6800 central p
interfaced to special input-output devices optimised for the rather

unusual requirements of music production.

The information presented in this manual is intended as a guide to

give the reader an appreciation of the zeneral operating orinciples of
the C.4.I. In the event of a malfunction, it should be used to isoiate
waich of the four main C.M.IL. sub-systems 1is at fault, then for
detailed functional information refer to the service manual for tne

it=m concerned.

Relatad documents are: C.M.IL. MAINFRAME SERVICE MANUAL
GRAPHICS TERMINAL SERVICE MANUAL
ALPHYA-NUMERIC KEYBOARD SERVICE MANUAL
MUSIC KEYBOARD SZRVICE MANUAL
FLOPPY-DISK DRIVE SzZRVICE MANUAL

1.1 SYSTEM OVERVIEW
1)'

The system comprises for main units (Refer TigZ.

1) Mainframe: Houses the computer section, floppy disk drives, audio

Zeneration section and power supplies.

2) Grapnics Terminal: The primary display terminal for the computer.

It is a 15 inch C.R.T. display with lightpen.

3) Alphanumeric Keyboard: Sends serial ASCII data to tue ‘computer.
Used for operator input of commands etc. :

Piano-like Keyoboard sends serial data to the
computer on each ey depression. Used for live playing. Also
includas several analog controls and switches which are
digitised, and a numeric keypad with 12 character alcha-numeric
display which serves as a secondary Input-Qutput device.

4) Music Keyboard:

CMI SYSTEM SERVICE MANUAL
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SECTION 2. FUNCTIONAL DESCRIPTION

2.1 C.M.I. MAINFRAME

The Mainframe houses the computer section of the C.M.I., that is all
tne digital control and sound zenerating nardware. It can be
considered a stand-alone operational unit. With nothing connectad to
it it is possible to start up the systea and bootstrap load the dis<s
{(BOOT the system). On power-up, PROMS located on tne c.p.U. Control
Card Q-032 will control tne 3Boot process.

is soon as a disk is placed in tne left-nand drive (Drive 0) a special

gector Known as the 3c0t 3lock is read into RAM and axscuted. The code

in tne Boot 3lock tnen somplatas thne 3oor oy reading in tne C.M.ZI.

Operating System. The systam is then ready SO accept anmmands from the
]

ight pen.

Tor deatailed information refler to tne C.M.I. MAINFRAME SERVICE

“MANUAL .

2.2 GRAPHICS TEARMINAL

nerated Dy tne Srapnics
ite video sisznal. The
YRAM,

Display 2ata for tne Grapnics Tarminal is 58
Display card Q-045 in the fora of a conposi
display format is 2 5i--mapped 1mazge of 10 kilobytes of
displayed as a 512 (dorizontal) 2Y 256 (Vertical) matrix.

ok to the computer wnen
= Lignht Pen Interface Q-
Y co-ordinates from the

The Lignt-Pen operates oy sending 2 pulse D02
£aqe pnospnor dot 1is ngeen” =o [lasnh past. Th
113, located in the Mainfraze g2nerates X-
timing of this pulse. is well as this nyit" signal from the lignhtpen,
rnere is 2 "Toucn" signal, wnicn indicates rnat the operator nas
activated tne pen by toucning tne and

or detailed information, refar to the GRAPHICS TERMINAL SERVICE
MANUAL.

2.3 MUSIC XKEYBOARD

The music keyboard interfaces to the Mainframe via a pi-directional
33-232C port located on the processor control card Q-032. The Baud
rate is selected Dy the Teraminal Speed control on the from panel of
the mainframe, and D.I.L. switches inside the xeyooard. Both of these
nust oe set to 9600 Baud.

The keyboard 1is controlled by an on-card M6802 microprocessor
executing a program in EPROM. As well as data communications with the
Mainframe, data coming in from the alpha-numerib‘ xeyboard is pre-
processed before being forwarded to the mainframe.

CMI SYSTEM SERVICE MANUAL PAGE 4
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Data is sent to the computer waenever:
1) A music key is depressed Or released
3) A key on the alpna keyooard is oressed
3) One of the tnree faders I3 moved
4) A switcn or pedal pluggad into the xeyboard is operated

Keystroke data is sent in the form of three-dyte packets. This
includes keyboard nuzmder, <2y aumber, depression/rel=zase flag and Key
velocity data. Key velocity is calculated by the on-card processor
which times the flight of tne <y contact as it travels between two

opusbars.

The 12 dizgit alpna-nu

un olay on tne right-nand end of tne
«eyboard is used to 2is? Y

as -0 -ne operator in circumscances
where the Grapnhics ~ot ©oeinz used. Tne display is
controlled Dy tne processor 2n Lnhe <ayooard. On power-up, tne message
- POWSR ON - is display=22. Tnhis Is z2neratad locally Dby the keyboard
itself. Once 3ooting n23s sg——sanced, the message LOADING is dispalyed.
Tnis message is sent Dy tne —=ainframe, via the s2arial l1ink.

The control devices (fzi2ars, switcnes and pedals) are digitised by an
signt-bit Analogue to Digita car in tne music Keyboard and when
the data changes, a packat of

to tne mainframe.

Tor detailed informazicn

2.4 ALPHA-NUMERIC XZY30aARD

~ap MH302 microprocessor which controls

This Keyboard uses 2not
scanning of the 52 Hall-effact switches and serialises the data wnicn
is transmitted in ASCII Torzal, 35-232C orotocol. Data rate used is

9600 Baud, selected 0¥ 9.I..L. swWitcnes on the circuit Dooard. The
processor executes firmwars s-cred in ZPROM.

Normally the alpha-numeric xeyboard 1is pluzged into the music
keyboard. It receives 1itis power from there, and sends its data to the
processor in tne music «eydboard. The data 1is flagged as alpha-numeric,
queued until there is 00 music xeyboard data, and tnen forwarded to
the mainframe. If desirsd, tne alpna keyboard can be plugged directly
into the Keybecard connactor on tne mainframe, Dypassing the music
keyboard. This can de a useful diagnostic aid.

2.5 INTERCONNECTING CABLZES

The four major sub-systems are connected by pluggable cable sets which
should be treated with the same suspicion warranted by mechanical
parts. The signals carried by each cable, together with pin numbers,
are described fully in section 4, below.
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SSCTION 3. TRCUBLESHOOTING

Thnis section covers troubleshooting the C.M.I. system only to the
1avel of identifying wnich of the four sub-systems (mainfraame, music
keypoard, alpha-keyboard or Zraphics terminal) is at fault. Having
done this, service personel should refer to the service manual for the
offending item. )

NOTE: Remember that the C.M.I. is a complex piece of hardware running
sophisticated software, and it 1is sometimes hnard to differentiate
netween a nardware fault, software bug, and operator error. If there
is any douot, the same segquence of operations should pe tried on a
<nown 2ood system defore attampting nardware repairs. In executing the
following dizznostic procecurses, tne serviceman saould De aware that a
faulty System Disk can cause what appears to Dde hardware faults.
Turtnermore, nardware faults can cause disks to be destroyed, either
onysically or oy corruptinz data, so it is wise Lo keep a good supply
of C.M.I. system disks and diagnostic disks on hand.

3.1 FAULT ISOLATION 3Y SUB-3YSTEM SUBSTITUTION

“na easiset way to identify tne faulty sub-system is tO exchange whole
units for <nown gZood ones if sucn are available. If a complete working
system is on nand, sxcnange =2ach sub-systiem in turn, starting witn the
—ost likely to De responsibdble for a gziven fault. Some common fault
symptoms zand suggested sudstitution procedures follow.

3.1.1 3ystem will not Doot. (Sucessful Boot is indicated by Pazge 1
appearing on tne screen, or Page 1 Ready message at the music
xeyoboard).

Unplugz <eybecard from mainfraze. If it still does not boot, tne fault
is in the mainframe. If 1t does boot, try sudstituting the music
«<ayboard. If it still does not boot, sudstitute the alpha-keyboard.
Tne Grapnics Terminal snould not be able to affect booting. If the
oroblem does not go away at any stage, substitute the interconnecting
cadles one 0y one.

3.1.2 System boots (Page 1 on screen or message at keyboard) but does
not respond to alpha kxeyboard commands -

Substitute wmusic keyboard, then alpha keyboard, then graphics
terminal, then cables. If problem persists, the fault 1is in the
mainframe.

3.1.3 No sound when voice 1oaded and music keyboard played.

Substitute music keyboard first, then cables, then alpha keybaord,
then granics terminal. Plug the alpha-keyboard into tne mainframe
directly, and hit <CNTRL P>. A note should play. If not, the fault is

in the mainframe.

3.1.4 System works properly except Graphics display or ligntpen
mal functions.

CMI SYSTEM SERVICE MANUAL PAGE 6
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Substitute grapnics terminal and cable first. If no better, fault is
almost certainly in mainframe.

3.1.5 Other strange behaviour.
Start by substituting mainframe.

3.2 SUB-3YSTEM CHECKXOUT WITHOUT SUBSTITUTION

In many cases the faulty sub-system will have to 0e identified using
only commonly available test equipment. Minimum requirements are a
multimeter for measuring volts D.C. and resistance, an oscilloscope,
and the usual set of tools such as screw drivers, pliers, soldering
iron ecc.

The fauliy 32o0-systam can usually Dde isolated oy the follcwing tests:

3.2.1 Systan will not boot.

Unplug <ey2oard input and try again. If system does not boot, ~aulu is
in mainframe. If it now Dboots, fault is in music k2yoozrd, alpna
keyboard or cablas. To isolate wnich, try again with alpna <eyboard
oluzzed straight into mainframe to eliminate music keycoard.

3.1.2 3yscam ooots dut does not respond to alpha <eydoard commands.
Most lixely fault is in alpna-keyboard or cable. If the <
not clizk wnan a «2y is prassed, either the keydoard is °
power supply to the xeydboard has failed. Cneck the suppliss and data

output a2t the kayccard plug using the Signal List (Section =, 2elow).

3.1.3 No sound wnen voice loaded and music keyboard played.

Check for normal operation with the alpna-keyboard pluggsd directly
into the mainfrane. A note snould be neard if <CTRL P> is pr=ssed witn
a voice loaded. If this works, then the music Keybecard or cable is

probably faulty. Check for the correct signals at tne power 2nd sizn nal
connectors at tne music xeyboard. (Refer section 4).

If there is no sound in response to the CCNTRL P>, then the
fault is in the mainframe.

CMI SYSTEM SERVICE MANUAL PAGE 7
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3.1.4 System works properly except Graphics Terminal malfunctions.

Check video ouput signal at the Graphics connector. If this is normal,
fault is in Graphics Terminal or cable. Note that a negative image can
be caused by a fault in the graphics terminal or the mainframe, and
cannot be easily seen by looking at the signal on an oscilloscope. To
achieve a substantially black image for examination with thne
oscilloscope, remove the system disk and restart both processors. This
will result in just the words CMI READY on a black screen, in wnich
case the scope display should show any fault clearly.

3.1.5 Lightpen does not work but everything else normal.

Point the lightpen at a light area of tne screen. If there is a cursor
which disappears when the Toucn is activated, then tne fault is in tne
mainframe. Otherwise the fault may Dbe in &tne Graphics Terminal,
ligntpen or cables. Check for proper Hit and Touch signals at the
Graphics connector at the mainframe by unplugging the cabdle and using
an oscilloscope. If these are not correct the fault is in the Grapnics
Terminal. Otherwise the mainframe is faulty.

3.1.6 Other strange behaviour.

Most otner faults such as improper operation of one or mors of tns
sound channels or unreliable reponse from the computer <can be
attributed to a fault in the mainframe. To eliminate all otnar
posibilities a useful diagnostic trick is to start the system playing
a long M.C.L. or Page 9 Sequencer loop and un-plug all cables axcept
the mains input and audio ouput. If the fault is still evident, tnen
the mainframe is definitely to odlame.

CMI SYSTEM SERVICE MANUAL PAGE 8
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SECTION 4 SIGNAL LISTS

This section describes the signals present in each conductor of each

interconnecting cable in the C.M.I.
Refer to Figure 2 for cable identification.

System when functioning normally.
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Figure 2 C.M.I. SYSTEM INTERCONNECTION CABLES
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4.1 Mains Cable: Part no. MC006 (Cannon)

A.C. Mains N

4,2 Graphics Terminal Power:

A.C. Mains supply t
mainframe. This supply is
potential.

o Graphics Terminal.
always - the same as

or MC068 (I.E.C.)

eutral, Active and Ground.

MC007 (Cannon) or MC067 (I.E.C.)

Switched by k2Yy switecn on
the local mains

. . . N mpm s . e ~ 1 ~ .~ )
4.3 Graphics Terminal Signal: MC005 < \,L.Vy, TSGR NS
e va 0

Video signal to Grapaics Terminal and Light Pen signals to

mainfraae.

Connector Type: Cannon 5-pin.

?in 1 Lightpen  Hit. T.T.L. lavel, assertad 1ow. On
oscilloscops, appears 3as 3a series of low-going pulses
ancut 1usS wide, repeated every 20mS, wnen tnhe pen is
pointad at 2 dSrignat area of the screen. (3ee fiZ 3a)

) Pin 2 Lizntpen Signal Return. Ground for 1igntpen signal
3 cables.
;
T . ?in 3 Lightpen Toucn. T.T.L. level, asserted low. Normally at
. Akuﬂ\\' approx +4 volts, Zoes low (less than 0.4 ¥) wnen the
e 'kbwéz' end of tne lightpen touched.
\';‘,A :_\l o -
1) e Pin 4 Video Return. Ground for Video signal cabdle.
VA T
Yok N A Pin 5 Composite Video. 1V P-P wideo signal to Groapnics
andier (e display. Format 1is 625 lines, 50 Hz frame rate. (See
/&»Z\;-\li;.»"?i flg 3b)
5.5
—~ 5 TO 10 PULSES 64nS APART
29v— r- /// \
LTV 4.5V
0.1V —— iﬁg EE%
64uS ‘ 400mV —— -l
3
1

aon Yoo
LA e T

ks

Figure 3a LIGHTPEN HIT SIGNAL
4.4 Music Keyboard Power: Mcobh

Unregulated power supply
supplies alphanumeric xeyboard) .

Connector Type: Cannon T-pin.

CMI SYSTEM SERVICE MANUAL

to music

|

| e

20mS

Figure 3 D COMPOSITE VIDEO

keyboard (also indiectly

PAGE 10
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Pins 1,2 +10V Return. Return (ground) for +10V supply.

Pins 3,4 +10V Supply. Unregulated supply, +9 to +11 volts.

Pin 5 -20V Supply. Unregulated supply, -18 to -22 volts.

Pin 6 +#20,-20 Return. Return (ground) for + and - 20
supplies.

Pin 7 +20V Supply. Unregulated supply, +18 to +22 volts.

Music Keyboard Signal: MCO60

3i-directional serial data between mainframe zand music keyboard,
including "ousy" flags in both directions. Power supply is also
carried dy this cable, to power the alpha-numeric keyboard if it
is connected instead of the music kKsyboard.

Connector Type: 9 Pin "D-Mini"

Pin 1 +18 to 22 volts unregulated supply. This is not used by
tne music keyvtoard.

Pin 2 DON1. Signal to enable transmission of data from the
keyboard. RS-232 levels. Enabled: >7 volts. Disabled <-
7 wvolts. Witan nothing being transmitted from the
keyboard, &tnis signal should be at approX. +10 volts.
When xeys are pressed or released a ourst of =10 volt
pulses should ©bpe seen for Detween 2 and 10
milliseconds.

Pin 3 -18 to -22 volts unregulated supply. This is not used
by the music <eyboard.

Pin 4 FLAG!. Signal to diasble transmission of data from the
mainframe to the Keyboard. Signal is normally +10
volts.

Pin 5 SICNAL RETURN. Ground for data paths.

Pin 6 DATA IN. Serial data from keyboard to mainframe. Format

is RS-232. Normally at -10 volts. When a key is pressed
or released a burst of +10 volt pulses lasting approx.
3 mS sholud be seen.

Pin 7 POWER RETURN. Return (Ground) for + and - supplies.
Pin 8 Not Connected.
Pin 9 DATA1. Serial data from mainframe to keyboard. Format

is RS-232. Normally at -10 volts. For each character
sent from the mainframe to the alpha-numeric display a
burst of +10 volt pulses lasting approx. 1 mS should be
seen.

CMI SYSTEM SERVICE MANUAL PAGE 11
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4.8 Alpha-numeric Kéyboard Power/Signal : MC013

Unregulated power supplies to alphanumeric keyboard, serial data
from alphanumeric keyboard.

Connector Type: 9 Pin "D-Mini"

Pin 1 +18 to 22 volts unregﬁlated supply.

Pin 2 Not Connected.

Pin 3 -18 to -22 volts unregulated sucply.

Pin 4 Not Connected.

Pin 5 SIGNAL REZTURN. Ground for data paths.

Pin 6 DATA OUT. 3erial data from xeydecard. Format is R3-232.

Normally at -10 volts. Each time a K2y is pressed a
burst of +10 volt pulses lastingz approx. 1 aS should de

s=zen.
Pin 7 POWER RETURN. Return (Ground) for + and - suppliss.
Pin 8 Not Connected.
Pin § Not Connscted.

4.7 Slave Keyboard Power/Signal : MCO059
The Music Xeyboard sends power and ey multiplexer addressing
data to the slave keyboard. Key data is returned froam thne slave
keyboard.
Connector Type: "D Mini" 25-pin.

Pins 1,2 POWER SUPPLY RETURN. Ground.

Pin 3 KEY ADDRESS 0 Least significant key multiplexer address
bit. CMOS logic levels.

Pins 4,7 KEY ADDRESS BITS 1-4. CMOS Logic levels

Pin 8 SIGNAL RETURN Ground.

Pin 9 KEY DATA 1. Data returned from key multiplexer scanning
the lowest 24 keys. Normally at approx. -5 volts. Goes
to 0 volts while key is in flight, and +5 volts when
Key is at rest in fully depressed position.

Pin 10 XEY DATA 2. Data from middle 24 keys.

Pin 11 KEY DATA 3. Data from top 25 keys.

CMI SYSTEM SERVICE MANUAL PAGE 12
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Pins 11-21 Not Connected

Pins 22,23 -20 SUPPLY. Unregulated power supply
xeyboard, +18 to +22 volts.

Pins 24,25 «20 SUPPLY. Unregulated power supply
keyboard, -18 to +22 volts.

4.8 Printer : MC082 ‘?COO wAubd

to slave

to slave

Serial data from maiaframe to printer, "busy" flag from printer
to mainframe, plus "device on" signal used to switch on printer

in readiness to receive data.

Connector type: Cannon > pin.

Pin 1 Signal Ground.

Pin 2 Jot Connected.

Pin 3 TLACO. "3usy" flag from printer. RS-232 levels. <=7
volts when printer ready, >+7 volts when printer Dusy.

Pin U DONO. "Device On" control from mainframe to printer.
23-232 level, »>+7 volts o snable printer, <-7 volts to
diable printer. This signal 1is optional as sow&e
orinters do not require it.

Pin 5 DATAO. Serial data to printer. RS-232 levels, ASCIL

format. Normally at _10 volts. For each character sent
srom tne mainframe to the printer a Durst of +10 volt

pulsas lasting approx. 1 mS snould be seen.

4.9 Phones

Qutput for driving neadphones. Monitors the MIXED LINE output.

Internally, this output is taken from the MONITOR

output via a 100 onm resistor.

Connector type: 174" (6.25 MM) stereo phono jack.

(speaker)

The following signal lists refer to connectors on the rear of the

C.M.I. Mainframe.

CMI SYSTEM SERVICE MANUAL

Scanned by JB EMOND - www fairlight.free.fr

PAGE 13



\
(2P

4.10 Monitor
Qutput for driving a monitor speaker. The internal monitor
amplifier will deliver a maximum of 20 watts R.M.S. into an 8 ohm
speaker. Note that the Mainframe is fitted with a {1 amp speaker

fuse which will blow if the monitor amplifier is driven to full
output under load for more than a second.

Connector Type: Cannon 3 pin.
Pins 1,2 Ground
Pin 3 lcotive. With all channels producing a full-amplitude
sinewave and the MONITOR control turned up to the point
of clipping, this output should de approx. 38 volts P-P
(with no load)
4.11 Channels 1-3
Individual zhannsl outputs (palanced, 600 ohms impecance).
Connector type: Cannon 3 pin.

Pin 1 Sround

Pin 2 Qu-put Cold. Anti-phase output, maxizum lavel 3.7
wolts ?-P.

?in 3 Jutput Hot. Maximum level 3.7 volts ?-P.
4.12 Mixed Line Jutput

Mixed output of all eight channels (balanced, 600 onhms
impedance) .

Connector Type: Cannon 3-Pin

Pin 1 Ground

Pin 2 Qutput Cold. Anti-phase output, naxizoum level 3.7
volts P-P.

Pin 3 Qutput Hot. Maximum level 3.7 volts P-P.

Scanned by JB EMOND - w irli
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4.13 Sync

Synchronising input and output, for use with Music Composition
Language (Page C) or Keyboard Sequencer (Page 9). This connector

serves as
Connector
Pin 1

Pin 2

Pin 3

both an input and ouput.

type: Cannon 3-pin.

GROUND

Sync Input. Pulses or tone of 1 to 20 volts P-P.
Waveform unimportant. Frequency range 2 Hz to 5 kHz.
Impedance 10 K ohms.

Click Output. Periodic pulse, rats controliad oy ?aze 9
Sequencer or M.C.L. (Page C). Waveform is 2 spike of
approx. 5 volts peak, approx. 5 mS wide, alternately
positive and negative Zoing.

4.14 Filter Output

Qutput of

converter.

effect of
Connector
Pin 1
Pin 2

Pin 3

4,15 Mic In
Balanced,
condenser
position,
Connector

Pin 1

Pin 2

i Pin 3

the bandpass filter used Dby the Analogue to Digital
It is designed to enable the operator Lo nonitor thne
various bandpass filter settings.
type: Cannon 3-pin.
GROUND
GROUND

QUTPUT. Amplitude for full-scale conversion is 10 volts
P_P. Source impedance 600 onms.

600 ohms input suitable for high output dynamic or
microphones. When the MIC/LINE switch is in the MIC
this input is fed to the Analogue to Digital converter.

Type: Cannon 3-pin

GROUND
INPUT A
INPUT B
CMI SYSTEM SERVICE MANUAL PAGE 15
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4,16 Line In

Balanced, 600 ohm line level input. This input is connected to
the Analogue to Digital converter when the MIC/LINE switch is in
the LINE position.

Connector Type: Cannon 3-pin
Pin 1 GRQOUND

Pin 2 INPUT A. Amplitude of 1.4 volts P-P required for full
scale conversion.

Pin 3 INPUT B. Amplitude of 1.4 volts P-P required for full
scale conversion.

4.17 ADC DIRECT

Direct input to the Analogue to Digital converter when the ADC
DIRECT/ MIC LINE switeh is in the ADC DIRECT position. Because
this input is Direct Coupled, any D.C. offset on this input will
result in a D.C. shift of a sound sample.

Connector Type: Cannon 3-pin.

Pin 1 GRQOUND
Pin 2 GROUND
Pin 3 INPUT. Amplitude for full scale conversion is 10 volts
P-P.
CMI SYSTEM SERVICE MANUAL PAGE 16
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SECTION S. REPAIR PROCEDURE

Having isolated the faulty sub-assembly, service personel should refer
to the service manual for that item for further details.

SECTION 6. PREVENTATIVE MAINTENANCE

Under normal conditions, the only preventative maintenance required
for the C.M.I. is periodical cleaning of the mesh above the blowers in
the Mainframe. Refer to the C.M.I. Mainframe Service Manual for full
details.

CMI SYSTEM SERVICE MANUAL PAGE 17
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CMI?2 MASTER CARD - FUNCTICNAL CEISCRIPTICN

INTRCIUCTICN

.1 Address Deccdirg
.2 Channel Selection
S VAEAM Switoning
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.1 Interruzt Cortrol
.2 Master Cscillator
.2.3 Mermcry Ccertrol
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£-T Filter System

CMI@1 CEANNEL CARD - FUNCTICNAL

[N

INTR0TUCTION

CMI¢4 AUTIC MCIULE - :UNCTIONAL

.1 INTRCIUCTICN

.2 MIXXR, LINI TRIVZ3S
4.12.2.1 Mixer
4.12.2.2 Lire Irivers

.4 Master Tunirg Register
rupt Control, Master Oscillator, Memory Control

Aralcgue to Tigital Ccnverter

ZESCRIPTICN

CLESCRIPTION

IN/OLUT

PCWEIR SUFPLY ASSEMBLY — FUNCTICNAL DESCRIPTICN

4.1¢.2 MONITOR AMEF, IANPUT AMPS,
4.10.2.1 Monitor Amplifie
4.10.2.2 Input Arplifiers
4.12.2.2 Synch Iz/Qut
4.10.4 PCWER SUPPLY
4.11 OQPSA IL.C.
4.11.1 INTROIUCTICN
4.11.2 UNREGULATEL SUPPLIFES
4.11.2 REGULATOR £ VCLT 18 AMP
4.11.4 + 12 VOLT, 24 VOLT SGPPLIES
4.12 CeZ6 FRONT PAMNEL CONTROL
TROUBLESECOTING
5.1 Introduction
5.2 Power Suprly
5.3 Corputer Sectiorn
5.4 Disk System
5.5 Charnel Cards
5.6 Master Card
5.6.1 Channel Card Selection
5.6.2 Channel Card Master Clock
5.€.3 Analogue tc Digital Conversion
5.6.4 External Syanchronisation and Timer
5.7 Audio Card
DIAGNOSTIC SOFTWARE

6.1 INTPCLUCTION TO DIAGNCSTIC SCFTWARE

6.1.1 Running the Diagnostic Lisc
6.1.2 Runnicg the Test Programs

6.1.3 Measurement Tolerances
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6.2 Channel Card Tests

€.2.1 Filter Tests
£.2.2 Wavefcrm Memory Tests
6.2.3 Envelope Control Tests
6.2.4 Volume Control
6.2.5 Timer Tests
€.2.€ Pitch and Octave Control
€.2.7 Interrunt Flags

.2 Master Card Tests
€.3.1 Timer Tests
€.3.2 Master Fitch Register Test
6.23.2 A-I Cornverter System Tests

«3.3.1 AT Tests using External Araloz Source
£.2.2.2 AD Tests Usirg Internal Analog Source
Master Fandrass Filter Tests
Video Ram Control
€4X RAM Card Tests
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MEMCH
.@ Central Prccesscr Control Module
> Light Pen Interface
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Processor Access Selection
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6.11.

GNAL LIST - MCTHEERBCARD

1 Master Card CMI-22 - Slot 1

2 Channel Card CMI-21 - Slots 2 to 1@

2 Aralog Interface Card CMI-@7 - Slot 11

4 Light Pen Interface Q148 - Slot 12

.5 64K System RAM C-096 - Slots 13 to 15

6 Processor Control (C@22) Module §¢-2322 - Slot 16
7 Central Processor Module Q-392€6 - Slot 17
8 Floppy Disc Controller QFC-2 - Slot 18
.S Graphics Controller Q-245 - Slot ©

.10 16K Graphics RAM Q-225 - Slot 20

SIGNAL LIST - EXTZRNAL CONNECTICNS
8.1 A.C. Mains ,

8.2 Graphics Power

8.2 Grapkics

8.4 Keyboard Power

8.5 Keytoard

8.6 Printer

8.7 Phones
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REPA
PREV

SCHE
12.1
12.2
12.3
12.4
12.5
12.€
12.7
i2.8
12.¢
12.1
12.1

Moritor
Chanrels 1-8
Mixed Line Qutrut
Sync
Filter Out
Mic In
Line Ir
ALC TIRECT

VE/REZPLACE PRCCEDURES

CIRCUIT EOQOARL REMOVE/REPLACE

DISX TRIVE REMOVE/REPLACE

PEARP FANXIL REMOVE/REPLACE

AUTIO BOARL CMI-¢4 RENMOVE/REPLACE
FAN ASSEMBLY REMCVE/REPLACE
MCTEZEBCARD CMI-¢¥5 REMCVE/REZFLACE

POWER SUPPLY REGULATOR RIMCVZI/RIPLACE

L.C. SUPPLY REMOVE/REPLACE
CARD CAGE REMOVE/RIPLACE

IR P2CCITIURE
ENTATIVE MAINTENANCE

MATIC DIAGRAMS
CA2€ SCHREMATIC
QP22 SCHEMATIC
Q¢96 SCHEMATIC
QFC2 SCEEIMATIC
CZ4S SCHEMATIC
0025 SCHEMATIC
C14& SCEEXMATIC
CMIZ2 SCHEMATIC
CMI€l SCHEMATIC

@ CMI?4 SCHEMATIC

1 CPSA SCHEMATIC

12.12 Q@3€ SCHEMATIC

CIRCUIT BCARL OVERLATS

Q0226
Qeaz
QaGeE
QFC2
Q945
ce25
QClag
CMI@
CMIA

OVERIAY
OVERILAY
OVERLAY
OVERLAY
CVERLAY
CVERIAY
OVERLAY
2 OVERLAY
1 OVERLAY

CMIg4 CVERIAY

QPsA
oezeé

OVERLAY
OVERLAY

ELECTRICAL PARTS LISTS

14.1
14.2
14.3
14.4
14.5
14.€
14.7
14,8

QY26 DUAL €80@ PRCCESSCR
Q@Z2 PROCESSCR CONTROL CARL
CCc6 €4K RAM CARD

QFC2 FLOPPY DISK CCNTROLLER
C045 GRAPHICS CARI

Q225 16K RAM CARD

Q148 LIGHT PEN CARD

CMI 22 MASTER CARL
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14 .9 CMI21 CHANNEL CARD

14,13 CMI 94 AUTIC CARD .

14 .11 GPSA REGULATED PCWER SUPPLY
14.12 Q@3¢ FRCNT FANEZL CONTROL CARD

-21 WIRING TIAGRAM

TEANSFCRMER END PLATE

CARL CAGE ASSEMBLY
REGULATEL POWER SUPPLY i
FAN ASSZIMBLY

RZAR PANIL

FRONT PANEL

MCAd1

EYPLOTEL VIEWS
1€.1 DrC246
16.2 TMCAZ2
1€.2 DMCRE?
1€.4 CMCQEE
1€.5 IMCeZE
1€.€ [MCg42

16 .7 2MC@21

MAINFRAME

MECHZANICAL PARTS LISTS

17.1 C.M.I MAINFRAME DRAWING REF.LMCceZ1

17 .2 CAPD CAGE ASSEMBLY DRAWING DMC@32
MAINFRAME REAR PANZL DRAWING IMC@Z8
FRONT PANEL ASSEMBLY LRAWING IMCg42
TRANSFCRMER EIND PLATE DRAWING LMCC46.
2EGULATEL P.S.U ASSEMBLY TRAWING IMCeZ?
FAN ASSEMBLY FAN ASSEMBLY DRAWING IMCEZSS

17.2
17 .4
17.5
17.6
17.7
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1.¢ INTEQLUCTICH

The C.M.1l. Mainframe housés all the data processing and audlo
genneratiorn rardware of the C.M.I. System, ipcluding T.C. pcwer
supplies and floppy-disk drives.

This manual is desigred to nelp service personel locate ard rectify a
fault in the c.M.I. mainframe.

Note that this ranual orly refers to the Mainfreme itself. The
remainder of the c.M.I. System 1is covered by the following related
docurents:

c.M.I. SISTEM SERVICE MANUAL

MUSIC KEYBCARD gIRVICE MANUAL
ALPEANUMIRIC XKEYROARL SERVICE MANUAL
GRAPEICS TERMINAL MAINTENANCE MANUAL
LIS DRIVE MAINTEINANCE MANUAL

1.1 Carc Cage

A 21-slot card cage houses 3 printed—circuit motherboard carrying edge
cornectors into which the ~.M.1. circuit boards a&re inserted. The
cards can DE accessed vy hinglne down the frent panel, and they can

removed from the sront of the unit without requiring tne use of arny
tcols.

1.2 Audio Poard

Cables from the front 0f each channel card connect to the audio toard
located imside the rear panel cf the mainframe. This card supports a
variety of audio functions, including valanced line arivers for the
eight chaprels and mixed output.

This card 1is accessed by removing the four mounting screws Ssecuring
the rear panel and swicging the panel down. The card itself is held in
place by screws. All corpections are made by plug-in cables.

1.3 Power Suprly

D.C. power 1is provided by a corventional transformer/rectifier syster
mounted inside the left-nand end of the card cage. Thls supplies fpowe:
for the card cage, audio bvoard, floppy-disk drives, music keyboard an
alpha-nureric keyboard.

1.4 Floppy-Disk Trives

Two elght-inch, double sided, single density disk drives are mounte
to the right of the card cage. They conpect to the powerT supply via

wiring harness and to the floppy-disk controller card in the card cag
via a S¢-way ritbton cable.
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All external connections‘ are made Yty means of plug-in cables. Tht
mainfrare is rormally ccnrnected to A.C. mains, Graphlcs Termipal

Music Keybtoard and audio equiprment such as monitor speaker cor mixin,
consocle.

1.5 External Coznecticons

The precise fun~ticr of each external connection is descrided unde
Signal Lists (below).

2.4 SISTEM_QVERVIEW
2.1 Gereral Princicles
(Refer to Figure 1)

The C.M.I. is a complex stecial-purpose computer system which embrace
many different hardware and scftware technolcglies. All processinz an
sourd generaticn furncticns are performed by the Mainframe, while th
Graphics Terminal ard Xeytoards serve as peripherals for operato
interfacing.

The mainframe is carable of cperating guite autonomously, that is, i
is not reliant on any external connections for proper funticning
Urder «certain <conditions it 1s ©Dossible for a fault condition t
irhibit proper Mairframe cperation, so the serviceman should be war
of DYeirg misled. Cf course, without the peripherals ccnnected it i
cften hard to kpow if the system is furnctioning preperly, tut thi
roint should be borne in mirnd when troubleshooting.

Crerator 1input to the Mainframe <ccmes from three sources: rusi
keyboard, alpha-nureric zeyboard, and lightpen. Cutput devices includ
the Graghics TIisplay terminal, and the audio outputs. A printer ma
also be optionally used.

The heart of the system is the Central Processor Module, which use
two Motorola 682¢€ ricreprocessors in a dual-processor configuration
Both processors share a common buss which allows them %both t
communicate with the other cards in the Mainframe.

The Processor Control Module ©provides EIPROM for system startup an
bootstrap, R5S-222 serial input from the keyboard, serial output tc th
keyboard and printer, and various other C.P.U. support functions suc
as interrupt prioritisaticn.

Main programme memory is the 64 kilodbyte RAM card. This holds all th
operational software, much of which is overlayed from disk as the cod
far excedes 64 X.

The floppy-disk controller uses Direct Memory Access techniques t
transfer data between memory and the two flopp-disk drives.

The Graphics Tisplay 1is a bit-mapped image of 16 kilobytes of VRAM
The Graphics Controller module displays this RAM as an array of ZE26
512 points. Special hardware on this card prevides support function
for automatic vector drawing, which considerably enhances the speed o
displaying graphical information.

C.M.I. MAINFRAME SERVICE MANUAL -  Page 2
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The Lightren Controller module interfaces the Hit and Touch signal

frcm the Lightter (part of the graphics display terminal) to tr
syster bduss.

Eight identical Voice Modules also share the bdbus. They each have 1
kilobytes of waveform RAM, as well as all the control ard audi
circuits required to support 1it.

A Voice Macter recdule contrecls the voice modules, as well as trovidi:
the Analogue to Tigital converter function of the system.

Audio from the Voice Modules is buffered by the Audio Cutrut Module
which provides indeverapnt btalanced cutputs for each channel as well «
a mixed output.

C.M.I. MAINFRAMI SERVICE MANUAL -  DPage 3
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2.2 Hardware/Software Relationshins

This section gives a surmary of the operaticnal concepts involved i
each of the C.M.I.”s major functiorns. This information shculd hel
relate a vparticular software function to the approrriate piece c
hardware. .

The software system is divided into two main sections, the resider
sof tware and overlays. The resident part is respoansibdle for all th
real-tire furctions such as scund generation, keyboard inpu
rrocessing and lightpen ocperation. The overlays are used for tt
various control &rnd sound manivulation functions provided by th
display ©pages. Changirz vrTages on the C.M.I. loads a new overlay fc
that page from disk. Some pages use further cverlays themselves, s
that when certain functions are invoked from a particular page for th
first time, a disk access will be made as the cverlay is loaded.

Both ©rrocessors have access to the 64 xilobytes of program R.A.M., s
that scme cf the code ray te exscuted ty each processor individually
and tcth processors carn share =csorron data structures. As a rule
processor 1 is resgponsid®le for controlling the voice modules {(channe
cards) and handling data from the keytoard. Processor 2 carries ou
the non-realtime functions such as disk I/C and graohics disrlay.

A broad description of a range of specific functions follows.

~

2.2.1 System Startuc/Roct

#hen vpower is first aprlied to the system, a power-on reset signal i
gererated for adout a half second by a timer located or the Processo
Control card, €€22. At the end of this tire, both processcrs fetc
restart vectors from EPRCMS, also on the Q822 card and start executin
the startup procedure im IPROM. Processor 1 1initialises all th
registers of the rperipheral controller devices such as P.I.A.s an
A.C.I.A.s. Processor 2 initialises the Graphics Display, clears th
screen, and displays the C.M.I. REALY message. The same messaze i
sent to the music keyboard display via the serial link on the 023
card. Processor 1 then loops waiting to be triggered by processor 2
which 1in turn lcops waiting for a disk to be inserted in drive @, a
indicated by the appropriate status ©bit from the floppy-dis
corntroller card QFC2.

When the sysytem disk has been correctly 1inserted, processor

execules the first stage of the bootstrap locader firmware (located o
the 08322 card). This involves reading in the boot block, which is

special sector on the system disk. The code stored in the boot bloc
s then executed, which completes the boot load by loading th
operating system and the Page 1 overlay. Whenm Page 1 starts up, th
message Page 1 ready is sent to the music keyboard display.

2.2.2 Tisk Operations

The C.M.I. uses two eight-inch double-sided disk drives. Format i
soft sectored, 128 bytes per sector. Single density ¥M recording i
used for extra reliability.

C.M.I. MAINFRAME SERVICE MANUAL - Page 5
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The drives themselves are controiled by a Western Tigital FT1771
L.S.I. controller located on the Floppy Disx Controller Card QFC2.

™he disk driver EPROM lccated on the (222 card 1is used as the lcwest
level disk driver. Routines in this ZPROM provide utilities including
read sector, write sectcr, and verify C.R.C. wnich are called by the
RAM-resident disk-operaticg system.

In the event of a disk error beinz detected during a read or write
operaticn, the scftware will perform a oumber of retries, including
head relocation, to try to recover from the error. If the error
persists, a DISK READ/WRITE error message 1is distlayed.

2.2.2 Graphics TListley/Lightpen

The grathics display is generated by writing a bit-mappresd image to the
dedicated 16 kilotyte V2AM. This block cf RAM is rapped ir and cut of
the processor memory sSpace under software control. The register for
this gpurpose resides on tze Master Card CMIG2 (see functional
descripticn velow).

™me lightpen is interfaced via the Q148 Lightpen Interface card, anc
an interrupt to Prccesscr 2 is generated each time the light per Tcuct
and Hit signals are asssrited simultanecusly. The processor 2 residen
code 1is ther executad tc ncll the lightpen cc-ordirate registers and
the appropriate acticn ensues.

The 1lightpen cursor is a hardware function (see Q148 functiorna:
descriptior dvelcw).

2.2.4 Command Erntry

Tata arriving from the Music Xeybcard is fed to the A.C.I.A. on th
0@Z2 Processor Control Card. The A.C.I.A. generates an interrupt o:
processor 1 for as each tbtyte 1is asserbled. Data from the rusi.
keyboard and characters from the althanumeric keyboard both arrive a
the sare A.C.I.A. They are distinguished by the fact that musi
keybtoard data has the high btit set. Data from the Music Kekboar
arrives 1in the fcrr of toree-bdyte rackets. These are assembled an
queued Yty processor 1 for playing. Alphanumeric characters are passe
on to oprocessor 2. This 1s done via commen memory and an inter
processcr interruct. Interprocessor 1interrupts are generated b
special hardware located on the Master Card CMIdZ2 (see functiona
description telow).

2.2.5 Loading/Saving Sounds

Sounds are stored as contiguous Voice files om disk. Each voice fil
occupies about 22 kilobdytes of disk space. Ap entry in the director
on track zero gives the physical sector number of the start of th
file. When a file is loaded, the directory is searched and the addres
of the file found. The sound is then loaded ome sector at a time
Since processor 2 vperforms all disk operations and processor
controls the chanmel cards, data is rtassed between the processors vi
a buffer in common merory.
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If more thac one chanrel is being loaded with the same sound, mul tipl
charrels are enatled by the Master Card so that they can de written f
sirultaneously. See Master Card TFurcticnal Cescripticrn (telow) fc
full details.

Saving scunds orerates by the reverse prccess.
2.2.€ Scund Sar:zling

Audio 1input for sarzlicg is fed to either the lirte input or ric inpu
coenecter c¢n  the rear panel. It is amplified cr the Audio Card CMI¢
and  then fed to the Master Card CMI@2 via a 1@-way ribdbon cable. Tt
signal 1is then attenuated by a digitally controlled attaruator ar
filtered by seperate low pass and high pass filters on the Avdio Card
These filters are also softwar=s controllabtle. The atteauator i
cortrolled by the Level control on Page 8 of the CMI system softwars

and filter cutoff roints are controlled ty the Filter Bigh ard Filte
Low controls.

Frerm the filters
ccnverter. The ¢
stream cemivg fr

the audio 1is fed to the Aralogue to Tigite
2le rate 1is gecverned by the frequency of a puls

the Charoel Card 1ir channel one vosition. Th
efcr estadblished ty software which sets up charre
e frequency specified as sarple rate on Page R,

am
e
sample vrate is ther
ocne to operate at th
Processcr one 1s used to read date from the A-T ccaverter and store |
in the desired <charrel «cards’ waveform R.A.M. To syncarcnise th
processor with the cerverter, trocesscr one is forced to a Halt stat
while a «corversicn is in vrogress, and as socn as the conversicn i
corplete and data is ready to be read, the processor is un-halted an

it reads the data. This causes Processor one’s Halt L.E.D. to glo
while ccnversions are in gtrogress.

The Trigger Level functior on Page 8 is purely a software function
¥hen the Sample ccrmand is issued, the processor starts conversion
and loops until the data read is of a greater absolute value thap th

rumter specified as trigger level. It then begins transferring data t
the Waveform R.A.M.

2.2.7 Music Playing

Cata arriving from the rusic keytoard is seperated froem alphanureri
keyboard strokes and assemrbled into three byte packets by Processor
(see 2.2.4 above). The A.C.I.A. routine is interrupt driven. Once
three-byte rmusic keystroke rFacket has been assembled, the require
note 1is played or stopped. The packet gives the keyboard rurter

whether the stroke was a depression or a release, and a key velocit
numbder.

Once the correct channel or group of channels has been identified b
software relating to the keyboard/register map on Page 3, they ar
started by the apprepriate sequence of sof tware commands. The channe
cards generate a numder of interrupts as the sound progresses an
various paarmeters need to be updated.

Parameters fed to the channel card sgrecify the pitch of the chanrel
instantarecus amplitude, amplitude change (automatic ramping up o
down), and position within the waveform.

C.M.I. MAINFRAME SERVICE MANUAL - Page 7
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The audic cut put frer cach channel card is fed to the audio card bty a
1@-way ribton ~able pluzged into the front of the card.

2.2.8 Music Keyroard Tunctions

ps well as sending music key depression/release data to the mainframe,
the rusic keytoard has a rurtaer of ancillary functicns.

A rgultiplexed analogue toO dizital converter samples the 1evel of the
three faders co the left-hard =2nd of the kxeyboard as well as the three
pedal irnputs oD the rear. Whenever Gne of these changes 1its level by
more than a certain amount, & packet of data is transmitted to the
mainfrare, givicg the device pumber ard the new level.

mha two Sswitches c¢r the left cf the keytcard ard the three swltches
which ©plug into the rear of the xeytoard are also scanned, and when
ary of these are operad oOT closed, suitabdle data is sent to the
Mainfrare.

Pressirg a key on the aureric kxeypad on the rignt end of the keytoard

cends a character to the Maipframe 1in exactly the same way as an
alphanumeric ey derressicro.

The alhrhanumeric 1.2.0. display or the music keyboard is driven by
the serial 1lirk corirz fror the Mainframe. The processor in the
reyboard controls tne displaying of ipdividual characters 3s well as
vackspace and clear. Yher nescages lcmger tham the 12 dizits of the
display are required, a norizontal scrolling routing in the C.M.I.
system software 1s used.

2.2.¢ Sequerncer

when recording on the Sequencer (page ¢), a hardware timer located ol
the Master Card CMI?@2 ig used to measure the elapsed time tetwee!
everts such as key degtressions OF releases. As each event takes place
procesor 1 assembles the keystroke OT control chnange data 1lnto a five
tyte vacket alcng with the time to the next event and queues it. #he
the queue 1is half full, Processcr 2 writes the data to the sequenc
£ile on disk, emptying the queue.

In playback mode, Processor > reads the playback flle into a queue
Procaesscr 1 takes kKeystroxe and timing packets from the queue and setl
the timer on the Master Card forT the time to the next event. When thi
time has elapsed, the timer zenerates an interrupt and the next ever
is pulled from the Queue and played.

The Merge function uses toth Record and Playback processt
simultaneously.

When running on Internal Synch, the timer orerates Dby counting tl
systerm clock. When Fxternal Syanch {s specified, the timer
configured to use the external clock, which 1is derived from the Syn
input on the rear of the Mainframe, via suitable signal processi
circuitry. The external synch is fed through another programrab
timer so that it can be divided if desired.
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2.2.1@ Music Comprosition Language
.C.L. data i< store on disk in the form cf M.C.L. notation. The Lo
ommard simply causes pDprocessor 2 1o read tae file specified in
A.M. Mo processing of the data is dore at this stage.

g0

-

..

Yhen the Play command 1is issued, Processor 2 starts comziling t
source code and generates keystrcke rackets which it queues aloaz wi
the time to the next event, which it calculates frcm the ccmtipati
of up to eight parts which it may be playing simultanecusly. Tke
packets are then trocessed by processcr 1 in ruch the same way as f
the Sequercer (describded above).

Internal/Exterrnal synchronisation works the same way 4s for ¢
Sequencer.
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3.2 SPZCIFICATICNS

2.1 ELECTRICAL

Pewer Zequirements
Mains Voltage: 1€2-12¢ or 292¢-2S@& switch selectatle
Mains Current: 2 arps @ 249 V, 4 amps G 12¢ V
Mains Fregquency: 5@/€2 H:z

2.2 AUTLIO

Charrel Cutputs
Conrector tyre: Canren YLR 2 pin (Ralanced’®
Number of Charnels: 8 (maximum)
Qutput Level: 2.7 volts p-D
Qutput imrpedance: 63¢ ohrms
Cutput load: Must be greater than 6€¢ ohms

Mixsd Line Qutput
Same as Channel cutputs

Moniter Speaker Cutput
Cconecter type: Carron YLR 2 pin
Load irpedance: 4 ohms {(minimum)
Power output at clirring: 20 watts max.
{Tkis cutgut 1is rot intended to ©be driven to full cutg
continuously.)

Headphcne cutput .
Connectecr tyte: 1/4 Stereo Phones
Signal: Terived from monitor speazer outrut via 162 okm resistor

Synch Irnput
Connector type: Canmcon XLR 2 pin
Level: 1 volt (miz) 290 volt {max) p-p.
¥requency ramnge: 2 3z - £ KHz
Impedance: 12XHz

Click Cutput
Connector Type: Cacncn XLR 3 pirn
Qutput sigpnal: 5 volt spike, approx 5 mS wide, alternative
negative and positive going.

Mic Input
Connector type: Cacnon XLR 3 pin
Impedance: €909
Mizrorhone tyre: Ralapnced, high output dymnaric or condenser type

Line Input

Connector type: Canrcon XLR 3 pin
Input signal: Ralanced

Sensitivity: 1.4 volts p-p required for full scale conversion.
Impedance €6@@ ohms.
AIC Direct Input
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Cennector Tyrpe: Canocn XLR 2 pin

Iaput Signal: D.C. coupled _
Sensitivity: 1@ volts p-p for full-scale conversion
Irpedance: 1¢¢ X ohrs :

3.3 DIGITAL
) Processor: Lual MESEE
Mermory: €4 kilobtytes Programme RAM
16 xilodytes Video RAM
12€ kilodytes Waveform RAM
Flopoy Iisk: 2x YE TATA YTL174
8 irch doutle sided, siogle density
Soft sectcored, 12& bytes per sectcr
Graphics Display: 2it mapred VRAM
Composite video output
1 volt r-p nominal
75 ohms irzedance

Irput/Cutput: Serial RS2322-C, CE€ZZ Baud

3.4 MECEANICAL

Timensicns: Width: 7%¢ rmr
Tepth: 4&5¢ mm
Height: 32¢ rm

¥eight: 42 kilogrars

R
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This sescticr descrives the operation of each of the ~ircuit decar
used im the C.M.I. mainframe. The information is presented primari
to gzive service rersonel a thorcugh understanding of the creraticn
the syster as an aid to fault diagrosis to the board level. Once t
faulty toard has been identified, it is recomended that the Mainfra
be repaired vy dboard exchange. The faulty item should te returned

~ Fairlight Instrurents for repair.

@CC4.1 _R-926 _LUAL €593 CINTRAL PROCESSOR_FUNCTICNAL_LZISCRIDPTICN

4.,1.1 INTRODUCTION

The Tual processcr card operates each processor into a ccmmcr addre
and data bdus ir an interleaved manner, each processor therefore m
simultaneously access the sarme remory lccaticn without any contentdi
Trodlems.

This unique manner of operation allows for full svnergisti
creration, ard either synchrecmous or asycchronous relationshi
between processcrs.

The memory addresses are issued to the bus 225 nanoseconds prior
the acress cycle, allowing addresses to be rodified Tty an exterr
memory mapring wunit card for aprlications requiring in excess of €
bytes of memory space. Many global timing signals are issued from ¢
pronesscr, these signals greatly reduce the ccrplexity c¢f mary of
other cards in the system.

4.1.2 TIMING & MEMORY CONTROL LOGIC
(Refer to drawing Q826-01)

4.1.2.1 Master Timing Signals

All syster timiprg sigrals are derived from crystal—-controlled 42!
oscillator Q5. Flip-flop E3 divides this pulse train by two to provi
a syrretrical Z@ MHz square wave, which is made available as a tim]
signal on the bus via E7 on edge connector pip 43. Quad I-type la
F2, together with one quarter of quad flip-flop El, are configured
a twisted-tail ring counter which generates 18 unique states each
5@ nanoseconds duration. The required states are decoded by NAND galf
F1 and AND gates F23.

4.1.2.2 Dynamic Merory Timing Signals

Four non-inverting bduffers of D1 are driven by latch El to provide
(Column Address Strobe), RAS (Row Address Strobve), CA (Column Addre
(asserted low) and RA (Row Address, asserted low). RAS is dela;
relative to CAS by abdout 20 nS by the propagatiorn delay of A7. RA .
CA are complimentary signals.

C.M.I., MAINFRAMT SERVICY MANUATL - Pagze 12
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4.,1.2.3 Data and Address Buss Multiplexing

Flio-flovs F4& and F5, along with asscciated gating, generate th
processor drive signals L1, D1, D2 L2 from which the phase 1 and phas
2 clocks for each processor are derived (see next section). The syste
address bus 1is multiplexed by the ATLLRESS signals ADD(1) and ADI(2)
Cpne-of-four decoders F8 and F9 are used to enable the approrrit
address and data buffers to the bus to perforrs the multiplexing. Th
data buffer enadle sigrals WRITE1l, WRITEZ2, RXATI, REAL2 are generate
by logical corbdinations of Phase 2, VMA and Pead/¥Write, performed b
FR. The address bduss 1is actually multirplexed four ways, as th
vectored interrupt system may also acquire the ©buss for eithe
prccesscr's cyrle. The address bvuffer erables are a functicn of th
Address signal and the Interrupt acknpcwledge, serformed by 4.

Phase 2 reference and Address references for each Processor are fed t
the bus via bdus drivers.

4.1.2.4 Interrupt Strobe Generation

Tual TI-type flip-flop A8 and 3-indput ANT zate A7 feed Ir terrupt Latc
Strobe pulses to the duss. These are used by the Priority Interruj
Control Units (PICUs) used to provide Vectored Interrupts, and also 1
strobe the vector address latches Z€ and E( on sheet Z. The PICUs a:
located elsewhere 1in the system. These signals strobe the priori!
latches continuously, until and interrupt 1is ackrpowledged. In this w:
the Interrupt Priority is raintained at its latest level regardless «
delay tetween an interrupt request bteing received by the PICU and ti
associated vectcr—-fetch cycle bteing executed.

4.1.2.5 Direct Memory Access

DMA  requests for each processor are clocked intc flip-flop I6 on tl
falling edge of ©vhase two signals of the respective processcrs. I
acknowledgement 1s sent to the buss via buffers and the drive sizna
to the processors are suspended in the thase 1 state for the durati
of the IMA cycle. The maximur vermissable ©DMA duration 1s
microseconds. Worst-case DMA latency is 1 microsecond.

4.1.3 CLOCK TRIVERS, CPUs and VECTOR-FETCH DECODERS
(Refer to drawing Q926-92)

4.1.2.1 Processor Clccks

Non-overlapping <clocks for processor Phase 1 and Phase 2 signals a
generated from drive signals I1 and DZ. Emitter followers Q1-Q4 a
prcvided to ensure legitimate MOS logic levels as required by the 68
(<.5 volts low, > 4.5 volts high). Cross—coupling between phase 1 a
phase 2 drivers ensures that each phase stays low until after t
other phase has gone low.

4.1.2.2 Vector-Fetch Decoders

A series of ovpen-collector AND gates follow the processor address du

state to detect addresses in the range FFF8-FFFF. The correspond
the processor fetching vectors for IRQ, SWI, NMI and RESTART.
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Restart vectors come from ROM so when this is sensed the ROM must b
enabled and the RAM disabled. This 1is achieved by the RCMEN (RC
FMABLE) signal onr Buss pin 44. On detection of an FFFE-FFFF addres
(restart ‘teing fetched), the one-of-four decoder EB generates a

aprrepriate signal, and both processors RCMEN is multiplexed onto th
bus by OR gate C8.

On detection of and Interrupt Fequest vector address from tn
processcr, an INT signal is generated by one-of-fcur decoder B8, whic
causes the normal address bdbuss drivers for bits 1 to 4 to be disable
and the Interrupt Address tuffers (on shhet 3) to be enabled in lieu.

4.1.4 PUSS DRIVERS & INTERUPT LEVEIL MULTIPLEXER
(Pefer to drawinz G226-3)

4.1.4.1 Address Buffers/Multiplexers

Two sets of tri-state buffers are alternately enadled to provid
address buss multiplexing. AILT1 and ALD2 enableprccesser 1 an
Frocessor two addresses to the buss alternately, except during a IM
cycle, in which case the buss is tri-state. Bits 1 to 4 of the addres
buss are rultiplexed between ncocrmal orocessor addresses and addresse
coming from the Interrupt Prioritizer, depending on the signals NAL
ard IATI. When an IPQ vector fetch is attemrted, the duffers L3 and D
are enatled irstead «c¢f the normal address tuffers, s0 that th
interrupt priority which ras been latched by flip-flops E6 or ¥
tecome Bits 1 to 4 of the address from which the vector will b
fetched. The vecter fetch is a double-tyte, so address bit @ is lef
un-multiplexed.

4.1.4.2 Lata Buffers/Multiplezxers
Inverting tri-state ©buffers T2, E2, IS5, E5 are used to multiple

Processcr 1 and Processor 2 data. Data is received when READ is 1lo
and transmitted when WRITE is high.
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4.2.1 INTROLUCTION

The CPU Control Card rcrovides several support functions required
the CPU <card. These 1include startuc and bcotstrap RCOM, seri
comrunicaticns, interruzt prioritisation and a parallel port.

4.2.1.1 Addressing Macz

This card occupies the last 4X bytes of the 63K byte phsyical memo
addressing space and is set up as follows:-

ATTRESS (HIX) FUNCTION

F2C2-F3FF Cecmmen ROM

F4¢2-F7LF Common ZCM

FEAQ-FBIF 2 unique 20Ms, cne fcr each processor
FCZ2-FCEF unused Available fcr user perigherals

FCFQ? Serial I/C coantrol

¥Cr4,FCEE ACIA register

FCFE-FCEE PIA registers

¥CFC CPU#1 irterrupt prioritiser

¥CFD CPU#2 interrupt pricritiser

FT@O-FEFF Shared 512 byte RAM

FFAQ-FFIF Urique 236 tyte RAM for each processor

4.2.1.2 Restart and Interrunt Vectors

FAM space allocated wuriquely to each processor provide inderende
restart ard interruct vectoring. The vector lccations are as fcllew

ATDRESS VECTCR VECTCR
(9EX) (€832 SYSTIM (6635 SYSTEM)

FFYL/F Restart Restart

F¥¥C/D NMI NMI

FFFA/B SWI SwIl

Frre/c Unused Urused

FrF8/7 Unused FIRQ

¥FFr4/2 Unused SwI2

FFr2/3 Unused SWIZ

FFF@/1 Unused Unused

FFEZE/F IRQ level 7 (lowest) IRC level 7

FFEC/D IRQ level 6 IRQ level 6

FFEA/B IRQ level 5 IRG level 5

FFEB/C IRQ level 4 IRQ level 4

FFES/7 IRQ level 3 IRQ level 3

FFE4/5 IRQ level 2 IRQ level 2

Fre2/3 IRQ level 1 IRG level 1

FFES/1 IRQ level @ (highest) IRQ level @ (highest)

FFDE/F Monitor workspace IRQ level 15 (lowest)

FFIC/D Moni tor workspace IRQ level 14

FFDA/E Monitor workspace IRQ level 13

Frpe/e Monitor workspace IRQ level 12-

FrD6/7 Monitor workspace IRQ level 11

Frp4/5 Moni tor workspace IRQ level 190

FFrp2/3 Monitor workspace I3C level ¢

FFLe/1 Monitor workspace IRQ level 8
C.M.I. MAINFRAME SERVICE MANUAL - Page 15

Scanned by JB EMOND - www fairlight.free.fr



Lo Abiaian .

g < ot ot bt e o bt
.

P

e S——————

4.16 Line In

Balanced, 600 ohm line level input.
the Analogue to Digital converter wh
the LINE position.

Connector Type: Cannon 3-pin

Pin 1 GROUND

Pin 2 INPUT A. Amplitude of 1.4 volts P-P re

scale conversion.

Pin 3 INPUT B. Amplitude of 1.4 volts P-P req

scale conversion.

4.17 ADC DIRECT

Direct input to the Analogue to Digital conve
DIRECT/ MIC LINE switeh is in tne ADC DI
this input is Direct Coupled, any D.C.
result in a D.C. snift of a sound sample.

Connector Type: Cannon 3-pin.

This inpu

RECT position.
offset on thi

t is connected to
en the MIC/LINE switch is in

quired for full

uired for full

rter when the ADC
Because
s input will

Pin 1 GROUND

Pin 2 GROUND

Pin 3 INPUT. Amplitude for full scale conversion is 10 volts
P-P.
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4.2.1.4 System Pootstrap/ Disk Controller Firmware

This EFROM is wused by Processor 2 for disx operations and occuries
locations F8@@ to FBFF in the wunique RCM space for CPU#2. The
following functions are provided:-

Boot load orerating system frem disc
Initialise disc controller

Read full last sector

Pead partial last sector

Read verify (CRC check only)

Write and verify CRC

Destore head (seek track @)

Seek tc specified track

Write test

Write L.D. rark to sector

Write sectors and verify CRC

Write sectors and don’t verify CRC
Check ard atort if non recoveratle error

3 2 3 3t 3t 3 3¢ A 3 3 4t ¢

1

.2.2 ATLRESS TZCODING AND RAM REFRESE CCNTROL
(Pefer to drawing Q232-21)

4.2.2.1 Address Teccding

The System Data Buss is buffered by non-inverting buffers Al arpd A
NANT gate A2 gererates an output (asserted LOW) when ar address in tt
range FXXX is detected. This is fed out to the buss on edge conrectc
pin 65B (RAMINE) to disable RAM when accesses to this address rang
are rade. Further deccding by ome-of-four selectors Bl generate selec
signals for the four EPROMS, ROM1 through ROM4. ROM1 and ROMZ2 are the
processor-unique ROMs, which are selected by the ADD1 and ADD
(address) sigrals fror the buss, which are gated in by NANL gates B6.

Selection of the on-card static RAM and peripheral devices in the FCFI
range are also deccded.

These six select signals are latched by hex flip-flop B7. Eex flip-
flops B2 and BZ latch the 1@ low-order address bits, as well as the
RFAT/WRITE and Card Select signals.

4.2.2.2 RPAM Refresh Control

Rate multiplier B8 is configured to produce a 1 microsecond pulse
every 1€ microseconds. This output (ELTST) generates a LMA regquest for
Processor 1 (REQ1). When this request is acknowledged, by the ACK1
buss signal (asserted HIGH), NAND gate A7 genmerates a REF (Refresh,
asserted LOW) signal on the bduss, which signals a refresh cycle to the
dynamic RAMs in the system. At the same time, the output of the
refresh address counter A5 1is driven onto the buss By trl-state
tuf fers A4. At the completion of the refresh (DMA) cycle, the refrest
address counter is incremented ready for the next cycle.
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4.2.3 ¥PROM, RAM, ACIA, PIA
(Pefer to drawing Q@32-22)

4.2.2.,1 Static 7AM

A small amount of static RAM is provided for use as scratchrad durin
disk calls and ronitor firmware execution. It is crganised as fcllows

CPU #1 Fr@¢-FIFD

CPU #2 FFOO-FFTYD .

Eoth FLAZ-FLITF
The addressing function for this purpose is generated by mul tiplexe
Ce which 1is driven by an CR funtion of address bits 8 and S. The RA
itself is in the fcrr ¢f two 1k X 4 devices.
4.2.3.2 IPRCM
Tour kilobvtes of U.V. erasable R0OM are used. These are 27¢8 type.

Their froctiors are:

Locaticn Address Range CPU # Function
L2 T8@C-FRFF 1 Startup and clock
L4 Fe@e-r2rF 2 Disk toot and ccrntroller
s F42¢-F7FF Both I/C functions
TE FQQ0¢-r3F¥F Both Tebug monitor

4.2.2.2 ACIA (Asyrnchroncus Communications Interface Adapter)

A 6850 ACIA (F8) is used to receive and transmit serial data. The BAU
rate 1is deterrined by seperate Receive ard Tramsmit Clock siganls
coming from the baud-rate generator on the front panel card (0€36) vi
the 26-way Tridtcn catle cn the front edge of the Q@32 card.

Ipterructs generated by the ACIA go to the system buss via rcin 68B o
the a=2dge cornector.

Data input and cutput level conversion for the R5232 standard i
provided by circuitry on Sheet 3.

4.2.3.4 PIA (Peripheral Interface Adapter)

A PIA (F8,9) 1is used to provide two general purpose rarallel ports
Peripheral connections are made through a 26-way ribbon «cabl
cornector on the front of the card.

Interrupts from the PIA are presented to the bus via pins 66F and 673B
The PIA 1is also used by processor 1 to provide a real-time cloc

function via its. CBl input which 1is clocked continuously by RTC
pulses coming from the refresh address counter A5 on sheet 1.
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4.,2.4 TEIRMINAL INTEPFACE, MANUAL CONTRCLS, POWER-ON RESIET

4.,2.4.1 Terminal Interface

RS222 receivers and drivers are provided to interface the ACIA tc
serial data to and from peripaeral devices. Fl is the RS2Z2 driver.
Two data output vpaths are provided, called DATAZ and DATAl. Device
control signals LON? and LCONl are used tc epable external peripherals.

. The serial-I/0 <control latch Il is used to select which of the dat:

paths 1is enabdled, and which devices are switched on. It is configurec
by writing to FCF€. As well as selecting data cutputl paths, bits 2 anc
3 of this latch select which of two busy flags are enabled to the

CTS pir of the ACIA.

Bit 4 of ithe Serial I/0 cormtrol is used tc select the polarity of th
busy flag by maens of exclusive-—or gate r1i.

Bit 5 is used to ccntrol the threshcld of the busy flag bits of RSZ2C
rocoiver F2. W#hen bdit 5 is HIGH, transistor 0t is held off, and
regative bdias 1s aprlied. with bit & LCW, C1 turcs on and biases th

receivers positively.

The orto-isolator is not normally used, bdut its outputls are availabdpl
at the edge connector if required. It is turped on by writing 21 t
the two high bits of the serial I/C control latch.

4,2.4.2. Manual Controls
Restart and interrupt contols are provided on the froont—-panel car
C72€, Tre push-tutton switches are detounced ty R/S flip-flors made u

by gates in F3. Processor selection is aceived by NAND gates 76, whic
also drive the tuss.

Processcr Halt ccntrols are latched ty flip-flops F5. This debource
the switches and also ensures that the 6899 timing requirements fo

TALT ccntrol are met.

When a WAIT state has been achieved, the Buss Available signals fro
the CPU card W1 and W2 drive open-collector buffers E5 to turn on th
WAIT IETs on the front tanel.

4.2.4.3 Pover—-on Reset

555 Tirer E3 1s used to generate a system reset signal or power-ug
This is a low-going pulse of abdout 509 milliseconds on buss pin 42.
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4.2.5 INTERRUPT PRIORITY LOGIC AND LATA EUFFERS
(Refer to drawing Q@32-04)

4.2.2.1 Interrurpt Pricrity Logic

8214 Priority Interrupt Control Units (PICU) are used to late
irterrurt recuests and generate a priority level whick ts used by tl
CPU card to create an interrupt vector address.

The criority 1level for each PICU 1is established bty writing ti
compliment of the <desired priority level irtoc the status rtegistei
The address for CPU 1 is FCFL, for CPU 2 it is FCFC. Lecoding for thi
purpose is performed ty one-of-eight selector 313. ‘

Interrurt requests generated by the PICU are latched by flip-floj
D1¢, which are reset when the PICUs are written to to estatlish tt
rew pricrity level rask.

The PICUs are clocksd by Interrupt Latch Strobde signals from the bu
(ILS1 aad ILS2).

Each PICU supports up to eight 1levels of interrupt. To expand t
beycnd eight, the FICUs can be daisy-chaired by changing links o
termrinal strip T1.

4.2.5.2 Data Buffers

Invertirg tri-state tuffers B4 and BS irterface the local data bduss ¢

the system data buss. The direction of data transfer is comtrolled b
PEAD.
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C-0¢ce NG _RAM CARD_FUNCTICNAL_DESCRIPTION
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4.%2.1 INTROTUCTION

The €4X RAM Card contains 32 x 16K x 1.bit dynaric RAM chips. The RAM
runs at a cycle time of 509 nS and is-refreshed by a glecbal refresh
syster contained on the Processor Control Card.

In addition to the dymamic RAM, a fast 16 x 4 bit static RAM 1is used
to provide an independent mapping of each of four 16K logical
processor spaces to the 64K physical address space. This mapping RAM
is alsc responsitle for enabling the entire card when more tham one
€4X ©2AM card 1is installed in the syster. A four-bit module select
switch is used for this purpos=e.

4.%,2 ATTRESS LICODING & MAPPING LOGIC
(Refer to drawing G@c6-21)

4.3.2.1 Address Decoding

The rarpping register ©base occuples memory space from ¥C42 to FC4F.
Accesses to these addresses are decoded by NAND gate c2, and latched
by L[-type flip-flop B1. The 1low four bits of the address are alsc
latched by B1 and these are selected by 4-bit mul tiplexer B2 wheul
writing to FC4X.

4.2.2.2 Mapping Logic

The rmrapvring register B2 1is a high-speed RAM of 1€ werds of 4 bdits.
Wwhen writing to the mapping register, the four high data bits are
corpared to the module number set up on the Module Select D.I.L.
switch, and 1if it matches, a 1 is written to data bit 3. This bBit 1=
used as the card enable bit when subsequent accesses are made to the
RAM. Bit zero is a @ for write protect, tits 1 and 2 select which of
the four 1€k bleccks is enabled.

Wwhen ac-esses are made to the main RAM, the high two bits of the
address along with the addressl/address2 multiplex signal and the
maph/rap® select sigral form the address to the mapping register. Lat:
bits @ and 1 from the mapping register select one-of-four blocks vi:
selector L2, which 1is enabled by a logic zerc onm bit 3. The tlocl
select bits, card select and Read/Write are latched by flip-flop C1.

The card select, read/write and Column Address (BCA) are ANDed by E
to produce the READ enable for the data buffers (op sheet 2). Thi
read/write signal is buffered by inverters F1 and drive the read/write
busses for the RAM array via series termination resistors.

The four block -select signals are used to gate the Column Addres
Strobes (CAS) and Row Address Strobes (RAS) which drive the RAM arra
via buffer E3. Turing Refresh cycles, all four RAS signals are enabled
by gates E2, enabled by the latched refresh signal (LREF) from flip
flop Bl.
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4.4.1 INTRCLUCTION

The Flcppy TLisc Cortroller/Formatter uses a #esterc Digital FL1771
controller LSI. It is designed to work with CPU #2, transferring data
to and from memory by DMA on Processor 2. Once a data transfer is set
up the processor may continue processing other tasks until the
interrurt for “command done is issued by the controller.

4.,4.1.1 Address Mar

ATTRESS (EEX) REAL WRITE

FCEO status read command reg

FCE1 track reg track reg

¥CEZ2 sector reg sector reg

FCEZ data reg data reg

FCr4/5 - DMA start address
FCEE - IMA mode/drive sel
FCE? IMA status -

The DMA transfer byte count is icherent in the transfer typve.
4.4.1.2 Commands

The following commards may be issued to the cormand register to effect
disc operations:-

Restore head to track zero

Seek to track

Step in current direction

Step in

Step out

Read (single/multiple)

Write (single/multiple)

Read address mark

Read track (format information)
Write track (format information)
Force interrupt.

3 3 3t 36 3 36 38 3 3t 3 3

Various options exist within commands which specify step rate, head
loading, address verification, and other actions desiratle during the
executicn of the comrrand.

For full details of these commands, refer to the FD1771 manufacturer:s
data sheets.

4.4.2 TATA BUFFERS, DMA ADDRESS COUNTER, VERIFY COMPARATOR
(Refer to drawing QFC2-01)

4.4.2.1 TMA Address Counters

Sixteen Dbit counter chain Bi to B4 is used to provide the address foi
IMA transfers. The starting address for each disc transaction 1i:
established by writing the double-byte address to location $FCE4. Thi:
causes the address to be preset into the DMA address counter by mean:
of parallel-load strobe pulses STAL (low byte) and STAE (high bdyte).
c.M.I. MAINFRAME SERVICE MANUAL - Page 23
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4.4.,2.2 Tata Buffers

Data is ovropagated fror tne system data bus via latches B5 and B6
which Frold the data across the processor 1 phase. This latched data
also become the TATA FROM 3US  via buffers A7, A8 tO the floppy-
controller L.S.I.

Lata written to the syster contrcl byte at $FCES is latched by hex D-
type flip-flop CT4. DAd, TAl are DRIVE SELECT addressing for selecting
whirh c¢f four disk drives is enabled. FN@,FN1 are FUNCTION SELECTS,
which choose one of REISET ‘zg), WRITE (@1), READ (1), VERIFY (11).

Rit 4 of the system ~cptrol byte selects which side of the disk is
teing accessed wher used with dual-sided disk dgrives. Bit £ 1s an
INTERRUPT ZINABLE.

4.4,2.2 Verify Cormaratcer

A special feature of the CFC2 is the ability to verify data from disk
agalnst mercry without actually transferring it.

EXCLUSIVE-OR gates 37,88 ars used to compare D.M.A.derived date to
data read from disk from ioe coptroller L.S.I. data Chbo-7.

4.4.3 ALTRESS ILECOTLING, CON T¥R L.S.I., TRIVE SELECT
(Refer to drawing CiC )

4.4.3,1 Address Teccdinz

Address range S$FCEX is decoded by zates A4 and €3 and latched by Cl.
The clcck for this latch (LSTB) is a derivative of processor two phase
two, which makes the (FCZ2 processor two unigue. The on-card bus:s

coerates at 1MHz, ralf the system speed.

Addresses FCE@-FCE3Z are used by the FL1771. Addresses FCE4-FCE7 are
used to write to the DMA address counters and funtion select latch.
These are enatled bty the appropriate outtuts from one-of-four selectol
c2.

4.4.3.2 Controller L.S.I.

The -5 volt suprly required by the FL1771 is derived from the -12 vol
supply ty a 79L@5 voltage regulator I.C.

Ipvertirg buffers L6 are used to interface the FD1771 L.S.I
controller to the disc drive cable. Incoming disc status signal
TRZ@ (track Zero), IP (Index Pulse), WPRT (write protect) and READ
are pulled up dy 159 ohm terminating resistors.

The Interrupt Request from the 1.S.I. (INTRQ) 1is gated with th
Interrupt Enable (IENA) to provide an open—collector interrupt signa
for the system I.R.Q. :

Ope-shot D7 is the 35ms head 1o0ad timer (see FD1771 data sheet).
4.4.3.3 Irive Select
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Up to four drives car te controlled ty the QFC2. The twc-bit drive
rumber written to SFCEE is decoded to individual drive slect lines by
one-of-four selector D4. The interface cable is driven by bduffers C5.
ILrive reversal switch S4#1 is provided to allow inversion of the low
order drive select bit. This is used rainly for swappling drives for
troubleshooting purgoses.

4.4 .4 TVMA LOGIC
(Refer to drawirng QFC2-¢3)

Data requests from the ¥FD1771 (DRQ) are synchronised with Processor 2
Phase £ using fligz-flors I8,ILC. T™his sets up a D.M.A. request to the
processor (RDMA). D.M.A. cycles are granted by ACK acknowledge
signal (from sheet 2).

Tevperdirg or which functior has been requested (Reset, Read, Write,
Jerify deccded by D4) tre required DTE (Tata to 3us), and ATR (Address
to Bus) signals are issued.

Data mismatches encountered cduring a verify cycle are clocked through
flig-flcp D5 anrd can ©be rea as the VERFER status bit (bit 7) of

status tyte SFCE?..

M ¢
oS

4.4.5 Data Seperator
(Refer to drawing GFC2-24)

The data seperator is used to generate seperate CLOCK and DATA pulses
from the FM encoded RFAT TATA supplied by the disc drive.

The operation of the data seperator 1s best understood by referring to
the tiring diagrar, drawinpg number QFC2-04. This shows the pulse
tirings representing cperation after the data seperator has been
locked in phase and prorer recovery 1s in progress.

Composite read data, consisticg of both CLOCK and TCATA signals, arrive
at pin € of the floppy disc cable connector. The line is terminated by
a 158 ohm pull up resistor. Three gates of E3 are configured to
rultiplex the READ TATA to cne of twc taths, that is either CLK or
DATA.

DATA pulses fire 'a 2.7 uS one shot (half E1) to produce a pulse as
shown at test point TP1. The next fulse that arrives will be the
following CLK ©pulse, which resets this one-shot and fires the second
2.7 uS one-shot. This tcgzles the & gating to allow the following LATA
pulse through, if there 1s one.

Initial synchronisation 1is achieved ty flip-flop chain D1,D2. This
detscts the occurrence of eight suspected DATA pulses in a row without
any CLOCK pulses. This occurs when the seperator is out of phase and a
byte of ZERO is read. This should be read as eight clock bits with no
data ©bits, but if the seperator is not in phase it is detected as an
error condition, and the one-shots are forced to reset.
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4.5.1 INTROLUCTION

The Q€45 1is used in comjunction with a Q@25 VRAM card to provide a
graphics display system. The 1€ kilobytes V2AM is displayed as an
array of 512 points (horizontal) by 256 lines (vertical).

It also interfaces to the Q148 Light Pen controller.

To 1increase graphics drawing speed, extensive use is made of special
hardware functions which provide automatic address incrementing or
decrementing alcng either or both axes.

Locations FCD@ to FCDC perform store and auto-increment/decrement
functions as follows:

FCT¢C Just store at current positicn
FCD1 Store and Inc Y

¥CI2 Store and Tec Y

FCL3 Store as bdyte at current Pos
FCD4 Store and Inc X

FCT5 Store and Inc X, Inc Y

FCLS6 Store and Inc X, Tec I

FCD7 Store as byte, and Inc X
FCLE Store and TLec X

FCIE Store and Dec X, Inc ¥

¥CDA Store and Dec X, Dec ¥

¥CTB Store as bdyte and Lec X

FCDC Load scroll latch

The vattern <ccntained in the register stores “at the varticula:
location abcve may be varied to precduce solids or various forms of
dotted or dashed lines on the screen.

The current oposition 1is established by directly accessing the VRA!
with a dummy read. Subsequent use of the special locations then worl
from that position on the screen in various directions.

The byte mode operations are provided for the writing of alpha-numeri
data to the screen. Note that byte mode operations omly work in the
vertical (X) direction. This direction requires the actual VRA!
address to be advanced by 64 bytes. Byte rode in the (T) horizonta
direction is achieved by storing directly into successive locations i
the VRAM.

A1l non-byte operations store one point on the screen. W¥What 1
written to this point (@ or 1) depends on what is in the correspondiny
bit position of the accumulator used to store the data.

4.5.2 SINCE GENFRATOR, SEPERATOR AND REGENERATCR
(Refer to drawing Q@45-01)

4.5.2.1 Synch Generator

The Graphics Controller Card uses one of two alternative sync
generator I.C.s. Both are at location F6 and are driven by crysta
oscillator £5. Composite synch appears at S01 pin 1. This is normall,
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linked on the card to S01 pin 4, in which case the card operates off
internal synch.

4.5.2.2 Synch Seperator

Composite Synch crT composite video from S01 pin 4 is bduffered b7
emitter-follower Q1 ard any video informaticn ts stripped off by syncl
seperator (G2 and Schmitt trigeger T4. .

4.5,2.3. Synch 2egenerator

The composite synch is fed to two one-shots, F7. Vertical synch pulse:
are detected by lcoking for pulses greater than 12 microseconds wide
One half of 7 cperates with a time copstant of 12 ricroseconds, s
that pulses of greater than 12 microseconds will cause a 1 to d

clocked into IL-type flip-flop FE.

Horizonmtal svnch tulses are regenerated ty the other half of F7, whic
nas a time constant of 52 microsecornds (just less than one line of €

microseconds).

The Horizontal Clock pulses HCLK (cne per line) are used to cloc
presettatle counters F¢S, F1¢, E£1¢, L[108. FS and F19 count off line
from the top of the picture to determine the vertical positioning o
the active display area. Link options are provided to ad just th
vertical position, ard these are factory set for 25 lines. When thes
25 1lines have ‘teen counted, a Terminal Count from Fl¢ generates
narrow RESET pulse from NAND gate X8.

The Terminal Count also causes a logic @ to be presected at the Cat
irput of D-type flip-flop #8, which causes a logic @ to be clocke
through on the next BCLK. This generates the UNBINK signal to disabl
blanking and start the display.

Counters F1@ and [1@ are enabled by the UNBLNK signal and then activ
display lines are counted. The counters are factory preset for 25
lines of vertical display. Cnce the 256 lines have been counted, th
Terrinal Count fror TI[18 causes the blanking fl1ip-flop F8 to be se
again, blanking the display.

4.5.3 VILCEQ GENIRATION LOGIC
(Refer to drawing Qg45-22)

4.5.3.1 Bit Clock Generation

Each line synch pulse ECLK triggers onme-shct F4 to procuce a puls
whose width is determined by the setting of RV1i, the POSITION control
At the end of the pulse, the active line beglns by removing the b
(Master Reset) condition from Dbit counters D1, D2 and D2,Z ar
enabling AND gate E2. The bit-rate oscillator is fromed by one-—shot 2
and associated feed-back gates. The frequency of oscillatien |
governed by the period of the one-shot which is adjustadle by means
RV2, thw WIDTH control. The bit rate pulses frem F4 are used to cloc
the counter chain which counts off 256 or 512 bits per line (the car
{s factory set for 512). When the required count has been achieve
tnverter £2,3 diables AND gate E2, stopring the bit rate oscillator.
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4.5.3.2 Video FIFO apd Shift Register

To compensate for the fact that bytes from memory need 10 be fetched
at greater than 1 MHz for dispalying, a FIFC register (First-in,
first-out) 1s wused. Cata from the VRAM (RDG-RD7) 1s latched by octal
latceh C7. When the FIFC ingut is not full, the IR signal causes & data
request to by clocked through flip-flop C&, wnich in turn generates a
Snift 1In (SI) pulse to the FIFO. This cccurs every microsecond until
the FIFO input queue is full, as indicated by IR returaning to a logic

Zero.

Data 1is shifted out of the FIFO to the parallel-in serial-out shift
register [6 by SO (Shift Out) rtulses coming from the bit counter
chain. These are derived from bdit Z of the counter, resulting in one
byte being transferred frcm the FIFO to the shift register every elght
picture bits. The shift register Farallel ILcad control is strched
during the first of the eight vit periods by decoder El. The plcture
information is shifted out by clock pulses from the Dbit rate
oscillator F4.

4.,5.,3,3. Video Cutput

Video data from the shift register is EXCLUSIVE-ORed with the INV
(Invert) signal from edge comnmector pin 75. With a logic 1 at this pi
the opicture appears normally with set bits ir the VRAM displayed as
bright pilxels. If a logic z€ro i{s aprlied, the picture 1is inverted
(negative) so that oanes in VXAM appear as black pixels on a bdbright
background.

mhe output frcm the exclusive-or gate £EZ is serrated at the bit rate
ty ANDING with VST (Video Strobe) pulses from El. This 1is dooe to
avoid horizontally adjacent dots mergirg to appear dbrighter tharn
vertically adjacent ones.

The serrated video 1is then tlanked ty gating with UNBLNK to remove
unwanted (inactive) display time from the display. Synch is added to
the video Yy vresistor network R37, R27, R28 and buffered for low
impedance driving by tramsistor Q4.

Ccmposite synch (withcut vidoe inforration) is avallable at pin 5 cf
SC1 and vidoe without synch appears at pin 9 of SC1.

4.5.4 SELECT LOGIC AND DATA CONTROL
(See drawing Q945-23)

4.5.4.1 Address Lecoding

The Graphics Controller occupies two areas of memory space. The VRAM
uses 1€ kilobytes from $8@82 to $BFFF. The various auto-incrementing
portholes use 16 bytes from $FCD@ to $FCDF. Addresses in the $FCDX
range are decoded by NAND gate AS5. VRAM addresses 1in the $8000 range
are decoded by NAND gate D5. Both these are enabled by ANI gate 2,
which ANDs VMA (Valid Memory Address), ENBL (Enable) and BADL2X, which
1s used to determine which processor has access to the card.
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The select signals frcr this gating are latched, along with the four
least significant address bits, by hex D-type flip-flop 36.

The Read/write signal fror the buss is latched by cne half of flip-
flop CE&, and gated with the latched select signals to enadle the read
and write tuffers B7 and A7.

The 16 avto-increreat functions are decoded from the four least
significant address bits by dual onme-of-four selector BE.

~-0

4.,5.4.2 Tata Buffers

Cuad buss transceivers A7 and B7 interface the card to the system data
Yuss. Read and write enabling are ccntrolled by signals generated as

described adove.

4.5.5 VRAM ADDRESSING LQGIC
(See drawing nc. (945-04)

4.5.5.1 Addressing Counters

The address being accessed within the VRAM is determined by the state
of counter chain B1-BS. These are up—dcwr counters whish provide the
auto-increrment (ard auto-decrement) functions. The starting address
feor any operation 1is established by &ny 4access to the VRAM. This it
achieved <ty the counters deing parrallel-loaded by the AISTE (Addres:

Strote) from Sheet 3.

Horizental 1increment c¢r decrement is achieved by pulses UP1 and DN
clockirg the low-crder S bits of the counter chain. The 2 lowest bit:
are used to select the ©bit within the bdyte. Vertical increment o1
decrement is achieved by clocking the highest 8 bits of the counter.

4.5%5,2,2 it Selection

The 16 kilobyte VRAM card is bdit addressatle, that is each row of chi;
selects can be individually enabled.

For Byte mode cperations, the BYEN signal is TRUE, disabling gates Al{
and PRle, forcing the Chip Select cutrutls, CS@-CS7, to their TRU!
(Eigh) state. This causes the whole btyte to te written irrespective o:
the current bdit positiorn within the byte.

For Bit mode operatioms, only the tit determined by one-of-elgh
decoder C2 will be enabled.

4.5.5.3 Vertical Scrolling

Counter chainm C2, C3 and C4 generate the 14 bit address for the VRA
display operation. Each time a byte is fetched into the FIFO (sheet 2
and INCA (Increment Address) pulse clocks the counters on to the nex
byte. The starting 1line 1is preset into counters C2 and C2 at thi
beginning of each frame by SYNR. The starting line numbder 1s latche
by C6 by writing to $FCIC.
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This nurber determines which display line will appear at the top of
the picture. Note that as the data buffers on this card are ron-
inverting, the complemenat of the desired line number must te written
tc the scroll latch.

4.5.5.4 VRAM Address Multiplexireg

Ouad data multiplexers Al-A4 rultiplex the address bdbuss of the VRAM
between processor accesses (addresses from ~rcunter ~hain B1-25) and
video display addresses (counter chain c2-C4).

Switching is done bty the BADD2YX signal which 1is derived from phase two
of the processor to which access has been enabled.
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4.6 0¢z5 16K_EYTE_MEMCRY MOLULE_FUNCTIONAL DESCRIPTION

4.6.1 INTROLUCTION

The Q@25 16 K memory is used as the video graphics RAM (VRAM)

for the Graphlcs Display system. It ts dariven by the ¢?4% Grarhlcs
Disctlay Controller card . The mothertoard buss 1is proken between these
two card slots so that the VRAM can tbe accessed by the 0g45 without

performing ILMA cycles.

4.6.2 ADDRESSING LCGIC & ROW-COLUMN MULTIPLEXER
(Refer to drawire Qp25-01)

4.6.2.1 Address Tecoding

MA14 and M15 are the Iwo most significant address pits which are used
to select one of four 1l€X blocks of memory via one nalf of orne-of-four
selector 31l. A four saction Dual-iz-line switch vackage 15 provided
to allcw wuser block selectior. The following base adATeSSES are
selected by closing one of the four switches:

Switch # Base Address

1 gegda
2 4929
2 geece
4 ceee

wher used as a VRAM for graphics aprlications, & base address of @939
is used, so switch 1 should be closed.

The other half of 31 decodes MA12 and MA13 to select one of four rows
of mremory.

4.6.2.2 RAS/CAS Generation

Hex latch B3 1is clocked by CA to catture the required Row Select,
Read/Write and Refresh signals. When REF goes low (Memory Refresh
cycle 1in progress) the CS pin (edge connector pin 75, chip select) of
the wmodule 1is. forced high, disabling all RAMS. A1l RAS signals are
forced into their active state (low) by B6 for memory refreshing.

Column address strobes are generated om every cycle. These are driven
to the RAM array via inverters A7 and serles terrination resistors.

4.6.2.3 Row/Column Multiplexers
Row-address/Column-address rultiplexing 1is achieved by tri-state
buf fers Al1,A2, which are enabled alternately by RA and CA.
4.6.3 RAM & TATA BUFFERS
(Refer to drawing Q@25-92)

4.6.3.1 RAM Array
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The RAM chips are dynaric M.0.S. devices of 40¢6 x 1 organisation.
Chip selects are vrought out to the edge connectoer in eight grougs so
that they can be disatled during refresh cycles or enabled one at a
time fcr Dbit-rode operations. These are conrected to the CS output
from A€ for normal Byte mode R.A.M. operation.

4.6.3.2 Tata Buffers

The RAM chips have seperate data {nput and data cutoputs whlch are
switched onto the bdus of transceivers AZ-A4 degending ol the state of
REAL. .

Data inzut is always enabled; writing 1is achieved by taking WRITE low.
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4.7 Q148 LIGHT PEN_INTERFACE_-_FUNCTICNAL DESCRIPTICN

4.7.1 INTROLUCTION

The Q14€ Light Pen Interface is used to generate light per co-ordinate
data frcr Hit and Touch sigmals comirg from the Light Per.

It achieves this by counting the horizental bits and vertical lines a:
they are displayed and latchling the instantaneous values when a Hit
pulse arrives from the lightren. The co-ordinates are then availatble
to be read from the card ty the processor.

The 1ight open is activated by toucking the irsulated end of the ten,
which generates a Touch signal. The Interface can be configured t«
gererate an interrupt wher the Touch signal is activated.

The card can also be corfigured so that the Hit signal causes the
picture 1inforration tc be inverted, which geperates a curscr ¢n the
display at the position the per is currecztly seeing

The Hit signal from the ven is de-glitched by the interface so that
randor noise due to externmal interference will not cause false
triggering.

4,7.2 Co-ordinate ccunters

a
(Refer to drawing 0l48-

eglitcher, F.I.A
21)

4,7.,2.1 Co-ordinate counters ard Latches

The currenot bit within the line (€-512) is counted dy & bit counter
chain A€, B8, C8. The bit rate clock BITCLK comes from the system Dbuss

~

and originates at the (@45 Graphics Controller Card. The € tits of
data from these counters are latched by A7, B?7 and C7 when & STB pulse

occurs (deglitched Hit). The least significant bit of the count it

gated onto the ©buss dby POIL, and the remaining elght bits are gatec
onto the data buss by POIEH.

The line counter D3 counts LINC pulses, which ncrmally come frorm the
bit courter chain via multiplexzing circultry on sheet 3. The elght bi!
line count is latched by B8 and C8 when a STB occurs, and cam be read
onto the data bus ty LINE.

4,7.2.2 Hit Teglitcher

Deglitching operates by ensuring that light pen hits are repeated ¢
minimum purber cf times on sucessive display lines.

Counter D4 1is normally in its terminal count state, counting bdelrg
inhibited by TC being high, which forces CEP low. A Lightpen Hit pulse
ABIT arriving at gate E5 will RESET the counter via its Master Reset,
MR. The counter then procedes to count line pulses LINC. Once the
desired npumber of lines, normally three, set up by HOF@-HOF¥Z has teer
reached, the mnext AHIT pulse will cause a logic 1 to Ye clocked 1inte
flip-flop E6. On the next BITCLK this is proragated to the second
flip-flop in 6, gererating a STB rulse to clock the co-ordinate
latches. If no Eit occurs during the third line after the first hit,
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the ccunt continues to 1its terminal state (1€) without a STB teing
generated.

The STE generating flip-flop car be lccked out for the rest of the
line or the rest of the frame Dby the Reset Dpulse selected by
multiplexer D7, which is controlled ty the two low Dits of Mode Select

(MS@ arnd MS1).
4.7.2.2 Control P.I.A.

Per ipheral Interface Adaptor E6 provides rtead/write ports for a
variety of different functions. The A side is coanflgured as cutputs
and are used for Mode Selection MS@-MS6. The low nibble of the B side
is used to control the purber of limes igncred after . vertical synch
when octerating ip external synch mcde. The hizh nitdble of the B side
determines the number of sucessive Hit 1lines required Dby the
deglitcher to recognise a valid hit.

The P.I.A. is also used to generate interrupts. Two seperate interrupt
cutputs are possitle, one for Touch and cne for Hit. These are
generated by the P.I.A. CAl and CB1 inputs rescectively.

4.7.3 Address Lecoding, Timer and Lata 3uss Control
4.7.2.1 Address ILecoding

The Light Pen Interface occupies 1€ bytes of memory space from 582972
to $E2DF. Addresses in this range are decoded by NANT gate Al. As well
as VMA (Valid Merory Address), cme c¢f the Processcr Address signals
may be gated in at this point by link coptiorn ¥1. This allows the card
to cperate either with both DProcessors or processor unique. The Z:x2IX
signal 1is latched by hex D-type flip-flop A%, aloang with R/¥W (Read
write) and the low four address bits.

Further address decoding provided by €1, C2 and 32 gepnerate the enable
signals required to read co-ordinates, POIL, POIH and LINE and tc
enadble the chip-selects of the P.I.A. and Tirmer.

4.7.3.2 Timer

An ME84¢ Timer 1is provided for general system use. This device
contains three irdependent 16 Dbit counters which can be configurec
under software control to count exterpal events Or internal clock
pulses. Counter 1 is clocked by LINC to count Lines, counter 2 1
clocked by FR to count frames, and tirer 2 is clocked ty a 1 MH:
system timing signal to count microseconds.

For full operational specifications of the 684¢ refer to the
manufacturers data sheets.

4.7.2.%3 Tata Buss Interface

The card is interfaced to the system data buss by two quad bdbus
tranceivers. These are configured so that data normally passes frol
the system to the card (as used for WRITE operations). During a cycle
the direction is reversed by the REAL signal so that data can be rea
from the card.
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4.7.4 MCLE SELECTICN ANT EXTEZRNAL SINCH.
(Refer to drawing Q146-02)

4.7.4.1 Mode Selection

Seven bits of mcde corntrol are used ty the card and must be configured
by the driving software. The bits and their functions are:

MS@ ,MS1 Select Hit Lcckout-
¢= Lockout for rest of frame
1= Lockout for rest of line
2= No lockout

M3S2,MS3 Select Synmcrhroanisation Source-
@#= Graphics Ccatroller Card
1= T.V.T. Card
2= External Composite Synch

MS4 A= Touch fcr Eit
MS5 Graphics Invert
MSE Cursor Cr

Mode slect bits @ ard 1 are dealt with or sheet 1 (above).

MS2 and MSZ are used to control two dual cne-of~-four data selectors,
ra apd E8. Within Line Reset (WLR) pulses are rultiplexed between the
Graphics Reset ipput from the buss (GR), TVT Synch input from the buss
(TYTSIN), ard Local Synch from the Syrnch Seperator (LOCSYN). The Bit
Clock (EITCLZ) 1s multiplexed between Graphics Bit Clock from the tuss
(3BIT), TVT Bit Clock from the buss (TVTBIT) and a 4MHz clock
gererated by gating the BCA and ©PCAS system tirire signals. Line
Iccrement (LINC) is multiplexed Dbetween Line Finish from the bit
counter (LF¥IN), TVT Lire Synch from the lire synch seperator driven by
the TVT Synch (TVISIN) and Local Line Synch pulses from line synchs

"seperated from the external composite video input (LOCSIN).

4.7.4.2 External Synch

An external composite video source can be used to synchronise the
lightpen interface.

The video 1is fed to amplifier Q2, QI which raises the amrlitude to
about 2 volts p-p. The video 1is then stripped by Q1 to provide a
synch-only signal to Schmitt trigger £7. This synch is then inverted
by’ E4 to provide the Local Synch signal LOCSYN. Vertical syoch pulses
are seperated fromr the composite synch by one-shot E3 and flip-flop
E2. The opne-shot 1s configured to generate an output puls about 19
milliseconds wide for each negative-going imput pulse. If the pulse
finishes after the onme-shot times out a loglic cne 1s clocked through
the flip-flop, signalling a vertical synch.

The vertical synch presets the second half of f1ip-flop E2causing the
Q output to go high and a pulse to be gererated by D2. This becomes
the Frame Reset pulse FR. The line counter (sheet 1) is reset to zero,
and 1ircremented each 1line. When the start line count established by
mode ccntrol tits ST@ to ST3 matches bits 2 to 5 of the line ccunt,
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exclusive-or gates D6 generate a Reset to flip-flop X2, which in turn
generates a second frame reset pulse, reseting the line counters.

4.7.4.3 BHit, Touch Receivers

The Hit apnd Touch 1lines from the lightpen are T.T.L. compatible
signals, asserted 1lcw. They are terminated at the receiving end by
resistor networks R15-R22. Tepending on the state of mode select bdit 4
(Touch for Hit) the Touch signal may be ANled with the Eit signal to
gererate a valid Hit pulse (AHIT).

Mode select it 6 (Cursor) determines whether the Invert output will
be stroved by Hit pulses to form a cursor.

Mode select bBit 5 causes the picture to be inverted (negative) when
set to a 1.

Note that gating is arranged to disable the cursor when the Touch is

asserted. This 1is to ensure that the ren has scmething to ‘see’ when
activated.

Ctﬂ}l. MAINFRAME SERVICE MANUAL - Page 36

Scanned by JB EMOND - www fairlight.free.fr



N

'.-.A‘
4
¥

*

4.8.1 INTRODUCTION

The (MI@2 Master Card performs a variety of functions including
control of the eight channel cards, analogue to digital conversion for
sound sampling, and timer functioms for sequencer and Music
Cemposition Language. It occupies the first slot from the left ip the
card cage of the C.M.I. Mainframe.

This card occupies 64 ©bytes of processor address space. It can be
accessed by either processor. The address map is as follows:

ATDRESS _(Bex) FUNCTICN
EGQ0-E21F CHANNEL CARD EEGISTERS
£02¢ CHANNEI MASK TLATA REIGISTER (P.I.A
Eg21 CHANNEL MASK CONTROL REGISTER (P.I.A.)
£322 MASTER TUNING DATA REGISTER (P.I.A.)
E023 MASTER TUNING CCNTIRCL REGISTEIR (P.I.A.)
Eg24 A.T.C. DATA EIGH EYTE
£325 A.D.C. DATA LOW BYTE
E326 BALT PROCZSSOR 1
Eg27 UN-HALT PRCCESSOR 1
£@28 LEVEL CONTROL DATA REGISTER (P.I.A.)
LA2¢ IFVEL CONTROL CONTR(QL REGISTER (P.I.A.)
EQ24 FILTER CONTROL LCATA REGISTER (P.I.A.)
T@2R FILTER CONTRCL CCNTR2CL REGISTER (P.I.A.)
IAZP P.I.C.U. ENARLE CURIENT STATUS
EQ21 INTERRUPT PROCESSCR 1
@32 CLEAR PROCESSCR 1 INTERRUPT
@22 INTERRUPT PROCESSOR 2
E234 CLEAR PROCESSOR 2 INTERRUPT
E@38-%@3F TIMER REGISTIRS (€848)

4.8.1 Address ILecoding, Channel Selectior, VRAM Switching, Master
Tuning Register.
(Refer to Lrawing CMIG2-01)

4.8.1.1 Address Decoding

Addresses in the range EQ@@9-E@2F are decoded by NAND gate Al. Cnce
addressed, the SEL (Select) signal is latched by D-type flip-flop Cl.
Channel card addresses in the range EQOQ-EGLF are decoded by NOR gate
C2 to produce CHSEL (Channel Select).

4.8.1.2 Channel Selection

All eight channels occupy the same address space and channel selection
i1s achieved by establishing a mask of desired channels in the B side
of P.I.A. BC9 (Channel Mask). NAND gates A1Q and B19 enable one or
more channels when a WRITE to a channel card address is performed. It
1s npot possible to read from more than one channel at a time without
buss contention, so circuitry is provided to protect against crashes
which may result from'a software bug which causes inadvertant reading

from multiplesghandrdy JBRNOND 1awad RETgAIREe o generate a loglc zero
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{f more than one bYit is set in the channel mask. If a REAT is
atterpted under these conditions, the CHSEL is iphitited.

4.8.1.3 VRAM Switching

The Video RAM of the Graphics Display System occuples 16 £ilotytes of
address space frcm B82¢C-BFFF (hex). In order to maxe this address
space available for wuse as system RAM when the VRAM is not btein:
accessed, switchirg is provided by the Master Card.

Addresses in the rapge XXX during Processor 1 cycles are decoded b;
4-input AND gate E1. These cause VREN to be asserted, which disables
the VRAM and erables the RAM via NCR gate D¢ and inverter 48. Thi:
means that Processcr 1 never accesses the VRAM.

If control bdit CE2 of P.I.A. BC2 is SET, the VRAM is Te
disabled and the 1R4M epabled. To access the VRAM, C32 must
CLEAREL.

rmarnently
first b

4.,8.1.4 Master Tuning Feglister

The B side of P.I.A. BCS is configured as outputs, the data written t
it Dbeing used as Master Tuning control (MT@-MT7?7) by tha Master Pitc!
generator (Sheet 2).

4.8.2 Interrupt Ccrctrel, Master Cscillatcr, Memory Certrol
(Refer to Trawipg CMIC2-02)

4.8.2.1 Interrupt Control

The eight <charnel cards generate Processor 1 interructs which ocuup,
the eight interrurt levels supported bty the C.P.U. Control Card €232
To suptort the remairicg interrupts, a second P.I.C.U. (Programmable
Interrupt Contrcl Unit) is provided on the Master Card. It 1s acscadeq
with the one on the (232 card.

The °.I.C.U. C8 normally provides the three highest pricrit;
interrugts to Prccesscr 1. These are, IRGSIN from the Xeydcare

~A.C.I.A., TIMINT from the 6840 timer, and interprocessor interrugrts

The current interrupt priority level is written to tte P.I.C.U. Dby ¢
WRITE to E22¢ (hex). If an interrupt of a higher priority arrives, th
INT output of the P.I.C.U. will bde asserted (low), setting the flip
flop formed by gates A1@, B2 ard generating a Processor 1 Interrup
Request (IRQl). The level of the 1interrupt is presented to the
Interrupt Address Puss IA@1-IA21. This address is used as bits 1 to ¢
of the memory address when fetching the interrupt vectlor.

The 1interrupt latch is cleared when a new interrupt status is writte)
to the F.I1.C.T.

4.8.2.2 Master Oscillator

Transistor Q1 and crystal Y1 form a 34.29 MHz oscillator from whicl
the channel card pitch reference is derived. Flip-flop E18 divides th
output of the oscillator by 2 to provide a symetrical square wave a
17 MHz. This 1is fed to rate multipliers C18 and D14, which give
small range of frequency control, as determined by the data from thi
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Master Pitch register (sheet 1). The output of these rate nultipliers
is fed to all chanrcel cards via buffer A7.

4.8.2.3 Memory Control

Counters F8 ard L8 are clocked by the 17 MHz signal from the crystal

. oscillator and their output addresses tiiming ROM 38. This ROM
generates the timing signals required by the Waveform PAM cn the
Channel Cards. They are SRZF (Refresh), SRA (Row Address), SRAS (Row
Address Strobe), SCAS (Column Address Strode). The outputs of the ROM
are latched by quad flip-flep 37 and tuffered cnto the buss ty A7.

4.8.% fnalogue to ligital Converter
(Refer to Drawing CMI@2-03)

The Analogue to UDigital converter is an AL571 (x7), of 1€ tits
accuracy. The sample rate 1is determined by the frequency set up Dby the
Channel Card 1in the Channel 1 positicn of the PMainframe. This clock
arrives at the Master Card edge cornector pin 44. ADM (A-T Mcde) is
norrally 1low, enatlirg the ADCLK (A-T Clock) through to one-shot D2.
This cne-shot generates the 2 uS pulse required by the ADS71 to start
a conversicn cycle.

When waitirg for a conversion cycle, Processor 1 halts itself ty
accessing E226 (hex). This generates a JAM strche, CLEZARing flip-flop
D3 which causes HLT (Halt) to 30 low.

. When the conversiop is cormplete (approximately 2¢€ micrcsecords later)

)t the DR (Data Ready) output of the ADS571 goes low, forcicg the output
of NOR gate IS¢ Eigh, clocking the date latches €% ard C7, which
capture the data ready for reading by the processor. At the same time
as the conversion is zompleted, flip-flop D3 is clocked, setting it.

’ The € output is forced LOW again, removing the BALT ccndition from
Processor 1 and allowing it to run again and read the A-T data. If
Processor 1 1is bLeld halted for more than 1€@ rmS, one-shot D2 tires
out, allowing it to run again. This is tc protect against system hang-
up in the event of an A-D failure.

The audio signal arrives at the Master Card at pin ¢ of the 12-way
ribbon cable plugged into the front of the card. Sample-and-hold 9 is
gated ty the DR (Data Ready) signal from the DAC to ensure that the
signal input to the TAC rerains constant while a conversion is in
progress.

4.8.4 A-T Filter System
(Refer to Drawing CMIP2-04)

Low-pass and high-pass filters are provided for limiting the bandwidth
of the signal being fed to the Analogue to Digital converter. The

('S

éi cutoff points of each are individually controllabdle.

;if Signal arriving at the Master Card at pin 1 of the 19-way ribdbor
o conpector 1is attenuated by MDAC E4. The attenuation is comtrolled by
Y the data written to the A side of P.I.A. DES. Op-amp F3 in combinatior
ff' with CMOS switches E1, Fl, F5 form the low-pass filter. The cutoff

frequency 1s determined Dby the resistors selected by the switches,
which are addressed by the low fcur bits of the 3 side of P.I.A. L[Ek5.
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The output of the low-pass filter is available for monitering at test
point TZ2C.

Cp-arp 7 together witn switches F7, FS8 and F1@ form the hizgh-pass
filter. The cutcff pecirt of this filter is contclled by the high fcur
bits of the B side c¢f P.I.4. Ii5.

The plvs and mizus supplies for the CMCS switches are provided by
zener diodes 2ZD1 and 2ZI2. 5.6 volt zeners are ussd so that the

supplies to the switches will excede © volts toc vrevent distorticn of
the signal which car te up to 12 volts peak-to-rpeak.
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4.c.1 INTROILUCTICN

The Crannel Cards are the audio generation and manipulation system of
the C.M.I.

Up to eight «cahrnnel cards may te installed. All eight cards are
identical and interchergeadle. Thelr assigrorment (1 to 8) is a function
of which slot they are rlugged into in the C.M.I. Card Czge.

Farh Chapnel Card contains 16 kilobytes of waveform 2AM in which
sounds are stored. Circuitry is provided to clock out this memory to a
digital to analogue converter, 2lso located cn the charnzel card.

The speed at which the merory 1is clocked out, and hence the D
note ovroduced, 1is ccntrolled by @ 12 bit number written to ih
register on the card.

A tracking filter follows the DAC. This autcratically follows the
frequncy of tkhe charnel, filtering out unwanted noise at & certain
pumber of octaves abdove the fundamental frequercy. Trhke ratio of the
filter cutoff to the ritch beirbg played 1is controllable by writing to
the filter cortrol latch (used by the FILTER control on Page 7 of the
C.M.I. system scftware.)

mhe channel card occupy 32 bytes of memory space from 222 to EO1F,
The 16 kilobytes of waveform RAM are accessed by a single ctortacle

at ZEC0¢. Auto-incremertizg hardware causes data to be read c¢r written
te each byte sequertially as repeated accesses are made to this
location. The startipg byte number is estatllished by #Titing to a
special register.

As all eight charmels 1live at the sare address, a mechanisr for
selecting which charnel(s) are accessed 1is provided. Tais 1is
controlled by the Channel Mask Reglster, located on the Master Card
CMIQ2.

Audio ouvtput is taken from the 1@-way ribbon comnector on the fropt of

each channel card. This 1is in the form of a talanced siznal. The
signal is also available at the test points at the front of each card.

geieil to the TDiagnostic Software section of this manual for full
etalils.

Power for the analcgue cicuitry (+ and - 15 volts) 1s fed tc the
Channel Cards via the same ribdon cabdle.

Tetails of Channel Card operation are proprietary information which 1is
not available outside the Fairlight factory in Sydney.
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4,17.1 INTRCDUCTICN

mhe Audio Module interfaces the audio ipput/output cornectors oo the
rear panel of the C.M.I. mainframe with the appropriate internal

circuitry.

Functiops include ©buffering of audio outputs from the channel cards,
generation of a mixed line output, provision of a moxnitor amplifier
for driving a mcniter speaker or headphones, processing of syach input
and output signals, apnd supply of power to the channel cards.

4.,10.,2 MIXERP, LINE DRIVZEIRS
(2efer to Trawirg CMIP4-C1)

4.,12.2.1 Mizxer

Audio from the charnel cards arrives at the Audlo Module by means of a
fifty-way ridbbomn cable. This <cabtleis split down to eight seperate
groups which plug into the ckannel cards.

The signal 1is Ybalanced, to minimise ncise pickup. ¥ach channel is
received by a differential amplifier which reroves cermor-rode noise.
The channels are ther mixed dcwn by elght resistors feeding a virtual-
earth summing amplifier IC5 to form the Monitor output.

4,18.2.2 Lice Crivers

All eight chanmels, plus the monitor outrut, are buffered befcre being
fed to the appropriate outrut via a 239 ohm isolaticn resistor. Am or-
amp inverter provides an anti-phase signal for each balanced output.

4.10.3 VONITOR AMP, INPUT AMPS, SYNCE IN/CUT
(Refer to drawing CMIG4-82)

4.18.3.1 Monitor Amplifier

Signal from the output cf the mixer (sheet 1) is fed via the Monitor
poterticreter (onmn the rear panel of the Mainframe) to the monitor
amplifier. It arrives at pin 3@ of the edge comnector, from where it
is arplified bty audio arplifier IC12. Power boost for this amplifier
is provided by transisters Q1 and Q2.

Pulses from the Click Momitor potentiometer are mixed into the Monitor
arplifier ty resistor R3 and capacitor Cl4.

4.190.3.2 Input Amplifiers

The Microphone Input 1is amplified ty op-amp IC7. The noise of this
stage 1s reduced by using transistors QZ and Q4 as the gain elements
of the op-amp. Transistors Q5 and Q6 form a current source for the
differential input stage. :

Line input is buffered and un-balanced by differential amplifier IC8.
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Cutput frem the Mic pre-amp or Lice ircput amglifier is rcuted to the
Master Card depending on the setting of the MIC/LIN: switeh on the
rear partel of the Mainframe.

After filterirg <on the Master Card, the audio signal is returced tc
the Audio Module via pinm 8 of the ribbon catbtle connector S¢2. It i
buf fered by op—-amp ICS and fed to trhe FILTER CUT conmector on the rear
panel, as well as the INT/ZXT AILC selector switch.

4.12.3.2 Synch In/Cut -

The Click signal from the Master Card is a symetrical sguare wave. It
arrives at pin 7 of S02. It 1is filtered by IC1¢ and associated
components, vresulting 1in a tulse waveform wnich is fed to the Click
Qutput cn the rear rarel, and also the Click potentiometer on the rear
panel.

Synch input to the Mainframe arrives at pin 72 of the 2dzge connectel
SC3. IC15 1is corfigured as a Schmitt Trigger which squares up the
incoming waveform and rejects noise ty virtue of its hysteresis. Zener
diodes 202 and ZT3 <c¢lipr the ocutout of the op-amp to limit the
excursicn to abdout + and - 4.5 volts. Restistor R1Z24 and zer=sr diode
ZD1  further 1limit the excursions of this sienil to approximately +4
and -.7 volts, suitadle for feeding to the Master Card via ritbhon
cable connector S@Z2 pin 6.

4.13.4 POWER SUPPLY

Raw D.C. surplies of approximately + and - 28 volts arrive at the caré
via connector PL4. Wken power is first applies, relay RLA is open and
no power is fed to the regulator ICs. As catacitor CS@ charges, the
current through transistor (8 increases until the voltaze azcross
resistor F1@08 excedes .7 volts. Transistor Q7 ther switckes on,
pulling the base of <€ up to the suprly, which causess relay RIA to
close.

Power 1is ther applied via RLA1l and RLA2 to the regulator ICs IC1Z and
IC14.

The purpose of this delay 1is to mute the audio outduts until the
processcr system has started wup and 1initialised the charnel card
hardware.
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.11 CPS# T.C. POWEIR_SUPPLY A3SEMBLY - FUNCTICNAL _TESCRIPTICN

W

.11.1 INTRCILUCTION

v

T™e D.C. Power supply ©orovides regulated power for 2all the circuit
boards within the C.M.I. card cage, the floppy-disk drives, the rusic
keyboard and alrhazureric keyboard.

Power for the amnaloszue (auéio) circuitry is provided by regulators
located on the Audic Card CMI?4, mcunted inside tne rear parel of the
mainframe. This provides ©plus and mizus 15 volts for the Charnnel
cards, Master <Card and 4dudlo card. The remainder cf tke digitel
electronics ts sugpclied dy regulators mcunted or the rear of the card
cage. This provides -5, +12 and -12 for the cards within the card
cage, and +24 and +5 fcor txe floppy disk drives.

4.11.2 UNREGULATEL SUPPLIZS
(Refer to drawircg MC231-21)

™he Unregulated Suprly assemdly 1is constructed as an intargral »art of
the C.M.I. Card Cage zsssmbly. It comrrises a transformer, rectifiers
and filter capacitors. A schematic diagram of the asserbly is shown on
drawing M(CCC1-@1.

Transformer T1 1is suprlisd with A.C. mains via a fuse, mains switch,
line filter and voltage selecter. A 1¢ V.A.C. wirnding supplies bridge
rectifier DBl to give 12 volts raw L.C. across Cl at its full load of
2¢ Arps rmraxirum. Its fuse is lccated or the regulator assembly
P.C.Board.

4 28 V.A.C. winding feeding bridge rectifier DB2 provides +49@ volts,
srcothed by C2 and fused by Fe2. A centre-tapred 32 V.A.C. wicdirg in
conjunction with 32 supplies plus and minus 28 voltis to smoothing
capacitors C2 and C4 and fuses FZ ard F4 rescpectively.

A 23 V.A.C. winding feeding bridge rectifier TB4 and capacitors CE arnd
CEé provide the 7Tlus and minus 28 volts D.C. to the regulatcr on the
Audio Card CMIZ4.

4,11.3 REGULATOR 5 VCLT 18 AMP
(Refer to drawing CPSA-01)

This regulator 1is part of the regulator assembly located at the rear
of the C.M.I. Card Cage.

IC1 is the regulating element of the circuit. Transistor C2 senses
the current drawn by IC1, driving parellel transistors Q3 to Q6. Equal
current sharing 1s ensured by emitter resistors R7-R19.

Current limiting 1is pfrovided by germanium tramsistor Qi, which uses
the drop across sensing resistor Rl as a current sense. Short circuit
current 1is 1lirited tc approximately 28 Amps, regulation falling off
above about 18 Amps.

Over-voltage crowbar prctection is prcvided by SCR1. If the output o
the 5 volt regulator rises above 6 volts zemer diode ZD1 coanducts,
switching on the S.C.R. This protects components using the 5 Volt:
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supply in the event of regulatoer malfunction or an inter-supply short-
circuit. If the crowbar circuit does switch on, 15 Amp fuse FS1 will

tlow.

4.11.4 + 12 VOLT, 24 VOLT SUPPLIES
T12efer to drawind CPSA-@2)

The plus and minus 12 volt supplies are simply regulated by integrated
circuits ICZ and IC4 restectively. The +12 volt supply is current-
limited to atout two amps Dby the regulator I.C. ICZ. The -12 volt
supply ts current limited to about 1 amp by regulator I.C. IC4.

The 24 volt supply 1s regulated by 1integrated circuit IC2.
Transistor Q7 Dboosts the available current to about 3 AmpDS. Zener

Tiode ZI1 preovides a voltage drop to protect the regulator 1.C. from
excessive input voltage.
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4.12 CAZE FRONT PANEL CCNTROL

*#% DATA NOT YET AVAILABLE *%%
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5.8 TRCUBLESHCOTING

5.1 Introduction

The C.M.I. system relies on 4 complex interaction of hardware and
software for proper operation. It is often difficult to differentiate
vetween hardware faults, software tugs and operatcr errors. Befcre
attempting repalr of the Mainframe, establish that the fault is
definitely a hardware fault in that unit. If inp doubt, Ty the same
series of operations on another system of the same revision level to
ensure it 1is mnot a software bug and check with ihe Users Manual to

ensure it is not operator error.

Refer tc the C.M.I. System Service Mapual fecr information on hew to
ascertain that the fault lies within the Mainframe itself and not one
of the other system units.

Due to the complexity of the system, this manual does not attempt to
present an exhaustive 1ist of fauvlts ard rerair procedures. Instead,
the detailed descriptions (above) should provide service personnel
with a thorough understanding of the rardware so that the probdblem area
can be identified.

Extensive diagnostic software is provided to thoroughly test most of
the hardware. Of course, in order to run the diagnostics the computer
section must be running at least to the stage of lcading and executing
the software. Use of the diagnostic software 1g described in detail ir
section € (below).

A guide to troutleshooting the major comporents of the Mainframe
follows:

£.2 Power Supply

A fault in the power supply will usually result in complete failure of
the system (the comgputer does not rumn, so no message 1is displayed or
the screen). An exception to this is a fallure of the analogue suppl;
(+/- 15 volts to the channel cards, master card and audio card). It
this case, the C.M.I. should aprvear to fupnction normally although nt
sound will be produced.

Three L.E.D.s are provided on the front panel of the C.M.I. tc
ijndicate the state of each of the digital supplies, +12, -12 and !
volts. These are the supplies to the cards in the card cage, supplle
by the Motherboard. The 1.E.D.s will not light if the relevant suppl;
drops below two-thirds of the nominal voltage. Note that these L.E.T.
pick up their supplies via the ribbon cabdble connected to the Q@3
card, so it 1s possidle that a fault in the Q@832 could cause th
L.E.D.s to malfunction.

Fuses for the +24 volt supply (disk drives) and +/- 12 volt digita
supplies are located on the tramnsformer cover plate at the left-hanp
end of the card cage. They are accessed by hinging down the fron
parel. The +/- 12 volt fuses actually protect the raw D.C. supply t
the 12 volt regulators (see 4.11, QPSA below). As this raw supply als
powers the music and alphanumeric keyboards, a fault in either o
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these units could tlow the fuse. The +/- 12 volt supplies are current
limited so that a fault on a circuit card will nct ncrmally dlcw a

fuse.

The raw supply to the +5 volt regulator 1s protected ty a 1% amp
cartrige fuse mounted 0D the regulator P.C. card. This fpse should
never tlow except 1n case of catastrozhic tpower supply failure. See

4.11 CPSA (below).
All other fuses are located on the rear tanel of the meinframe.

In the event of a power supply failure, te susticious that the fallure
may have teero caused by a malfunction plsewhere, or incorrect setting
of the mains voltage selector (on the Mainfrare reart paral).

5.3 Comruter Secticn

A fatlure in the comguter section rmay result iz rermanent oOT
iptermittert malfurction of the system.

If the system will run to some degree (1.e. load a disk and respond tc
corrands) the diagnostic software described below saculd be run tc
localise the fault ard the offerding card can thern be replaced.

If the system will not rum at all (will not load the diagnostic disk)
start by checking the fcllowing:

1) Halt/Rum switches on the front panel must be iz the Cowr
(RUN) position.

2) Terminal Speed setting on the frcrt parel must be set U
Qké&.

2) Mains voltage selector on the rear pan2l must te se;
correctly. .

4) Power must be applied, as indicated ty the three L.E.T.s o

the front racel.
£) The Sysytem Disk must te im good order (as indicated D;
testing in another system) and insert=d correctly.

I# these items are all in order, but the syster disk «ill not load
confirm that the fault lies 1in the Mainframe DY disconnectin
everything except the A.C. supply from it and trying to load the dis
again.

If the disk will still not load, the system should be "stripped down
until operatior 1is restored. Remove cards in the following order
attempting to locad the disk after each stage:

1) Remove all eight channel cards (CMI-21)
Z) Remove the lightpen card (Q148)
2) Remove the master card (CMI-82)

If the disk will still not load, substitute the remaining cards wit
known good spares one at a time. If the fault persists, the protle
must be in the. power supply, disk system, rotherboard or cabdling
Refer to Section 7 (Motherbdoard Signals) and Section 8 (Externd
Connections) below, for details of motherboard and external signals.
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5.4 Disk Syster

The Pisk system consists of three sectiops - the floppy-d;
controller «card CFC2, ianterconrnecting cables, and the two floppy-di:

drives themselves.

A fault 1in the controller card or catling will generally result
hard disk errors cor total failure to access disks. Soft
irtermittent disk errors will wusually ©be caused by @& faulty
misaligned drive.

A togzle switch mourted <c¢n the frent edgze of the centroller ca
reverses the drive select signals to the drives sc¢ that the logic
drive npumters can te swapred for diagnostic purposes. or 2xamgcle,
a disk error is rsrcrted during boot-load, the drives carp te swapr
(switchk down) and the system disk inserted in the right-hand drive.
i1t ther lcads sucessfully, the left-hand drive is faulty. If the fau
persists, the fault is 1in the cortroller, cabling or power suprpl;
unless the system diskette itself is faulty.

Refer to the Fairlight Disk System Service Manual fcr full details
disk drive maintenance.

2.5 Channel Cards

Incorrect operaticn of irdividual <channels 1is <caused %y a faul!
channel card or audio card.

Comprehensive diagnostic software is available for testing the channe
cards. The digital circuitry is tested automatically, and the analost
cilrcuitry requires waveforr measurement usirg an oscilloscope.

Channel selection is terformed by the Master Card (CMI-€2). 4 fault !
thlis area will <chow wup as a digital failure of ore or mcre charne
cards wken the diagnostic software is run.

In case of an audio fault in one particular channel, it is not alwajy
clear whether the fault lies in the chanrel card or the audio card
This <can te resolved by swapping the suspect channel card with a goc
spare, or with another gocd channel card in the same Mainframe. If th
fault remains 1in the sare channel outrut, the fault is in the audi
card, or possibdly the ribbon catle connecting the channel card tc tt
audio card.

5.6 Master Card
Special Master Card diagnostic software is provided to test al

functions (see section 6 telow). The Master card is responsible fo
the following major functions:
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5.6.1 Channel Card Selectlion.

Faulty chapnel card selecticn will show up as channel card failures
when running the digital tests of tne Channel Card diagnostics. If a
channel card fault is detected by the diagnostics, ard the fault
tersistes «when the card 1is changed, then the raster card may te at
fault and should te exchanged for a good spare.

5.6.2 Charnel Card Master Clock

The crystal oscillator located on the master card provides the master
titch reference and merory timing signals for all channel cards. These
sigrals for all eight channel rards are bussed together. A fault in
this area will ~cause idsntical faults in all channels, manifested
prirarily as Memory OT Pitch test fallures.

5.6.2 Analogue to Tigital Conversion

Improper operation of the Scuré Sampling (Page & of the C.M.I. System
Sof tware) will be caused by a fault in the Master Card, Audio Card, or
intercornecting cabling.

As a first step, the Master Card should be exchanged with a good
spare. If the fault persists, the Audio Card shculd bde replaced next.
Firally, the 1interccrnecting catles should te <checked usircg the
Mainfrare Wiring Tiagrar (Irawing numter MCgg1-081), Avdio Card
Functional Description arnd Master Card Functional Tescription as a
guide.

5.6.4 External Synchronisation and Timer
Irproper operation of the Synch Invut or Click Cutput fupcticrn (M.C.L.
or Page ¢) can result from a fault ip the Audio card or Master Card,

or the 1@-way ribten cadle connescting the two together.

Tiagnostic software is provided for testing the cperation of both the
input and output. Refer to section 6 (telow) for full details.

The fault should be isolated by replacing the Mastier Card w#ith a good
spare, followed by the Audio Card, and finally the interconnecting
cable.
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5.7 Audio Card
The Audio Card (located insice the rear parel of the mainframe)

provides vuffering for tte analogue signals entering and leaving the
Mainfrare, as well as regulating thbe +/- 15 volts power supply to the

apalogue circuitry.

The following tyEpes of fault will usually irpdicate 2 faulty Audio
Card: -

1) Audio faults appearing in a particular channel which are not
cured by exchanging chanzoel cards.

2) The Mixed Lice Qutput does nct function properly, although
each individual charrel output is correct.

2) The Mopitcr speaker ocutpul or Headohone output is faulty.

4) Sound sarpling using Mic input does not work, but the Iine
input does (or vice versa).

The following faults may pe caused by an Audio Card malfunction or
some other fault:

1) Synch input or output does not function preperly.
Z) Analogue rower supply (+/- 15 volts) incorrect.

2) Improper opereration of an individual audio channel.
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€.¢ DIAGNOSTIC SOFTIWAFE

6.1 INTROTLUCTION TC DIAGNOSTIC SOEFTWARE

™his secticmn describves the set of dtagnestic test progrars
available on disc for testing and debduggineg all the plug-ir circuit
modules of the Fairlight Computer Musical Instrument.

€.1.1 Runnirg the TCiagrostic Tisc

The diagnostics ruan under the GLOS operating system. They are
therefore supplied on a QDOS system disc which should te lcaded into
the CMI instead cof the usual CMI system disc irrediately after poewer-

up or RESTART.
As soon as the disc drive door is closed, ttce cMI will load Q2GS

automatically and display 2 sign-on message givizg versien and

revision numters.
The .QDCS rrorpt will thaen te displayed. This 1is just an equals
sign = on @& line of its own. This indicates that the cemputer 1is

ready to accept a command .
For further details of the QLCS orperating system features, refer

tc the (DOS User’s Guide.

6.1.2 Punning the Test Progrars

Most of the diagrostic progrars make us2 of a ccmmon command
ipterpreter for operator control, so there is 4 yniform command syntax
erpleyed throughout, and several test crtiors availatle as standard.
mests may te rur by typing

(test name)[,<optionl>,<option2>...,<optionN>]<CP>

where the <{test nare> is as described in each section. Ooticns are of
the form

<0>=n where <0> is a single character amd n is an icteger,

Standard options are

n Repeat test command =n times. Using € 1instead
cf an integer initiates contlznuous testing.

P

N=n Select test number 1n. There are usually severa!
test cormands with the same name. By default
all tests are executed sequentially but single
tests or subsetls of the avalladle tests cal
be specified.

e.g. N=1 Test no. 1 only
N=1,3,5 Tests 1, 3 and 5
N=4-7 Tests 4 to 7 inclusive
Some tests, which require a waveform to bYe observed
wait for the spacebar to be pressed tefore terminatin,
or proceeding to the next test.
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To obtain a reminder of what tests are available from the curren
test pregram being run, type

LISTLCR>
To repeat the last test, just type
R<C2>

If an error cordition occurs, a moderately helpful message is printe
on the <console and the program returcs tc the command ioterpreter
Sucrcessful tests terminpate withcut ccmment and Treturn to th
interpreter or proceed to the next test as soon as completed. Certal;
tests require the user te¢ check waveforms with am oscilloscope an
will nct terminate cr prcceed to the next test until the sgtacebdar 1
rressed.

€.1.3 Measurerent Tolerances

A tolerance of +/- 13% is acceptatle for most voltaze or freguenc;
measurements. Filter attenuation levels are harder to control arnd ma,
be subject to +/- 2¢% variaticn. Charges to analog circuitry 1,

desigzn revisions may also =ffect level measurements. Values quotec
here are valid for the revisiors refarred tec in the text.
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6.2 Channel Card Tests

A rprogram for testirng CMI channel cards is CMITST.CM which can Ye

run by typing
CMITST i
with the CMI dtegrnestics disc in drive @.

It can test chanrel cards ipdividually or up to eight at a time.
There are eight different tests within CMITST, which gach exercise a
different cart of the chaczel card.

The standard command jpterpreter 1is used so the LIST and R
corrands, andé P and N options are available as descrited in the

general iptrcduction. Tests are run by typlng
{test name>[,<option1>,<option2>...,<optionN>}<CR>

A “C=p" opticr is avilabdle for all tests, which specifies the
channel rumber(s)to De tested, in the range 1 to &. Tefault is 1.

Multiple <charnel nurbers can pe specified separated ty commas or a
hyphen.
e.g. FILT;C=3
FILT; C=1-4
FILT;C=2Z,5

Cpe side c¢f the Dbalanced analog output of the crarnel card is
available at test toint € (TPE) at the front of the card. The row of
test pirs 1is numtered from 1 at the bottom. Pins 1 and 2 are
connected to digital grourd, 2 and 4 to analog ground.The cther side
is availatle at test poirt 5. Measurements qucted in this text refer
to TPE. However 1if a complete CMI 1is being tested, it may be more
copvenient to use the Fairlight Analog Tester box (see secticn 6.1¢.3
fer how to ccmmect it to the CMI apd an oscilloscope). ¥aveforms
observed from the tester will be of the samé form as TP6 tutl
different levels. Refer to the wvaveform Surmary (section 6.11) for
Analog Tester levels.

Note that Fairlight DC NOT release schematics of the Chacnel
Card as all regairs are done on & return-to-factory basis.

Board component references are for the Revision 7 channel card and
this section describdes CMITST Revision 1.3

CAUTION: WHENEVER CHANGING CR REMOVING THE CMI MASTER CARD OR CEANNEI
CARTS, OR PLUGGING RIBBON CABLE CONNECTORS ONTO THISE CARLS,
ALWAYS SWITCH OFF POWER FIRST. FAILURE TO DO SO WILL ALMOS!
CERTAINLY CAUSE HARDWARE DAMAGE!

6.2.1 Filter Tests

Test name: FILT

No. tests: 15

Purpose: Tests the basic playback facility of the chanoe
card and the sof tware-controlled trackin

filter.
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6809 CMI DIAGNOSTIC TESTS

5th March 1984.

BASIC SYSTEM CHECK PROCEDURE

The following tests perform tests on the basic CMI hardware.
The hardware components tested are:

Diagnostic diskette
Maln memor

Master car

Channel cards
Interrupt hardware
Disk drives

Video

See later sections for additional tests.

Procedure: i ) .
CHAIN DISKETTE (this test checks the diagnostic diskette)
CHAIN CMITEST (tests Memory, Master, Channels, Interrupts)
DSKTST (tests disk drives - see Service manual)
CHAIN AUDIO (tests each channel for an audible output)
CHAIN VIDEO (tests %raphics/light en card;

NOTE: After typing "CHAIN VIDEO" press C,

this causes a completely green screen,

the llghtgen can now be pointed to the screen
and tested. ' ,

Press "ESC" key, this starts the Video Ram
test, which causes random patterns on the
screen.

NuTE: If any of the above tests generate ail eocul, an
appropriate error message will be displayed.

SPECIFIC TESTS

These tests check specific CMI cards or optional hardware.

T?ese tests cover the hardware listed in the above section
plus

- AIC card

- Printer

- Channel card analog hardware

Procedure: .

CHAIN AIC (tests the inputs and the outputs of the AIC,
NOTE: the inputs and respective outputs must
be connected together.

PRINTER (produces a diamond shape, made out of a

regular gattern of characters. Press "ESC"
key to stop the test)

CHAIN ANALOG (tests the analog hardware of the CMI,
see Service manual)
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For each test a fundarental sine wave is loaded into twc segments
of waveform memory, and a program-specified harmonlic is loaded into
the following two segments. The segrnents are then replayed
continucusly (by segrent lcoping) with the tracking filter cutoff set
to achieve approximately a 2:1 attenuation between the fundamental
and harmoric. The output level of the fupdarertal at TP6 should te
3.4V p-p.

After each of the 15 tests the program will halt until the srace
bar is hit so that the chanmel card output can be otserved.

Test name: FILTD

No. tests: C

Purrose: Tracking filter test with operator settatle
rarareters.

Options: F=n Filter setting. Range 1-15, default 8
H=n Barronic number. Racge 1-32, default 1€

This is basically the same as FILT, but with additional
operator contrel. The fundamerntal wused for tests 1-3 are 29%Hz,
19¢0Hz, and S5@@CEz respectively. The same frequncy shifting is used
as in the FILT test, but the harmonic may be specified by the user as
a rulticrle of the fundarental, as can the filter setting.
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€.2.2 waveforr Mercry Tests

Test Name: MEM
No. tests: &

No.l - 'Read-write 0 )
Se Tests remeory read-write arility.

First the waveform address counters are reset (G1-G3) then the
entire meEmcry is written with zercs. The address count 1is
automatically increrentad after each write by having LOAT asserted
and PUN npot asserted. Memcry is read tack in the same way to verify
date.

Fu

mest No.2 — Read-write FF
ry r=ad-write atility.

Purrose: Tests [eriC

writes SFF segquentially to entire memory and reads rack to verify
as in test 1.

€5
~
’s

No.Z - "Read-write and Refresh 14"
Urpos

t
pose: Tegts memory read-write atility.

(8o IS |

Yrites S$AA to the entire memcry, executes a dslay lood for 5
seconds then verifies the contents of merory as in test 1.

Test No.4 - "Channel-Segrent-3yte Uciguerness Forward
Purrcse: Checks that gach byte ir 16X memcry of each
charznel card teinog tested can te addressed

vniquely.

Memory is filled with 4-byte unigueness tatterns. Tach patterno
censists of thes charcnel mask selecting that chancel, the segment
number teing written to, and the double-tyte offset of the first byte
in the ratterc.

Fach ~bannel memory is then read back in the same crder to verify

the patterns.

mest No.5 - Chaprel-Segment-Byte Uniqueness Reverse
Purgose: Addressing uniqueness.

This test 1is identical to No. 4 except that charzel memories are
£illed dbeglrning with channel 8 inctead of channel 1. This in case a
fault on charnel 1 is causing & fault to appear on another chaannel.

(1]

Test No.6 - "Segment Random Access using Load
Purpose: Tests ability to preset waveform segment counters.

waveform segment counters (ICs G1,G3) are preset from the WS
outputs of PIA FGS. This test can only be performed after test No.C
since 1t reads the uniqueness patterns to check that the correc!
segrent has beern selected.

A bit-swapping routine 1is used to generate a set of 127 non-
sequential segrent npumbers. Tach segment preset is loaded when the
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ICAD signal (alsc frem PIA) is togzgled,and the second tyte of the
upiqueress pattern at that preset is read to ~herk the segment rumter.

i
<
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mest No.7 - Segrent Randem access using Fun
Purcose: waveform segrent presettatility.

Tests waveform seament presetl as in test 6 but preset

when PUN sigrnal toggles.

Test No.8 - "Secuential Access
Purtose: Checks that segment 1 of each charrel
with an irpcrzmenting pattern.

charnnels simultaneosly from ze€ro address

the erd of wmemcry them rTeads vacxk,
charcnel 1.
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€.2.3 Ipvelope Corntrol Tests

Test name: RAMP

No. tests: 4

Options: F=n Filter cutoff frequrcy.
Range 1-15, default=15

mest No.l - Parp Preset’ '
Purpose: Tests ability to preset thae envelcpe-shaping TAC

The envelotre TAC 1is preset. The waveforr DAC is provided with a
steady data 1ipput of SFF while its refererce voltage (the envelcye)
is cycled linearly btetween @ and $rF. The ramp up/dowr counters are
preset or every segrent. A 1low frequrcy triangle waveforr shculd
result at TP6 with 1.72V -p amplitude. Termirate test ard advance to
the next ty hitting the space bar.

mest No.2 - Rarp Auto Run’
PUrcose: The envelore of gach segrent may te rarged
ipdividually by the up/dcwn Tarp counters.

The rarp counters are allowed to free run until they reach @ or $FF,
whereutcn the direction control tit is changed to rarp in the
oppesite directior. The result is a clipped triangle waveform, 1.73V
p-F at TP6. Terminate test by hitting the space Ddar.

Test Nc.Z - "Force Ramp Up and Town'
Purgpose: Checks rarp up/down override.

Ramz counters are allowed to ramp ur and dcwn as in test 2 but the
direction cortrol is overridden by the Fcrce Pamp Up ard Ferre Ramp

Down controls. The same clipped triangle waveform should appear
at TPE. Termicate test Dby hitting the space bar.
Test No.4 — Ramp Zero O0ffset

Purpose: Checks for noise or a DC offset from envelore
LAC at zero output. .

The ramp level 1is preset o Zero. There should be negligible
output (less than 2@@mV p-p) from the charnel card at TPE.
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£.2.4 VYolure Control

Test rame: VCL
No. tests: ¢
Purzose: Cnecks volume control DAC.
Options: ¥=n Filter cutoff harrmcnic
Range 1-1%, default &
S=n Yolume charcge steed

Range 1-127, default 1

udio processing
ed and filtered
r zero and SFF.
corresponds to

mhe volume control DAC is the last stage in tae 2
syster. With a IC referznce (ncrmally the envelcpe snhav
waveforr) volure data 1is cycled reretitively tetwee
The cycle speed is controlled oy the S option: 1
rax irum speed.

A triangle waveform of 2V p-p shculd be observed at TP6. Termirate
the tast by hitting the stace bar.

mest No.2 - Zero Offset Test’
Purgpose: This test checks th zero offset of the fixed

(=3
lcw-pass filter which precedes tke velume 2AC.

The latched volure level is set to zerc. A& trimpot should be
availatle at the front cf the charnel card. If a tuzzing sourné cccurs,
accorpanied by a srall sawtocth wavefcrm at TPE, adjust the trimgpot
until no buzzing 1is heard at max moanitor volume. There should te no
more than 24¢rV rp-t of mnoise when tre trimpot is set cerrectly.
Terminate the test by oressing the space bar.

1f no trimpot is cr the board, refer 1o Field Change Notice

7z
2.

c.M.I. MAINFRAME.SERVICE MANUDAL - Page 69

Scanned by JB EMOND - www fairlight.free.fr



J

6.2.5 Timer Tests

Test name: TIM
ir

No. tests:
Test No.1 - Tirer Read/Writs Latches’
Purpose: Checks ability to commucricate with timer.

The 6£4@ timer ccntains 3 16-bit timer counters and 3 asscciated
preset latches. First all tirers are held in preset state and cutguts
enadled by writing {81 to the internal control registers. Then timer 1
preset latch 1is written with all numters frorm @ to SFFEFF and its
associated timer read tack for verification after each write. (It the
preset state each cournter reflects the conteats of its preset latchi.
The other two timers are thern tested in the sares way.

Fach write/read 1s a dcuble-tyte transfer through the &-%it buss.

Test Nc.2 - Timer Iatercal Cleck Timeout
Purzcese: Che~kxs timeout action using internal cleck.

Timers are prograrmed to Dde decremznted from the intermal clock
and are all initialised to $FFFF, Timeout occurs when a timrel
decrements to zerc. 211 three timers <should timeout together. |
sof tware timer is wused as a reference to detect early or missec
tireouts. The £84¢ status rTegister is repetitively pollzd to chec:
when timeout occurs.

Test No.Z - Timer Exterral Cleck Tireout
Purpose: Checks timecut action using externael clock.

Cleck timeout is verified using the external clock imputs. Usin,
the sare refererce as test No.Z, all three timers should timeou
simultaneously.
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€.2.6 Pitch and Cctave Corntrel

Test name: PIT
No. tests: &
Test Nc.1 o) legister’

- ctave
Purcose: Checkxs accuracy of the octave control PIA.

Witk the vpitch register held at max, octave register is cyclec
from ¢ to &. At each settinz, a timer 1is used to time a waveform D;
presetting a segrernt cournt aprropriate to that octave ard selecting
the RUN mcde. If timecut cccurs bdefore the End of Scurnd is reached o:
if the timer value is greater than a certain tolerance when the snd 1i:
reached, ac error is zererated. The tirer is clecked ty the irterna]
clock .

Test Nc.2 - Pitch FRegister Test

Purcose: Checks azcuracy of pitch centrol frer PIA.

With the crntav
¢ c¢ycled frem 2z
verify the wavsforr a

ister neld corstant, the 12-bit oitch register
to rmaximum ard and the same methed is used t«
ssireg frequency as in test No.l.
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€.2.7 Interrupt Flags

Test name: FLG
No. tests: ¢

Test N¢.1 End cf Sourd
5

Purpcse: Test the ~last

Ain end-of-sound interrugt 1is generated when the waveform addres:
counters reach marirum. To test this, the segrent count is preset t«
the last segmeat ($7F), and 127 writes to wavefcrm memory 4re
executed. Cn €£aca write, premature end-of-sound is checked for. The
128th write should ther trcduce the interrupt.

Test No.2 "Terminal Ramp Flag’

Purcose: Test clippicg flag.

Gererated by zaro or rax ccunlt reing reached by ramp counters
Wwith direction Ddit from set to dowr , $8¢ is written to the ram
preset register. The status is tren read to check for ro terminal ram
flag. Then zero is written to the ramp preset ard read again to chec
that the terminal ramp flag is gresent.

written to the ram reset %o alternately clear aand set the termina
rarp flag.

mhe direction tit is then clesared (reamd up) and $7F and 3F

Test No.3 - "Zerg Crossinz Flag
Jurrvose: Test middle of se

Cenerated &t the middls of every segrent by waveform addres
coucter . The flag goes bigh when the within-segment by te coun
reaches €4. The test assarts to clears the counter then dces 63 write
to waveform memory, checking each time that the flag is clear. Cr
more write should then set the flag.

Test No.4 - "Zerg Cross Interrupt Flag |

v

Purtcse: Test riddle of last segment flag.

Zerc¢ crossing ircterrurt occurs on first zero crossing after th
segment timer timecut. The tirer is programred to be clocked by th
internal clock. Until it times out, the zero-crossing interrupt 1
checked for no premature flag. After timeout the status 1s rea
again to check that the zero-crossing flag has cccurred. The addres
counters are clocked at maximum pitch during the test.

PRy
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Macter Card Tests

The master card can be diasnosed using the program MAST.CM, run by
typing

MASTSCRD

with the CMI diagnestics disc in drive e.
The standard ccrrand intercreter is used so the LIST and R
commands, and P and N options are available as described in the

general irtroducticn. Tests are run by typing
{test name>[,<optionl>,<option2>...,<optionN>]<CR>

Sorme MAST tests require at least omne charnpel card to bve 1installed
inr the CMI. These are irdicated by the fresernce ¢cf a C cption in the
descriptions telow.

6£.2.1 Timer Tests

Test rame: TIM
No. tests: 4

mTest Nc.l1 'Master Timer Sead/Write Latches’
urctose: Check ability to communicate with timer.

The 2 tirers in the €843 timer are put into the oreset state and
all nurders from zero to SFFFF written to the timer 1 latch. Each
write is followed by a tirer read for verification. Timers.2 and 3 arTe
tben tested in the same wajy.

Tach write/read is a double byte transfer through the 8-bit
buss.

Test No.2 "Master Timer Internal Clock Timeout”
Purpcse: Check timeout overation under internal clock.

The timers are clccked by the internal clock. All three timers are
ipitialised to $FFFF then started. A scftware tiring 1loop ls used a:
reference, and the timer status is contlirually polled for prematur:
timeout. Timeout must occur within a certain tolerance before o:
after referernce timeout. Clock outputs are enabled during the tests.
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megt No.X Master Timer xteraal Clock Timeout
Purctose: Check tir=2out operation under external cleck.
cgrarred as follows:—

nal clock

cotirucus operation

nitialised to 1

Cutzut enadled -

Timers are

r
Timer 2 Intar

C
[
al clock (Timer 2 output)
shot

lised to $F¥FFF/Z
enabled

mirers 1382

i er U0 (b

2o r— "
v (b (D 3

O Fi U s
[oodil & B heall o |
v e ot
wn

The same raf rce is used 1O check that timers 1 and 3, teln,
~locked by tirer 2, tires #ithin tclerance.

Test No.4 Master 3ynch In/Cut’
Purgose: Chacks click output and syach iogput circuits.

This is actually two tests ruc one after the cther. Both requir
Syanch Io to te cormest2d to Syemch Cutl via an atteauator/ filte
cirsutt in order tc lcad tne output. Thae circuit ts tllustrate
below.
3.1uf¥ <6211

Syacn Qut II Sjngh In
tin 3 o— I —f }——o Plo 2
1561
Gad (pin 1)

Synch Test Plug Circult (2-pin Cacnor)

The first test clocks the Synch Ig tirmer (timer 2) with a Zrnov
frequency and checxs {ts timeout against tpe software reference
Turing initialisatiocn, tirmer 1 is checked to be workimg (1.e. that |
can be made to tire cut). It is then rrograrmed for ipterral cleel
and preset to run continuously at £5@Hz with its output enable«
Tirer 2 Trecelves the sync input pulses and tires out in single sh
mode after 188 clocks (abvout 40gmS). This timeout 1s verified again
the software timer. Tirer 3 is not used.

The second test sends a fixed purder of pulses from tirer 1
timer 2 and checks that timer 2 receives the correct pumber. Timer
{s set to intermal clock and runs at 1@@¢Hz. Timer 2 is initialised
LFFFF. The status reglster 1s polled for timer 1 timeouts and it
stoppped after 2208 . Then timer 2’s counter is read to check that

decrerented to the correct number.
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£.3.2 Master Pitch Register Test

Test name: PIT
No. tests: 1

Test No.1 ~Master Pitch Register Test’
Purcose: Cneck for presence and accuracy of the master
pitch reference signal MGSC.

This test requires a wcrkinz channel card to be irnstalled iz the
channel 1 slot. Each of the master pitch rate multipliers are tested
serarately ty timicg a nurber cf segmerts ard comparing it to a fixed
value. The cranrel ~ard is set at a fixed pitch, then the master ritch
is preset througzh the master pitch register, starting with the lowest
pitch. Tirer 2 on the channel card is used to time the segrents. The
end-of-sourd flag {s «cleared on tne channel card then RUN rode
selected and the timer started. The charnel status is polled for the
arrival cf the end-cf-scund and if it arrives outside a set tolerance
fror tke timer 2 timecut, an error is generated.

This cyzle is repeatad for all master ritch settings.
r (=]
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o aoh 108 Ly el ivaculve 810

a suffictert numbter of sarples nwave teen made and stored in channel
(& others if specified), sarplizg is stopped and the data in rharrel
read to check for a contipuous rising ramy f9llowed by & continuou
£alling cne. Each sarcle in the fallirng rarg is complerented first an

then checked as If it were a rising raro.

B Test No.2 “Analog to Digital Conmverter 3¢ .2%Hz

mhic< test is idenmtical to test No. 1 except that a Z8.2kE

sarpling rate is used.

Errcr reports

If an error is occurs, & message is printed containing the erro
identificationr nurter, a dascription o¢f the error, ard an offse
ipdicating the address in the chanrel rard mercry where the error wa
detected. Some differenl errdr ITs zive the same descriptive messag

and require further extlanatiorn:

Irrcr #2 - 'Lifferernce too small”

Too many successive samples Were identical. Test N=

orly ore repeated value, while N=2 allcws two.

Trrer 46 - 'Tiffererce too large’

mpe difference tetween two sucessive samples was 2
The corpariscn of sarples is unsigned so this meéssage May
be generated waen the difference is =1 (or any
quantity), that is, when the ramp Treverses 1its
directicn for onme or mcre samples.

Trror #7 - Difference too large
Tco rary jumps of twe were detected over the whole ramp.
) allews up to 1¢ jumps of two but N=2 does not allow

Test name: ADCHX

No. tests: 2

Purpose: AT conversion test for detuzgging.
C:

Cptiorns: n Chancel numter
Range=1-8, default 1 (always used)
R=n Audtype ’

Racge 0-2, default 2

Test No.1 ~AD Run Continuous 16kHz'
. Test No.2 AD Run Continuous 2@.ZkHz

Threse tests are the same as thé AT tests except that

1 allow

OT MOTE
als
negatix
currer

Test N-
any .

sampli

continues indefinitely to assist in detugging probdlems discovered

AT,

Test Name: LI
No. tests: 1
Purpose: AT conversion display.
Options: C=n Channel no.
Range 1-8, default 1

Test No.1 "Iisrlay Routine’
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Thic sirply sets up the specified -~hanrel to Dplay back the
sampled waveform last recorded by AL or ADCHX. Monitor it at TPE or
the mixed output. It should te & low frequency triangle. It is not
recessary to do this except for debugging purposes 4as the software
checks for the correct sarpled data itself.

Test Marme: TLUMFE
No. tests: 1

Purtgese: For clcse examiration of sarpled data
Options: C=n Channel nc.
Range 1-8, d=fault 1
S=n Segment nc.

Range 2-127, defauvlt @
The contents of the svecified channel anéd segment are printed on

the screen in hexadecimal. Tivide the offset printed bty the error
report ty 128 to calculate whick segmant to display.
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£.2.3.2 AT Tests Using Internal fnalog Source

These tests are destigrned 1o check the analcg tc digital
converter where a corplete CMI  is Dbeing tested without using the
Analoz Tester tox.

mest Name: ATI

No. tests: 2

Purrtose: Tests A-T conversice syster using a known
rerated fror cne of the chapnel cards.

analog irnput, g€
Cpticnos: C=n Chapael nc.
RParge 1-&, d=fault 1
/Crarnel i always used, plus others
as specified).
E=r Audioc tcard tyvre
Rarge 2-2, default ¢
Test No.l "Analoz to Digital Comnvertor 16xEz
Test Nc.2 “Analcg tc Tigital Convertcer 2R, 2k9z2

Chancel 1 must be available to provide the AT coanversion clock to
the master card. The cther chancels stecified (or charnel 1 bty
default) are lcaded with a two-segrent triargle wave to simulate the
test waveform provided ty the Analog Tester in the AL test. If
testinz a comzlete CMI, cecnnect the cutput of the chanrnel to te used
as the analcg scurce to the zXT ADC input as delow and set the AZLC
selector to EXT ATC {(this byrasses the master bandpass filter).

Pino Pin
GNT 1 1
Ext ADC RTN
Side A 2 z
Side B 3 2 Ext ADC IN
Channel OQutput Sccket EXT_ADC_Socket

The R opticn is to allow for the nigh gain of early version audio
boards (prior to revision 4A.1). If it is desired to update an old
board, refer to Field C(Change Notice 23. The option determines the
channel volume setting for playing the test waveform, as follows:

R=¢ Test is first performed with volume setting for the
0ld version audio board. The first conversion value
{s read apd, 1if wrong, the volume is set for the
lower gain new version audio toard. The . test is then
repeated.

BR=1 Test is’ performed with vclume set for an old audio
board only.

R=2 Test 1is performed with volure set for the new verslor
audio board only.
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written to a svyster

Instead of storirng the converted data in a channel card, it is
RAM- tuffer. Wwhen 256 tytes have bteen read the

values are checked as follows:

increasing, tut wup to 2 successlive

(1) 411 values must Dbe
values may bde the sare.
(2) There can be at rost 1 missing code.

Test Name: LRI
No. Tests: 1
Purpese: Close examrination of sampled data.

Test Mc.1 'Tisplay Contents of Buffer’

>

Jalf of the conterts of the 25€-byte bduffer in TAM, recressentiz

ore side of the sarvcled waveforr are trinted on the screen.

Test Name: LII

Mo. Tests: 1

Purcose: Zeplay sarpled waveferm

CPtions: C= Channel no.

Range 1-8, default 1

Test No.1 “Cisplay Rcutine’

mhe cornterts of the RAM tuffer are roved tc the specified chanrel
card merory and tne channel set rucning until CNTRL EST is tyred.
Monitor the waveform at TP6. It should te a low frequency triangle.

dis»lay routines are only 2ecessary for detuzging as the

"his test allcws & quicker check of samrled data trnan I3I. Beth
ATI test

itself checks if sarpled data is correct.
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Tect Name: JAM

No. tests: 2

mest No.1 22 Jam and Urjam
Purtcse: Checks correct functionirng of the proczessor 1
cirouit used by AI conversions.

Test No.Z2 P2 Jar Timeout'

Purcpose: Tests the automatic processor 2 restart.

In the event of UNJAM rever teing accessed cr & cer.version never
veipng ~ordleted, a hardware timeout 1is previded by a cne-shet to
restart P2. It must be possible to stop Processor 2 for at least
omA@uS but no more tharn irS.is used as test No.l
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5§.%.4 Master Bandpass Filter Tests

Test Name: FILT

No. tests: 17
Purpose: Check characteristics of A-D converter tnput filter.

QOptions: C=n Channel numbder
Range 1-8, default 8

The specified channel s set up 1o provide an analog test
waveforr. A special cable with a plug ratching the row of <chancel
card test pirs is wused to take siznal from channel crad TPQ, the
unfiltered analog cutput, to the LINE IN tnoput of the audio board arnd
then~e to the master card Filter Input. Having made the conpecticns as
tslow, select LINE IN and INT ADC. Monitor the waveform &t pin 2 of
the SAMPLING FILTZR OUT socket (pins 1 and 2 are GND) or TP1@ of the

raster card.

Pin Pin

TP9 L , I——Il RTN
TE3 t J—-Lz Line in A

3 Line in B

This test can also be performed using tiae Analog Tester tox bdut
the tester cannot gain access to the unfiltered chanrel output arc
uses the filtered output instead. This can 1lndlcate whether there is
major fault in the master filter but there is no point making accurate
level reasurements since tbe frequerncy IesTODSES of the chanpel card
raster card, MIC or LINE irput amplifiers and the tester itself are

all superimposed. Set the tester to FILT OUT ONLY.
The filter settings have the following effect:

¢Yg-xF LPF at minimum cutoff frequency
$x@ LPF at maximur cutoff frequency
7D ¢ HPF at maximum cutoff frequency
$8X-FX HPF at minimum cutoff frequency

Tests 1 to O fix the HPF at minimum cutoff while ranging the LPF fror
maximum to minimum respectively (28-8). Tests 1¢-17 fix the LPF a
maximum cutoff while ranging the EPF from minimum to maximum (7-9)

Step through the tests uslnmg the space bar.

A11 tests f£ill1 4 segments of the specified channel with .
fundamental sine wave, followed by another 4 segments of the 3r
harronic. Chapmel pitch 1is set for each filter setting to obtain
predetermined attenuation ratio between the two frequeancles. Timer
of the channel 1s set to loop around the 8 segments continuously an
they are played through the analog bandpass filter at maximum vol an
ramp» settings. |

Refer to Section 6.11 for expected waveforms.
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Eigh-pass Filter 3d3B Point

"he 33&BF point of the Hdster Filter at the lowest setting of the
high-pass filter shculd occur at less than 20Hz. This can bde tested by
typine

FILT,N=G<CR>

This sets the filter at $F8, which is the lowest setting of both
high pass and low pass filters. Instead of using the channel card as
analogue 1imput as above, connect a signal generator to the LINE IN
socket (if single-ended, use side B, pin 3). Set input selectcr to
LINE IN.

Monitor the master filter output at TP1@ of the master card.
With a 1lire 1inpput of abdbout .6V t-r at 5¢9Hz, the filter outpul
should peak at 10V p-p. Adjust frequency downwards until the filter

output is 3dB down, i.e. 3V £-z. This freauency should be less than
20Hz.

See Section 11 for filter craracteristics for all settings.
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6.3.5 Video Ram Control

Test name: EAM

No. tests: <
Purpose: Check ability to map VRAM in and out of processor

address space.

Test No.1 "3AM V2AM Uniqueness Alternate Write”

The 1€k of video RAM can be used as system PAM by preccessor 2 by
clearing the CB2 ©tit c¢f the PIA on the Master Card. This centrol 1s
checked by first saviag the coatents of the screen (VREM) 1in spare
syster PAM. Then the pattern $AA 1s writter to $832¢3 (PAM), CB2
~leared to acress V24M, and the complerent pattern ($58) written to
VRAM $£2¢@0. This sequence 1is repeated for the entire 16k (with CB2
toggling after each write). Then the two blocks are alternately read
fror the teginring in the sare way, to check for correct data in each
tlock. Finally VRAM is restored to the original.

mest No.2 RAM VIAM Uniqueress Alternate Read”

This 1is identical to test No.l excert that the pattern $55 1is
written to syster RAM, acd $AA to VRAM.
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6.4.0 €E4K RAM Card Tests

€.4.1 MEMTST

X
'

wl
-3

p program for testing the €4K RAM card C@¢c6 is MEIM .CM which

can be run by typing
MEMTSTLCR>
with the CMI diagnostics disc in drive @.

The standard ccmmand interpreter {s used so the LIST and %
commands, and P and N options are availabdle as descrited ian the

general introduction. Tests are Tun by typing
<test nane>[,<cptionl>,<option2>...,<optionN>]<CR>

The pregram usually resides in tlock 9 (lowast 1€K tleck) so tests
whiech 1involve overwritirg this area move 1t sorewhere else first ard
tring it back afterwards.

Frror messages will generally irdicate the tlock wbere the errcr
ccecurred. Block € is physically located cn the C-Z%8 voard in the
eight RAM chips of row F - furthest away from the edge sonnector.
Blcecks 1-2 are rows &, T, and C respectively.

Test name: 2€
No., tests: €

Test No.l ~Maprarm
Purgose: This tests the ability to select ©bloczs oné at a
time without contenticn oOT overwriting.

With the test crrcgram running in bdlock €, logical block 1 is
mavoped to vhysical block 1 (by writing the necessary data to matrer
BZ) and filled with 1°s. Then logical block 1 is mapped to physical
block 2 and filled with 5’¢. Similarly, physical block 2 is filled
with 3’s through logical block 1. That done, each physical block is
selected in turn and read Dback for verification as logical tlock 1.

If no errors have occured, the contents of physical block ¢
(including the program) are moved to physical bdlock & and the test 1is

repeated on blocks g-2.
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mest No.2 Pl 0dd Up, P2-iven un ', .,

mest No.Z Pl 0dd Lcwn, P2 Even Up

Test Nc.4 Pl Cdd Dowr, P2 Even iown

mest No.5 _F1 0dd Up, P2 Zyen Lown

Test No.6 P1 0dd, F2 Even

Test No.7 _Fl Evern, P2 Cdd

mest No.& F1 All

Test No .5 P2 All T

Purrose: Tegt the ability of beth processcrs to write and read

every location in RAM independently without interferinsg
with each other.

@" and adds
s creates a
e reproduced

Fach processor starts with a glver data tattern see
29 (deciral), modulo 255, each tire it writes. Tal
discontinuous Ydut exhaustive data secusnce which car U

for verificatiorn.

"by (Cdd" means that processor 1 writes and reads all odd
lc~atiors c¢nly, while ‘pp Zven means processcr 2 writes/reads all
even locations o2ly, and so on. Thus the data from €ach Processor is
interleaved ir memery.

"P1 Up" rmeans that grocessor 1 starts writing tc the bottem of
remery (lowest address) and goes ub. Cnce it reacaes the top, &
reading thase 1s ertered to verify the data catter:t from the top of
memory back tc the 2ottom. Conversely P2 down means processer 2
starts writing at the top and weTkKs down, then reads tack frem tcttom
to top.

"s11" means the sgecified processor writes and reads dotih even and
cdd locatiorns.

Tests 6-C cause Ope c¢r both Drecessors as specified to start at
both ends, writing to the top and vottom alternately and working in
towards the riddle. Wwher the middle 1is reached the reading phase
vegins, reading frem the riddle, out towards the top ard bottom.

Test name: WA

No. tests: z
Purpose: More RAM rappipg tests

Test No.l 'Walxing Address P2/
Test No.2 Walkirng Address P1

These test the RAM mapping by writing a ‘walking address’ to the
location specified by that address, testing onme block at a time. First
the block 1is filled with pseudo-random data. Then, starting at the
tottom of the blcck the high order 8 tits of the current address is
written to an even location then read back for verification. The low
order address byte is written in the next location and verified. This
is continued to the end of the block (incrementing the address by two
for each high-order/low order write). Then the whole block 1s read
again for verification from the beginning.

Test name: MAE
No. tests: 4
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mest No.1 Map Uniqueness’
durpose: This tests +the abtility to se}egt tlocks ore at a
tire withcut cortention or overwritlng.

mhwis test is effectively identical to "29" No.l

mact No.2 Card Teselect’
Purrose: By mapping any logical® bdlock to a Pars
greater thar .3 it must be cpossible t

ertire RAM card.

The program runs io btlock @ as usual. Blocks 1-3 are filled with
data 4£5. Then lcgical dlock 1 is marped 1o thysical tlonks 4 to 7
in turn, reading the wkole tlock for $££3°s which should never come up.

Thic establishes that desslected btlocks canrct be read.

To check they cap’t be writter to, $AA is written to lcgical dleck
1 tken physical blocks 3, 2 and 1 are checked to still contaia $55.
mest No.Z Write Protect’
purpose: Elocks can be selected for reading only

Prysical bdlocks 1-3 are filled with 455 apd verified. Then each cof
these tlocks are mapped im turn to prccesscr 2 blcck 1 with the write-
erabtle bit remcoved. The write-eratle tit is the least ciznificant tit
¢f the mappirg byte written to the maprar. For eaczh mapoping, logical
block 1 1is cleared. Then all three rhysical blocks are checked to
still contain $ES.

mest No.4 ~Map-Processor Uniqueness’
®Purpose: Processcrs can be rapped independently.

Frysical block 1 1is mapped to processor 2 block 1, and physical
block 2 1is maepped to process or 1 tlock 1. Processor 1 fills its
legizal dleck 1 with 1°s, ard simultareously, crocessor 2 fills 1its
vlock 1 with 2°s. Fach processor then reads back its owa block to
verify for correct data.

€.4.2 MEMCH

A handy program for testing faulty 64K RAM cards is MEMCH.CM.
However a good bvoard is required to load it in the first place. ¥ith a
good Q-6 in the appropriate slot, type

MEMCH<CR>
with the CMI diagnostices disc in drive €. The program loads to $¥F@@,
which 1s processor-unique static RAM on the processor control card.

Halt bYoth processers, swap the faulty RAM card im, ard release the
Processors.

The rogram writes a binary count, verifying after each write, to
location 5182 of each dlock.
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€.5.0 Central Processor Centrol Mcdule

Few diagnostics are available for testing this card (0-932) since
it is rot possible to load the DCS and run a test without most of the
card furctioning correctly.

5.1 User PIA and Real Time Clock

The user PIA and real tire clock 1is tested by the progranm
DEBTST.CM, which may be rum by typlneg

ITETSTCCED>
Wwith the CMI diagnostics disc in drive @.

mhe standard command interpreter 1is used so the LIST and R
corrands, and P and N options are avallable as descrited in the
general introduction. Tests are run by typirs

<{test name>[,<option1>.<option2>...,<optionN>]<CR>

mhe DPIA tests require a special test plug to be inserted in the
user PIA socket (the one nearest the top of the toard) which has the
effent of connectipg the A side of the FIA to the B side. Connecticzs
are as follows:

1 - 24, 2 - 25, 3 - 26,
5 - 22, € - 21, 7 - 2¢,
g - 19, 9 - 18, 186 - 17,
1

Test Name: PIA
No. tests: 8

Test No.1 'PIA B/Send A/Receive

Test No.2 PIA A/Send B/Recelve

Purrose: With the test plug connecting the two sides of the
PIA, A should be able tc write tc B and vice-versa.

Both tests check each side of the PIA individually first by
defining the side as all bits inputs, changing them toO outputs, ther
writing @, &FF, SFE etc. down to & agaln to the data register and
reading tack to verify each write.

Test no.l then sets side A as all inputs and side B as all outputs
and writes all values from @ decrementing back to @ to side B, AND
reading from side A. Test no.2 does the same 1in the opposite
directicn.
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Test No.3 (B2/Send CA2/Receive -ve
Test No.4 CB2/Send CA2/Recelve +VeE,
Test No.5 ,CAZ/Send CB2/Receive —ve,
Test No.6 CA2/Send CRB2/Recelive +ve
Purgcse: Icterrugt irtuts/control outputs check.

The signal specified by Send cx2” is configured as a control
output whose state is determined ty CRB-Z in the PIA control register.
Thwe other signal 1is ccnfigured as an interrutt input which will set
the interrupt fleg in the control register on an edge whose direction
is indicated by the Recelve +ve oT -ve' .

The transmit end is first sat to the state which will allow the
wrong transiticn to causeé ab irterrupt, (1.e. if tre interrupt
receiver 1s +ve edge trigzered, the transmit end is set high) ard the
flag 1is checked 2as clear. Ther the transmit state is toggled and
che-ked again as still clear. 4 second toggle should trigger the
ipterrurpt flag.

The actual IRQ output is disabdled during the test.

Test No.? "CAl: RTC Input 16.2ZmS_
Test No.8 CBl: RTC Input 1€.2mS
Purtose: Real time clock and CA1/CP1 operation

Interrupt dimput CR21 is always ccnnected to a real time clock
signal; inserting the test plug connects CAl to it also.

During the test r©rccessor 1°is held in a tight locp to prevent
it accidertally clearicg tkhe ipnterrupt flag while ©processor 2 runs
the test.

A long timeout lecop is used first to check if the clock is working
at all. The 1interrupt flag in the control reegister assoclated with
CA1 or CBl1 as stecified 1is cleared then a polling loop entered to
check if a new interrupt is received.

Immediately after thne first "clock tick  is received, another
counting/pollirg 1loop 1is entered to time when the next tick comes.
When the second tick arrives the counter is checked to determine if
clock 1is fast or slow. Very slow  error message indicates that the
most significant dyte of the 16-bit counter was wrong.
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commands, and P and N opticns
general introduction. Tests are run by typlng

B SN

€.6.2 Light Pen Interface

6.1 CMILP

A quick check of the functions of the Light Pen Interface card Q-
148 i{s provided by the program CMILP.CM which may bte run by typing

CMILPLCR>

witn the CMI diagnostics disc in drive €. This test does nol use the
standard command intergpreter.

The cormarnds to CMILP are very simple:
I - Invert entire screen
C - Clear entire screen
¢ = Quit

Just type the letter to initiate a command.

with the screer all “white @ it

cursor fielg when the tip of the light pen is not touched, and draw
single-dot “black” lines on the screen when it is touched. ¥ith the
mcnitor adjusted to npermal trightness the light pen secsitivity (a
small screw urder the rubber cap on the light pen body) should be

ad justed so that tre cursor 1is as small as possitle dut still
distinct.

should be pcssible to see the

Check that it 1is possible to draw anywhere on the screen except

the tcr two rows and the left most 8 columns. Try invertircg the
screen.

6.6.2 LEFTST

For more careful diagnosis of a faulty board, use LPTST.CM run by
typing

LPTSTLCR>

with the CMI diagnostics disc in drive €.

The stardard cormand interpreter is wused so the LIST and R

are available as descrited in the

<test name>[,<optioni>,<option2>...,<ortionN>]<CR>
This section descrites LPTST Version 1.3
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6.6.2.1 Light Pen Timers

Test name: TIM
No. tests: 4

mest No.1 Light Pen Timer Read/Write Latches
Purcose: 6847 tirer preset latches can be written to
and the counters read.

Timers are put 1into preset state in which the counters always
reflect the ccntents of the preset latches. Then each timer is
write/read tested with all numbers from @ to S$FFFF. Fach write/read
is a 1€6-vit transfer through the 8-tit tuss.

Test No. 2 "Light Pen Timer Internal Clock Tirecut”
Purrose: Correct timecut from timers under internal clock

The 41internal «clocz is provided by the BCA sigzmal. Timer cutzuts
are enatled ané latches preset to SFFFF. Then all three counters are
released and their timeouts comvared tc a software status-pollirg (to
sense timeout) timing reference loop.

Test No.2 'Light Pen Timer 2 External Clock,
Test No.4 Light Pen Timer 2 Extermal Clork
Purrose: Timers under external clock

Timer 2 courts frames, thus gets a 2¢mS clc-k cycle. The test is
not synchronised to the frame rpulses so & +/=-18mS jitter 1is
perrissidle. The tirer 1is preset to count 2¢@ clocks (4 secs), then
released ard -ompared tc the software reference with the required
tolerarce.

Tirer 2 is clocked by processcr 2 phase 2 (1MHz). It is preset to
SFFFF then released ard its timecut <compared to the software
reference.

Both timers rup in single shot mcde with outputs emabled.

6.6.2.2 Light Pen PIA

Test name: FIA
No. tests: 1

Test No.1 "PIA Test”
Purpose: You've got 3 guesses

¥ach side of the PIA is configured as all outputs then all numbders

from zero tbtackwards down to zerc are written to the data latches and
verified.
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6.

£.2.2% Processcr Access Selection

"Test” name: SEL
Purpose: Allows user to
the videc BRAM.
C=n CPU
Ranze 1-2,

Cptions

Used for stecial

selecticn
default 2

purpose testing only.
which always uses prccesscr 2 for VRAM ogperations.

specify which rrocessor can access

Not applicable to C.M.I.

£.6.2.4 Light Pen Crawirg

Test name: LPEN

Ne. tests: 1

Test No.l1 'Light Pen Irawing on Screen’

Purrose: Cverall light pen operation, similar to CMILP.

Cpticns: L=1 Pange 3-1, default 1

1 causes hit addresses to be written on the
screen

S=s Range 2-1, default 1
2 inhibits resetting of the scroll res.

Use LFEN the sare way as CMILP. With hit address writing erabdled,
the location of each hit is written on the bottom line of the screern,
both as X,Y cocrdianates and as an address in video ram. The line
rumber 1is given first {zero at the tor) followed by two tytes
representing the location of the hit on that line. The first bdyte
should always te @ cr 1 and represents the least significant bit of

the S-bit lozation (512 dots per line). The second byte is the uprer 8
bits of the location. The VRAM ALRS is the absolute address of the hit

i

n video RAM

address was hit.

C.M.I. MAINFRAME SERVICE MANUAL -
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6.7.¢ Grapvhics Systerm

A functional <check of the Graphics Controller Q-945 and 16K
Graphics RAM (-¢25 car te run by tyring

GRAPH3<CR>

with the CMI diagnostics disc in drive €. This test doesn 't use the
standard commard interpreter.

GFAPH3 dces not test the 2-225 directly as MEMTST tests the (-@S6
memory. However, grathics RAM faults will generally be apparent from
the screen display. A software test of the Q-925, though not
exhaustive 1s the RAM VRAM Uniqueness tests in MAST (see sectiorn
6.3.9).

Grarh2 Cormmands:-

A single hex digit ©-B calls ome of 11 simple graphics drawing
functions. Tach command begins in the centre of the screen and draws
out in the srecified direction to the edge and wraps back around to
the <cectre. Crawipg may be started and stopped, speeded up énd slowed
down as below:

Type Iffect

Horizontal line to the right
Horizortal line to the left
Sirgle horizontal byte at the centre
Vertical line downwards

(single dot, pattern $8@)
45 degree diagonal down to the right
45 degree diagonal down to the left
Heavy vertical column downwards

(1 byte wide, pattern $FF)
Vertical line upwards, single dot wide
45 degree diagonal up to right
45 degree diagonal up to left
Heavy vertical column upwards (S$FF)

1M (n [ AN )

b = 0 M

Slower speed
Increase speed
Change write pattern
Halt

Clear screen

Go

QOmdrwn

All drawing is done a byte at a time and except for command 3 which
only writes a single byte, consists of writing repetitively to the
appropriate Q-#45. auto increment/decrement register. The Q-245
specification sheet centains a list of which locatiops perform these
automatic functions. By default, the drawing pattern 1is $F¥F so that
all lines are unbroken. By using the P comrand the drawing pattern can
be used to create broken lines. This is handy for finding single-bit

C.M.I. MAINFRAME SERVICE MANUAL - Page 84

Scanned by JB EMOND - www fairlight.free.fr



~or

A R A e

'

m‘ﬂm” e

R

¥k

errors {usually originating on the RAM card). The vertical line
corrands 4 and 8 mask off all dut the most significant bit so any
pattern without this bit won’t draw anything for those commands.

GRAFA3 should be used to check the location of video information
between the horizontal synch pulses. This can be controlled ty the two
trimpots at the front of the Q-€45 bYoard. RVZ2 (upper trimpot) sets the
horizontal width, and RVl (lower) sets the horizontal position. Ad just
these using the double diamond pattern forred by commands £ and 6 or
¢ ard A. Tre pattern shculd be symmetrical ard just touch the edges of
the active video area of the screen.
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A.8,7 Flcory Lisc Controller

As is the —case for the processor control card, nothing much can
run if the florpy disc controller doesr”’t work. However there are two
little progrars descrited here which, cnce loaded usirg a good floppy
ccntroller, carn be of some use in deduggirg the faulty OFC-2 board.

6.8.1 FICFIX
The program FICFIX.CM 1s lcaded by typing
FLCFIXLCERD

with the diagnostics disc in drive ? and a working QFC-2 1installed.
This 1loads the yrogram to $SFEE and exits immediately back to the
operating system. Halt toth processors, and swap ip the faulty toard
but IO NOT copnect the Z2-way ritbon cable to the disc drives.
Release the processors and press the console interrupt to enter the
monitor. Type

L2256

to run the program (no <CR> required, and no message is printed to

indicate the program is running).

All it does is loop around, alternately writing and re
Te

ding the DMA
status registers at $FCEZ to S$FCE7. No verificaticn is £

a
rfcrred.
€.8.2 FICLM
The program FDCIMA.CM 1s loaded by typirg
FICIMALCRD

with the diagrostics disc in drive @ and a working floppy controller
installed. It 1lcads to around $A17¢ tut imrediately exits back to
QDOS without runaing.

Its function is tc exercise the IMA logic. To get a LRC <signal on
the faulty board, rerove the floppy controller chip and insert a link
betweer pins I8 and 2 of the socket (for in-house use, there is a
dummy chip for this purpose).Halt the processors and swap the faulty
board in dut DO NOT <connect the 5¢-way ribbon to the disc drives.
Press console interrupt to enter the monitor arnd type

A10Z;3G

to jump to the program (mo <CR> 1is required, and no message is
generated to indicate the program is running). The program is simply a
little loop which writes $@4 to the IMA register at $FCE6 indicating a
DMA read command, then writes %35 (any number wculd do) to $FCEZ to
generate a WE signal and hence a TRQ. Note that this does not test the
TRQ under a write command.
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€.8.3 QFC-2 Ailignrent

Adustment <c¢f twc separate pulse lengths is required in the data
separator section of the floppy disc controller. The test signals are
availarle at coints TP1 ard TP2 and adjusted by 1@-turn pots VRl and
VR2 respectively, c¢n the QFC-2 board. With a CR0 set to .SuS/div
and vrositive triggered, both signals should be high for 2.7uS when no
data 1is ‘teing read from the disc (TPl gets reset earlier by data
pilses when the disc is being read).
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£.2.2 Interrupt Tests - CMIINT

CMIINT.CM is a program for testing all the interruont mechanisms in
a complete CMI. It is run oy typing

CMIINTLCED

with the CMI diagrnostics disc in drive €. It does not use the standard
corrard 1irnterpreter but has its own commands to set up and run
interruct tests.

fzch interrupt has a predetermined priority such that if two or
more irterrupts arrived since the last interrupt service, the one
with the highest priority gets serviced first.

The "level  of an interrupt is a rurter indicetirng its priority
such that the highest priority interrupts have a level of zero, and
the others are arrarged 1in ascending order of level for decreasing
priority. The 1interrurts which may te tested by CMIINT, the part of
the sy<ter frcr which they originate, their levels and the processor
which services each one, are as follows:

Nare Crigin Level  Processor
~ CHANNZL 1 Channel 1 tirer 12 1
~— CHEANNEL 2 Channel 2 timer 8 1
— CHANNEL 2 Channel 2 timer 1z 1
T CEANNEL 4 Chacnel 4 timer 9 1
— CHANNEL 5 Chanrel £ timer 14 1
— CHFANNEL € Channel € timer 10 1
f; CHANNEZL 7 Chenrnel 7 timer 15 1
CEANNEL 8 C(Channel 8 tirer 11 1
=~ TIMER 1 Master Card timer 1 1
T ACIA 1 CPU Control Card ACIA 2 1
— TICXL 1 Interprocessor intrpt P 1
T TICKL 2 Interprocessor intrpt 2 2
~ TIMIR 2 Light pen timer 1 2
PISK 1 Flopry disc controller 2 2
(1ﬂamt»€4 42 A

-~
o }; J L Z g
“ i - . N

7 ,
’ !
2 1%
6 70
7 15
N _ -1
Timep 1 0 e e v
14 / o A\
Tic kL 4 A A
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RUN Pun tests on all active interrupts. Both sequential test
(one 1interrupt at a time) arnd simultareous test (triggered
simultaneously, arrival checked for correct priority) will
be run unless the SEQ or SIVM comrands have been used (see
telow). Run will be aborted if error count is exceeded or
if the user hits CNTRL ESC (break).

REPEAT n Sets the repeat count to n. The original value
is printed. A repeat count of zero will ~continue
ipdefinitely until aborted.

ZRECR n Sets maxirum error count for RUN. Tefault is 1.

CMIS Prirt a list of available cormands.
LIST List all interrupts and their statuses.
HELE Print a summary of how to use the test
U Return to QILOS

+ <interrupt or function>
Activate ap interrupt or function

- {interrupt or function>
Teactivate an interrupt or functior

The interrupts which may be activated or deactiyated using the +
or - cormands are as in the above list: just type + or - followed
by the 1interrupt nare. The + 1is always opticnal, and the nare bty
{tself will activate that interrupt or furcticn. The functions which
may be controlled im this way are:

P1 Testing of all processor 1 interrupts
P2 Testing of all processor 2 interrupts
ALL (Ce)Activate all interrucrts

LEVEIL n (Ie)Activate all interrupts of level n
SEQ Sequential testing

SIM Simultaneous testing

EMSG Generation of error messages

DISPLAY Listing of recorded interrupts on screen
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Ceneral Frocedure of Tests

Iritially, all interrupts are “active’, i.e., will be tested upon
typing the RUN corrmand. Tests can te activated or deactivated using
the commrands above. Each test begins with the processor interrupt mask
set so that interrurts currently pending are ignored. The status
‘ registers assoclated with =<=ach active interrupt is read in order to
clear 7rending interruzts. These status registers generally contain a
flag which indicates an interrupt has teen generated and at this point
the flag should be clear. All active interrupts are tested first
sequentially {(one at a t;me) then simul taneously. In the latter case,
all active tests are triggered’ then the processor interrupt mask

cleared.

A delay loop sufficiently long for all triggered interrupts to arrive
is entered. The PFICU’s should contirue to interrupt the processors
with the currently highest 1interrupt pending wuntil all have teen
serviced. A separate service routine is executed for each interrupt
which records in a littls block of data set aside for each one, its
position in the sequence of interrupts when it actually arrived,
whether that ipnterrurt has ‘teen serviced tefore, and whether the
interrurt flag in the asscciated status register is set. Then the flag
is cleared.

At the ccmpleticn c¢f the delay 1lcop the data *locks of each
interrupt is checked to esnsure the active ones arrived ir the correct
order and that no unexrected interrupts occurred.

If error reporting has not been suppressed by a -EMSG  command,
messages will Yte generated indicating the error type and the irterrupt
) test which gererated it. The types of errors detected are as follows:

(1) "High Priority Interrupt Cccurred Too Late’
Generated when the irterrupt just received has a priority
level less than the maximum found so far.

"

(2) "Interrupt late ? Due to Previous Error’

Cre or more interrupts may appear to te late when they
actually occurred at the right tire, dut a previous high-

level (low rriority) interrupt was too early and set an
erroneously high current maximum 1level. The wearly low
rriority interrupt will not have ©bteen detected. This
message 1s generated when the interrupt just received is
consistent with the immediately preceeding interrupt (i.e.
has a greater level) but has a lower level than the
current maximum. Refer to the diagram on the following

page for a clearer explanation of this problem.

(%) "Missing Interrupt”
An interrupt wich was expected never arrived

o,

(4) "Multiple Interrupt”
An interrupt appeared to occur more than once. Usually
caused Dby the interrupt not bteing cleared successfully by
the service routine.

‘ .
praimt

-1l5“:7
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(5) "Unexpected Interrupt’
An inactive interruvrt occzurred.

(6) "Flag Not Set’

The service vroutine found that

its associated 1interrupt
flag had not been raised.

3
. ) ) ?
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€.12.2 Testing a Complete CMI - Chain Tests

The CEAIN corrand is a facility which allows many tests such as
those described above to be run with the minimum amount of human
intervention. To run a series of tests, the corrand

CHAIN (filepamey<;options>

is used, where ¢filenare> 1is the name of & special chairn file
contairing a list of tests to be performed, and <options> are various
option descrited telow which control the execution of the chain.

This section is a description of the standard chain files used for
testing a complete CMI.

£.13.1 Tigital System Tests
Chain test name: CMITEST or CMITESTL

Purpose : All functions of a CMI which can te tested directly
under software control (1.e. ro waveform observaticrns

required)

CMITEST1 1is fer systerms with only 1 disc drive ard omits tests
requiring 2 drives.

CMITEST recuires a scratch or acother diagnostics disc in drive 1.

Test progs run Cormands executed
CMIINT -DISK, RUN
TEBTIST All comrmands
CMITST MEM, PIT, FLG, TIM
MEMIST All commands
LPTST PIaA, TIM
MAST PIT, RAM, JAM, TIM, AD
Also - BACKUP (CMITEST orly)
CHECK;V
COoPY (drive @ to drive 1 in CMITEST, @ to 2 in
CMITEST1)
Options:
C=n Channels to be tested. Tefault is 1-8
-7 Omit timer (TIM) test in MAST
-MAST Cmit MAST altogther
AT Include A-D conversion tests in MAST

Test runs continuously, but can be aborted by hitting <cntrl ESC>.
Examples:

=CHAIN TEST (Run all tests as described above)
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=CHAIN TEST;C=4,-MAST (Pun all tests excert Master Card and cnly use
Channel 4)
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£.1¢.2 Channel Card Analogue Tests

Chair test name: FRV
Purpose: Analogue functions of channel cards.

Test progs run Ccmrands Executed
CMITST ornly FILT, RAME, VOL

Cpticns: none

£11 rbannels are tested. Step through the tests with a press of
the space tar. FILT, EKAMP ard VCL are called orn each channel
irdividuvally, then FILT N=1 is called repetitively starting with
channel 1 ard adding another charcnel each time the space bar is
vressed. This tests the rixer on the audio card in the tack of the
CMI. The arplitude shculd increase each time ancther charnel is rmizxed

in.

Exarple:
=CHAIN F27 (No cptiorns allowed)
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€.1@.2 Comprehensive Analogue Test

Chain test narme: ANALOG
To check: all analog functions of the CMI channel cards,
raster card, and audio card.

Test progs run Commands executed
CMITST RAMP, FILT, VCL
MAST FILT, SINC, AD.

Cptions:

M Cmit channel card tests

This test is most conveniently used with the Analcg Tester bdox
cornected to the rear panel of the CMI as labtelled. Some cables need
te be arranged slightly differently from ncrral. To make the changes,
eject the disc(s), and turn power off first.

(1) Keyboard Power cabdble, normally connected from the CM to the
Music Xeytoard, should go to the analog tester.

{2) Alphanumeric keyboard, normally connected to the Music keybdoard,
should te connected directly to the CMI rear panel.

The test program gives operator prompts and is thus largely self-
explanatory. The followineg 1s some tackground on the wuse and
functions of the aralog tester.

Connection to Oscilloscope

The analcg tester brings out toth sides of the balanced outtuts
from tte channel cards. With the oscilloscope set on 1v/div, edd CH1
and CH2 and trigger on CHl.

The chain tests call stardard tests describved in previous sections
which specify waveform measurements at TPE of the channel card. This
is only one side of the balanced output so measurements made using the
aralog tester will ©be about twice the amplitude fournd on TP6. For
example in CMITST test FILT, the low frequency amplitude should be
6.8V p-p.

Switch 1 Phase Positicn

The phase check 1s to emsure that'the different channels are in
phase with each other.

Switch 1 Normal Position

This provides the balanced outputs to the CRC as above.
Mixed Out Test

This is the samé as used in the FRV chain tests where

FILT,N=1 1is called repetitively starting with channel 1 only and
mixing another channel in with each press of the space bar. The

C.M.I. MAINFRAME SERVICE MANUAL -  Page S5
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arplitude should increase with each new channel, reaching a raximumr of
€.8V p-p. This tests the audio mixer board in the back of the CMI.

MIC/LINF switching in MASTer test

By means of software and the analog tester, the output of channel
8 1s fed to the MIC ard LINE inputs arnd one or the other is fed to the
Master card via the MIC/LINE switch. Although these two levels are
actually quite different, the signals from the analog tester are
similar 1in magnitude but still distinguishable. A sinuscidal waveform
followed by a heavily attenuated harmonic should be observed with a
peak amplitude of 1.5V p-p for MIC and 1.2V p-p for LINE.

The SYNC test

No measurement 1is required: the software will inform you of a
fault although there is a filtered square wave which can te otserved
ard an audible tone whose volume ran be controlled by the SYNC MCNITOR

pot.

AT Test
This is also a software test only

C.M.I1. MAINFRAME SERVICE MANUAL -  Page S6
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€.11.¢ Summary of Test wWaveforms

Measurement tolerances: refer to the iatroduction
(TP6) means measured at Test oint € of the Channel Card

under test.
(AT) means measured using the fnalceg Tester, adding CRC

charnels.

Y
Vf = 2.4V p-t (TF6) for 21l tests
6.8V p-r (AT)
Test N 7-15
Yh, V P
Vh, V p

S s

-t - M . -2

lLevels depend cn harmonic and filter settings. Levels
for FILTLC with default settings are as follows:

Test N . 1 2 a
V¢, V p-p (TP6) 3.6 4.0 4.5
Vh, V p-p (TP6) 4.5 <&.2 <f.1 L
( "¢" = less than)
C.M.1. MAINFRAME SERVICE MANUAL -  Page 97
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RAMP, N=1 "Ramp Preset’

=2 Rarp Auto Pun )
N=3 Force Ramp Up and TZown
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FILT

Y
For N=1:
Vf = 4V t-p at FILT CUT
1.8V p-p fer AT with CMI switched tg¢ MIC IN
1.2V p-p for AT LINE IN
‘,} N= 1 to 11, Filter Cutput:
Test N 1 2-5 g=7 g-19 11-17
vf, V p-p 4 3.8 3.4 2.2 1.5
Yn, V =T 3 2.2 2 2 2

BT

Nt el < e

[T TR SR TR AT SIS
2l ots Bt

L

“t;
%

O T

bt A lant I ik~ 4.

(-7 ¥ 1T
Ut o
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7.7 SIGNAL LIST - MCTHERBOARD

All CMI modules, with the exception of the Audio, Front Panel a
Power Supply rodules, plug directly into 78 pin edge ccnnecto
mrounted on the CMI motherboard PM3-¢1. This is in turn mounted on t
rear of the CMI card cage. The motherboard 1s tre means by which a
logic signals and power supplies are routed betweer the plug-
rodules. This secticn specifies each of these sigmnals for each modul
starting from the left.

All modules are “doubdle sided” so require two colurns cf pins
each connector. Side A refers to the wiring side of the board whi
corresperds to the left hand column of pins whken viewed from the fro
of the card cage. Conversely, Side B refers to the corpcaent side
the ©board and cornects to the right hand column of pins oOn the ed
connector.

Pin nurbers nct included in the following lists are not used, a
such pins are removed from the edge connectors before assemtl
Signals which are 1listed but have N/C marked as the source
destipation are those which have Yeen connected to pins or the ed
conrector socket tut have no connection leading to or from them on t
rotherboard. .

Active-low signals are indicated by the name being overlined. &
other signals are active-high. Where different nares have teen us
for one signal going bdetween various mcdules, the Sigpal Name colu
contains the name for tkhe module of the current section, and t
alternative name 1is enclosed in btrackets in the Source/Destirati

cclurn.

C.M.I. MATRERNGE el EMONR wyyww-fairighf fiee i g4



7.1 Master Card CMI-22 - Slot 1

Side A
Sigral
Pin Name
7e-77 +&Y
7E ATINT
75 P2IR2
74~-€% CHS?7 -
CHS@
65 FAMEN
64 I2QSYN
g2 VRAMEN
62 ILS1
61 1431
F@-58 IA21-
1201
57 IRO1
56 YIRC
54 BELT
52 SCAS
52 SRAS
51 SRA
5@ SREF
48 ¥0SC
47 P1IR11
46 P1IR1G
44 ADCLK
42 SYRES
47 AIT1
an RA
3€ CA
34 CAS
3Z-26 I@-1I7
25-10 MA0 -
MA15
9 YMA
8 R/V
7 Key
€ +127
5,4 +/-12VRTN
3 -12V
2,1 GND

C.M.I. MAINFRAME SERVICE MANUAL -

Function

Legic power sughly
L/D cerversion IRQ
Irtercrocessor intrpt
(2 level 2)

Channel select mask

System RAVM enabdle
ACIA IRC (P1 level ¢)
Grarhics EAM erable
PICU letch strobve
PICU cascade

Irterrupt vecter address

bits 1-3

Interrupt request to
Processor 1

P1 IRQ from Q@32 P2ICU
Prccessor 2 halt for
A/T ccnversicn

Ctannel memory column
address stirobve

Channel remory row
address strobve

Charrel row address
multiplex signal
Charnel memory refresh
cycle

Master vitch oscillator
P1 level 4 IRQ

P1 level Z IRQ

A/T copvert clock
System reset

Processor 1°s address
on the duss (for VRAM
enable)

Row address mux signal
Column address mux sig.
Colurn address strote
Tata Buss

Address Buss

Valid Merory Address
Read/write

Soccket index key
+12V supply rail

Input or
Output

1/P
C/P
c/P

0/P

c/P
1/P
C/P
I/F
G/?
C/P

0/P

1/P
c/P

o/P
c/?
c/P
0/P

C/P
1/P
I/p
I/F
1/p
I/P

I/P
I1/P
1/P
Eoth
1/P

1/P
1/p

+/- 12V supply return rail (->GND)

-12V supply rail
Ground rail

Page 102
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Sour-e/
Testination

All channels

64K DAM (A32)
Ce22

Grphcs cont.
Processor
0232 (1a41)
Processor

Processor

¢¢32 (IRCQ1)
Processor

211 channels

A1l rcrannels

All channels

Al]l charnels

All channels
N/C

N/C

Channel 1
Q332
Processor

Processor
Processor
Processor
Processor
Proc, QFC2

Proc, QFC2
Proc, QFCZ
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Side B

Sigral ' Input or
Pin Name Furcticn Qutput
44-46 GND Ground rail
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7.2 (Channel Card CMI-21 -.Slots C to 190

Scurce/
Testination

Master
Master
Master
Master
Master
Master
Master
Master
Master

Master
Master
Master

Master
Master

Caze

Processor
Processor
Processor
Proc, QEC2

Proc, QFCZ2

Source/
Destination

Q922 (IL31)
Q@32 (IL71)
Q@32 (IL21)
Q@32 (I1L61)

Q@32 (IL11)
G832 (ILS51)
232 (ILe1l)

Q@32 (IL41)

Side A
Sigrnal Irput or
Pin Name Function Qutput
78,77 +&V +5Y Logic supcly
74 CHSX Ch. 7 select (Slot 1¢) I/P
73 CHSZX Ch. 6 select (Slot 9) 1/p
72 CHSX Ch. 5 select (Slot &) I/P
71 CHSX Ch. 4 select (Slot 7) I/P
7o CHSX Ch. 2 select (Slot 6) 1/?
6¢ CHSX Ch. 2 select (Slot %) I/F
€8 CHSX Ch. 1 select (Slot 4) 1/P
67 CESX Ch. @ select (Slot 2) I1/P
53 SCAS Charnel memory column I/P
address strobe
52 SRAS Channel mremery Trow /P
address strobe
51 SRA Charcel rcow address 1/Pp
multiplex sienal
50 SREF Channel remory refresh 1/P
cycle
48 ¥OSC Master cscillater 1/P
44 ATCLK A/T convert clock C/?
(Ch.1 only)
42 SYRES System reset I/P
37 RA Row address (timing) I/P
24 CAS Colurn address strobde 1/P
22-2€ IB-IL7 Tata Buss Botn
25-21 VMAG - Address Buss 1/?
MA4
8 R/W Read/write I1/P
7 Key Socket index key
6 412V +12V suprly rail
3 -127V -12Y¥ supply rail
2,1 GND Ground rail
Side B
Signal Input or
Pin Name Function Cutput
74 CHINTX Ch. 7 IRQ (Slot 1@ ONLY)O/P
73 CHINTIX Ch. 6 IRQ (Slot 9 ONLY) G/P
72 CRINTX Ch. 5 IRQ (Slot 8 ONLY) 0/P
71 CHINTX Ch. 4 IRQ (Slot 7 ONLY) O/P
(4% CHINTX Ch. 3 IRQ (Slot 6 ONLY) O/P
6¢ CHINTX Ch. 2 IRQ (Slot 5 ONLY) O/P
€8 CHINTX Ch. 1 IRQ (Slot 4 ONLY) O/P
67 CBINTX Ch. @ IRQ (Slot 3 CNLY) O/P
44-46 GND Ground rail
C.M.I. MAINFRAME SERVICE MANUAL - Page 104
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Analog Interface Card

7.3
Side A
Signal
Pin Name
7a-77 +EV
54 FCXX
4€ AIRC
42 SYRES
41 ADDZ2
49 ALD1
39 P20/2
27 EA
28 CA
34 CAS
3 RAS
23-26 I[2-L7
25-12 MAD -
MA1S
VMA
R/¥W
Eey
+127
4 +/-12VRHTN
-12V
y 1 GND
Side B
Signal
Pin Name
44-46 GND

o

C e - Seannsdy

M T METINFRAME

Function

Lcgic power supdly
I/C ports access
AIC IRQ
System reset
P2 address on buss
P1 address om buss
P2 phase 2 reference
Row address mux sigoal

Colurn address mux sig.

Column address strobe
Row address stote
Tata Buss

Address Buss

Valid Memory Address
Read /write

Socket index key
+12V supply rail

CMI-27 - Slot 11

Input or
Cutput

I/P
I/P
C/P
I/P
I/?
I/P
/P
1/P
I/F
I/P

Both
/P

I/P
1/P

+/- 12V supply return (-> GND)

-12V supply rail
Ground rail

Function

Ground rail

Infut or
Qutput

SBRVONR sy Sairight fee r 155

Source/
Destination

Q232

N/C

Qe32
Processor
Processcr

Processor

Processor
Processor
Processor

Processor
Proc, QFC2

Proc, QFCZ
Proc, QFC2

Source/
Testination



7.4

Side A
- p
N ir
78-"77
75
75
74
72
6&

€7
€6
61

42
, 3¢
] 37
28

34
33-26
25-1¢

N MW

1

Side

Saet g A
t. ]
LTI Y ,‘M~Ao\,~4.kc~ﬁ&&'vr E

Signal
Name

+5V
GBIT

INVRT

TVTEIT
TVTISTIN
RINT
PENINT
TOUCHINT
GR

SYRES
F20/2
RA

cA
CAS
L@-L7
MAD -
MA1S
yMA
R/¥
Key
+127
GNT

Q;n r- HAIN?BAMB’SERVICE.HANUAD> -

Light Pen Interface G148 - Slot 12

Function

Logic power supply
Graphics bit clock

VYideo invert

Not used on CMI

Not used cn CMI
Light pen timer IRCQ
Light ten hit IRQ
Lizht ten touch IRQ
Graphics sync reset

System reset

2 phase 2 reference

Row address (timing)

Colurn address (timing)
Cclurn address strobe

Data Buss
Address 3Buss

Valid Memory Address
Read /write

Socket irndex key
+12¥ supply ratl
Grcund rail

B - no conmnections

Inrut or
Qutout

1/?
I/P

C/P

I/P
I/P
/P
/P
c/P
I/P

I/P
I/P
1/P
I/P
I/F
Both
1/?

/P
I/P

= Page 106 .
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Source/
Testination

Grphcs cont.
(BITCLK)
Grphcs cont.
(INV)
N/C
N/C
ce32 (IL12)
Q232 (IL52)
Q@32 (1IL42)
Grphcs cont.
(RESET)
Qe32
Processor
Processor
Processor
Processor
Processor
Proc, Q¥FCZ2

QFC2
QFC2

Proc,
Proc,



m.6 Processor Control (G@22) Module Q-2%2 - Slot 16

Side A
Signal Input or Source/
Fin Name Function Qutput Destination
78-77 +5V Logic power supply 1/P
76 I1L32 P2 level 3 IRQ 1/P N/C
75 1L22 P2 level 2 IRQ I/F Master
(P21IR2)
74 IL12 P2 level 1 IRQ I1/° LPI RINT
73 1Le2 P2 level € IRQ 1/P QFC2-65 (N/C)
72 1L21 P1 level 2 IROQ I1/P Ch 7 CEINTX
71 1121 P1 level 2 IRQ 1/F Ch 5 CEINTX
7e 1111 P1 level 1 IRQ 1/P Cn 2 CEINTX
€9 IL21 P1 level @ IRQ I/P Ch 1 CHINTX
£8 I1LS2 Pz PICU latch strote I/F Processor
€7-€4 1A42-IA1Z PZ intrpt vector addr. 0/P Processor
€3 ikC2 P2 interrupt recuest C/P Processor
£2 ILS1 P1 PICU latch strobe I1/P Processor
£1-58 1A41-I411 P1 intrpt vector addr. O/P Processor
57 IRC1 P1 irnterrupt request c/P Master (XIRQ)
5€ NMIZ P2 NMI request 0/P Processor
55 NMIL P1 NMI request 0/P Processor
54 FES2 P2 restart c/P Processor
Z BLTZ PZ HALT C/P Processor
52 RES1 P1 restart 0/P Processor
g1 RESZ PZ restart C/P Processor
5 %2 PZ halt acknowledge 1/P Processor
4C Wl P1 halt acknowledge 1/? Processor
48 TEF Refresh cycle c/P £4K RAM
4€ ACK1 Refresh arknowledge I/ Processor
45 REC1 Refresh cycle reguest C/P Processor
44 RCMEN Pestart KCM enatle I1/P Processor
42 SIRES Systemr reset 0/P All modules
41 ATTZ2 P2 address on Dbuss /P Processor
40 ATLT1 P1 address omn btuss I1/P Processor
2c RIFC/2(2) P2 phase 2 reference I1/P Processor
38 REF0/2(1) Pl rhase 1 reference 1/P Processor
2" RA Row address mux signal I/P Processor
36 CA Cclurn address mux sig. I/P Processor
34 CAS Column address strobe I/P Processor
33-2€ Ia-I7 Data Buss Both Processor
1825-18 VMART- Address Buss 1/P Proc, QFC2
MA15
€ VMA Valid Mermory Address  I/P_ Proc, QFC2
8 R/W Read/write 1/P Proc, QFCZ2 ﬁwrn44”
7 Key Socket index key —_9/F d(»qdﬁzi éﬂvﬁjn#k
6 +12V +12V supply rail
3 -12V -12V supply rail
E 2,1 GND Ground rail
\ 25-19 MRG-MBD # 6‘5 A Bw Z/P Pm/ are). (W
f O/P M‘wuv{d (Mg rc{l
: d.' : e
T C.M.I. MAINFRAME SERVICE MANUAL - Page 1@8
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Side B

Pin

76
e

74
7z
72
71
70
€9
€8
67
£E€
€5
€4

62,61
44-46

Signa
Name

IL72
ILEZ

IL52
IL42
IL71
ILel
IL51
IL41
IPCSY
IRCPA
IRQPB
RAMIN

FoXX

1
Function
P2 level 7 IRG
P2 level 6 IXC
P2 level 5 IRO
P2 level 4 IZ2C
P1 level 7 IRQ
P1 level 6 IRQ
P1 level 5 I2¢
P1 level 4 IZ20Q
N ACIA IRC
User PIA I2Q A
User P2IA IERQ 3B
B Syster RAM disatle

(epable CC£32 card)
1/0 pecrts access

Magram,

Current lcop TX
Ground rail

Scanned b
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(N/C)

Input or
Qutgout

I/P
I/F

/P
I/?
I/P
I/F
I/P
I/P
C/P
/P
0/P
C/P

c/?
C/?

ghtfree fic

Source/
Testination

N/C

Master
(P2IR2)

LPI RINT

LPI TOUCHINT

Ch 6 CEINTX

Ch 4 CHINTX

Ch 2 CHINTX

Ch @ CHINTX

Master

N/C

N/C

£4K RAM
(RAMEN)

64K RAM, AIC



7.7 Central Proresscr Module (-226 - Slct 17

Side A
Signal Input or Source/
Pin Name Function Output Testinaticn
78-77  +EV Lcgic vower suptly I/P
68 ILSZ P2 PICU latch strobe G/P Qe32
67-64 1A42-I41%z 22 intrpt vector addr. 1/P Q232
€3 IRQZ2 PZ interrupt rejuest I/F Qa2
62 ILS1 P1 PICU latch strobe 0/P Qazz
61-56 I1441-IA11 P1 intropt vector addr. I1/P QC32
57 IRC1 P1 irterrupt reguest I1/P cez2
5€ NMIZ P2 NMI request I1/P Qe32
&5 NMI1 P1 NMI request 1/® Q032
54 2ES2 P2 restart I/P Q232
53 HLTZ P2 HALT I/P Qe32
g2 RES1 P1 restart 1/P 0332
51 RESZ F2 restart I/P Cez2
52 W2 P2 in wait state (3BA) 0/P Q232
4¢ W1 P1 irp wait state (BA) Cc/P 0832
48 ACKZ2 Pz DMA acknowledge C/P CFC2
47 FEQ2 P2 DMA request 1/P QFC2
4€ ACK1 Refresh cycle grant C/P Q332
4% REC1 Refresh cycle request I/F Ce32
44 RCMIEN Restart POM emabdle C/P 0232
47 csc Master prcc. clock C/P N/C
42 SYRES System reset I/P QZ32
41 ADD2 P2 address on btuss 0/P All modules
49 ATD1 P1 address or buss 0/P All rodules
39 REFO/2(2) P2 phase 2 refereace 0/P £11 modules
28 REFO/2(1) ©P1 rhase 1 reference 0/P £11 modules
37 RA Rcw address mux signal I/P All modules
2 CA Column address mux sig. O/P All modules
8 RAS Row address streote 0/P All modules
24 CAS Colurn address strobe C/F All modules
33-26 IL@-L7 Data Buss Both 411 modules
25-1¢ MAA - Address Buss P o/ All modules
MA 15
9 VMA Valid Memory Address I o/f A1l modules
8 R/W Read/write 1420/ All modules
7 Key Socket index key
6 +12V +12V supply rail
2,1 GND Ground rail
Side B
Signal Input or Source/
Pin Name Function Cutput Destination
44-46 GNI Ground rail
«g‘ C.M.I. MAINFRAME SERVICE MANUAL - Page 1190
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7.8 TFloppy Lisc Ccntroller QFC-2 - Slot 18

Side A
Signal Input cr Source/
\ Pir Name Function Cutput Testination
ra-77  +=2V Logic power suprely I1/F
71 EDL Eradle Laisy Level (?) 0/?P QFC2 ETL
7Q FTL Eratrle This level I/P Qrc2 DL
Ec ENL Tnadle hext Level o/P N/C
65 N/C Cel32 1Le2
3 IRCT Flopry Disc Cont. IRQ C/P N/C
48 ACKzZ I'MA cy-le grant I/P Processor
47 RIME TMA reguest c/P Processor
(PEC2)
42 SIRES System reset I/P cnz
a1 ATLTZ Pz address on buss 1/P Processcr
29 2c/2 P2 rnase 2 reference 1/p Processor
2 CA Colurn address (timing) I/P Processor
34 CAS Column address strobe I1/P Processor
22-26 I12-1I7 Tata Buss Beth Processor
25-16 MAQ - Address Buss C/P All rodules
MAL1S
¢ VMA Valid Memory Address c/p A1l rodules
8 R/W Read/write C/P A11 mcdules
? Ke Socket index key
£ +127 +12V suprly rail
2z -12V -12V supply rail
2,1 GND Grourd rail
) Side B
Signal Input or Source/
Pin Name Functicn Cutput Testination
44-46 GNT Ground rail
’ C.M.I. MAINFRAME SERVICE MANUAL - Page 111
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Graphics Controller (-9£45

7.9
Side A
Sigral
Pin Name
78-=77 +5Y
76 BITCLK
75 INV
74-67 (CS9® -CS7
FE GMND
€& INBL
€4 GND
A2 IXRIY
61 RESET
£ GND
5¢ 20N
58 GND
57 LINZ
56 GNT
55 BDR
4 GNT
52 ESOC
51,49, L,C,B,A
47 45
52,5¢, GNT
48,46 ,44
42 INCA
42 SYRIZS
41 ADDZ
4¢ AIT1
3¢ 0/22
38 c/21
37 RA
36 CcA
25 RAS
32-2€6 I@-L7?
25-10 MAOD -
MA15
g VMA
8 R/W
7 Key
6 +12V
3 -12V
2,1 GND
Side B
Signal
Pin Name
44-46 GND
32-26 RIG-RIL7

Functicno

Lcgic power sugpply
Grarhics dot clock
Video invert

Graphics RAM bit mask
Ground via 443-463
Grarhics RAM enable

Ground via 44R-463
External Ready
Graphics sync reset
Grcund via 443-4€R
Video not-blank signal
Ground via 443-4€6E
Horizecntal sync

Grourd via 443B-4€RB
Video byte clock
Grourd via 44B-4cE
FIFO shift out clock
Lower 4 bits of raster
lire ccurnter

Grourd via 44B-4€RB

FIFC shift in clock
System reset
P2 address on buss
P1 address om buss
PZ phase 2 reference
P1 thase 2 reference
Row address (timring)
Colurn address (timing)
Row address strobe
System Lata Buss
System Address Buss

Valid Mermory Address
Read/write

Socket index key
+12V supply rail
~12V supply rail
Grcurnd rail

Function

Ground rail
VRAM Data buss

- Slot &

Input cr
Cutput

I/P
C/P
I/F
0/Pp

1/P

C/P
/P

/P
Cc/?
/P

0/F
/P

0/P
1/P
1/%®
I/P
1/P
1/P
1/P
1/P
I1/P
Both
I/P

I/P
I/P

Input or

Qutput

Both

C.M.I. MAINFGaMmedbywi EMQNParwww fairbghtdreerfs

Source/
Destination

LPI (GBIT)
IFI (INVRT)
Grphcs RAM

Master
(VRAMEN)

N/C
LPI (GR)
N/C
N/C
N/C

N/C
N/C

N/C
Ce 32
Processor
Processor
Processor
Prccessor
Processor
Processor
Processor
Processor
Proc, QFC2

QFC2
QFC2

Proc,
Proc,

Source/
Testination

Grphcs RAM
(D@-D7)



25-12 VA@-VA13 VRAM Address buss

e VyMA VRAM VMA
8 VRW VRAM read/write
C.M.I. MAINFRAME SERVICE MANUAL -  Page 113
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c/»
O/P
C/P

Grophcs PRAM
(MAG-MA14)
Grphcs RAM
(VMA)
Grphcs RAM
(R/W)
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7.18 1€X Graphics RAM C-@25 - Slct 20

Side 4
Signal Input or

Pin Name Function Cutput
7877 45V Lcgic powsr suprly 1/P
75 CS Full tyte enatle c/?
74-67 (CS@ -CS?7 Read/write dit mask I/F

€5 RAMINH Graphics RAM disable 1/P
48 REF Refresh cycle 1/P
37 RA Row address rux signal I/P
26 Ch Columr address mux sig. I/P
35 PAS Eow address strote 1/P

24 CAS Cclurrn address strote 1/F
33-26 [e¢-T7 ViAM data buss Eoth
25-12 MA@-MA1Z VRAM Address buss I/F
11,12 MA14,MAL1E VREM Address M.5. 2 tits 1/P
¢ VMA Valid Mesrory Address I/P
8 R/W Read/write /P
7 Key Sccket ircdex key
g +12V +12V supply rail
5,4 +/=12VRTN +/- 12V supply return rail (->GNT)
3 -12V ~12V suprly rail

2,1 GNT Greurd rail

Side B

Signal Input or

Pin Name Function Qutput
44-46 GND Ground rail
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&, SIGNAL LIST - EXTERNAL CONNECTIONS

8.1

g.2

A.C. Mains
A.C. Mains Neutral, Active and Ground.

Graphics Power

A.C. Mains suprly to Graphics Terminal. Switched bty key switch on

mrainframe. This supply is always the same as the local rains
potential.

Grazrhics

Video signal to Graphics Terminal and Light Pen signals to
mainframe.

Cconector Type: Canrcn 5-pin.

Pin 1 Lightpen Hit. T.T.L. level, asserted low. Cn
oscilloscope, appears as a series of low-golrg pulses
about 1uS wide, repeated every 2¢mS, when the pen 1is
rointed at a tright area cf the screen. (See fig 3a)

Pip 2 Lightpen Signal Return. Ground for lightren signal
cables.

Pin 3 Lightpen Touch. T.T.L. level, asserted lcw. Normally at
approx +4 volts, goes low (less than 2.4 V) when the
end ¢f the lightopen touched.

Pin 4 Video Return. Ground for Video signal cabdle.
Pir 5 Composite Video. 1V F-F video signal to Groarhics

display. Format 1is 625 lines, 5¢ Hz frame rate. (See
fig 2b)

Figure Za LIGHTPEN HIT SIGNAL Figure 3 b COMPOSITE VIDEQ

C.M.I. MAINFRAME SERVICE MANUAL - Page 115
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€.4 Keyboard Power

Unregulated power supply to music keytoard {(also 1indiectl,
surplies alphanureric keybdbcard).

Connector Type: Carnor 7-2in.

Pins 1,2
Pips Z,4
Pir 5

Pin 6

Pin 7

Xeyboard

+19V Return. Return (ground) for +1@V sucpply.
+19V Supply. Unregulated supply, +¢ to +11 volts.
-20V Supply. Unregulated surrly, -18 to -22 volts.

+2¢,-2¢ Returr. Return (grourd) for + ard - 2
supplies.

+2@V Supply. Unregulated supply, +16 to +22 veclts.

Bi-directional serial data between mainfrare and music keybcard

including

carried

"busy” flags in both directions. Power supply is als

bty this cabdle, to rower the alrha-nureric keybdecard if 1

is connected instead of the music Keyboard.

Connector Type: @ Pin D-Mini'

Pirn 1

Pin 2

Pin 3

Pin 4

Pin 5
Pin 6

+18 to 22 volts unregulated supply. This is not used b,
the music keyboard.

LON1. Signal tc enable trarsmissior of data fror th
keyboard. RS-222 levels. Inabled: >7 volts. Lisadled <
7 volts. Wwith nothing ‘teinz transmitted frcm th
keyboard, this signal should be at approx. +1€ volts
When keys are pressed or released a dburst of -1¢2 vol

rulses shculd be seen for between 2 and 1
rilliseconds.

-18 to -22 volts unregulated supply. This is not use«
by the rusic keyboard.

FLAG1. Signal to diasble tramsmission of data from th
mainframe to the xeytoard. Signal is normally +1
volts.

SIGNAL RETURN. Ground for data paths.

IATA IN. Serial data from keyboard to mainframe. Fcrra
is RS-232. Normally at -18 volts. When a key 1s presse
or released a burst of +10 volt pulses lasting aprrox
2 mS sholud be seen.

POWER RETURN. Return (Ground) for + and - supplies.

Not Connected.

C.M.I. MAINSRAMEGERUBEMOND AWww-fairiBhgfred 16
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Pin 9 LATAl. Serial data from mainframe to keydoard. Forma
i{s RS-2Z2. Norrally at -1¢ vclts. For each characte
sent from the mainframe to the alpha-nureric display
turst of +1@ volt pulses lasting arrrox. 1 mS should b
seep.

Printer
Serial data frcm mainframe to prirter, "busy flag from printe
to mainframe, ©plus device on signal used to switch on printe

in readiness to receive data.

Cconector type: Carnnon 5 pin.

Pin 1 Signal Ground.
Pip 2 Not Ccnnected.
Pin 3 FLAG®. “Busy flag from rrinter. RS-232 levels. <~

volts when printer ready, >+7 vclts when printer bdusy.

Pin 4 LONG. 'Tevice On" control from mainframe to printer
§S-222 level, >+7 volts to eratle crinter, <=7 volts t
diatle printer. This signal is opticnal as som
printers do not require it.

Pin 5 TATA?. Serial data tec vprinter. RS-232 levels, ASCI
format. Normally at -18 volts. For each character sen

fror the mainframe to the printer a durst of +1@ vol
pulses lasting approx. 1 mS should te seen.

Phones

Output for driving headphones. Mcritors the MIXED LINE output
Internally, this output 1is taken from the MONITOR (speaker
output via a 1¢¢ ohm resistor.

Connector type: 1/4" (6.25 MM) stereo phcro Jack.

following sigpal 1lists refer to connectors on the rear of th

C.M.I. Fainframe.

C.M.
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8.8 Monitor
Cutput for driving a monitor speaker. The internal monit
arrlifier will deliver a maxirum of 28 watts R.M.S. into an 8 o
speaker. Note that the Mainframe is fitted with a 1 arp speak
fuse which will blow if the monitor amplifier is driven to fu
cutput urder load for more than a secord.
Connector Type: Cannon 3 pin.
Pins 1,2 Ground
Pin 2 Active. With all <channels producing a full-ampli tu
sirewave and the MCNITCR control turned up to the rtoi
of clipping, this outzut should be approx. 328 volts P
(with no load)
€.€ Channels 1-8
Individual charnel outoputs (talanced, 62¢ chrs impedance).
Connector type: Canpcn 3 tir.

Pin 1 Greund

Pin 2 Cutrut Cold. Anti-phase output, maximum level 3.
volts P-P.

Pin 3 Qutput Hot. Maximum level 3.7 volts P-P.

g.1¢ Mixed Line Outrput

Nr”’

Mizxed output of all eight channels (balanced, 6@9 ohr
impedance).

Connector Tyre: Cannon 3-Pin

Pin 1 Ground
Pin 2 Cutput Cold. Anti-phase outrut, maximum level 3.
volts P-P.
Pir 3 Cutrut Hot. Maximum level 3.7 volts P-P.
C.M.I. MAINFRAMI SERVICE MANUAL - Page 118
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£€.11 Sync

Synchronising 1input and output, for use with Music Cempositio;
language (Page C) or Keytoard Sequencer (Page 9). This connecto:
serves as toth ar ipput and ouput.

\ Connector type: Canmon 3-pin.

Pin 1 GROUND

Pin 2 Sync Input. Pulses or tome of 1 1o 20 volts F-P
Wwaveform wurimportant. Frequency range 2 Hz to 5 kHz
Irpedance 1€ X ohms.

Pir 3 Click Cutput. Pericdic pulse, rate cortrolled by Page ¢
Sequercer or M.C.L. (Page C). Waveform is a splke o
approx. 5 volts peak, approx. 5 mS wide, alternatel;
vrositive and regative goirng.

£€.12 Filter Out

Cutput of the ©bandpass <filter used by the Analogue to Cigita
~crverter. It 1is designed to enable the operator to monitor thi
effect of various bandpass filter settings.

Ccnnector tyre: Cancon 3-pin.

Pir 1 GRCUND
Pin 2 GROUND
) Pin 2 CUTEUT. Arplitude for full-scale ccnversiorn is 10 volt

BP-P. Source impedance 6¢¢ ohms.

8,12 Mic In

Balanced, 6€¢ ohms 1input suitabdle for high output dynamic o
condenser microphones. When the MIC/LINE switch is in the MI
position, this input is fed to the Analogue to Ligital converter

Connector Type: Cannon 3-pin

Pin 1 GROUND
Pin 2 INPUT A
Pin 3 INPUT B
};) C.M.I. MAINFRAME SERVICE MANUAL - Page 116
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.14 Line In

Balanced, 608 ohm line level input. This input is connected t
the Analogue to Digital converter when the MIC/LINE switch is 1
the LINE position.

Cocnector Type: Canncn 3-pin
Pir 1 GRCUND

Pin 2 INPUT A. Amplitude of 1.4 veclts P-P required for ful
ccale corversion.

Pin 2 INPUT RB. Amplitude of 1.4 volts P-P required for ful
sncale corversicn.

ATC TIRECT
Tirect 1input to the Apnalogue to Ligital converter when the AT
TIRECT/ MIC LINE switch is in the ADC TIRECT position. Becaus
this input is Direct Coupled, ary D.C. offset on this input wil
result in a D.C. shift of a scund samgle.

Conrector Type: Camnon 3-pin.

Pin 1 G20UNT

Pin 2 GROUND

Pin 3 INPUT. Arplitude for full scale conversion is 12 volt
F-P.

C.M.1. MATNITAMEI ViR EMONRuayww.iairight Sieetpg
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C.M.I. MAINFRAME SERVICE MANUAL -

REMCVE/REPLACE PROCEZURES

CIPCUIT BCARD REMCVE/KEIPLACE

TISK CRIVE REMCVE/REPLACE

RFLP PANEL REMCVE/REPLACE

AULIO FOARL CMI-24 REMOVE/RIPLACE

FAN ASSEMRLY REMOVE/REPLACE
MCTHERRCARD CMI-25 RIMCVE/REPLACE
POWIR SUPPLY REGULATOR REMCVE/REPLACE
D.C. SUPPLY RENMCVE/REZDPLACE

CARI CAGE REIMOVE/REIFLACE

Scanned by JB EMOND - www fairlight.free.fr
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10.2@ RPEFAIR PRCCEDURE

Paving

tdeptified the faulty 1item, the following procedure is

recommended:

1)

2)

(]
pa—

4)

£)

Circult Card Faults. Replace with spare card and returr to
Fairlight for repair.

Power Supcly Faults. Repair following remove/rerlace
ipstructicns, functional description and related drawings.

Tisk Drive Faults. Replace with spare drive. If fault is
rinor (e.g. allgnment) adjust as per Fairlight Lisk Lrive
Service Manual. In case of other fault, return to qualified
Y.E. Lata service centre or Fairlight fer repair.

Flectrical Faults. Repair by referring to appropriate wiring
diagrams. Certain cable assemblies are available as srvare
varts frecrm Fairlight (e.g. disk drive 57-way ribbon).

Mechanical Faults. Mechanical damage caused by wear ard tear

or acczdental darage should be rectified by replacing the daraged
item. Refer to section 16 (Xxploded Views) below 1o identify the
required part(s) for crdering.

c.M.I. MAINFRAM? SERVICE MANUAL - Page 122
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11.2 PEPEVENTATIVE MAINTENANCE

The following rprocedures snould be carried cut every 122¢ hours c¢
operation.

1) Reveve the top cover c¢f the Mainframe and clean the mesh above th
fans using a vacuum cleaner. .

2) Unplug each circuit board, remove dust depbsits frem components aco
clean edge connector fingers using a soft cloth and & no-residu
colvent such as frecn. Check that the polarising key is prorperl
installed 1ir position 7 of each edge connector socket vefor
replacing the cards.

Z) Check all cables for signs of mechanical damage e.g. fraying
Ensure that all cornectors are in good condition, especially mas
termination ribbon conrectors.

4) Check for mechanical darage such as bent pacels or loose sCIews.

5) Check out all electronic functions using the Chein Tests (Refer t
secticn 6 abecve). '

6) Check disk drives as per Disk Trive Maintenance Manual.

C.M.I. MAINFRAME SERVICE MANUAL - Page 123
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14.¢ FLEICTPICELL PARTS

L+
F
w
-1
w

14.1 022 LUAL FR¢E PRCCESSCR
D) tcC.  TYPE TISCRIFTION
A1 741515 TRIPLE ANT 0.C
47 4  ETCV EIX T.S. 3UFFEZP
46 741515 TRIPLE ANT 0.C
17 na27 TRIELT NCR.
28 541S74 T[UAL T/FLCP
21 741515 "3IPLE ANL 0.C.
32 £arg CEU
33,4  ETE? 9FX T.5.3UFFER
25 F220 oTU
RA 741515 TRIPLI ASD 0.C.
37 741SC4 3TY INVIRT
A 741S12S TSUAL TICCOIR
1 7427 CUAD NCR C.C
Cx,4  £TS7 EIX T.5. 2VFTER
ce n433z CTAD NC2 O.C.
c” 743¢8  CUAL AND
ce 74Q 2 CUAD NCT
RESISTIRS
31-31¢ 2%3
211-R1€ 2X2
. . Ra17 K3
3 718 180%
219 s2%
TRANSISTORS

C1-04 ZNZE€45
05 2N23E9

d

LocC TYPZ TESCRIPTION
D1,2,4 - 8TE7 E¥X T.S5S. 3UFFIR
L2,8 £T26 QUAD EUS TICVR.
IS 7474 DULL F/FLOP

L7 8TS7 EXY T.S. BUFFER
Y 741,515 TRIPLE AND O.C.
Fi 745175 QUAD F/FLCP

2 8T2€ QUAD BUS TXCVE
EZ 74574 TUAL F/FLOP

T4 741.513¢ DUAL DECODER

x5 £126 QUAL BUS TXCVR
£6 747,5175 CUAD F/FLOP

7 74504 HEY INVERT.

)1 741,5175 GQUAD F/TFLOP

F1 74500 CUAD NAND

Fe 7415175 CUAL F/FLOP

§Z 745¢8 GUAT ANT

Fa 74%112 DUAL F/FLC?

¥E 74574 TUAL F/FLOP
F6,7 743¢2 QUAD NANT

F8 741,513¢ DUAL DECCDZR
CAPACITORS

C1 Z2PF CIRM.
2.¢1UF MONGC CERM.

@ .10F MCNC CZRM.

47UF 25V ELZCT.

CHOKE 1UEH

CRYSTAL 42.21MHZ

C.M.I. MAINFBAMANGEBY IBENMONIAL www faifi Bt dd &



14.2

LocC.
A1
A2
£2,4
A5
A6
A7
Ag
AlC

31
E2,3
k4,5
RE

27
S

C1l
c2
c2
c8
Cc1?

El

R3
Ra-11
n12-21
R22,22
R24
R25,2€
R27
E28
R2¢

1,2
CZ-6
¢7-¢

S01
S03

C.M.I.

TYPE

CESCRIPTICN

7415241 CCTAL RUFFER
Erc2/70¢2 TUAL TECOL.
7415241 COCTAL EUFFER

4040 2INARY CCUNTER
741514 PEX SCE INVERT
74¢¢ CAUL NANT

7415241 CCTAL RUFFER

€214

PRICRITY ENCOTL.

74L5S125 TUAL TIEICCLZR

74174 HEX F/FLCP
aTz6 QUAD EUS TXCVP.
7472 CUAT NANT

74174 HEX F/FLOP

74397 PATE MULT.

742 CUAD NOR
741,568 QUAD AND

T4LSA@ CUAL NANI

7415158 TATE
FRICRITY ENCCD.

€214

SELXCTOR

RESISTORS

sle she sle
e

4K"7
4K7
4x"7
4r7
1M

2x2
27 AR
1K

4xK"7?

iF1

BED1

CAPACITORS

470F
220N
12N

25V ELZCT.

13 WAY HFXADER

2€ WAY

EXADER

Cr22 PROCTSSOR CCNTROL CAPT

LoC
D1
L2-€
L7,¢
1@

kI
£z
EZ
x5
A
18
£l

¥l
2
F2
¥5
¥6
Fg,9

Va1
Ql
L1

FZ9
R21
R22
RZ3,34
q'l: 42
R43-2¢
R51-38

nag

PN e

R60
R61
R62

9.210F
@.10F

SC2

MAINFRAME SERVICE MANUAL -

TYPE DXSCRIPTION

7415273 CCTAL F/FLCP

2708 1K ZPR0OM

2114 1¥{ X 4 RAM

7415279 CUAD LATCHES

741586 EX. OR

74L52@ CQUAD NAND

ofele TIMER

74186 HZX INVT.O0.C.

4N32 CPTC ISCLATOR

685¢ ACIA

7415128 TECOLER

1488 CUAD LRIVER

148¢ QUAD RXCVR

7415¢@ QUAD NAND

741,574 DUAL F/FLOP

74¢ 2 CUAT NANT 0.C.

g821 PIA

7Ce5 -3V REG.

BCS558 TRANSISTOR

IN4C221

RESISTORS

ax"?

2K2

1X

B5KE

4K7 RP2

4K7 RPZ

4x7 RP4

2K2

4Kv

47 RP2

4K7 RPZ

CAPACITORS
MCNO CERM.
MONQ CERM.

26 WAY HEADER

Page 171
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3

14.3 QQcF €4 RAM CARD

LCC TYP: LESCRIETICN LocC. TYPE TESCRIPTION
Al1-A4 747,524Q@ CCTAL INVEIRTER D1 7415174 HEX F/7FLCT
AS 7415241 CCTAL BUFFEIRS L2 741512< DUAL TZICCTER
A7 74515372 OCTAL LATCHES I3 ELANK
AC 74LS132 CUAD SCH.NAND D5-D12 4116 16 RaAM
A1l 74LS134 TRIZLE NANT
B1 7475174 EEX F/FLCP F1 74TS1¢ TRIPLE NAND
R2 7415158 LATA SEZLECTCRS 2 741,520 QUAD NAND
3! 74LS18C €4 BRIT 3AM 2 7415242 CCTAL INVT.
55-B12 411€ 16K RAM £E5-12 4116 16K RAM
M1 7404 EXX INVT.

c1 74LS14 HEX SCE.INVT F2 7415S24¢ CCTAL INVT.
c2 74LS3@ RINFPUT NANT F5-F12 4116 16K RAM
cz2 7415266 GUAL ZX. NCR

RESISTORS CAPACITORS

*1-E5 4X7 ¢.1UF 5@V MCNC CIRM.

RE €821 1@¢UF 40V FLZCT.

R7 155

RESISTCR PAaCX SWITCH

RE1 457 4-IN-LINE

RP2,3 £6R

FP4,5 1¢0R® ZENER DICDE

RPE 47¢R 5V1

RP7? 12€R

RP8 47¢R

RPS 1¢2R

RP1¢,11 472R

C.M.I. MAINFRAME SERVICE MANUAL - Page 172
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.,

14.4 OFCZ FLOPPY DISK CONTROLLER

Bl1-B4
25,6
BR7,€

R

€1
€2

rz

“

C4
€5
C€.5
c8
ce

C.M.I. MAINFRAME SERVICE MANUAL -

74LS5S1¢c3
74LS75
T4LS26€
7494

74LS174
74L512¢
7415@8

7415174

CESCRIPTIOCN

EEX TRI-BUFFER

13 INPUT NAND
BEEX INVZRTERS
HEX

BINARY CCUNTER

CUAD F/TLCP
CUAD EX. NOR
HEX INVT.

EEX ¥/FLCP
LUAL DECOLER
CUAL NAND
BZIY F/FLCP

£Tc? HEX TRI-BUFZZR
FD1771 FLCPPY CCNTRCL
741500 CUAD NANT
74L592 CUAT NAND C.C.

RESISTCES

R1-R3
RS, €

R7?

RE

RE, 1€
R11-R15
VR1,2

1X8
19K
€8%
122R
4g7
152k
58 MJLTI TURN

TRI-BUFFER
HZX SCH INVERT

LCC.

Li,2
L3
L4
L5
D6
L7
T8
DS

El
£2,3
ES
16
E7?

RS
EC

-

Scanned by JB EMOND - www fairlight.free.fr

TYPE DESCRIPTICN
741,574 TLUAL F/FLOP
741,537 QUAL NANT
74151322 TUAL LECOTERS

© 74LS74 TUAL F/FLOP
8738 HEX TRI-INVERT
SESQ2  CUAD NOR
74574  TUAL ¥/FLOP
741,574 DUAL F/FLCP
cEZZ QUAD NO2
741502 AQUAD NCR
74LS00 CUAD NANL
74L51¢ TRIPLI NANT
74374  DUAL F/FLC?
741532 GQUAD ANT
74LSEE CUAD ANT
CAPACITCRS
C1 1UF  TAG.
cz,2 5¢¢V STYRC.
@.21UF MCONC CEEM.
@¢.10F MONO CZ3IM.
4?UF 25V FLECT.
PEGULATCR 7925 (-5V)
&¢ WAY FIATER
SW1 SPCT

Page 172



14.5 Q¢45 GRAPHICS CARD
LCC TIPX LESCRIPTICN LocC. TYPE TESCRIPTION
Al-A4 74LS157 TATA SELECT. D1-C3 7415161 SYNC CCUNT.
As 74LS1Z3 12 INP. NAND D4 741514 HZX SCE.INVT
AE 74L5S14 HEX SCH.INVT. L5 74L51¢ TRIPLE NAND
A7 gr2e BUS XCVE. DE 74166 SHIFT REGISTER
Ag ETCE AZX T.S.TXCVR. L7 22511 FIFC
ACS 74L5S14 HEX SCH.INVT. De 74L5¢2 CUALD NANT
Ale 745908 QUAD AND D¢ 74528 QUAD AND
L1ie cll6 CCUNTER
E1-B5 74LS1¢3 BINERY CCUNT.
26 74LS174 HEX F/FLCP E1 7415135 ZUAL DECCDER
37 ET28 FUS TXCVR. 2 74511 TRIPLE AND
BE 74L512¢ IZUAL TECOCLER 2.8 7404 HEX INVT.
B9 74L51¢ TRIPLE NAND E 74L38€ CUAD EX. CR
31 74528 CUAL ANT 5 4za7 CUAL COMP.PAIR
£8 74L5¢¢ QUAD NAND
1 741574 TLUAL F/FLCP ES 7434 HEX INVT.
2,2 74L5123 TUAL DECCILER E1¢ 74L51€1 SINC COUNTER
Ca 74LS3¢2 TUAL CCUNTER
C3 7404 HEX INVIZIRTER Fi 7432 QUAD 4AND 0O.C.
Ceé ciLC8 CCTAL ILATICE Id SES?TZ MONOSTABLE
c? c3ge OCTAL LATCE ¥e 2E21N VITEO GEN.
cRa 74574 CUAL F/FLCP ¥7 cee¢2 MONCSTARLE
ce 741508 CUATL ANT re 74LS74 TLUAL F/FLOP
C12 7442 ECT-DEC. CONVT. 76,12 74L5161 SYNC COUNTER
RESISTGRS FEESISTCRS
1 22K RZz8 12R
P2 27X R29 120R
RZ 1X RZ2 6ER
R& 1K R21 47¢1
R5 330K R32 *% ¥
h{s <X2 RZZ £€8R
R7 X2 224 12¢3R
R8 19X RZ5 12R
RS 12K EZ6 47¢R
R10 4K7 R27 12¢R
R11 1MC RZ8 47¢R
R12 19K R3S 1X¢
R13 4K7 ral 12¢R
R14 56R R4Z2 1X0
RP1 (R15-22) 4Kk7 k42 22¢R
R23 470R R44 4K7
RP2 (R24-27) 4X7 R45-52 1X9
VR1 10K MULIT TURN
VR2

<K2 MULTI TURN

C.v.1. MAINFCAPed PYWECEMANG rvww. fairlight fregdt



CAPACITCES '
¢1-2 7.1 MCNC CEAM.
Csa 1UF TAG.
ce 2N2
e 2ZPF
Cza 23PF
R €25 23PF
CZ€ 4N7
c27 12PF
¢.010F 52V MCNC CIRM
¢.10F SV MONC CERM
470F 25V ELECT.
14.€ 07z% 16K RA&M CART
LnCC. TY?E LESCRIPTION
11,2 eTs”? HEX TRI BUFFER
AZ,4 ET2€ CUAD TRI RXICVR
Ag,"7 74504 HEX INVZRTZR
31 €221 IUAL TLZCCILZR
32 "4508 CUAD ANT
RZ 74174 HEX F/FLCP
RE,7 74500 QUAD NANT
ZT1 EZX7G5V1 5V ZEINER
RESISTCERS
i1-4 1K
) R5-16 Z7¢R
: P11-16 27R
R17-20 1K
R21-2€ 2Z¢R
R27 27R
R28-21 ZER
CAPACITORS
¢.010F MONQ CERM.
¢.10F MONC CZRM.
MISCELLANEQUS
SWi 4 WAY SWITCH

J

- Q4

Fi-8

R32-27
r38,325
R42-43
R44-47
R48,45
REQ

RZ1

470F
120UF

C.M.I. MAINFRAME SERVICE MANUAL -

CRYSTAL 3.55MHZ

TRANSISTCR
Cl1 BC549
eZz BC5:Ze
Q2 2¢cev
2907

REGULATCR
781,25 (+5V)

S@1 10WAY BEATER

TYPE TESCRIPTICN

4027 4% RAM

4@27 4K RAM

4427 4% RAM

4927 4X RAM

RESISTCRS

15¢3R

Z7¢R

339R

E6R

150R

689dF

4K7

CAPACITORS

25V ELECT.

28V ELECT.
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14.7 Q14€ LIGHT PEN CARD

LCC.

Al
A2

A3
44,5
AE
A7
A8

21
B2
3z
P4
B€
B7?
28

Q1
Q2,3

k8

Rr1
R2
R3-6
R7,E
RE
R1@
R11
R12
P13
R14
R15

C1-4
CS,€E
ce
CS

S01

C.M.I. MAINFRAMF SERVICE MANUAL

TYPE LESCRIPTICN
Isi122 12 I/P NANT
LS24 HEX INVERT.
LS174 HEX F/FLCP
ET2€ CUAD BUS TXCVER
1514 HEX SCH.INVERT.
15265 SHIFT REGISTER
LS74 LUAL F/FLOQP
1594 HEX INVERT.
LS1:2¢ TUAL MULTIPLZX
LS2¢5 SHIFT REGISTER
€843 TIMER

€821 FIA

LS2¢5 SHIFT REGISTER
IS1El EINARY CCUNTZR
ZN226S TRANSISTOR

EC1@8 TRANSISTCR
LS153 DUAL MULTIPLEX.
RESISTORS

K2

ZK7

122R

172K

2X2

12¢K

12K

X2

1K

1M

<20K

CAPACITORS

12GPF

INF

109N

10F TAG.

15@PF

MISCELLANEOUS

12 WAY HEATER

HEX SCH.INVZRT.

LCC. TYPE DESCRIPTICN
C1 LS4 HEX INVERT.
c2 1s1@ TRIPLE NANT
c3,7 LS2G5 SHIFT REGISTER
c8 IS161 RINARY COUNTZZ
D1 LsS@2 2UAD NOCR
L2 1S8€ CUAT EXCL.OR
LZ LSZcZ LUAL COUNTzR
D4 LS161 BINARY COUNTER
L5,6 LSZ2€ES CUAT EXCL.NOR
07,8 1S153 TUAL MULTIPLEX.
1 1352¢ QUAD NANT
£2 Ls74 TUAL F/FLOP
E3 LS221 DUAL MCNO
i4 LS7a HEEX INVIRT.
ES .5¢¢ TUAL NAND
E6 1574 DUAL F/FLOP
7 LS14

REESISTCRS
R1E€ €8¢7R
R17 19X
R18 iM
R1S 2ZAR
R20 227R
R21 23¢R
222 220R
R22 47¢R
R24-28 4X7
r29 17¢R

CAPACITCRS
C19-12 1@eN
Ci4 22UF
Cl5 47QPF
C16 1729PF
@.91UF NMONO CERM.
2.10F MONC CERM.
47UF 25V ELECT.

- Page 176
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14.€ CMI @z

LcC.

Al
22,3
A4
AS
AE
A7
A8
Ac
AlQ
31
B2
B2
54
25
B7?7
38
B@
Bl
C1
c2
cZ
ca
Ca,7
c8
cie

F1
R2
R3-12
R13
14
R15-18
P19
R2@
R21
k22
R23
R24
. B25
i R26
: R27
R28
i R20-30
RZ1
P32
R33

MAS
TYPE

LS133
.514
IS174
ET2€
€EE4D
LS3€7
IS14
7€11
1509

Is21
LS@o
1S12
5128
ETZ2E
S17¢
7€11
€821
LSag

1574
Lsez
1511
152¢
1827a
€214
74G7

RESISTOR
4€7
SEP
4X7
180R
z2K
EER
HRER
%2R
=X6
180K
180R
150K
SK6
4X7
100X
1%
17K
£€EK
K9
EXE

TTIR CARD
CESCRIFTICN zocC.
12 I/P NAND D1
HEX INVT. SCH. D2
EXX F/FLCP L3
CUAD BUS TXCVR. T4
TIMER T¢
HTX BUS DRIVER D10
SEX INVT. SCH.
ROM £1
SUAD NAND £2
i3
TUAL 4 I/P sND E4
CUAD NAND E5
TRIPLE NANT E?
TECCTER ES
QUAD BUS TICVR. 39
COAL F/FICP 110
ROM
TI4 F1,5
CUAL NANT 7,8
F1¢
LUAL F/FLOP
CUAL NOR
TRIFLE ANT 1
CUAD NAND D1, 2
CCT. LATCE 1,2
FRIORITY ENCOD. 12,4
PATE MULT. D5
L1
L2
CRST.
10 WAY
RESISTOR
R39S 180K
249 26K
R41 2KS
P42 546
743 gK2
R44 12K
R45 18K
R46 23%
R47 56K
R4S 180K
R4 9 56K
R5@ 3KS
RS1 536
352 8K2
RS53 12K
RS54 18K
RS5 23K
R56 56K
R57 180K
258 82K

TYPE CESCRIPTICN
LSeZ QUAD NAND C.C.
LS123 TUAL MONO STAER.
LS74 DUAL F/FLOP
Ls128 LZCOTLzR

‘LS¢z QUAD NOR

7497 PATE MULT.
4¢51 MULTIPLEIXER
1514 HEX INVT. SCH.
741 CP AMP

AD7523 A-D CONVT.
£821 PIA

2140 FET OP AMP
151861 COUNTER

ADE83 S/BCLD

S74 LUAL ¥/FLOP
4051 MULTIPLIXIR
4251 MULTIPLEXER
4251 MUITIPLErXER
MISCELIANEICUS

ZN236¢

5Ve

1N4@24

ING14

MBR12@P SCHCTTKY

1UH CHOKE

FERRITE BEAD
34 .2917MHZ

HEALER
RESISTOR

RE3 22K
R64 2¢K
R6E 68 X
REE 150X
R67 12K
R68 688R
RES 1K
R7¢ 1K5
R?1 . 1X8
R72 3K3
R72 5K6
R74 12X
R75 22K
R7E SMS
R77 18¢K
R78 270K
R7S ZcCK
R8Q 568K
R81 820K
R8z 1M5
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RZ4
R25
R2E
R27
RzZ8
RP1

C1l
2,3
4,5
Ce
c7
ce
ce

3.81U0F
?.1U0F

14.¢

-

EX2 R5¢
12K R6C
18 P61
22 62
SEK
19X

CAPACITORS

EEP

47UF

€E8AF

12N

1IN

1?20F

ENB
MCNC CZRM.
MONO CEZRM.

CMIZ1 CEANNEL CARD

4K7
K&
12K
15K

Cl19
c1l1
€12
c13
Cls4
C1s
Cle
4?0F

FRERRRSARRE NCT AVAILABLE *#¥ssuck

C.M.I. MAINFRAME SERVICE MANUAL -

R82
R84
RES
IBE-87

2r7
4M7?
10K
68¢2R

CAFACITCRS

47N
19@P
47N
18¢p
47N
100E
47N
25V

ELECT.
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14.19 CMI @4 AULIC CAPRD

LoC.

IC1-4
IC5-1A
IC11
IC12
IC12
IC14
IC15

¢1,2
c2

c4

CS

Cé

cr

ce

CS

cia
ci1
c12
€13
Cls4
c13
C16
c17
c18-35
c26,37
€z8,3¢

R7
R8-23
R24
R25
R26-28
k29
R2@
R31-33
R34
R35
RZ6-38
R39
R4 @
R41-42
R44
R45

TYPX LESCRIEFTICN

4126 CUAL OP AMP
201 CP AMP

¥R

£41 AMP

7815 REG. 15V
7¢15  2EG.-15V
741 CP AMP

CAPACITCRS
12¢N
13¢UF
2c@r
1¢¢0F
12¢N
172¢UF
1¢¢N
1220F
120N
€.8UF

b oo wde
¥ ¥x

1@N
1¢EN
4P7
€.8UF
1¢E¢N
€.8U0F
22

€.8UF

RESISTCRS
12X
SEX
190K
1K
SEX
4R"7
10@R
220R
K2
EX6
12X
2X7
£Ke
19K
2K7?
£Ké
10K
2K7
K6
16X
2K2
£k6

LOC.

Q1
¢2
CZ-€
Q7
c8

1,2
ZD1-3
REILAY

FUSE

(0817
Ccal
€4z
€4z
Cas
€45
C4E€
carv
c4e
C&c
(051

RE4-71
R72,72
R74
R7E,76
R77
R78
R79
R20
R81,82
R82
R84,85
R86
R87-89
REE-GZ
RO4
ReE
RE6
RS7?
RGE
RES
R1@90-3
R1¢4

C.M.I. MAINFRAME SERVICE MANUAL -

TYFE TESCRIPTION

TRANSISTCRS
ZN3955
ZN2¢55
EC12¢
ZNZ2638
ZNZ843

MISCELLANIOUS
INagEl

Vo

NF2 12V

24 SLO BLO

CAPACITCRS
1¢P

33F

12F

£.8UF

2
t.uP

470F
2p
1IN
1UF
1¢@N
1¢6Q9UF

PESISTCRS
3 Y4
12K
1X2
22ER
19K
22K
1K
€8¢R
12K
€8¢CR
Z30R
2K2
12K
E8CH
100K
2K2
190K
23K
1K
K2
12K
1K
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24£-48 10K 2182 AR

R4¢ 2K7 : R1CE Oioia

R50 SK6 R137 5€£

R51-52 17K R123 SER

R34 K7 R1€ES X2

R55 £K6 K110 27¢R
RE6-%8 17K A111-& ZK6

RSC K7

REQ SKE

RE1-€2 10K

C.M.T. MAINFRAME SERVICE MANUAL - Page 180
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14.11

LOC .
Q1,2
Cz-€
Q7
D1
D2

R1

22
RZ-€
R7-11

c3
Cé
cv
ce
ce
cia
c11

Fs1

(PSA REGULATED PCWER SUPPLY

TIPE
ASZ15
ZN3255
MJ4Z02
BZX7¢
1N522¢

LESCRIPTION
PCWER TRAN.
FOWER TRAN.
POWER TRAN.
5V6 ZINER
5V6 ZENER

RESISTORS

¢.212
ZR3
1¢R
9.22R

W
W
54

CAPACITORS

€eg UF
47 U¥
47¢¢ UF
47 UF

FK15

FLECT.
ELECT.
FLECT.
ELECT.
TANT.
TANT.

15A FUSE

.0cC.
IC1
IC2
ICZ
IC4
SCR1

R12
12
R14

C12
C13
C14,15
Cl€
c17,18
Cic

TYPE DESCRIPTICN
7825 5V REG.
7824 24V REG.
7812 12V REG.
7912 -12V REG.
IRZO3B

RESISTCRS

Z3dR

222 X |

2.51 Sw
CAPACITORS

22 Ur TANT.
2.1

1¢@ UF EILECT.
.21

47 UF ILECT.
.1

c.M.I. MAINEsﬁcfﬁgegEMVJPCENHNIBKI‘.NWWBMQE-Q egn
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14.12 €726 FRONT PANEL CONTROL

I1ocC.
IC1
IC2

P1,2
RZ
R4
RS
R6
R7

c1,2
C3

CRYIST.

501

TYPE CESCRIPTION
14411 FAUD RATE GEN.
IS14 HEX SCE.INVERT.

RESISTORS
27Q8R

EX2

18R

EECHR

13@R

1M

CAPACITORS
1¢N
47UF FLECT.

1.8422MEZ
25 WAY CABLE CONECTOR

CARI

LOC.
L1,3
L4,C

SWl
Sk2
SW2
SwW4
SWE
SWe
SW?
Swe
S¥WE

C.M.I. MAINFRAME SERVICE MANUAL -

TYPE
LED
LZIT

SWITCHES
- 8125

7211

8125

7211

7121

7121

7101

8 PGCS.

8 WAY

Page 182
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YELLCW
RZD

SPDT
CPIT
SPIT
DPDT
SPDT
SPLT
SPDT
ROTARY
IN-LINE
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C.M.I. Disc Drive Service Manual Page

1. Introduction

cacn CMI has two YE-Data YD-174 8-incn floppy disc drive
installed as standard equipment. Tne left hand drive, as viewes
from the front of the CMI, is referred to as Drive 0 and normall
contains the CMI System Disc wnlch 1is used to boot the syste
during restart. The right hand drive, Drive 1, contains tn
user's work disc. ‘ ' ,

This document contains information pertalining To th
installation and removal of disc drives, set-up and alignment ©
new drives, preventative and baslc corrective maintenance, an
disc system fault diagnosis.

2. Removal and Installation of Disc Drives

(Refer to drawing DMCOOL) AN
Iy Aoy L 2%

To remove either or both YD-174 units, first remove the top
pottom, and rear panels of the CMI according to the mainfram
disassembly procedure. Then perform the following procedure:

(1) Carefully up-end the CMI so that it rests on its left hand
end, on a non-scratcnhing surtace.

(2) Remove the 50-way flat cable from thne rear of both drives.

(3) Remove the 3-way AC power connector and the 6-way DC power
connector from the rear of both drives.

(4) Each drive is supported in the CMI mainframe by four screws
(item 25 in DMCO00l). Two of these pass through the top
aluminium panel (13) and the other twO pass tnrough the
oottom panel (l14). Remove these sCrews and slide the disc

drive out through the front.

Installation of a ¥YD-174 unit 1s the reverse process.

DISC
b/SC
i
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DIV DRIVIE P TICeNTNS

On the Disk drive Print-d Tircuit Board there arec two itenms
which must be located.

Looking at the P/C Board component side, on the Top Left Hand

corner 1s the serial number, just to the left are scme option

pins marked D31 D32 D32 Ds4

These arc the D/Drive pcsition numbers

Near the 50 Way connector there are two sockets whi

at right ancles to most -7 the IC,s.In these sock

terminating resistors for the 50 Way signal cable

of an IC marked Zeckmarn £92-3-R150.

NOTE: 2n the C.M.T the - Tvrive closest the center 1is known
v zlosest the right hand side 1is

44
Pt b

as Drive C and
kncwn as Drive

~ -3
ne Cil

M

[

DRIVE )0
1. shortinzy lus should g cn DS1
(e

2. Terwinating *osis vz 3nculd be removed.
DRIVE 1

1. fhorting luz should Lo T332

2. Terminatinc FPoesisterrs should be in.
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C.M.I. Disc Drive Service Manual Page

3. Disc Drive Set-up and Alignment

3.1 Pre-alignment Set-up

(1) Check that 115V motor is fitted. All CMI's use 115V drives.
The CMI power supply may be. switched to allow for different
local mains voltages. :

(2) Check that the correct pulley for tne local mains frequency
is fitted. 50Hz pulleys have a red identification mark, while
60Hz pulleys are marked green.

(3) Link 'Y' at location G4 on the disc drive p.c.b. (see Fig
4.6)

(4) Link 'C', level with row E near the edge connector on the
disc drive p.c.b.

(5) For drive 0, link DSl on p.c.b. For drive 1, link DS2.
Both links are level witn row I.

(6) Remove link block package at El and open circuit links
'X' and 'Z' (break legs off link block pacxage).

(7) Reinstall link bloc -~ ,
DRWE 1 (righi handdrive)
(8) Check thatjgg&<ﬁ£f&e in the CMI, pbut not both, has two
150 ohm termination resistor packs installed. alongside
the edge connector.

3.2 Disc Drive Alignment

New disc drives require the radial alignment of the read/
write head and the track zero sensor to be checked to account
for any maladjustments which may occur during shipping. This
requires a special Radial Alignment Disc’<F%}rh'k* Pt Na G OF06

WWE“‘;"YW MWM , -
3.2.1 Radial~aAlignment P 5 fDSzTSTf

(1) Place the drive on its side, with the main drive motor
towards the bottom.

(2) Connect an oscilloscope (CRO) as follows to the block of test
pins marked "TP" near the centre of the YE Data p.c.b. (sec
fig. 4.6):

in CRO

A Channel A
B Channel B
3 Ext trig

P

(3) Sset the CRO as follows:
Inputs on AC
trig on external negative
time base to 20 mS/div
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add channels A and B
invert one channel
vertical sensitivity to 100mv/div

Load a disc containing the test program OSKTST
and run it by typing DSKTST<CR>.

Type -
RA,D,S<CR»> where D drive number (0 or 1)
§ = side numper (0 or 1)

Insert Alignment Disc and hit a key. This steps the
head to track 38.

A "double eye" pattern should appear on tne CRO. The
amplitudes of the two lobes must be within 70% of
each other.

If side 0 is acceptable, repeat test for side 1

If either side requires adjustment, loosen tne two
Pnilips nead screws which clamp the head carriage
assembly to the steel stepper motor belt. The screws
are accessed through two noles in the side of the drive

chassis.

(10) Gently tap the carriage assembly or move the belt by

hand until the lobes are within 70% amplitude with
the screws retightened (tightening the screws tends
to change the lobe pattern), for both siaesg of the
disc.

(11) Hit ESC to terminate the radial alignment test.

3.2.2 Track Zero Sensor Test

After tne nead is radially aligned, the track 00 sensor

should be checked.

(1)

(2)

Still running DSKTST, type
TO,D where D = drive (0 or 1)

Insert a scratch disc and hit any key.

TQ causes the head to oscillate between track 00 and
track 0l. Monitor the sensor signal at pin Bl2 of the
J2 connector block on the drive p.c.b. It should
oscillate with movement of the head.

Terminate test by hitting ESC

Scanned by JB EMOND - www fairlight.free.fr
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’

4. Disc Drive Malntenance

Under normal circumstances preventive malntenance 1S 1
required on the YD-174. If severely dirty environments a
encountered, an occasional cleaning of the drive may be perform
to assure continued reliable performance.

Only basic corrective maintenance is documented here. If
is determined that a disc drive requires more extensive repairs
than are described in this section, return the unit to Fairligl
Instruments for service. This document should provide sufficie:
information to determine whether return of the unit is necessar:

4.1 Preventive Malintenance

Under normal circumstances preventive maintenance is n
required on the YD-174. If severely dirty environments a
encountered, an occasional cleaning of the drive may be perform
to assure contiued reliable performance.

4.1.1 visual Check

visual inspection 1is the first step in any maintenan
operation. Always look for corrosion, dirt, wear, binds, a
loose connections. Noticing these items may save downtime later

4.1.2 Cleaning

Cleanliness cannot be overemphasized in maintenance of t
¥YD-174. .

Caution: The head/carriage assembly is a factory-adjusted a
tested assembly. Do not try to adjust or repair this intern
component. Do not, for any reason, clean the read/write head
To do so would cause severe damage to the nead surfaces or he

spring supports.

parts Observe Procedure

1. Main Frame Inspect for loose screws, Clean main frame
connectors, switcnes, etc.

2. Drive Belt Frayed or weakened area Change new belt
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4.2 PCB Removal and Replacement

1. Disconnect all connectors (J1, J2, J3, J5) from PCB.

2. Remove two mounting screws near the Jl connector and loos
two screws on the J2 edge of the PCB.

3. Slide PCB away from stepper and remove 1t.

4. Reverse the procedure for replacement.

4.3 Index Lamp Assembly
4.3.1 Service Check

1. Turn on power.
2. verify voltage of 2.0 to 3.4 V between "J2-B8" and "GND"

test points on PCB.
4.3.2 Removal and Replacement

1. Disconnect J2 connector from PCB.

2 Remove two lamp leads from J2 connector py pushing down on
tabs with a tweezer (BLACK to J2-A8, RED to J2-B8).

3. Remove caple clamp and lamp cable.

4. Remove two mounting screws and lamp assembly.

5 Reverse the procedure for replacement.

Note: When installing the assembly, align the pointer of la
assembly with tne ¢timing line of index sensor assembly a
tighten two mounting screws by pushing lamp. assembly again
carrier stop away from the front door.

Caution: Make sure the locking tabs on the terminals engage
the connector slot to prevent the leads from pushing out wh

plugged 1in.

Spindle shaft

Carrier assy.
Pointer of

Index lamp | index lamp assv.

Timing line on
index sensor assy.

Fig. 4.1 Index Lamp Assembly
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4.4 Index Sensor Assembly

4.4.1 Service Check

1. Turn on power.

2. Verify the voltage of 4 to 5.25 V when disc door is closed
without a Diskette, and 0 to 0.3 VvV when a Diskette 1s
inserted backwards and door closed, between "J2-A7" and " GND
" test points on PCB.

3. Repeat the same procedure between "J2-A6" and " GND " test
points on PCB.

4. Remove the Diskette.

4.4.2 Removal and Replacement

1. Disconnect J2 connector from PCB.

2. Remove four SENSOR leads from J2 connector by pushing down on
tabs with a tweezer. (BLACK to J2-A7 RED to J2-B7, BLUE to
J2-A6, ORANGE to J2-B6)

3. Remove screw, washer and assembly.

4. Reverse the procedure for replacement.

Note: When installing assembly, push it away from its cable,

against the main frame stop.

Caution: Make sure that the locking tabs on the terminals engage
in the connector slot to prevent the leads from pushing out when

plugged in.

Push c:t)
//w———Index sensor ass'y

ﬁ@o\ﬁ
\ i —Main frame stop
X,

]

L e

Fig 4.2 Index sensor assembly
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4.5 Track 00 Sensor Assembly
4.5.1 Service Check

1. pPosition the head/carriage by hand to its limit away from
spindle (the outer edge of TRACK 00).
2. Turn on power,

Note: This positions head/carriage to TRACK 00.

3. Verify voltage of 1.0 to 1.7 V between "J2-B12" and " GND "
test points on PCB without a Diskette.

4. Verify voltage of 0 to 0.3 V between "J2-All" " GND " test
points on PCB.

5. With power off, move the head/carriage by hand toward
spindle, 4 stepper detent positions. (TRACK 04)

6. With power on, verify voltage of 4.0 to 5.25 V between the
same test points 1in step 4.

4.5.2 Removal and Replacement

1. Disconnect J2 connector from PCB.

2. Remove four leads from J2 connector by pushing down on tabs
with a tweezer. (BLUE to J2-Al2, ORANGE to J2-Bl2, BLACK TO
J2-All, RED to J2-Bll).

3. Remove the mounting screw and assembly.

Note: When installing assembly, insert its’ two pins into main
frame holes and tignhten mounting screw.

Caution: Make sure that the locking tabs on the terminals engage
in the connector slot to prevent the leads from pushing out when
plugged 1in.

4.6 Write Protect Sensor Assembly
4.6.1 Service Check

1. Turn on power.

2. vVerify voltage of 1.0 to 1.7 V between J2-Bld and " GND "
test points on PCB without a Diskette.

3. Verify voltage of 4 to 5.25 V when door is closed and 0.03 V
when a Diskette without a write protect notch is inserted anc
the door closed, between "J2-Al3" and " GND " test points or
PCB.

4. Remove the Diskette.

4.6.2 Removal and Replacement

1. Disconnect J2 connector from PCB.

2. Remove four leads from J2 connector by pushing down on tabs
with a tweezer. (BLUE to J2-Al4 ORANGE to J2-B14 BLACK tc
J2-Al13 RED to J2-B1l3)

3. With door open, remove the bail mounting screw, washer anc
bail. (Refer to section 4.7)
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4. Remove the mounting screw and assembly.
5. Reverse the procedure for replacement.

Note: When installing assembly, insert its Pln 1into the mai
frame hole and tighten the mounting screw.

Caution: Make sure that the locking taps on the terminals engag
in the connector slot to prevent the leads from pushing out whe
plugged -in.

4.7 Bail Assembly, Removal and Replacement

Caution: The read/write heads must not be allowed to com
together without a piece of clean paper inserted between the hea
sur faces,.

Insert a piece of clean paper between the nead surfaces.
- Remove the bail mounting screw and washer.

- Remove bail assembly, pulling away from solenoid.

- Reverse the procedure for replacement.

W N

Note: Check that the plunger may be moved when pushing it fros
the side.

Caution: When installing the bail assembly, make sure that it i.
placed under the carriage arm tab.

4.8 In Use Led, Removal and Replacement

1. Disconnect J2 connector from PCB. :

2 Remove two leads from J2 connector by pushing down on tab
with a tweezer. (BLACK to J2-Al5 RED to J2-Bl5)

3. Remove LED holder and LED.

4. Reverse the procedure for replacement.
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4.9 Steel Belt Wiper, Removal and Replacement

1. The belt dustseal cover is obscured by the pop-up assemb.
which ejects the disc when the door 1is opened. With do«
open, remove the two mounting sScrews oOn the pop-up assemb.

and the assembly itself.

2. Remove the two cover retaining screws and dustseal cover.

3. Remove wiper from dustseal cover.
4. Reverse the procedure for replacement.

Note: Wnen installing a new wiper 1nto dustseal cover, push
against the cover stop toward the arrow direction on cover.

Caution: When installing dustseal cover on stepper, align ¢t
dustseal cover so that wiper may slightly touch steel be
between head/carriage and pulley.

Adjust cover so that i
\ wiper slightly touch ‘
o) steel belt

/ h §Stee1 belt

Wiper

Push wiper against ‘cover
stop when installing

Fig. 4.3 Steel Belt Wiper
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4.10 Drive Belt and Pulley, Removal and Replacement

Remove PCB. (Refer to section 4.2)

Remove belt.

Loosen pulley setscrew and remove pulley from motor shaft.
Reverse the procedure for replacement. Align the setscrew
with the flat surface of motor shaft.

B o

Note: Check that the surface of the pulley is aligned with the
end of the motor shaft.

Note: Check that the belt is riding on the center of the spindle
pulley and drive pulley, rotating spindle pulley counterclockwise
by hand.

" Drive pulley —

Drive shaft —_

ol

Setscrew_______~///
Prooerly ;mproperly
installed installed

Fig. 4.4 Drive Pulley

4.11 Drive Motor Assembly, Removal and Replacement

1. Remove PCB (refer to section 4.2) and drive belt {4.10)
2. Loosen pulley setscrew and remove setscrew from motor shaft.
3. Remove AC connector from connector clamp by pushing down on

latch.
4. Remove the two screws which hold the capacitor clamp to the

disc drive body. _ .
5. Remove the three screws securing the drive motor and withdraw

the motor.
6. Reverse the procedure for installation.

Note: When installing the motor, push it toward the front door
and the AC connector clamp against two main frame stops.

Note: Make sure the ground lead is installed on the capacitor
clamp.
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AC motor

LS pusn

Fig 4.5 Drive Motor and Capacitor
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5. Floppy Disc System Diagnosis

The CMI Floppy Disc System comprises the QFC-2 Floppy Dis
Controller as well as the disc drives themselves. The first ste
in servicing a CMI with an apparently faulty disc system 1is t
establish in what subassembly the fault actually lies.

~ e

The general procedure to follow in disc system fault
tracing 1s:

(1) Check all disc system cables, especially the 50 way £

la

cable for open circuits oOr shorts and ensure al
connections are secure.

(2) Use the system test program CHECK to determine if the
fault is in the drive itself (or the diskette) or the
disc controller/DMA data transfer system.

(3) If the disc drive is faulty, use DSKTST to further
analyse the fault.

(4) Otherwise, refer to the CMI Mainframe manual to trace th

fault in the QFC-2 controller.

5.1 Test Program CHECK

Allows checking of
- Cyclic ReddhaggéiJCheck (CRC) errors
- Data transfer between memory and disc
- RAM bit corruption errors .

Command Syntax

CHECK <UNIT>, <HEXNUM>; <OPTIONS>

CUNIT>: : =<COLON><NUMBER>

<HEX NUMBER>::=<HEX DIGIT>|<HEX DIGIT>

<HEX DIGIT>::=<NUMBER>|A|B|C|D|E|F

<NUMBER>::=1]2]3|4|5]6|7(8{9]0

(1) Disc Integrity Check

Options: none required

This is the default CHECK routine. Entire disc
in specified drive is read to check for CRC errors.
(2) Read Data D.M.A. Verify

Option: V
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separate blocks of memory and verifies data against
itself.

(3) Write Data D.M.A. Verify
Options: W,D (May be used together)

The W option creates a file, writes distinctive data to
each sector of the file and reads each sector of the file

back, twice, into different areas of memory for
verification. All unfree disc space will be allocated to
the file.

the disc contents)
pattern to each
and

The D option is a destructive (to
test which writes a unique "ADD -29"
sector in an interleaved fashion, reads it back,

verifies the data.
Interleaving of blocks ensures track boundaries are

continually being crossed. A delay can be introduced
using the "T" option (see pelow) to 1solate head-load
timing problems.

(4) Other Options

Option Use with
R W use random number pattern
) instead of "29" pattern
pP=XX W use pattern XX where XX = <he
number>
write the pattern to disc,
read back and verify
E=XX all print error if total recover-
aple disc errors exceed XX
where XX = <hex number>.
Default value is 0.
T=XX all delay XX*10 ms. after
read/write
where XX = <hex number>
c all test continously alternating
petween 'add-29' and a random
number pattern
L ‘ : all all error messages printed
printer

s

) (a)

**pROM 1/0 ERROR -- STATUS =

(5) Error messages

Disc Read/Write Errors
These are of the form

<status byte> AT h DRIVE i - PSN j
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where h is not significant
i drive number
j physical sector number at which the error

occurred
and the status byte can be interpreted as follows:

31 data C.R.C. error

32 disc 1s write protected

33 disc is not ready for some reason
34 deleted data address mark read

35 abnormal command termination

36 invalid sector address

37 seek error (track not found)

38 data mark read error

39 address mark read error

verify Errors
When a verify error is encountered the offending disc

sector is re-read into the QDOS sector buffer and matched
against system RAM to determine where the error came from.
The program then reports the corresponding address in RAM,
the data expected, the erroneous data, the physical sector
number of the disc where the error occured, and the byte
offset within the sector.

(6) Termination

Test is terminated by -
ESC key (sets system errot status word)
More then 20 errors logged . ,
User supplied iteration counter expired (default 1)

System'error status word will be set if any error
condition has been reported.
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5.2 Test Program DSKTST

DSKTST comprises five main test routines and a number of
utility commands. The main routines are as follows -

41 Write/read test ) (destructive)
#2 Read C.R.C. test (non-destructive)
#3 Worst case seek test (non—destructive)
#4 Worst case data pattern R/W (destructive)
45 Sector/drive unigueness (destructive)

Tests can be run separately or in destructive/non-destruct
groups by typing as follows -

DN, (0 or 1 or B) {,X]<CR> (po all non-destruct tests)

DD, (0 or 1 or B) [,X]<CR> (Do all destructive tests)

ST#<tests>, (0 or 1 or B) [,X]1<CR>
where <tests> = up to 10 test numbers separated by ~-'

The extended test option X accumulates error counts over a
number of passes.

ESC key will abort test in progress

Typing OS<CR> will return the user to QDQS and reboot th
system.

Examples: DN,0<CR> does all non-destructive tests C
drive 0 only.

sT4#1-3-5,B,X does tests 1,3 and 5 on both drive
with error count accumulation.

If stop on error option is selected (in answer to a prompt)
the user may choose -
C continue

L loop
R reset stop on error
if an error stop ocCcCurs.

Error Reporting
Error printouts take the following form :-
<drive no.> <error type> <track no> /<physical sector no> <*>

Presence of '*' indictes a "hard® disc error
e.g. 1 E3 1F /0325 *
means :- drive no 1

error type 3 (E3)

track no 1F

p.s.n 0325
error was not recoverable on retry (*)
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1f after three retries the error persists, it will be

logged as a hard error (indicated by *) .

Error types are as follows (per QDOS ROM codes) :~

El data CRC error

g2 disc is write protected |

E3 disc is not ready for some. reason
E4 deleted data address mark read

ES abnormal command termination

g6 invalid sector address

E7 seek error (track not found)

E8 data mark read error

E9 address mark read error

Additional error types are :-
EQ@ data read back 1is not the same as data written

Additional error types from the drive uniqueness test are :-

EA body of data puffer is not zero after test data
EB unigque data for this drive/sector is incorrect.

Error Graphs

Errors may be summar ised by use of the 'PG’ command.
This summary plots the track no. as the vertical ordinate
and the number of errors as the horizontal ordinate.

A horizontal line may contain up to 11 error types (codes)

with each character representing (n*horlzontal scale) errors.

The error graph is divided into two plocks. The left hand
block relates toO drive 0 errors, the right hand block to
drive 1.

The graph is printed starting at the first track with
errors logged and finishes with the last track with errors
logged.

To stop the display rolling off the screen, <control W>
can be used to stop printing. subsequent carriage returns

will print a jittle at a time, an escape will terminate the
'pG', and any other character will resume continuous printin

In the case of double sided systems, each disc 'cylinder’
is considered as two tracks, so even track numbers COrrespon
to side 0 of the disc and odd track numbers correspond to
side 1.
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Utility Commands

Ccommands for utility programmes are as follows

HD,d,hhhh Head load timing test on drive d at
speed hhhh (100 mS = D8F Q)

IX,d Index sensor alignment test on drive 4.
tl=tk 1. t2=tk 76.

AT,d,s Read data amplitude test on drive d.
s is optional side select (0 or 1).
tl=tk 0. t2=tk 76.

rRA,d,s Radial alignment test on drive d.
s is optional side select (0 or 1)
t1=0-38. t2=77-38. £3=39-38. t4=37-38.

AZ,d,s Head azimuth test on drive d.
s is optional side select.
£1=0-76. t2=75-76.

TO,d Track zero sensor alignment test on drive d.
t1=1-2 lp. t2=0-1 1lp. t3=0-2 1lp.

SK,d,s Head skew test on drive d.
s is optional side select (0 or 1).
tl=1-76 lp. .

RS,d,hhhh Read sector hhhh from drive 4 to buffer

WS ,d,hhhh Write buffer to sector hhhh on drive d

DB Display buffer in hex and ascii

FB,hhhn Fill buffer with repeating pattern hhhh

The running test may be aborted by escape key

The next test of the sequence is entered by depressing spa
keyTests followed by letters "1lp" move nead between tracks show

Some tests reguire the appropriate alignment diskette and a

that it be inserted. Other tests require a scratch discette a
ask that it be inserted.

Typing OS<CR> will return the user to the operating syst
(reboot).
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1. Introduction

The CMI nas provision for one Master keyboard and optionally,
a Slave keypoard wnich operates in parallel with the Master. The
CMI mainframe nas only one keypoard input port, to wnicn 1s
connected the Master Kkeyboard. The glave keypoard, Alpha-numerlc
keypoard, and otner attachments such as pedal controls, all
connect to the taster Kkeypoard. Tne latter contains an
intelligent communications interface whicn monitors all attached
devices and routes information from tnem througn the single
cnannel to tne CMI.

In addition to tne piano type music keypboard, tne Master
keypoard provides tnree sLider pot analogue controls and two
switcn conctrols (one momentary on, tne otner on/ofr) witn lamp
indicators wnose purpose may be defined by the user Dy means ot
the CMI system software. A 12 cnaracter LED alpna-numeric display
ana 16 switcn keypad constitutes a simple user interface to tne
mainframe so that during a live performance operations sucn as
loading voices may De performed directly from the Master
keyboard.

The Slave keypoard serves only as an extra music keyboard and
contains none of tne extra facilities of the Master keyboard.

Related Documents: The following drawings are eitner referred
to directliy in this manual or will be of use in servicing the CMI
music keypoards -

Exploded diagrams DMCO004 Master Keyboard
DMCOQ4B Master Keyboard with cover
DMC015 Keypoard switcnes subassemply
DMC00S Slave Keypoard

Drawing DMC004C Bottom panel screw positions
Schematic Diagrams MC004-01 Master keyboard wiring
CMI10-00 Master controller
to CMIl0-02
CMI1l-01 Switcn module
CMI12-01 Display/xeypad
CMIl4 slave keyboard interface.
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1.1l Operating Principles

Control over all xeypoarad functions 1s centralised upon the
CMI-10 Keypoard Controller wnich 1S located witnin the Master
Keypoard. Keypoard scanning, Of poth master and slave keyopoards,
is accomplisned by analogue multiplexing Of the voltages on all
key switcnes. Tne KeYy switcn mechanism consists Of TwO Drass Duss
pars running tne Lulli length of the keyboard whicn are supplied
witn +5 ana -5 volts, and a delicate spring contact on eacn Key
which is alliowed to move between the two ouss bars as the key is
pressed. BY measuring the time 1t takes tne spring contact
voltage to cnange from -5V to +5V, the velocity witn which a key
is pressed may Dbe calculated.

The analogue multiplexing 1S performed by tne CMI-11 switcn
moduies, eacn of which has provision for 24 or 25 spring
contacts. Eacn module provides one analogue output wnich is the
state of the contact currently addressed by the select lines from
the controller, and each keyboard contains tnree modules. Six
analogue comparators (tnree for the master and cthree for the
slave) on tne master controller receive tnese analogue signals
and determine tne state of the currently addressed key.

The user keypad and oft/on switches are scanned 1in the same
way altnougn tne multiplexed states are read directly as a
digital signal.

The wipers of tne three siider controls on the master
keyboard and tnree plug-in pedal pots are similariy multiplexed
and fed to a single analogue to digital converter on tne master
keyboara controlier. A change detected in any analogue Level read
by this converter 1S reported to the CMI provided that change is
greater tnan a certain tolerance set by a 6-pole DIL switch.

All information reflecting the state of the master ana slave
keypoards, and attacned pedal controls plus characters received
from tne alpna-numeric keypoard are sent to tne CMI through a
single serial communications cnannel. User information receilived
from the CMI through the same link 1S displayed on tne LED
display. Tne aisplay modules accept ASCII cnharacters directly
from the keypoard controller.
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At this point tne tnree CMI-11 switcn modules may be viewed
with tne spring switch contacts gently stretched across the prass
-3V buss bar ana engaged 1n the plastic "keyhole grips" extend}ng
from underneath eacn key. Eacn grip nas two keynoles: the spring
contact snould always pe engaged with the lower one (closest to
tne underside of the key).

2.1.4 Removai of CMI-1l switch modules
(Refer to drawing DMC-015)

The foliowing steps snould pe followed for eacn module to be
removed:

(12) Remove the 10 way cable plug from its socket.
CAUTION: This cabple snould never ©De plugged or unplugged

with tne keypoard power appliled Or damage will result to the
switch module circuitry.

(13) Using tweezers or fine pliers, gently grip each spring
switch contact and stretcn it just enough to release it from
its keynole catcn. Tuck it down underneath the lower brass
buss supply opar (-5V}.

(l4) Use a 6BA nut driver to remove tne 9 nuts and star washers
securing tne switch module to the underside of the key
assembly.

(15) Unscrew the 3 screws wnich pass through the puss bar support
blocks to tne underside of the key assembly.

(16) Lift tne moaule off its supports.

2.1.5 Removal of Control Panel and Display/Keypad
(Refer to drawing DMC-004)

(17) Slide the keyboard forward again as in step 10, and remove
the rour screws numpered 31 and 32 on the left in drawing
DMCO04 for the control panel, and/or the corresponding
screws on the right for the display/keypad.

(18) Lower the keyboard and remove the 20 way flat cable from the
display/keypad or release from its cable clips the 10 way
ribbon cable leading from the CMI-10 module to the control
panel. This cable.is attached to the control panel.

(19) Lift the desired assembly out.

2.2 Master Keyboard Reassembly

Reassemply of tne Master keyboard is essentially a matter of
reversing tne procedures of Section 2.l. Care should be exercised
while replacing the CMI-11 switch modules not to damage the
delicate spring switch contacts. Tighten the nine nuts and three
buss bar support screws evenly to ensure tne moduie is not warped
or distorted in any way and that the buss bars are not bent.
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caused by a mechanical problem in the spring switch contact
mechanism. Remove the cover of the keyboard according to
section 2.1.1 and hinge the key assembly up as described in
section 2.1.3.

Common causes of failure are damaged, loose or dirty
spring contacts, or inadequate contact between the spring and
the brass buss bars.

3.3 Failure of Groups of Keys (Master and Slave)

If all the 24 or 25 keys scanned Dby a particular switch
module fail to operate then tne fault lies either in that module
(cneck the voltages on both buss bars) Or in the path from it to
the anaitog key data multiplexor in the Keyooard Controller
(incuding the caple.) The source of such a fault may be isolated
py swapping around the flat cable connectors to the switch
modules.

Failure of certain keys pelonging to eacn module 1s most
likely to be caused by incorrect scanning addresses arriving at
the switch module: either a cable fault or an I/0 problem on the
keypoard controller. In this case it is unlikely that the keypad
or display will work either.

If no such module-related pattern to the faulty keys
exists,then the problem is mechanical. Check that all spring
contacts pend across the -5V buss bar by approx 20 degrees from
the norizontal when the keys are released and across the +5V bar
by the same angle (in the opposite direction) when the keys are
depressed. A tension spring in the back of each key returns it to
the original position when it 1is released. ,

3.4 Siave Keyboard Malfunctions

Failure of groups of keys or individual keys on the slave
keyboard can be diagnosed following the same guidelines as for
the master keypoard. However two additional possible sources of
faults exist: tne caple from the master keypoard to the slave,
and the CMI-14 slave interface. Since the slave scan address
lines are the same as the master scan address lines, faults 1in
the slave keyboard which corrupt those lines can cause the master
to malfunction. Section 7.1.1 describes the use of the 4-pole DIL
switch on the CMI-14 to disable individual switch module outputs
when isolating slave keyboard faults. Ensure that all switches
are open to enable the full keypoard velocity sensing prior to
reassembling the slave.

CAUTION: Always turn off CMI power to the master keyboard
before connecting or disconnecting the external cable between the
master and slave. Omission to do this will cause damage to the
switch modules in the slave keyboard.
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4. Master Keypoard Controller cMI-10

The function of the CMI-10 Master Keypboard Controller card is
to execute all keyooard facilities of the cMI and communicate the

status of those facilities tnrough a single serial link tO the
central processor. Tne facilities are —

Master keyboard scanning (with CMI-11 multiplexor) .

Sslave keyooacd scanning (with CMI-14 slave interface and
CMI-1ll multiplexor) .

pata link toO cM1 for the alpha—numeric keyboard.

Master keybpoard keypad

Keypad display of information from CMI

Three slider pots

Two on/off switches

Three pedal controls with switches

This section describes the operation of the CMI-10.

4.1 MPU, pDecoding, RAM, and Restart
(Refer to drawing CMI10-00)

4.1.1 Microprocessor Unit

The central driver of the Keyboard controlier 1s the 6802
microprocessor unit (MPU) at location ES567 which .is activated by
a 4MHz crystal. At power—-up tne Mpy reset line 1S held low for
approx 0.4 seconds at wnich time it 1is released tO begin
execution. It 1S important that this restart time is less than
the CMI's Central processor restart interval to ensure that no
characters sent TO the Keyboard Controller are lost. The MPU may
also reset manually DY depressing SW1 (nearer the heatsink) . This
switch is debounced through the pair of open-collector NAND gates
D12.

Wwhile the restart line is held low, the MPU places FFFE (hex)
on the address Duss and its first operation is to fetch the
restart vector from locations FFFE/F. Execution 18 then
transferred to the initialization routines in ROM. guccessful
completion of this power uP phase 1is indicated by the keyboard
switch lamps switcning on for about one second, off for another
second, then on again. A " - POWER ON - " message is then written
to the keypad display.

A 4-pole dual-in-line (DIL) switch, SW3, is used to select
the source of Non-Maskable Interrupts toO the MPU. This may be
either from the manual switch SW2 or a clocked timing signal. The
DIL switch functions as follows:

switch Effect if closed
1 gselect BRCK signal from Baud rate gen. as
' timing reference.
2 gelect p2 from MPU as timing reference.
3 gelect SW2 as NMI
4 gelect timing rerence as NMI
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Clearly, switcnes 1 and 2 are mutually exclusive and must not
be closed simulataneously, as are switches 3 and 4. Before
feeding to switcn 4, the nign frequency reference selected by
switches 1 or 2 is divided by 512, 1024, 2048 or 4096 by the
binary counter C5. This division ratio is determined by the
p.c.b. link next to C5 (normally 2048). The divided reference
(signal SCND) is used as a control line signal to the PIAs, 1in
addition to optioning as an NMI source.

Wwith "KBDIOA" and "VELKEYD" ROMs, switches 2 and 3 only
should be closed. This selects SW2 as NMI source, and has the
same effect as restart SWl except that NMI vector FFFC/D is used.
Switch 1 of the DIL switch is nearest the edge of the p.c.b. with
the neatsink.

The 6802 MPU contains 128 bytes of internal RAM. This 1s
permanently enapled by tying the Ram Enable signal (pin 36) high.

Scanned by JB EMOND - www fairlight.free.fr



C.M.I. Music Keyboards Service Manual Page 10

4.1.2 address Decoding

Selection of all ROMS, external RAM and peripheral devices 1is
performed by four LS139 l1-0f-4 decoders in ICs EL2 and E34.
Addresses are decoded when both the $2 and VMA (Valid Memory
Address) signals from the MPU are nigh.

Tne address map of the Keyboard Controller is as follows:

Address {(Hex) Function

0 - 7F Internal RAM. 23 bytes only wused, for
software variable storage.

80 - 83 Active key input/AD conv. 1input PIA (K34)

90 - 93 Key address output PIA (F34)

AO - Al Alpha-numeric keypoard comms. ACIA (C67)

BO - Bl CMI communications ACIA (D67)

ca goftware readable switcn

4000 - 43FF External RAM #1 (L67, N67)

5000 - S53FF External RAM #2 (K67, M67, not normally
installed)

9000 - 9400 ROM %1 (767, not normally installed)

AQ00 - A400 ROM #2 (HI67, not normally installed)

BO0OO - B400 ROM #3 (G67, "VELKEYD")

FCO0Q - FFFF ROM #4 (F67, "KBDIOA")

4.1.3 Software Readable Switch

The six-pole dual-in-line (DIL) switcn SW4 provides
adjustment to the sensitivity of the analogue controls. It 1is
read wnenever an A/D conversion detects a changed analogue level.
Bits 4 and 5 (switches 1 and 2, nearest the heatsink) are ignored
and the 4-bit number remaining gives the minimum change 1in the
converted level reguired before the change will Dbe reported to
the CMI.

The switch is read through buffer N8 whose inputs are pulled
high, unless grounded by a closed switch. Thus a binary ~1'
corresponds to an open switch.

Normally, sensitivity is set to 3 digital levels so switches
3 and 4 only are closed.
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4.1.4 External RAM

Provision is made on the CMI-10 p.c.D. for 2K of static RAM
but normally only 1K 1s installed: 21l4s L67 and N67. Each chip
contains 1K x 4 pits storage. The upper nybole 1s stored 1n L67,
and tne lower nybbdle in N67. )

4.2 ROMs and Peripherals
(Refer to Drawling CMI10-01)

4.2.1 ROMs

Provision is made on the CMI-10 printed circuit pboard for
four 2708 ROMs. Normally only two of these are installed:
“KBDIOA" at location F67, and "UELKEYD" at G67. The first ROM
contains the initialization and I/0 firmware for the Keyboard
Controller and the second contains firmware responsible for
scanning the velocity sensitive keypoard and analogue and switch
controls.

4.2.2 Serial Communications ACIAS

Serial communication with the Alpha-numeric keypoard is
accomplished tnrougn the 6850 Asynchronous Communications
Interface Adaptor (ACIA) at C67, while communica;ion with the CMI
uUtilises the 6850 ACIA at D67. The Baud rate for poth ACIAs 1is
derived from tne B3aud rate generator at Bl2 driven by a 1.8432
MHz crystal and a p.c.b. 1ink at Cl2 normally selects 9600 Baud
operation (pin 1 of B12).

The Baud rate generator also provides the BRCK signal,
normally linked to 1200 Baud at B45.

Both ACIAs are normally linked via LK1 and LK2 to the common
interrupt request (IRQ) Duss signal. D67 generates IRQs when
transmitting to and receiving from the CMI, while C67 generates
IRQs when receiving from the Alpha-numeric keypboard.
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4.2.3 Peripheral interface Adapters (PIAS)

Two PIAs are used, each contalning twoO 8-blt parallel 1/0

PIA F34

1/0 port A
PAOQ - PAl

Cal
Ca2
1/0 port B

PBO - PBl
PB2 - PB7

CBl

CB2

PIA K34
1/0 port A
PAQ - PAS
PAG

PA7

cal

Ccaz2

1/0 port B
PBO - PB7

CBl

CB2

and four

control outputs/IRQ input lines. The PIAs are
during initialization and used as follows:

peripneral address outputs. Buffered
through G23 to address to provide:
CMI-1l1 switch module addresses
CMI-12 keypad mutiplexor addresses
LED display module data
Data inputs to flip-flops (G4) which
switch control button lamps.
Analog control input multiplexor
addresses.

Scan Not Done (SCND) timing flag input
Strobe output to update lLamp tlip-flops
LED display digit select lines

LED display all-segments-on (Cu) and

module select (CS) signals.

Input flag from keypad multiplexor.
Does not generate IRQS.

Strobe output to update a LED display
(DWS)

Inputs from music key threshold
comparators

Input from control switch multiplexor
enabled by BKA7

Input from keypad multiplexor, also
enabled by BKA7

Inverted timing reference input. Does not
generate IRQsS.

Threshold select output

pata inputs from A/D converter (ADC)
DR (Data Ready) flag from ADC

B/C (Begin Conversion) strobe to ADC
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4.3 power Supplies and Analog Interface Section
(Refer O drawing CMI-10-02)

4.3.1 power Supplies

The Keyboard Controller receives +20V, —20vV and +10v from the
CMI tnrough a 6-pin Utilux connector. S1iX on-board regulators are
used to generate tnree independant +5V supplies, 1in addition to
+12v, =-12v and -5V supplies. These power the Controller itself
plus the keypad display. slider and pedal pots and switches.

The supply designated "+5V" powers all circultry on drawings
CMI-10-00 and CMI10-10-01 except the ROMs, which are powered
separately from ",RV" . The analog multiplexors, A/D converter and
RS-232 drivers on CMI-10-02 recieve power from "+Xv" and where
necessary, the -5V supply.

"LXy" also leaves tne Controller board to power the CMI-1l
keypoard switch multiplexors, and the keypad display.

4.3.2 Thresnold Detection

MD1-3 and SD1-3 are tne multiplexed signals representing tne
position of music keys addressed DY the three master keyboard
CMI-11 modules and the slave keypboard interface CMI-14,
respectively. Tnese signals are compared by the six MLM3lls to a
known threshold to determine when a key begins to De pressed, and
when it is fully depressed. )

The THLD signal from PIA K34 sets up one of two thresholds
through the 7418C. level shifter., If THLD is low, a =-2.7V
threshold is applied to the comparators. With THLD high, the
threshold is +2.3V.

Initially, THLD 1is low. An unpressed key rests against the -
5V buss bar SO tnhe corresponding comparator output will be
high.When the key is first depressed and the spring contact
leaves the -5V buss Dpar, the output of the module<when that key
is selected is pulled to just below zero volts by a 10k resistor
to ground on the switch module and a 100k resistor to -5V on each
comparator input. This causes the comparator to change state to a
low. The change is read from the PIA whereupon THLD 1is switched
nigh to select the +2.3V threshold, setting the comparator nigh
again. It will return low when the key reaches the +5V buss bar
at its full depression. The time taken between the two falling
edges of the comparator output is noted by the MPU, and this
mechanism forms the basis of the velocity sensitive keyboard.

The key continues to be compared to the +2.3v threshold until
its release is detected.

4.3.3 Control Signal Multiplexors and A/D Convertor

User control signals enter the Keyboard controller from
several possible sources: two control panel sw<tches, three pedal
switches, three control panel slider pots and three pedal pots.
The switch controls are analogue multiplexed Dby H3 and read
directly as KD6 when gated by a high level on BKAT7.
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The analogue controls (slider and pedal pots) are multiplexed
by I3, buffered by 741sC 14, and fed to the AD570 A/D converter
at J4. The low frequency signals used do not require a sample and
hold. The converter 1s strobed to begin a conversion by the B8/C
signal from the CB2 output of PIA K34 and flags tne end of

conversion to CBLl of the same PIA.
The sensitivity of the analogue controls may pe set by DIL
switch SWa. Refer to section 4.1.3 for further detalls.

4.3.4 RS-232 Interface

ICs AS and A6 are tne RS-232 drivers for the two ACIAS
described in section 4.2.2

4.3.5 Lamp driver

The control panel lamps are supplied with 20V and switched on
when the MC75452 driver at J2 pulls the appropriate line to

ground. Tne driver is activated by signals Pl and LP2 latched
from PIA F34.

4.3.6 Connections

The Keyboard Controller requires four external connections as
follows:

SOl 50 Way flat cable connector. ,

pins 1-5 Master switch module 1 scan address
N/C
-3V to Master switcn module 1
"+XV" SV to module 1
Ground to module 1
0 MD1 module 1 multiplexed output

W oo -0

11-20 Master switch module 2 connections as for 1
21-30 Master switch module 3 connections as for 1

31-37 Scan address to keypad and data lines to
LED display

38 All segments on, display module 0 (CU)

39 Module select, module 0 (Cs)

40-41 CU and CS lines, display module 1

42-43 CU and CS lines, display module 2

44-45 LED display digit select

46 Digit write strobe
47 Keypad multiplexed output
48 BKA3, selects keypad multiplexor 2

49  Ground to display/keypad
50 "LXV" +5V to display/keypad
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SO2 10 wWay rainbow cable connector
Pins 1-2 Button lamps switched returns

3 Switcn 2 (momentary oOn)

4 gwitcn 1 (push on/push otff)

5 glider pot 3 wiper

6 +20V to lamps '

7 -5V to pots

8 "+XY" +5V to pots

9 slider pot 2 wiper

1

0 Slider pot 1 wiper
S03 26 Way ralnpow cable connector

Pins 1 Pedal 1 pot wiper
2 pedal 1 switch
3 pedal 2 pot wiper
4 pedal 2 switch
5 pedal 3 pot wiper
6 pedal 3 switch
7-11 Slave keypoard scan address
12 Slave keyboard ground
13-15 Slave switch module outputs
16 rTS flag to alpha-numeric keyboard
17 cTs flag to A/N keypoard )
18 A/N keyboard ground
19 Data to A/N keyboard
20 Data from A/N keyboard
21 Ground
22 crs flag from CMI
23 rRTS flag to CMI
24 Ground
25 pata from CMI
26 Data to CMI

S04 6 Way Utilux Connector

Pin 1 +10V return
2 +10V
3 +20V
4 ~-20V
5 Ground
6 +/-20V return
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4.4 Software Loop and Interrupt Routine

A useful clue wnen fault finding ROM-based equipment such as
the CMI-10 is the main software loop which the processor normally
executes in the "steady state": that state which exists after a
successful power-on initialisation, Dbut pefore any special
functions hnave been called upon DYy Kkey presses, cnanged A/D
values, etc. This software loop may also De referred to as the
"idle loop". Knowledge of what happens in the idle loop allows a
service person to estaplish, for example, what peripherals are
not being regularly accessed as they should.

The program flow of the idle loop 1n "VELKEYD" 1is as follows:

begin loop
for keyselect = 1 to 32
read key-pressed pattern from comparators
for module select = 1 to 6 (3 master, 3 slave)
update statuses in RAM of keys pressed
end for
end for

read one of the control functions and update status
(slider pots, pedal pots and switches) '

scan entire keypad for a keystroke
wait for rising edge of SCND flag
end loop

The key scan 1loop executes 32 times because there are 5 key
select lines but there are only 24 or 25 keys on each module so
some iterations of the inner loop do not correspond to any real
key. A different control function 1is monitored and updated on
each iteration of the main loocp.

A knowledge of the sources of interrupts and the functions
per formed in the interrupt service routine(s) can be similarly
useful when fault tracing. 1In the KBDIOA firmware, there are
three possible sources of interrupts (IRQ'S):

1. A character has been received from the CMI.

2. A character previously transmitted to the CMI has
completed transmission from the ACIA.

3. A character has been received from the alpha-numeric

keyboard.

Characters received from the CMI are written toO the LED
display immediately. A transmit-complete interrupt causes the
processor to check the output character queue and send another
character if it is not empty. A character received from the
alpha-numeric keyboard is placed on the output character queue
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unless the received character 1is actually a BREAK level, in which
case a BREAK level 1is transmitted to the CMI.

The short piece of code wnich places characters on the output
queue (and enables the transmitter interrupt) 1s actually a
software interrupt routine, called by the SWI instruction ratner
than a subroutine call.
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5. Keyooard Switch Module CMI-11

Three Keyboard Switcn Modules are installed in each master
and slave keyboard used with a CMI. Each module provides a single
signal out whicn represents the state (pressed, released, or in
flignt) of one of the 24 or 25 keys addressed Dy the multiplexor
inputs. This section descripes tne operation of the CMI-11l.

5.1 Keyboard Switcn Module Operation
(Refer to drawing CMI-11-01)

Five key address bits are provided provided by the Keyboard
Controller CMI-10 as inputs to the CMI-1l. Tne lower three of
these are bpussed across three 4051 analogue multiplexors (ICs 2-
4) so that each 4051 selects one of eight spring key contacts as
its analogue input. Normally, a key rests against a -5V buss bar,
but when fully depressed, it contacts a +5V buss bar. In between,
it contacts neither.

The outputs of ICs 2-4 are fed to another multiplexor, ICl,
whose select inputs are the upper two bits of the key address.
Thus the output of ICl may be any of the 24 key contacts accessed
py ICs 2-4. It may alternatively be the 25th key contact which 1is
fed directly to ICl as a fourth analogue input.

Each CMI keyboard has a total of 49 keys SO the 25th key is
only used on the extreme right hand switch module. Provision is
made on the switch module p.c.b. for a 10k resistor (R1l) pulling
to ground. This 1is to ensure tnat if the 25th key 1s not
installed, it appears to the multiplexor as a key which is never
pressed. However, the resistor must be removed if the 25th key 1is
installed or the velocity sensing mechanism will not work on that
key.

The output of ICl is fed directly to the Keyboard Controller
in a master keyboard or to the Slave Interface in a slave
keyboard. Its unused 1lnputs are grounded.

5.2 External Connections
SO1 10 Way flat cable

Pins 1-5 Key scan address inputs
N/C
-5V supply
+5V supply
Ground
0 Multiplexed analogue output

O 3O
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6. Keyboard Display and Keypad Module CMI-12

Tne Display and Keypad Module provides a simple user
interface with the CMI from the master music keyboard. A 16-
switch keypad is scanned by the Keyboard Controller for commands
to pe sent to the CMI and a 12 digit LED display receives simple
messages from the CMI to the user. This section describes the
operation of the CMI-12.

6.1 Display and Keypad Operation
(Refer to drawing CMI-12-01)

6.1.1 LED Display

The DL-1416 LED display modules, containing four digits each,
accept 7 bit ascii codes from the data lines to display the
desired character. The key scan addresses are used as data
inputs. Data is latched into the modules whose chip select line
(CS) is low on the falling edge of DWS. The DA lines select which
digit within tne selected module(s) is written to. The CU line 1is
a test <nable line whicn causes every segment in each digit to
light up.

6.1.2 Keypad
The keypad is simply an array of 16 momentary switches which
connect to the common (+5V) line when pressed. Two 4051 1-of-8
analogue multiplexors scan the keypad. Their select and inhibit
inputs are taken from the key scan address lines. Only enabling
one multiplexor at a time allows the outputs to be wired together
on the same KPAD signal.

6.2 External Connections

SOl 20 Way Ribbon cable connector

Pins 1-2 Digit select
3,5,7 Display module select
4,6,8 Display module test (all segments on)
10 Digit write strobe
9,18, Key scan address and data to display modules
11-16
17 Keypad multiplexed output
19 Ground
20 "+XV" +5V supply

Scanned by JB EMOND - www fairlight.free.fr



PIRRIPNO

ALl e e

"

RO PPN St

C.M.I. Music Keyboards Service Manual page 20

7. slave Keyboard Interface CMI-1l4

The Slave Keyboard Interface provides regulated power
supplies to the CMI-1l switch modules in a slave keyboard and
buffers the analogue outputs of the -switch modules before feeding
them to the master keyboard controller. This section describes
the operation of the CMI-14.

7.1 Operation
(Refer to drawing CMI-14)

7.1.1 Scanning and Buffering

The five slave key scan address 1lines from the master
keyboard controller are fed straight through to the CMI-11 switch
modules. The output from each module 1is buffered by a 741sC in a
non-inverting configuration and fed to the master controller. A
4-pole dual-in-line (DIL) switch allows the input of each buffer
to be pulled to nearly -5V for testing purposes. In the event of
a switch module being unplugged, closing the switch corresponding
to that module simulates all keys released. TwO Or MmOIé€ floating
buffer inputs result 1in the keyboard controller going into
overflow due to sensing too many Keys pressed. All switches
should normally be open, otherwise the velocity sensing system
will not work.

7.1.2 Power Supplies

The CMI-14 is supplied with +20v and -20V from the CMI via
the master keypoard. A 4V7 zener is used on each supply side to
provide +12v and =12V to the 741 buffers, and 7805 and 7905
refulators send +5V and -5V respectively to the switch
multiplexors.

7.2 External Connections

501 30 Way flat cable connector /b,K&q%ow445£ntpk,qujizébq.
Pins 1-5 Slave switch module 1 scan address

6 N/C

7 -5V to Slave switcn module 1

8 "4Xy" SV to module 1

9 Ground to module 1

10 MD1l module 1 multiplexed output

11-20 Slave switch module 2 connections as for 1

21-30 Slave switch module 3 connections as for 1
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. MU )
25 Way D series external connector éOﬂqQOGth{bO )

Pins 1-2 Ground
3-7 Slave keypboard scan addresses
8 Ground
9-11 Slave multiplexor outputs
12-21 N/C :

22-23 -20V supply
24-25 +20V supply
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’

SLAVE K/BD INTERFACE CARD

LOC. TYPE DESCRIPTION LocC. TYPE DESCRIPTION

IC1-3 741sC opP AMP REG1 7805 5V

ZD1,2 vt REG2 7905 -5V

S01 25 WAY D TYPE S02 30 WAY HEADER
RESISTORS . CAPACITORS

R1 1X C1 100N

R2 4K7 c2 100UF

R3 1K C3,4 100N

R4 U7 C5 100UF

RS 1K Cc6-8 100N

R6 4K7
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ITEM DESCRIPTION REQD| MATERIAL REMARKS
SCALE PASSED DATE
CMI.
s/12/80
EXPLODED VIEW OF FIXING SCREWS DRAWN | MTB DRAWING NUMBER
ON MASTER KEYBOARD TOP COVER TRACED DMCO0AC
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MASTER MUSIC KEYBOARD COMPLETE

DRAWING REF .DMCOOUB

REF.NO PART NO DESCRIPTION REMARKS.
01 G0028 COVER MUSIC WOOD BRIGE
02 Go027 PANEL MUSIC BASE BRIGE
03 HO114 SCREW 6GX1/2" PAN
oy HO127 SCREW 4BAX3/4" CHD
05 HO008 WASHER 4BA STAR
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MASTER MUSIC KEYBOARD ASSEMBLY

DRAWING REF. DMCOOL4.

REF.NO  PART NO
01 Goo27
02 MCO15
03 G0023
o4 G5406
05 G5407
06 Gs4ou
07 G5405
08 G5146
09 G0105
10 HO211
1" Goo24
12 G5161
13 G0025
14 G5165
15 MCMI12
16 G5142
17 D6738
18 D6710
19 D6729
20 D6727
21 D6728
22 G5122
23 D6731
24 MCMI10
25 G5219
26 MCO70
27 MC063
28 MCOT1
29 G5107
30 HO125
31 HO124
32 HO117
33 HO130
34 HOO12
35 H0201
36 G5183
37 HO112
38 H0008

et

DESCRIPTION

PANEL MUSIC K/BD BASE
KEYBOARD MECHAISM ASSY
CHEEK LH MASTER

BEZEL WHITE

LAMP

SWITCH #1

SWITCH #2

KNOB SLIDER POT

STRIP CLAMP MUSIC K/BD
NUT SWITCH

STRIP SLIDER POT

POT SLIDER

CHEEK RH MASTER

BEZEL DISPLAY RED

CARD MUSIC DISPLAY
SPACER 6BAX1/u4"™ ROUND
CONNECTOR CANNON 7P

CONNECTOR CANNON 5S

CONNECTOR DMINI 258
CONNECTOR DMINI 9S
CONNECTTOR DMINI 9P
CLIP CABLE

LUG DMINI

CARD C.M.I-10
CONNECTOR UTH9356-6R
CABLE SLIDER POT ASSY
CABLE KEYBOARD ASSY
CABLE REAR PANEL
STANDOFF

SCREW 6GX1/4" CHD
SCREW 6BAX1/4" CHD
SCREW 6BAX1/4™ CSK
SCREW 6BAX3/16" CSK
WASHER 6BA STAR

NUT 6BA HEX

FOOT RUBBER

SCREW u4BAX3/8" CHD
WASHER 4BA STAR
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MUSIC KEYBOARD SUB-ASSEMBLY

DRAWING REF.DMCO15

REF.NO  PART NO  DESCRIPTION REMARKS.
01 G5156 KEYBOARD MUSIC 73 KEYS
02 G5154 BRACKET A/N/ K/BD MTG
03 G5153 BAR PLATED
04 G5187 RETAINER SPRING MUSIC K/BD
05 G5158 SPRING KEYBOARD MUSIC
06 MCM11A CARD K/BD MUSIC 24SW
07 MCM11B CARD K/BD MUSIC 25SW
08 HO122 SCREW 6BAX3/U4™ CHD
09 HOO12 WASHER STAR 6BA

10 HO201 NUT 6BA HEX
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SLAVE MUSIC KEYBOARD ASSEMBL

DRAWING REF.DMCO05

B4

REF.NO PART NO  DESCRIPTION . REMARKS.
01 G0030 COVER MUSIC SLAVE WOOD BEIGE
02 Goo29 PANEL MUSIC SLAVE BASE BEIGE
03 G5156 KEYBOARD MUSIC 73 KEYS
o4 GO105 STRIP CLAMP MUSIC K/BD.
05 G0002 CHEEK SLAVE LH B/K
06 G0003 CHEEK SLAVE RH B/K
07 MCO14 SLAVE KEYBOARD INTERFACE CARD
08 MCO19 CABLE MUSIC SLAVE K/BD INTERNAL
09 G5183 FOOT RUBBER.
10 G5122 CLIP CABLE:
11 HO122 SCREW 6BAX3/4" CHD
12 HO117 SCREW 6BAX1/4" CSK
13 HO124 SCREW 6BAX1/4" CHD
14 HO112 SCREW 4BAX3/8" CHD
15 HO114 SCREW SELF TAPPER NO6X1/2" SLOTTED PAN HEAD
16 HOO12 WASHER 6BA STAR

17 HOOO07 WASHER 4BA FLAT

i Rk

e e ren v s

Py
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1.INTRODUCTION.

The FAIRLIGHT Intelligent Alpha-Numeric Keyboard has
been designed to be used as the primary input console for
the Fairlight range of microcomputers. It has 64 keys, which
include all the usual ‘'typewriter'functions plus cursor
control keys.

It is a completely self-contained unit wusing a
microprocessor for maximum flexibility 4nd adaptability for
custom applications. By changing the 2708 EPROM in the
keyboard, any special key function can pe programmmed.

High-reliability Hall-Effect switches are used which
means no contact w=2ar. The Kkeytops are of a 'double-
shot 'moulded type, giving permanent keytop legends whicn
will not wear away.

Connection between the keyboard and the computer is
made via a T7-core cable. This cable provides power to the
keyboard plus the serial link between the two devices.

FAIRLIGHT A/N KEYBOARD SERVICE MANUAL Page 1
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2.SPECIFICATIONS.

Switch Module Type: - Hall-Effect(no contact wear)
Total ket travel: 4. lam

Key actuating force: 7igrams

Reliability: 100,000,000 ppertions/station
Keytop type: Double-shot moﬁlded

Data format: RS-232C ASCII format

Baud rate: 110 to 9600.Factory set to 9600
Power requirements: +16 to 18 volts at 500mA

-16 to 18 volts at 100mA

Connector type: 9 pin 'D Mini' socket
Dimensions: 415mm (W) x7Smm (H) x 170mm (D)
Weight: 2.75kg
FAIRLIGHT A/N KEYBOARD SERVICE MANUAL Page 2
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3.FUNCTIONAL DESCRIPTION.

3.1 MPU,Decoding,RAM,Restart,Interupt clock and Option
switches, (refer to drawing #IKB1-01).

3.1.1 Microprocessor Unit.

All keyboard functions are performed by the 6802
microprocessor unit (MPU) at location D2. This is activated
by the 3.840MHz crystal which results in a MPU cycle time of
1.04 microseconds. At power-up the MPU-is held reset by the
555 IC at location H2, to satisfy ‘the 6802's reset
requirements. After reset the MPU obtains its restart vector
from ROM 2 at location C1 and starts program execution.

The 6802 MPU contains 128 bytes of internal RAM. This
is permanently enabled by tying the Ram Enable signal(pin
36) nigh. This is the only RAM in the keyboard.

3.1.2 Address Decoding.

Selection of both ROMs, the Option switch and the PIA
is performed by the L3139 1-of-4 decoders at location B1.
The devices are selected when the devices' address(s) is on
the address bus and both VMA and E are active (high). Not
all address lines are used in the decoding so the devices
appear in several places in the 6802's address space. See
the following address map.

The address map of the keyboard is as follows:

Address ( Hex ) Function
4OO0-TFFF Option switch
8000-BFFF PIA

C800-CBFF ROM 1 (optional)
CCOO-FFFF ROM 2

Restart and other vectors must be stored in the last
locations of ROM 2.

3.1.3 Software Readable Switch
The six-pole dual-in-line (DIL) switch provides for the
selection of baud rate and parity, as follows :-

0 refers to switch on (closed).
1 refers to switch off (open).

FAIRLIGHT A/N KEYBOARD SERVICE MANUAL Page 3
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PRSP Y

PCB edge DIL switch Keyswitches

*******i***!!l*****iilll’*****!i*lli!li*ii****l’*

* *

1 2 3 4. 5 6 *
* *
l****il*!i***i*i**!i{liil***i{*&!***iiii*****l*

(R it I not JEE I
speed selection used ) parity

3.1.4 DIL Switch selection

Speed selection {baud)

i 2 3
0o 0 O 9600
0o 0 1 #e8- SC O
o 1 0 2400 2 g0
0o 1 1 e /SO
1 0 O 309 300
N o o 300
1 1 0 el 200
1T 11 110

\~

Parity s electiow\

5 6

0 0 even parity

0 1 odd parity

1 0 no parity bit 7 set to O
1 1 no parity bit 7 set to 1

The standard switch setting is:
1 2 3 4 5 6
on on on on on off

FAIRLIGHT A/N KEYBOARD SERVICE MANUAL page U
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3.1.5 Interrupt Clock

The 6802's E output is divided by 100 by the dual CMOS
counter 4518 at location A2 to provide a 9.6kHz interrupt
source. This clock 1is connected to the PIA's CAl pin which
in turn is programmed to generate an interupt to the MPU.
This is used by the software in determining the serial
output baud rate.

3.2 PIA, Voltage Regulation, Clicker and RS-232 signal
generation. ( refer to drawing #IXB1-02).

3.2.1 Parallel Interface Adapator (PIA).

The two 8 bit ports in the PIA at Jocation D1 are used
to scan Gtne keyswitcn matrix. The remaining lines are used
to generate RS-232 controls and the data line. The ports and
control line functions are as follows:-

Port A input, from keyswitch columns
Port 3 output,to Keyswitch rows

Cal input,recieves 9.6kHz clock
CA2 output,CTS flag

¢ input,RTS flag

cB2 output,keyboard data

3.2.2 Voltage Regulation.

The Kkeyboard recieves +/- 20 volts from the main
computer's power supply along the sanme cable as the
keyboard's data signals. These voltages are regulated to -
12,-5,+12 and +5> D2y the three terminal regulators in
locations V¥R1,VR2,VR3 and VRY on the heat sink along the
edge of the PCB respectively. A 10 ohm 5 watt resistor is in
series with the +20 volts and the 7812 +12 volt regulator to
reduce tne power dissipation in the regulator.

3.2.3 Clicker.

The audible feed back in the keyboard is provided by a
relay driven Dy a discret monostable. The monostable 1is
triggered by any serial output data. This monostable 1is
configered around the CMOS 4001 at location G2 and
capacitors C15,16 and resistors R6,7 . A LED 1is conected
across tne relay and flashes when the relay is activated.

- FAIRLIGHT A/N KEYBOARD SERVICE MANUAL Page 5
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3.2.4 RS-232 Levels.

The TTL signal outputs are converted to RS-232 levels
by the driver in location H1 and inputs are converted tO
TTL by attenuators feeding LS1U4 inverters in location F1.

3.3 Keyboard operation.

The keyboard 1is scanned by the MPU Dby setting
successive rows to wan using tne PIA, and seeing if any
columns go to "O". Fach key has a unique row and column
number thus allowing the MPU to access each of the 64 keys
individualy. :

The HALL EFFECT keyswitches do not wpounce"™, SO
repetitive reads of a depressed Key do not have to be made
to distinguish if a key is pressed or released. The keyboard
scanning 1s the main program 1o00p. Wwhen keys are found
depressed and later released, their state 1is noted in 2 ol
bit ‘'key state’ table and the appropriate ASCII code is
looked up, taking into account any other simultaneous
depression of keys (such as shift or control). The character
to be sent is put in a queue. One key can Dbe nandled each
scan.

The characters in this queue are then outputted, one
pit at a time in the interrupt routine. The transmission
rate is determined py the setting of the option switch and
the 9.6kHz interrupt clock. This results in N key roll-over.

FAIRLIGHT A/N KEYBOARD SERVICE MANUAL page 6
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4.DISASSEMBLY

4.1.Bottom Cover Removal.
1. Disconnect the Power/Signal cable from the computer

pefore proceding.

2. Place keyboard face down on smooth surface.

3. Using 11ocking type’ bladed screwdriver,remove the 4
screws from the Ddase cover. Access 1is gained through the 4
clearance holes in tne bottom cover.

4y, Lift off the cover and slide the cord grip out froa
the bottom cover cug-out. A
4.2.Cable Removal.

1.Remove bottom cover as in 4.1.

2.Spread cord grip open to release cable.

3.Remove the cable from the printed Circuit Card by
spreading the connector locking lugs apart.

4.3.Printed Circuit Card Removal.

1.Remove bottom cover as in 4.1.

2.Leave keyboard laying face down, remove the 2 hexagon
nuts and locking washers both both ends of the card.

3.Lift out the card from the top cover.

4.4 .EPROM upgrade.

1.Remove the Printed Circuit Card as in 5.3.

2.Place the card down on a flat surface with the keytops
facing upwards.

3.Locate the ZPRCM near the heatsink brackst, refer to
exploded view drawing #DMKBZ2.

4.NOTE THE POSITION OF PIN 1 ON THE EPROM WITH RESPECT
TO ITS SOCKET BEFORE REMOVING THE EPROM. Carefully lift out
the EPROM from its socket.

5.To replace <tne EPROM, position its pins over its
socket ¥NOTE 20SITION OF PIN 1 BEFORE INSERTING* and push-
down on the EPROM until its bottom is sitting flat on its
socket.

4.5. Keyswitch Module Removal.

1.Remove the bottom cover as in W.1.

2.Remove the keytop from the module peing replaced and
as many adjacent buttons as required to allow adequate
workingspace. The xeytop can pe removed by pulling or prying
upward with a padded tool from their under side. FAIRLIGHT
INSTRUMENT recommends to use the 'Keytop puller'tool,(Part
#SW-10485). Refer to figure 1.

3.Unsolder the 4 terminals of the lead frame package
from the PCB using a temperature contorlled soldering iron
set to T50F degrees .Use a solder removal tool to remvove all
the solder from the pin hole in the PCB. Refer to figure 2.

FAIRLIGHT A/N KEYBOARD SERVICE MANUAL Page T
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4.Insert the 'Module Removal 'tool,(Part #SD-10101)at
esach end of the module.With the Module Removal tools 1in
position, grip the switch module with a pair of pliers and

pull straight out.Refer to figure H.
5.Replace the module with same part number type 2as tne

one being replaced.

- -

Figure 3, Inserting Removal Tools

FAIRLIGHT A/N KEYBOARD SERVICE MANUAL Page 8
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7.ELECTRICAL PARTS LIS3T.

7.1 IKB1. Alpha/Numeric Intelligent Keyboard Card.

Circuit Type Description - Circuit Type Description
Ref. Ref.
IC'S
A2 4518 DUAL COUNT. E2 4503 HEX TRI.BUFFER
B1 LS139 DUAL DECODER F1 LS14 HEX SCH.INVERT
B2 LS00 QUAD NAND T
G1 4069 HEX INVERT.
C1 2708 1K EPROM G2 4001 QUAD NOR
D1 6821 PIA H1 1488 QUAD DRIVER
D2 6802 PROCESSOR H2 555 TIMER
VR 1 7912 -12V REG.
VR2 73905 -5V REG.
VR3 7812 12V REG.
VRY 7805 5V REG.
TRANSISTORS
Q1 BC108 TRANSISTOR
DIODES
D1 1N4401 DIODE
D2 LED RED 3mm
RESISTORS
R1 10R 5 WATT R11 1K5
R2 6K8 R12-17 10K
R3 4K7 R18,19 3K3
RY 6K8 R20 10K
RS 4K7 R21 ™
R6,7 7K R22 100R
R8 UK7 R23 ™
R9 2K2 R24 4K7
R10 LK7 R25 10K
FAIRLIGHT A/N KEYBOARD SERVICE MANUAL Page 13
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9.2 DMC003 Alpha-Numeric

9.MECHANICAL PARTS LIST.

Drawing ref. Part #.
1 G1oub
2 EQKB1
3 Goo42
4 G4008
5 G4009
6 G0061
7 G4006
8 Gu4005
9 GUOO4
10 GL4003
11 HO123
12 H0201
13 HO110
14 H0202
15 HO002

G1049
MQKB1
G1017
MC013
D6753
D6021
G5215
G1048
HO112
HO0O08
HO202
D6753
G5180

O3 O W N =

— e = O
N - O

—_
W

9.1 DMKB2 Alpha/Numeric Keyboard Module.

Description.

Heatsink

PCB

Switch Module 4B3S
Support Module SD10438
Tension bar

Felt pad

Switch Module 641D,
Switch Module 4A1S
Switech Module 6B1D
Switch Module UB1S
Screw 6BAx1" CHD

Nut 6BA Hex.

Screw 4BAx1/4" nylon
Nut U4BA Hex.

Washer Mica T0220

Keyboard Assembly.

Bottom cover

Card assembly

Top cover

Cable assembly

Cover assembly D-Mini
Connector shell 10Way
Cord grip

Spacer

Screw UBAx3/8" CHD.
Washer 4BA Star

Nut 4BA Hex.
Connector 9 pin D-Mini
Rubber foot

FAIRLIGHT A/N KEYBOARD SERVICE MANUAL
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1.SAFETY WARNING

CAUTION: Unqualified persons anould not attempt repair or
ad justment to tnis equipment. High voltages present inside the

unit.

1.1 Picture tube Handling
A large amount of mechanical potential energy 1is stored in

the picture tube by virtue of its vacuum.

The strength of the glass envelope will Dde impaired by
surface damaze, such as scratches or bruises (localised surface
cracks caused DYy impact). When a rube is not in its equipment or
original packing, it should be placed faceplate downwards on a
sad of suitable rivoed material wnich is Kept free from abrasive
substancsas. Stress on the neck of the rube must Dde avoided.
qandle 92y the following pethods:-

A)Tupe on one 2432

To Llift a tube from the edge down position, one nand
snhould seplaced around the parabola section of the cone and the
otner nand sho<ld Dde placed near (slignhtly pelow) the centre of
the faceplate 23 snown in Figure 1.

UNDER NO CIRCUMSTANCES SHOULD ANY FORCE g APPLIED TO THE NECK

3)Tube face-3cWn

To 1lift a ctubdbe from the face-down position, the hands
snould %e placed under the areas of faceplate close to the fixing
lugs at diagonally opposite cornéers of the faceplate as snown in
Tigure 2. The -ube zust not be lifted from this position DY the
lugs themselves.

UNDER NO CIRCUMSTANCES SHOULD ANY FORCE BE APPLIED TO THE NECK OF

THE TU3E.

C)Tube face-up

To lift a tude from the face-up positicn, the hands should
ne placed under the areas of cone close to the fixing lugs at
diagonally oppcsite corners of the cone as shown in Figure 3.
The tube must not be lifted from this position py the 1lugs
tnemselves .UNDER NO CIRCUMSTANCES SHOULD ANY FORCE BE APPLIED TO
THE NECK OF THE TUBE.

If the handling procedures for the tube prior to irsertion
in the chassis is such that there is a risk of personal injury a3
a consegquence of accidental damage to the tube, then it 1is
recommended that protective clothing should be worm particularly

eye shielding.

FAIRLIGHT Graphics Monitor Page 1
Scanned by JB EMOND - www.fairlight.free.fr



Fig.1 — Lifting picture tube from 2dge-Jown position

Fig.2 — Lifting pictura suoe from ‘ace-down cosition

Fig.3 — Lifting picture tube from face-up position

Attention is called to the fact that high voltage may be
carried by the internal conductive coating which is connected to
the final anode connector and also by the external coating if not
earthed, even after the tube has been removed from the unit.
Discharge picture tube by shorting the anode connection to
chassis ground (not cabinet or other mounting parts).

PAIRLIGHT Graphics Moaitor Page 2
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2.SPECIFICATIONS

?icture tube type:

Video Response(Typical):

Yideo output risetime(Typical):
Horizontal Linearity:

Field Linearity:/|

Geometric rasterdistortion:
Scanning frequency:

Jorizontal Flyback time:
Horizontal blanking time:
fisld blanking time:
Anode wvoltage (eht):
Input Signal:

Controls:-

=xtarnal:
Internzl:

Power Requiements:

Power Consumptions:
Dizmensions:

Weight:

15inch P31 green phospher
with anti-reflective
bonded face-plate. 110
degree deflection
angle.
SHz to 20MHz(-3db)
30V in 18aS
better than 3%
better than 1.5%
with 1%
Horizontal:15,625Hz
Yertical:50dz
10.5uS
10.5uS
800us
17XV at zero beam current
1V pk-pk composite video
(negative sync) TSohms

a)Contrast, Brightness
a)H.frequency, H.phase
Dynamic focus, width &
H. linearity.
b)V.frequency,neizght &
V. linearity.
c)Video black level.
d)24V supply adjust.
100V, 120V, 220V, 240V
-5% +10% 50QHz - 60Hz
35W (nominal)
490mm (W) x 34Smm(H)
x 380mm(D)
30kg

FAIRLIGHT Graphics Monitor
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3. INTRODUCTION.

The FAIRLIGHT Graphics Monitor is a high resolution CRT
monitor for use with the Fairlignt range of aicrocomputers. It
is designed to accept compasite video from the Graphics card
located in the microcomputer. -

The display tube is a high-resolution 15" diagonal P31 type
which gives a crisp, green image. The large format results in a
highly readable display, which means low operator fatigue.

An opticnal high-performance Light Pen 1is used with tne
monitor. The lightpen is used for inputting grapnical data,
selecting options from a zenu Or° cursor pcsitioning in word-
processing.

The lightpen is of high quality metal construction for a
pleasant "feel". Connection to the monitor is by azeans of a
flexible spiral retractabdle cord and miniature connector.

wnen the pen is pointad at tne screen, a oright cursor is
displayed to show the exact point it 1is tgeeing’. The pen is
activated by touching the end witn a finger, at which time a
T.T.L. 'Touch' signal is sent to the computar.

A single cable, containing 3 co-ax cabdbl, nakes the sizgnal
connection between thne monitor and coamputer.Ilt carriss tne video
information from the computer plus the Light Pen HIT and TOUCH
signals back to the computer.Mains power for the monitor is
supplied via the computer, to allow the mains xeyswitch to turn
poth Monitor and computer On and Off together.

A block diagram of the Graphics Monitor is shown on Page 5.

FAIRLIGHT Graphics Monitor Page 4
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5. CIRCUIT ADJUSTMENT.

S.1. Preliminary set-up.

1. Check that mains selector on rear of Graphics Monitor 1is
selected to suit local maing voltage.

2. Apply 1V pk-pk composite video signal.

3. Connect mains supply.
4. Adjust contrast and brightness controls for optimum

picture.

5.2 Power Supply Card(VDUO3)

5.2.1 24V adjust.
1.Connect a voltmeter to pins 3 and 1 on conrector P9 on
the power supply card VYDUO3.
2.Check output is +24V DC.
3.Adjust using RV1, if necessary.

5.3 Main Card (VDUQ1)

5.3.1 Horizontal Frequency.

1.Short point 'fo' (refer to circuit diagram) to ground.
2.Adjust H. freq control VR3 for near stable picture.
3.Remove snorting strap from 'fo'.

5.3.2 H. Phase.

1.Increase obrightness control until picture background can
' be seen.

i 2.Adjust H. Phase control VR4 to . centre picture
horizontally within background raster.

5.3.3 Width.
1.Adjust Width Coil LY to obtain approx. 15mm Zap detween
raster and edge of screen at the vertical centres.

5.3.4 H. Linearity.

1.Adjust H. Lin coil L2 to obtain optimum horizontal
linearity at the start and end of the horizontal scan.

2.Read just Width Coil L1 if necessary.

5.3.5 Vertical Frequency.

1.Turm V. Frequency control VRS until picture starts
rolling down the screen and the blanking bar is seen.

2.Slowly turn VRS back so that bar rolls up and locks in.

3.Turn VRS a few more degrees to ensure stable locking.

i

{ 'PAIRLIGHT Graphics Monitor Page &
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5.3.6 Vertical Height & Linearity.

1.Increase plcture brightness until background raster can
be 3een.

2.Turn V. Height control VR7 until there 1is approximately
15Smm zap between raster and edge of "the screen at the horizontal
centres.

3.Adjust V. Lin control VRS for optimum vertical linearity
at the top and bottom portions of the picture.

4 Repeat step 2. if necessary.

5.3.7 Focus Adjustment.

1.Adjust <contrast and brightness controls for optimum
picture.

2.Adjust Focus control VR9 for optimum picture focus.

5.4 CRT Card VDUQZ2.

5.4.1 Black Level

1.Turn contrast control to maximum.

2.Check video lavel at pin S5 of PU is approx. 4.5V pk-pk
composite video.

3.Monitor collector of
ascilloscope.

4.Set black lavel of video to +60V using black level
controlVR2.

Video output transistor Q6 with

PAIRLIGHT Graphics Monitor Page 7
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6. DISASSEMBLY.

6.1 Top Cover Removal (Refer to Exploded View #MQ215L/02)
1.Remove the U4 counter-sunk screws marked 6 from both sides

of cover.

2.Remove the 3 dome headed screws marked 7 from the rear
panel.

3.Lift off top cover.

6.2 Picture tube Replacement. (ref2r to Exploded View MQ215L/01)

Caution: Refer to SAFETY WARNING Section 1 before
proceeding.

1.Remove light pen as in 7.4.1.

2.Remove top cover as in 6.1.

3.Remove 10way cable from the VDUO3 P.C.B.

4.Disconnect the red high voltage cable from the picture tube
and discharge tube.

5.Remove the CRT P.C.B. VDUO3 and defletion yoke from the
neck of the picture tube.

6.Remove the six cheese-head screws holding the front
panel/CRT brackets, marked 16 on drawing.

7.Tilt Front panel forward and down until face of the picture
tube is laying face down in front of Grapnics monitor

8.Remove 4 outer hexagon nuts and washers from front panel
studs, and slowly withdraw picture tube from front panel.

FAIRLIGHT Graphics Monitor Pags 8.
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7.LIGHT PEN.

7.1 Ceneral description.

The light pen is.completely self-contained and requires only
a 5V supply. The pen is activated by touching the end with a
finger, at which time a T.T.L. touch signal is sent to the
computer. The 'touch' signal only ‘with the 'hit' signal 1is
connected to the computer via the S5 pin Cannon connector located
on the rear of the V.D.U. SV for the light pen is obtained from
the P.S.U. card located on the Power Supply Unit (refer to
Section 8).

7.2 Light Pen Adjustments.

7.2.1 Sensitivity.

The pen sensitivity is factory set, to provide good
performance in mest applications. If necessary, the sensitivity
may be adjusted dy inserting a screwdriver through the small hole
in the body. CLOCKWISE rotation DECREASES the sensitivity. The
pen may be set for maximum sensitivity (without a light source)
by increasing the sensitivity until the pen free-runs and then
backing off until the outputs disappear.

7.3.1 Operation check.

Operation of the pen may be checked by using a laboratory
cscilloscope both as signal source and display. Set the scope
for a line triggered sweep at a speed of one centimeter per uSec.
Connect the vertical input to the pen light pulse output. When -
the tip of the pen is pcsitioned over the trace a fuSec pulse
should appear about 300nSec to the right of the pen. Increasing
the sensitivity should reduce the delay.

7.4 Light Pen Removal and Replacement.

The light pen connector is mated to the connector on the
Vv.D.U. front panel via a locking type connector.

7.4.1 Removal.
The connector cannot be unmated until the sides of the plug
are squeezed (Figure 1).

FAIRLIGHT Graphics Monitor Page 9
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Light Pen Removal/Replacement.

o f ] \
B feceatacia
Nek T W |

Squesry -Yndercut in
-~

Recagtacie

- Don’t Turn or Twist. x
Don't use Hand Tools. 5

| 1. Squeezs finger grips to flex plastic
coupling arsa. The lacking tabs will
daflect outward and uniock.

2 Pull plug from recaptacle.

—

Figure 1 - Removal.

7.4.2 Replacement.

~

Mug Recaptacie
| ALY
[cnmu] Q‘
RN ey

nin
(inteenay S
Taos

Key Way
1. Turn plug so “‘keyed’ insulator faces
align.
2. Push piug onto receptacie untl lock?
ing tabs {A) snap intd Lndarcuts {8).

Figure 2 - Replacement.

Connection is made by pushing the plug on the light pen
cardonto the connector on the VDU front panel until the locking
tabs snap into the locked positon (Figure 2).

FAIRLIGHT Graphics Monitor
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8. POWER SUPPLY UNIT.

8.1 General Description.

< The power supply unit {s located behind the front panel Light
Pen cut-out. The unit consists of the power transformer, voltage
selector switches and the regulated DC power supply card VDUO3.
The unit provides 24V and 12V for the Main Card VDUO1 and 5V for
the Light Pen.

A multi-tapped primary power transformer is used. It has low
magnetic leakage to prevent picture tube interference. The
secondary output is connected via 3 pin connector to the Power
Supply Card.

8.2 Power Supply Card VDUO3.
8.2.1 Circuit Description.

The bridge rectifier DB1 and the filter capacitors €1 and C2
provide the DC supply for the IC regulators Ul and U2. U1 is the
ad justable regulator used for the 2uy DC. Its output 1s factory
adjusted to 24V using VR1 and should only need read justing should
U1 or its associated components be replaced.

DB1 also supplies DC to the 12V regulator U2. To reduce the
power dissipation in the 12V regulator two 5.6V zener diodes are
used in series. The 24V and 12V are connected to the VDUO1 card

via the 3 pin connector.

U2 also supplies 12V to the 5V regulator U3. U3 is used for
the light pen supply and is connected via the 10 way connector
where connections for the Light Pen's 'Hit' and 'Touch’ signals
are also made.

FAIRLIGHT Graphica Monitor Page 1%
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9. MAIN CIRCUIT BOARD VDUO1.

|
i 9.1 General Description.

’ The main printed circuit card VDUO1 is mounted vertically on
' the opposits side of the power supply unit. It generates all the
picture tube supplies, provides the driving circuitry for the
deflection colls and processes the video signal. Connections to
the picture tube are made via the circuit board VDU02 which is
mounted on its neck. This card has the video output amplifier,
printed circuit board spark gaps and decoupling for the picture

tube DC suplies.

9.2 Circuit description.

' 9.2.1 VIDEO PREAMPLIFIER
The video preamplifier (Q1,Q2) is designed to accept a 1 volt
pk-pk video signal (negative sync) at 75 ohms. The 500 ohm
contrast control is provided at the input and is padded with R1
to provide the proper cable termination.

9.2.2 D.C. RESTORATION

After the preamplifier, D1 and QU are used to provide the DC
restoration at the base of Q3. DC restoration occurs during
horizontal flyback. This is achieved by connecting the base of
Q4, through R15 and D5, to the horizontal output transistor Q10.

The signal is now passed to the emitter follower Q3 where it
is coupled to the video output stage (located on the VDU-02
P.C.B.) via a 5 way notdhed ribbon cable.

9.2.3 BLANKING

Q5 is the retrace blanking transistor. It is driven by the
horizontal pulses \de_rived from the line output transistor Q10.
These positive pulses, along with the positive vertical blanking
pulses from pin 4 of the vertical timebase IC (U2) are fed to the
pase of Q5 which turn it on, thus cutting off Q6 during vertical
and horizontal retrace.

—————  —— -
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i

P

9.2.%3 SYNC SEPERATOR AND HORIZONTAL TIMEBASE

The same video that is fed to the contrast cortrol is fed to
the sync amplifier Q8. After amplification the composite syne
is connected ta U1 via R29. This IC performs the functions of
sync seperator, line cscillator and coincidence detector. The
sync is fed to pin 9 via a wavet:orn conditioning network. The
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horizontal frequency is set by C17 and is adjustable by VR3.

Information for the colncidence detector is obtained from the
horizontal output transistor Q10 via the H phase control VRY4 and
fed to pin 6. Adjustment of the mark-space ratio is effected by
the voltage applied to pin 4. The horizontal driving pulses are
obtained from pin 3 and are routed to the base of the driver
transistor Q9. Vertical sync output is on pin 8, which via RST
is connected to the vertical IC U2.

9.2.5 HORIZONTAL DRIVER

Driver transformer Tx2 energised Dy Q9 generates the drive of
required form and magnitude for the norizontal output transistor
Q10. A non simultaneous mode is employed soO that the driver
transistor is conducting when the norizontal output transistor is
cut-off. A 1.8 ohm series resistor R4Y4 defines the forward base
current of Q10, and a 58 ohm resistor RU5 in parallel with the
base-emitter junction prevents ringing voltages from turning the
device on during flyback.

The network R41 and C26 across the primary of the driver
transformer provides the required tuning and waveshaping.
Decoupling for the whole driver stage is effected by R43, €52 and
C53. R43 has a current limiting function in the event
horizontal pulses are lost.

9.2.6 HORIZONTAL OQUTPUT STAGE

The horizontal output stage basically consists of the
horizontal output transistor Q10, deflection coil (connected
between linearity coil L2 and the dynamic focus transformer Tx3)
and the horizontal output transformer Tx1.

The horizontal timebase employs the series efficiency diode
circuit (boost circuit) technique. A feature of this circuit is
that the voltage developed across the boost capacitor C33 1is
added to the 24¥ DC supply and in this way about 63Y is made
available for direct drive of the line deflection coils. D8 is
the series efficiency diode. The deflection coils are connected
to the whole of the primary winding of the horizontal output
transformer and in parallel with Q10, minimising the passibility
of ringing during scan. The linearity correction and 3
correction is carried out by baving the linearity coil LZ and
capacitors C30 and C29 in series with the horizontal deflection
coils. The width coil L1 provides adjustment of the scan
amplitude of about » 3%. Tx3 is the dynamic focus transforumer.

P Pazra 1?

P e L e
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9.2.7 PICTURE TUBE SUPPLIES

All the high voltage supplies for the picture tube are
derived from the horizontal output transformer. The e.h.t.
overwind incorporates the stack rectifier within the same
housing. The output of the e.h.t. is 17KV and is connected to
the picture tube via a special high voltage clip on cable.

Pins 6 and 7 of the transformer have the winding to supply
the other picture tube supplies. Using half wave rectification
D10 produces approx. 800V which is used as the DC bias for the
dynamic focusing. D11 provides the negative voltage for the
control grid of the picture tube (brightness control). C34 is the
filter capacitor for the negative voltage supply. A larger than
usual filter capacitor is used for this supply so that it will
retain bias on the grid for a long period after switch-off to
avoid apot burn.

Power for the pilcture tube heater is obtained from pins 1
and 2 on the horizontal output transformer. R49 is used to trim
the heater voltage to approximately 6.3V RMS.

The transforumer also generates the h.t. line voltage for the
video output stage. This is obtained from pims 3 and 5 with D9
and CS8 being the rectifier and filter.

All these supplies are connected to the CRT P.C.3. (VDUO02)
via the 9 way notched flat ribbon cable.

9.2.8 DINAMICS FOCUS

Geometry of the picture tube causes the scanning electron
beam to travel a greater distance when deflected to a corner as
compared to the distance travelled by the beam at the centre of
the picture tube ‘screen: Because of these various distances
optimum focus can only be achieved at onme point. In practice,
using a fixed D.C. focus voltage, a comprised focus adjustment
has to be made. This i3 usually done by optimizing focus at
some point half way between a cormer and the centre of the
screen. The VDUO! Card, however utilizes a system known as
Dynamic Focus. This system overcomes these limitations in the

horizontal axis.

Dynamic Focus requires the focus voltage to be modulated at
the horizontal frequency. The voltage varies depending on the
position of the beam as it travels horizontally acrcss the

screen.

Scanned by JB EMOND - www.fairlight.free.fr
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Tx3 is the Dynamic Focus trans foraer. Its primary is
connected in series with the horizontal deflection coils. As
the scanning current flows through the primary, the secondary
produces a sine wave voltage at the horizontal frequency. This
frequency 1is determined by €S9 and the secondary inductance.
The output of the secondary is capacitively coupled via C3l to
the adjustable D.C. focus voltage froam VR9. Mixed AC + DC
voltage is connected to the picture tube focus grid via R24 on
the VDUO2 P.C.B.

9.2.9 VERTICAL TIMEBASE
The IC U2, is used to generate the required current for the

field deflection coils. This device incorporates the functions
of vertical oscillator, driver and output stage in one aenvelope.
A class B output stage with flyback boost is used. The

deflection coils are current driven; hance variation in their
resistance does not affect the scan amplitude.

To obtain an optimum valve of current feedback, the sampling
resistor is formed by two resistors R58 and RS9 connected in
parallel. The sync pulse is coupled capacitively to pin 5 and
the associated 2.2k onhm resistor reduces the impedance of the
feeding line to a level at wnich pick up of norizontal pulses is
of little significance.

To ensure good tracking between norizontal and vertical
scans with beam current variations, the height control is fed
from the 24V DC line filered by R69 & club.

10. CRT CARD VDUOZ2.

10.1 Circuit description.

10.1.1 Video Qutput Stage.

The output circuit consists of the emitter-driven video
transistor Q6 and the collector load resistor R20. A zener diode
D4 andits associated components nold the base of the video
transistor at a d.c. potential of 7.5V.

The emitter of this transistor driven by Q7, is a high
frequency transistor. The overall voltage gain of this stage is

17.

PATRLICHT Graphics Monitor Page 15
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13.ELECTRICAL PARTS LIST.

13.1 Parts List for Main Card YDUO1

Circuit Ref. Part No. Description
TRANSISTORS
Q1 D301 BCSU9
Q2 D3016 BCS59
Q3 D3016 BC559
QY D3011 BC549
Q8 D3016 BCS559
Q9 D001 BD131
Q10 D005 BUU426
Qn D3011 BCS49

INTEGATED CIRCUITS

U1 BOOU4g TDA2591
U2 BOOLS TDA2651
DIODES

D1 D5014 BAW62
D2 D504 BAWG2
D3 DSO14 . BAW62
D5 : Ds017 - - BYVQ6E
D6 D5016 BYW96E
D7 D5013 BaS11
D8 D018 BY229/400
D9 D5017 BYV96E
D10 DS015 BY 184
D11 D5015 BY 184
D12 D5008 INLOOY
D13 D5009 ING 14

B PATRLIGHT Graphics Monitor - - Co Page 20 -
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RESISTORS

All resistors are 1/4w, +-5% Metal Film Type unless otherwise

indicated.
Circuit Ref.

R1
R2
R3
RU
RS
RO
RT
R8
R9
R10
R11
R12
R13
R14
R15
R16
R25
R26
R27
R28
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R41
RU42
RU3
RUS
R4S
R46
R4T
R48
RU49

Yalues in ohms.

Part No. Description.
R1012 82
R1040 18K
R1033 Ux7
R1013 100
R1013 100
R1021 470
R1049 100K
R1025 1K
R1037 10K
R1029 2K2
R1045 47K
R1040 18K
R1011 68
R1009 u7
R1047 68K
R1033 ux7
R1022 560
R1067 3M3
R1064 M8
R1031 3K3
R1026 1K2
R1031 3K3
R1065 M2
31038 12k 2%
R1048 82K
R1050 120K
R1043 33K
R1017 220
R1017 220
R1002 12
R1001 10
R1014 120
R1048 82K
RS006 68 5 WATT
R1076 1R8
R1011 68
R1017 220
R1028 1X8
R1028 K8
R4006 10 1 WATT

Scanned by JB EMOND - www. fairlight.free.fr
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Circuit Ref. Part No.

Description.

RSO R1028 1K8
RS1 R1025 1K
RS2 R2002 1M Carbon Film 1/2 WATT
R53 R1065 2M2
RSH R2003 M5 Carbon Film 1/2 WATT
R56 R2003 1MS Carbon Film 1/2 WATT
R57 R1064 M8
R58 R1076 1R8
R59 R1078 1RS
R60 R10U5 47K
R61 R1050 120K
R62 R1042 27K
R63 R1029 2K2
R6U R1052 180K
R65 R1051 150K
R66 R1048 82K
R67 R10U48 82K
R68 R1038 12X
R69 R1025 1K
RT0 RUO13 15 1 WATT
RT1 R5007 2R2 5 WATT
R72 R1008 39
RT3 R1018 270
RTY R1011 68
R75 R1055 330K
R76 R1031 3K3
RT7 R1013 100

VARIABLE RESISTORS
VR1 R6111 500 Contrast
VR3 R6112 50K Cermet Trim
VRY R6112 SOK Cermet Trim
VRS R6113 100K Cermet Trim
VR6 R6114 10K Cermet Trim
VR7 R6114 10K Cermet Trim
VR8 R6110 ™ Brightness
VR9 R6129 M7 Focus

FATRLIGHT Graphics Monitor
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Circuit Ref. part No.

C1

c2

c3

c4

o))

c12
ci3
ciy
C15
c16
c11
c18
c19
c20
c21
caz2
c23
cau
c25
c26
c27
c28
c29
c30
cn
c32
€33
Cc3k4
Cc35
c36
C37
c38
C39
cuo
cw
cu2
ci3
cubs

Description.

CAPACITORS
c7106 §70u -25v Electrolytic
c6002 But7 16v Tantalum
c8017 470n 100V polyester
c2533 10n 100v Polyester
7109 100u 25V Electrolytic
cgoou 4n7 100v Polyester
cT113 150u 16V Electrolytic
c8016 680u 100V polyester
6005 22u 16v Tantalum
€2533 10n 100V polyester
c2502 un7 100V gilvered Mica 23
c8o1u 100n 100V pPolyester
8007 6n8 100V polyester
Cc7109 100u 25V glectrolytic
c8018 220n 100V polyester
c2507 270p S0V Ceramic
c2542 82p S0V Ceramic
c8o1l 100n 100V polyester
2503 in s0v polyester
8019 47n 100V Polyester
2503 n 50v CeramicC
cuo0s i2n 1KV Polypropylene
cu4003 1u 4oov Polycarbonate
gelected if needed
cuo02 in 1KV Polycarbonate
cu003 1u 40Oy Polycarbonate
cl003 1u 400V polycarbonate
C7125 10u  200v Electrolytic
cuood 10n KV polycarbonate
c7104 1000u 25v Electrolytic
C6001 1u 35v Tantalum
c2531 330p SOV Ceramic
cgoy 100n 100v,Polyester
c8017 470n 100V Polyester
c8017 470n 100V polyester
c8017 470n 100v Polyester
c6005 22u  16v Tantalum
Cc6005 22u 16v Tantalum
FAIRLIGHT Graphics Monitor
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cus
cub
cuTt
cu48
cug
C50
cs2
CS3
Csh
C55
C56
C57
C58
C59
c60
C61

X1
X2
TX3

L1
L2
L3

P1
p2
P3
P4
P5

C2505 100p -~ 50v Ceramic

C7109 100u  25v Electrolytic
c8014 100n 100v Polyester
C7106 470u 25v Electrolytic
Cc7108 100u  40v Electrolytic
c7109 100u  25v Electrolytic
c8014 100n 100v Polyester
C7107 47u 25v Electrolytic
c8014 100n 100v Polyester
c7108 100U U0V Electrolytic
€2505 100p 50 Ceramic
c8017 470n 100v Polyester
CT7126 2us 200v Electrolytic
CL002 n 1k Polycarbonate
c7120 470u 16v Electrolytic
C2543 220n Ceramic Disc
TRANSFORMERS
GS196 HORIZONTAL OUTPUT
G5195 HORIZONTAL DRIVER
G5192 DYNAMIC FOCUS
COILS
G5197 WIDTH
GS194 LINEARITY
G5184 DEFLECTION YOKE
MISCELLANEOQUS
Gs211 6 PIN CONNECTOR
G5242 4 PIN CONNECTOR
D6003 10 PIN CONNECTOR
G5246 5 PIN CONNECTOR
GsS244 9 PIN CONNECTOR
G6017 EHT Cable and Cap
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13.2 Parts List for CRT Card VDUO1

Circuit Ref. part No. Description

TRANSISTORS

Q5 D301 BCS4U9

Q6 p40Q2 BF337

Q7 D3021 BSX20
DIODES

D4 ps012 BZY88/7TVS ZENER
RESISTORS

All resistors are 1/4w, +- 5% Metal Filmtype unless other-wise
indicated. Values in ohms .

R17 R1023 630
R18 R1023 680
R19 R1010 56
R20 RS5005 : K2 5 Watt
R21 R1009 47
R22 R2005 470 Carbon Film
R23 R2000 22k Carbon Film
R2M4 R2001 220K Carbon Film
VR2 R611T 1K Cermet Trim
CAPACITORS
' ché €2533 10N 50v Ceramic
; cT €2533 10n 50v Ceramic
; c8 c7124 20u 100v Electrolytic
| Cc9 £2525 100n 50v Ceramic
: c10 cho01 100n U4OOv Polycarbonate
‘_ c11 chool 10n 1KV Polycarbonate
!. MISCELLANEQOUS
[ P6 G5193 8 PIN CRT Socket
.-
caTR! TAUT Araohics Monitor Page 25
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13.3 Parts List For Power Supply card YDUO3

Circuit Ref. part No. Description.
IC'S
gt D1006 M317
U2 D0812 7812
U3 D0805 7805
DICDES
D1 psool IN5339 ZENER
D2 psool INS339 ZENER
DB1 p2010 BY225 BRIDGE RECTIFIER
RESISTORS
R R1079 2K 1/4 Watt
R2 R1013 120 1/4 Watt
VR1 R6204 500R  Multil Turn Pot
CAPACITORS
c1 c7129 2500 <63v Electrolytic
c2 c7129 2500u 63v Electrolytic
c3 c1010 100n 100v Ceramic
ch c1010 100n 100v Ceramic
Cc5 c1010 100n 100v Ceramic
ch c1010 100n 100v Ceramic
Cc7 c1010 100n 100v Ceramic
c3 c1010 100n 100v Ceramic
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16. MECHANICAL PARTS LIST.

16.1 Parts List for Exploded View MQ2151/0}.

Ref No.

— b d —h md b b e b b
WO EWN =00V OO~_O0UN SWN -

Part No. Description.

G5152 Light Pen Socket

G5151 Light Pen

J0209 Front Panel Assy.

J0208 Base Panel

G5191 Power Transformer

G0073 Power Supply Base Plate
G5159 Voltage Selector Switch
© Joouo Rear Panel Escutcheon
G5190 Fuse Holder Cap

G5309 Fuse Holder

D6768 Power Connector 3 pin
D6T710 Graphics Connector 5 pin
Go128 P.C.B. Bracket

G0127 Support strip

Go124 Support Panel LH

G0126 Support bracket

G0125 Support Panel RH
MvDU02 " CRT Card VDUO2

MVDUO1 Main Card VDUO1 .
G5184 Deflection Yoke

G5198 Picture Tube 15"

G6017 eht cable

MVDUO03 P.S.U. Card VDUO3

R6111 Contrast Pot

R6110 Brightness Pot

G5107 P.C.B. Standoff

HO125 Screw 6Gx1/4r

HO102 Screw CHD4BAx"

HO111 Screw CKS UBAx15/16"
HO118 Screw CKS6BAx3/8"

HO115 Screw 4Gx3/8"

HO140 Stud 1/4nW

RHO133 Screw CHD UBAx1/4n
H0008 Washer U4BA star -

H0021 Washer Pot

RHO139 Washer 1/4"W Star
K0012 Washer 6BA Star

H0202 Nut. 4BA Hex

H0208 Nut Fuseholder

R0201 Nut 6BA Hex

H0020 Nut. Pot

CATOI TAUT (manhica Monttar Paga 2N
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16.2 Parts List for Exploded View MQ2151/02.

Ref.No.

OO FWN -

Part No. Description.
J0209 Front Panel

J0271 Top Cover

J0o208 Base Panel

J0006 Foot

HO132 Screw 1/4nxin
H0103 Screw 8Gx3/4" CHD
HO209 Nut

TATOr TAUT MNrantiag ManlbA-
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