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SYSTEM OVERVIEW

General Principles
(Refer to Figure 1)

The CMI is a complex special-purpose computer system which
embraces many different hardware and software technologies. All
processing and sound generation functions are performed by the
Mainframe, while the Graphics Terminal and Keyboards serve as
peripherals for operator interfacing.

The mainframe is capable of operating quite autonomously, that is,
it is not reliant on any external connections for proper functioning.
Under certain conditions it is possible for a fault condition in
external peripherals such as keyboards to inhibit proper main frame
operation, so the serviceperson should be wary of being misled. Of
course, without the peripherals connected it is often hard to know if
the system is functioning properly, but this point should be borne in
mind when trouble-shooting,.

Operator input to the Mainframe comes from three sources: music
keyboard, alphanumeric keyboard and graphics pad.

Output devices include the Graphics Display terminal and the audio
outputs. A printer may also be used.

The heart of the system is the Central Processing Module, which
uses two Motorola 6809 microprocessors in a dual-processor
configuration. Both processors share a common buss called the CMI
Buss or the CPU Buss which allows them both to communicate with
the other processors in the Mainframe.

The Processor Control Module provides EPROM for system startup
and bootstrap, RS-232C serial input from the keyboard, serial output
to the keyboard and printer, and various other CPU support
functions such as interrupt prioritisation.

Main program memory is provided by the 256K RAM card(s). This
holds all the operational software, much of which is overlaid from
disk as the code exceeds 256K.

The Floppy-disk and Hard disk (SCSI) controllers use Direct
‘Memory Access (DMA) techniques to transfer data between main
memory and the two floppy-disk drives.

The Graphics Display is a bit-mapped image of 16K bytes of
'WRAM. This is displayed as an array of 256 by 512 points. Special
hardware provides support functions for automatic vector drawing,
which considerably enhances the speed of displaying graphical
information.

The digital section contains a second buss called the Waveform Buss
which is entirely independent of the CPU buss and is dedicated to
sound generation, manipulation and sampling. It has a 23 bit address
buss, a 16 bit data buss, synchronous control lines and runs at 3.3 Mhz.
It supports up to 14 megabytes of 16 bit waveform RAM. All RAM is
accessible by all channel cards in cycles of 16 time slices. This aliows
16 channels to run at a maximum of just under 200khz each. The
Waveform Processor is the only device that can read and write to the
Waveform RAM so it is responsible for loading, saving, sampling and
manipulating sounds in waveform RAM. The channel cards only
gencrate read cycles to get data from waveform RAM to the Audio
Output modules. The actual waveform data read out of waveform
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SYSTEM OVERVIEW

RAM in response to addresses generated by the channel cards do not
return to the channel card but are picked up from the waveform buss
by the Channel Support card and sent directly to the the Audio
Motherboard and thence the Audio Qutput Modules. (see System block
diagram)

Access to the waveform buss is prioritized in the order Channel
cards, Waveform RAM refresh, then Waveform Processor. Channel
cards are ailowed access to the buss in a cyclic "round robin" manner.
The channel card may or may not used its allocated time slice. Unused
channel card time slices are allocated to refresh, then Waveform
processor access.

The Waveform Processor and Channel cards reside on both CPU and
Waveform busses so that they may be controlled by the CPU as well as
accessing sounds in Waveform RAM.

The channel cards

Each channel card contains a 2Mhz 6809 with 64 kbytes of program
memory and the circuitry to generate 2 channels of wave form pitch,
level, filter setting, resonance and address information. The channel
cards themselves contain no waveform memory.
Access to the waveform RAM is via fixed cycling allocation. Each
channel card is connected to one Audio Module by a 26-way flat cable
which carries the control voltages, pitch and clock information used to
clock the 16 bit DACs, and control the VCAs and VCFs.

Channel Support Card

This contains the timing generation and time slice allocation logic
for the channel cards and the waveform buss. It also contains the
channel card -addressing logic, channel masks, some channel card
program RAM refresh logic and master pitch oscillator. The time slice
logic generates 8 equal time slices that are subdivided internally to the
channel cards, each channel card generates 2 channels 8 time slices
apart.
e.g. channel card 1 generates channels 0 and 8, channel card 2
generates 1 and 9 ete.
The Channel Support card also contains a timer which has one output
bussed to all channel cards where it will cause FIRQs (Fast Interrupt
Requests). This real time clock is used for channel card envelope
timing.

Waveform Processor

This is a 10MHz 68000 with 8k words of ROM, 256k words of
RAM, optically isolated serial interface to the ADC module, a
waveform buss interface and a CPU buss interface. It also contains
the Waveform Ram refresh arbitration logic. Access to waveform RAM
is allowed during unused channel card time slices. 68000 code can run
in waveform RAM if required.

1.4 - CMI SYSTEM
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Waveform RAM

Each Waveform RAM card contains IM words of 16 bit waveform
RAM. This RAM is refreshed by an on-board counter and logic on the
Waveform Processor. Refresh cycles are only granted if no channel
accesses are requested. An 8-bit mode is also supported for doubling
sample time on low resolution samples.

General Interface Card

This board contains 4 MIDI in/out channels, SMPTE in/out, and
synchronization clocks and clicks for the world beyond Fairlight. The
music keyboard connects to this via one of the MIDI input channels. A
10MHz 68000 processor unscrambles control frames from key depresses
and sends commands directly to the channel cards to play without
intervention from the CPU. This processor also plays a major role in
running music sequencers.

Audio Output Modules

These plug into the Audio Motherboard from the rear of the CMI
Mainframe. Each contains 2 channels of 16 bit DAC, voltage
controlled filter and voltage controlled amplifier and line driver. The
waveform data come via a single flat cable from the Channel Support
card to the Audio Motherboard then along the audio buss to each of
the Audio Modules. Control clocks and voltages come directly from the
channel cards via individual flat cables terminated in PC-mounting
sockets on the Audio Motherboard. A switchable mix facility allows
the two channels on each Audio module to be mixed. '

Audio Mixer Module

The Mixer plugs into the Audio Motherboard from the rear of the
CMI Mainframe and provides a single equally mixed output of all 16
channels to both a line socket and the headphone amplifier.

MIDI Support and SMPTE Support Modules

Both these modules plug into the Audio Motherboard from the rear
of the machine. The SMPTE support module contains the analogue I/O
circuitry required for SMPTE time code plus an electronic metronome
which is controlled by data from the PIA output of the CPU Control
Module and whose output is mixed onto the headphone amplifier.

The MIDI support module contains the optical isolation circuitry
required for MIDI and provides mounting for the Spin DIN
connectors. Connections from both modules go to a socket on the
Audio Motherboard which receives the flat cable connected at the
other end to the General Interface Card.

Hardware/Software Relationships

This section gives a summary of the operational concepts involved
in each of the CMI's major functions. This information should help
relate a particular software function to the appropriate piece of
hardware.
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¢ The software system is divided into two main sections, the resident
software and overlays. The resident part is responsible for all the
‘* real-time functions such as sound generation, keyboard input
processing and graphics pad operation. The overlays are used for the
" various control and sound manipulation functions provided by the
- display pages. Changing pages on the CMI loads a new overlay for
* -that page from disk. Some pages use further overlays themselves, so
that when certain functions are invoked from a particular page for
- the First time, a disk access will be made as the overlay is loaded.
< - - Both 6809 processors access 65K bytes of program RAM, switched
-~ from the 256K memory board, so that some of the code may be
executed by each processor individually, and both processors can share
common data structures. Processor 2 carries out the non real-time
functions such as disk I/O and graphics display.
“%1: .The 68000 Waveform Processor is concerned with movement of data
" into and out of waveform memory and manipulation of data in
** waveform memory.
The 68000 MIDI Processor is concerned with starting and stopping
audio channels.
A broad description of a range of specified functions follows.
o
i iSystem Startup/Boot
v When power is first applied to the system, a power-on reset signal is
(’W\ “M'generated for about a half second by a timer located on the Processor
i Control card, Q133. At the end of this time, both processors fetch
*“-“restart vectors from EPROMS, also on the Q133 card and start
- executing the startup procedure in EPROM. Processor | initialises all
the registers of the peripheral controller devices such as PIAs and
ACIAs Processor 2 initialises the Graphics Display, clears the
.~ screen, loads disk driver firmware into system RAM from ROMs on
...: the QFC - 9 and/or Q - 777 controller modules, and displays the LOAD
.~ SYSTEM DISK IN DRIVE greeting. While this is happening the
processor internal to the Music keyboard also starts up. The Music
keyboard LED display first diplays the message POWER ON, and then
the message SERIES III. Processor 1 then loops, waiting to be
- “triggered by Processor 2, which in turn loops waiting for a disk to be
**inserted in drive 0, as indicated by the appropriate status bit from the
Floppy-disk Controller Card QFC9.
* '~ When the system disk has been correctly inserted, processor 2
- executes the first stage of the bootstrap loader firmware (located on
“* the Q133 card). This involves reading in the boot block, which is a
* special sector on the system disk. The code stored in the boot block is
then executed which completes the boot load by loading the
operating system and the Page | overlay. When Page | starts up, the.
message PAGE 1 READY is sent to the music keyboard display.

Disk Operations
, The CMI uses one eight-inch double-sided floppy disk drive and
g~ ‘" one or two 5.25" hard disc drives.

—— .
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Floppy disk

Floppy disk format is soft sectored, 128 bytes per sector (single
density), or 256 bytes per sector (double density). FM recording is
used for extra reliability. The floppy drive itself is controlled by a
Western Digital WD1791 L.S.I. controller located on the Floppy Disk
Coatroller Card QFCS.

The Floppy disk driver EPROM is located on the QFC9 card.
Routines in this EPROM provides utilities including read sector, write
sector, and verify C.R.C. which are called by the RAM-resident disk-
operating system.

In the event of a disk error being detected during a read or write
operation, the software will perform a number of re-tries, including
head relocation, to try to recover from the error. If the error persists,
an error message is displayed.

Hard disk

The hard disk is controlled by the Q777 SCSI TSmall Computer
Systems Interface) card. The hard disk driver firmware is located on
the Q777 card. Hard disks are 85 Meabyte or 140 Megabyte,
expandable as required.

Graphics Display, Graphics Pad

The graphics display is generated by writing a bit-mapped image to
the dedicated 16K byte VRAM. This block of RAM is mapped in and
out of the processor mcmory space under software control. The
graphics pad sends special format ASCII characters through the same
path as normal ASCII characters from the alphanumeric keyboard.
These are then converted into graphics coordinates, and VRAM
addresses, in software, which also generates the graphics pad cursor.

Command entry

Data arriving from the alpanumeric keyboard is fed to the ACIA on
the Q133 Processor control card. Alphanumeric characters are passed
to Processor P2. They are then processed by the OS9 Operating System.

Loading/Saving Sounds

Sounds are stored on hard disk. Each voice file occupies up to 14
megabytes of disk space. The Voice files and other user files are
stored in the directory /CMIF/CMIFILES. When a file is loaded, the
directory is searched and the address of the file found. The Voice is
then DMA'd into the system memory under the control of Processor 2,
and DMA'd from the system memory through to the waveform buss
via the waveform processor. Saving sounds to disk operates by the
reverse process.

Sound Sampling

Audio input for sampling is fed to either or both of the Right and
Left Line Inputs at the rear of the CMI III. The CMI - 337 Sample
card performs the analogue to digital conversion. There is a single
analogue to digital conversion circuit, which switches between left
and right channels during stereo conversions. The sampling rate is a
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maximum of |00KHzin mono mode and 50 kHz in stereo mode. The
sample rate is governed by the frequency of a pulse stream coming
from the Channel Card in channel one position. The sample rate is
therefore established by software which sets up channel one to operate
at the sampling frequency specified on the Sample Page.

As each digital conversion is made, the digital sample is passed
serially to the waveform processor via a 10 way cable, and thence to
waveform memory., When the Sample command is issued, the
waveform processor starts conversions and loops until the data read is
of a greater absolute value than the number specified as Trigger
Level. It then begins transferring data to the waveform RAM, until
the number of samples made is equal to the number specified as
Sample Number.

Playing Music from the Keyboard

Three byte MIDI frames are transmitted serially from the CMI
music keyboard to the Port D ACIA on the CMI - 332 MIDI Support
Module. At present Fairlight keyboard MIDI is confined to MIDI
Channel 1. When other MIDI keyboards are used they can be
configured to transmit through channels 1 to 16 of Ports A, B and C
on the CMI - 332, MIDI frames then pass to the CMI - 28 General
Interface card. The CMI - 28 is concerned with starting and stopping
output channels. When MIDI data comes directly from the music

(W\ keyboard, Processors 1 & 2 are not involved.

Music Keyboard Functions

As well as sending music key depression/release data to the
mainframe, the music keyboard has a number of ancillary functions.

A multiplexed analog-to-digital converter samples the level of the
three faders and two control wheels on the left-hand end of the
keyboard as well as the three pedal inputs on the rear. Whenever one
of these changes its level by more than a certain amount, a packet of
MIDI control data is transmitted to the Mainframe giving the device
number and the new level.

The two switches on the left of the keyboard and the three switches
which plug into the rear of the keyboard are also scanned, and when
any of these are opened or closed, suitable MIDI data is sent to the
Mainframe.

Pressing a key on the numeric keypad on the right-hand end of the
keyboard sends a character to the Mainframe in exactly the same way
as an alphanumeric key depression.

The alphanumeric LED display on the music keyboard is driven by
the serial link coming from the Mainframe. The processor in the
keyboard controls the displaying of individual characters as well as
<rubout> and <clear>. When messages longer than the 12 digits of the
display are required, a horizontal scrolling routine in the CMI system
software is used.

. Playing Programmed Music Sequences
(m When programmed sequences are played, Pl and P2 are involved.
’ Data is read from disk and converted into MIDI frames and timing
information. The MIDI data is fed into the MIDI input queue of the
CMI - 28, and output under the control of the timing information.

’
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SPECIFICATIONS

ELECTRICAL

Power Requirements
Mains Voltage: 100-120 or 200-250 switch selectable
Mains Current: 2 amps @ 240V, 4 amps @ 120v
Mains Frequency: 50/60 Hz

AUDIO

Channel Qutputs
Connector type: Cannon XLR 3 pin (balanced)
Number of channels: 16 (maximum per mainframe)
QOutput level: +4dBm
Output impedance: 600 ohms
Output load: Greater than 600 ohms

Mixed Line Output
Connector type: Cannon XLR 3 pin (balanced)
Output level: +4dBm with one channel playing
Switchable to -20dB attenuation.
Output impedance: 600 ohms
Output load: Greater than 600 ohms

Headphone Qutput
Connector type: 1/4" Stereo Phones
Amplifier: Stereo 500mW
Signal: from mixer output.

Click Input
Connector type: Cannon XLR 3 pin

Level: 1 volt (min) to 20 volt (max) p-p
Frequency range: 200 Hz to 8KHz
Impedance: 10k ohms

Click Output
Connector type: Cannon XLR 3 pin
Output signal : 5 volt square clock

SMPTE Input
Connector type: Cannon XLR 3 pin
Level: -20 to +10dBm
Speed: 24 fps to 30 fps
Impedance: 10k ohms

SMPTE Output
Connector type: Cannon XLR 3 pin
Output signal : +15dBm
Impedance: 33 ohms

MIDI Inputs

MIDI standard opto-coupler receivers.
MIDI standard 5-pin DIN sockets
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SPECIFICATIONS

MIDI Outputs
MIDI standard open collector current loop drivers
MIDI standard 5-pin DIN sockets

Multi-Sync Outputs
"~ Four sync outputs, pins 1,3,4 and 5 of the DIN socket
TTL open collector signals

. Clock or Drum-machine Controller Output
* TTL open collector signals

Compatible with drum machines such as Roland
Pin 1; Run/Halt Pin 2; Earth Pin 3; Clock
Pin 4; Reset/Start Pin 5; n/c

Sampling Inputs
Connector type: Cannon XLR 3 pin
Input signal: Balanced
Sensitivity: -18 dBm required for full scale conversion

DIGITAL

Processors: Dual 6809 CPU
68000 Waveform Processor
68000 General Interface Processor
8 6809 Channel processors

Memory: 512K bytes CPU system RAM
16K Video RAM
512K bytes Waveform Processor Private RAM
64K bytes program RAM on each channel card
16K bytes General Interface Private RAM
2-14M bytes Waveform RAM

Floppy Disk: Mitsubishi M2896-63
8 inch double sided, single/double density
Sof't sectored, 128/256 bytes per sector

Hard Disk: 70M or 140M byte (unformatted) expandable as required
SCSI bus compatible

Graphics Display: Bit mapped YRAM 512 x 256 pixels
Composite video output
1 volt p-p nominal
75 ohms impedance

Input/Output: Serial RS232C, 9600 Baud plus MIDI
MECHANICAL
Dimensions: Width 750 mm

Depth 480 mm

Height 345 mm

Weight: 45 kilograms, depending on optioning
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EXTERNAL CABLING

Introduction

Presented here is a list of cable connections and their allocated pins
so that users may wire up their own cables. external cable connections
only are shown, internal cables are presented elsewhere in this manual.

Cable schedule, Power Connections
The CMI is equipped with a standard IEC type three pin mains
input power connector. Two pins are for active and neutral 100 to 240
volts AC only with the third being the earth or ground connection.
For feeding external devices a socket version of the IEC type
connector is connected to the load side of the CMI mains switch. This
provides up to 150VA of switched mains power.

SCSI Connector
The CMI comes equiped with an industry standard 50 way
connector for devices on the SCSI bus.

YDU Socket
The VDU socket is a 5 pin 'Belling Lee’ type L1904A socket. Thas
feeds the YDU with power and video signals.

Pin no. Function

1 16 volts AC power supply

2 16 volts AC power supply

3 no connection ’
4 video signal to monitor

5 video ground

Keyboard Power

The music kayboard receives its power supply from the CMI
mainframe via this connector. A "CANNON’ type 7 pin socket is used
with the pins allocated as follows:

Pin No. Function

10 volts supply return
10 volts supply return
+10 volts DC supply
+10 volts DC supply
-20 volts DC supply
20 volts supply return
+20 volts supply

SN B W -

Printer 1 and Printer 2
These sockets are for external connection of printers to the CMI.,
They are industry standard 'DB25S’ type connectors.

Pin no. Function

1 Protective or chassis ground
2 Data out

5 Clear To Send

7 signal ground

20 Data Terminal Ready
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Keyboard Connector
The CMI music and alpha-numeric keyboards connect up via an
industry standard 'DB9S’ type connector.

Pin No. Function

+20 volts supply for alpha KBD only
MIDI from music keyboard +

-20 volts supply for alpha KBD only
MIDI from music keyboard -
Ground

RS-232C data to CMI

Ground

Protective ground

Keyboard data from CMI

O 00 O\ bW -

MIDI Inputs
The MIDI inputs are a standard 5 pin 180 degree DIN type socket.

Pin No. Function

| no connection
2 no connection
3 no connection
4 MIDI in +
5 MIDI in -

MIDI Outputs
The MIDI outputs are a standard 5 pin 180 degree DIN type socket.

Pin No. Function

1 no connection
2 ground

3 no connection
4 MIDI out +

5 MIDI out -
SYNC OUT

The SYNC OUT socket provides 4 sync outputs.
Pin No. Function

| sync out |

2 ground

3 clock out

4 sync out 2

5 sync out 3
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CLOCK out
The CLOCK output socket is a 5§ pin 180 degree DIN type
conncctor.

Pin No. Function
Run/Stop
ground

clock
Reset/start
no connection

LV P N VA I N

SMPTE IN -
This socket is an "XLR type three pin socket. .

Pin No. Function

1 ground

2 SMPTE in - -
3 SMPTE in +

SMPTE out

This connector is a panel mount *XLR’ type three pin plug,

Pin No. Function

| ground

2 SMPTE out -

3 SMPTE out +

METRONOME

This is 2 panel mount three pin 'XLR’ type plug.

Pin No. Function

| ground

2 ground

3 metronome out
CLICK in

A three pin "XLR’ type socket is used for Click Track input.

Pin No. Function

I ground

2 no connection
3 Click Track in
CLICK out

An 'XLR’ type threc pin panel mount plug is used to connect Click
Track out to external devices.

Pin No. Function

1 ground

2 ground

3 Click Track out
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MIXER And AUDIO Outputs
The Audio and Mixer outputs are connected via "XLR' type three
pin pane! mounted plugs.

Pin No. Function
1 ground

2 Output -
3 Output +

SAMPLER Input
The Sampler connects via three pin 'XLR’ type sockets.

Pin No. Function

| ground (floating)
2 Audio Input -

3 Audio Input +
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Q209 DUAL 6809 Central Processor

Introduction

The Q209 contains the dual 6809 processors , on board processor
communication hardware entailing indivisible instructions, processor
recadable identification / map state , interprocessor interrupts,
automatic map switching FUSE registcr and hardware trace logic to
enable single stepping for software debugging.

The Dual Processor card multiplexes each processor onto a common
addrcss and data buss in an interleaved manner, each processor
thercfore may simultanecously access the same memory location
without any contention, if the memory is mapped onto both processors.
(Sce Q256 functional description)

The memory addresses are issued to the buss 225 nanoseconds prior
to the access cycle, allowing addresses to be mapped by the memory
card, to allow for accessing greater than 64K of RAM.

Many global timing signals are issucd from the processor for general
buss control .

Master Timing Signals
(refer schematic Q209-00)

All system timing signals are derived from crystal-controlled 40MHz
oscillator QI. Flip-flop 10F derives two opposite phase 20 MHz square
waves. Quad D-type latch D2, together with the NAND gate in 7F,
forms a 10 state Johnson, or twisted-tail ring counter. Each state is of
50ns duration. The systcm signals are decoded by NAND gates in 8E
from the output of this counter.

Dynamic Memory Timing Signals
(refer schematic Q209-00)

Four non-inverting buffers of I0A are driven by latch El to
providc CAS(Column Address Strobe), RAS ( Row Address Strobe ),
CA (Column Address , active low) and RA (Row Address, active low ).
RAS is delayed rclative to CAS by about 20ns by the propagation
dclay of 11E. RA and CA are complementary.

Data and Address Buss Multiplexing
(refer schematic 9209-03)

Flip-flop 6F , along with associated gating, gencrates the 6809's E
signals. The system address buss is multiplexed by the ADDRESS
signals ADD1 and ADD?2 , (active low). One-of-four decoders 3E and
4E arc used to enable the appropriatc address and data buffers, to
perform the multiplexing. The data buffer enable signals WRITEI,
WRITE2, READI, READ2 arc¢ gencrated by logical combinations of
R/W , YMA | processor phase 2 and DMA lines. The address buss is
actually multiplexed 4 ways, as the vectored interupt system may also
acquire the buss' Icast significant bits of the address buss for either
processor’s vector fetch cycle. The address buffer enables are a
function of the Address signal and the Interupt acknowledge.

Phasc 2 refercnce and Address references for each Processor are feed
to the buss via buss drivers.
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Interrupt Strobe Generation
(refer schematic Q209-02)

Dua! D-type flip-flop 9D and 3-input AND gate 8D fced Interrupt
Strobe pulses to the buss. These are used by the Priority Interrupt
Control Units (PICUs) used to provide vectored interrupts, and also to
strobe the vector address latches 8A and 9A. The PICUs are located
on the Q133 card. These signals strobe the priority latches
continuously, until an interrupt is acknowledged. In this way the
Interrupt Priority is maintained at its latest level regardless of delay
between an interrupt request being received by the PICU and the
associated vector-fetch cycle being executed.

Direct Memory Access

(refer to drawing Q209-00)

DMA requests for each processor are clocked into flip-flop 11D on the
falling edge of the phase 2 signal of the respective processor. DMA
acknowledge is sent to the buss via buffers and drive signals to the
processors are suspended in the phase | state for the duration of the
DMA cycle. The maximum permissible DMA duration is 5
microseconds. Worst-case DMA latency is 1 microsecond. Latency is
the time required to service the request.

Vector-Fetch Decoders
(refer to drawing Q209-01)

The vector state of the processors arec dccoded by the one-of-four
decoders, 2D and NOR gates in ID. These correspond to addresses in
the range FFFO to FFFF. They correspond to the processor fetching
vectors FIRQ, NMI, SWIl, SWI2, SWI3, IRQ and RESTART. The
Restart vectors come from ROM so when this is sensed the ROM is
enabled and the ram disabled. This is achieved by the ROMEN signal
on buss pin 44. On detection of an Interrupt Request vector address
from the processor, decoder 2D causes the normal address buss drivers
for bits 1 to 4 to be disabled and the Interrupt Address buffers to be
enabled in lieu.

Processor System Control
These general functions are controlled through ports at the
following locations ...
$FC5E Indivisible instructions read
SFCSE Various CPU functions write
$FC5F Map status and CPU ID read
$FCS5F Automatic map switching FUSE write
The ID can be read to determinc the status of the memory map
switching hardware. The CPU ID bit can be read by the CPU to find
out which CPU is running the program.
The bits are defined as
D0 CPU ID 0=P1 1=P2
Dl Pl map status O=map B, I=map A
D2 P2 map status

D3 zero

D4 n/c { indeterminate )
D35 n/c

Dé n/c

D7 n/c
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The "Various CPU functions" is an 8 bit register in which each bit
may be independently written to. This register is at location 6D, and it
is decoded by devices at 9B and 7A. When written to, the bit address
is selected by the 3 least significant bits of the data byte. The state of
data bit 3 determines whether the bit is set or cleared.

The four functions provided per processor from this register are:-
0+P  interprocessor interrupt
2+P  hardware trace
4+P map switch select
6+P fast interrupt request
where P is "0" for processor | and "1" for processor 2

Fast interrupts may be generated either by an external signal or
from the bus. The on-card FIRQ must be reset by the processor
concerned, by writing a reset bit to the register.

Automatic Map Switching
(refer schematic Q209-02)

The memory cards support hardware selectable memory maps. The
processors can control the A/B select lines, allowing automatic
switching between "user(B)" and "system(A)" maps.

Whenever an interrupt or processor restart occurs , the A map will
be automatically selected. During an interrupt, the switching will
occur after the registers are stacked and before the interrupt vector is
fetched.

A FUSE location is provided which causes the map to be switched
after a specified number of CPU clock cycles have elapsed. These
counters are at 8C for CPUI and 9C for CPU2. The data written to
these counters is buffered by the buffer at 7C. The map changed to is
determined by the value of the map switch select bit. The map
switch will occur after the Nth CPU cycle after the FUSE register
write. The delay is required so that a known number of instructions
can be executed for house keeping before the CPU’s memory is
swapped.

Hardware also selects the A map whenever DMA occurs.

Hardware Trace

An NMI may be generated after each instruction execution for
software debugging. This is done by flip-flops 5D and half of AND
gate 4F. This function is enabled under software, by access to SFCSE.

Enabling this function inverts the NMI signal from the front panel,
so that if the trace hardware is left in the triggered state, front panel
NMI requests will still be recognized, but on the opposite edge ( since
NMI is an edge triggered input ).

Indivisible Instructions
(refer to schematic Q209-00)

For the test-and-set and double byte load/store instructions to be
effective, the processor not executing the instruction must not be able
to alter the flag memory location in question. To this end, the
execution of these read/modify/write instructions effectively hangs
the other processor for its duration, thus preventing race conditions .
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This is achieved by f[lip-flops 10D, 10E, associated gating and the
BUSY outputs from the processors. The BUSY outputs are active when
the test and set instruction is executed , and the other processors clock
is stopped for its cycle, in the same manner as for DMA transfers. The
flip-flops asociated with this are reset at power on to enable the
clocks to the 6809's to allow them to be internally reset, at power on
resct. To enable this function the instruction to be made indivisibie
must be immediately preceded by a read from hardware location
$FCSE. No interrupt must be allowed to occur between the read and
the instruction. This function is automatically disabled at the end of
the instruction following the read.

Link Options
The links have the following functions:

Option CPU LINK Function

wi Pl 1-2 * enable map select output
2-3 disable

w2 Pl -2 * enable DMA to select A map
2-3 disable

w3 P2 1-2 * enable map select output
2-3 disable

W4 P2 1-2 * enable DMA to select A map
2-3 disable

w5 Pl 1-2 disable P1 DMA during indivisible P2 cycles
2-3* enable

W6 P2 1-2* disable P2 DMA during indivisible P1 cycles
2-3 enable

These links are set by PCB traces in the positions marked by * . Links
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Q133 CPU Control Card

Introduction

The CPU Control Card provides several support functions required
by the CPU card. These include startup and bootstrap ROM, 4 serial
communication ports, interrupt prioritisation, dynamic RAM refresh,
day/date/time of day clock, P1 DMA daisy chain, and a parallel port.

Address Map

The Debug Card occupies the last 4K bytes of the 65K byte memory
addressing space and is set up as follows:-

ADDRESS (HEX) FUNCTION

F000-F7FF Rom0 common rom
F800-FBFF Roml processor unique
FC00-FCEF Available for peripherals
FC80-FC8F ACIA registers

FC90-FC97 Timer (6840)

FCF0-FCFF PIA registers, user and clock
FCFC CPU#1 interrupt prioritiser
FCFD CPU#2 intcrrupt prioritiser
FDO0O-FEFF Sharcd 512 byte RAM
FF00-FFFF Unique 256 byte RAM for each processor

Restart and Interrupt Vectors

RAM space allocated uniquely to each processor provides
indcpendent restart and interrupt vectoring. The vector locations are
as follows:

ADDRESS (HEX) VECTOR
FFFE/F Restart
FFFC/D NMI
FFFA/B SwIl
FFF8/9 Unused
FFF6/7 FIRQ
FFF4/5 SWI2

FFF2/3 SWI3

FFF0/1 Unused
FFEE/F (lowest) IRQ level 7
FFEC/D IRQ level 6
FFEA/B IRQ level 5
FFE8/9 IRQ level 4
FFE6/7 IRQ level 3
FFE4/5 IRQ level 2
FFE2/3 IRQ level 1

FFEO/1 (highest)

Debug Monitor

IRQ level 0 (highest)

The QI33 contains two 2K ROMs that contain all the basic driver

and initialization routincs, such as loading the Disc drivers and Q256’s
maprams.

The monitor ROM occupies 1K bytes from F000 to F3FF and may be
accessed by cither processor. Processor-unique workspace RAM is used
by the monitor so both processors can be executing the monitor
indcpendently.
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Commands

/
AAAA

SA

SB

$X

sp

$H

sC

$D

3Y

suU

$S

SR

G

SF
<return>
<linefeed >
\'4

>

@
AAAAB
;L
AAAAD
.C

;kAAA;T
AAAAK
AAAAG

P

AAAAO
HH;F

BEG ADDR
END ADDR
<CTRL X>

<

AAAAR

AAAA,

AAAA#LL

'<ASCII chr>

Reopen last open address as a 1-byte unit

Open 2-byte unit at address AAAA

Reopen last open address as a 2-byte unit

Open CPU accumulator A

Open CPU accumulator B

Open CPU index register X

Open CPU program counter

Open user SWI handler address

Open CPU Condition Code register

Open CPU D register (A,B concatenated)

Open CPU indcx register Y

Open CPU User Stack pointer U

Open CPU Stack pointer S

Open program segment Relocation Register

Open CPU direct page register

Open monitor flag byte

Close the open location

Close current, open next location

Close current, open previous location

Close current, take branch offset and open

Open location pointed by current location

Insert a breakpoint at address AAAA

List all active breakpoints

Delete breakpoint at address AAAA

Clear all breakpoints .
Insert tracepoint at location AAAA (non-stopping
breakpoint)

Kill traccpoint or breakpoint at AAAA

Start a user program at address AAAA

Proceed from breakpoint, abort, or call

Calculate branch offsct from open location to
address AAAA

Fill memory from beginning address to end
address

User prompt for beginning address

User prompt for end address

Abort current command line, take no action
Close current location, return to sequence start
and open

Relocate address AAAA by register R. R may be any
of the CPU registers, the user relocation register,
the monitor flag byte or the currently open location
Relocate address AAAA by Relocation Register SR
Same as linefeed (CTRL J) except that no new line
is taken,

and neither the address nor contents of the next
location is displayed

Memory dump of LL lines (16 bytes/line) starting
from, address AAAA

Input ASCII character value instead of hex value
for any of the above commands

The 6809 monitor will also accept input of signed hex numbers.
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System Boot/Disk ROM

This ROM is used by CPU#2 for dnsk booting operations and
occupies locations F800 to FBFF in the unique ROM space for CPU#2.

The following functions calls are provided:-

* Boot load QDOS operating system from disk
Initialise disk controller
Read full last sector
Read partial last sector
Read verify (CRC check only)
Write and verify CRC
Restore head (seek track 0)
Seek to specified track
Write test
Write D.D. mark to sector
Write sectors and verify CRC
Write sectors and don’t verify CRC
* Check and abort if non-recoverable error

This ROM contains the code to load the actual disk drivers into
system RAM. The driver routines themselves are stored in RAM after
being loaded from the ROM on the QFC9 floppy controller card, the
Q077/Q087 Hard Disk card if present and the Q777 SCSI Controller

card.

* # % B * K % % * »n

Address Decoding
(refer schematic Q133-00)

The System Address Buss is buffered by non-inverting buffers Al
and A4. NAND gate Bl generates an output (asserted LOW) when an
address in the range FXXX is detected. This is fed out to the buss on
edge connector pin 60B. Further decoding by combinational logic at
B4, D4, B3, C2 and Cl generate sclect signals for the two EPROMS,
ROMO0, ROMI.

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

These six select signals are latched by hex flip-flop B6. Hex flip-
flops C7 and D7 latch the 11 low-order address bits, as well as the
READ/WRITE signal. When any of the on-board devices are read
from, inverting data buss transceiver A5 drives the buss. (See drawing
Q133-03). At other times, AS buffers the data into the card.

RAM Refresh Control

Rate multiplier C10 is configured to produce a 1 microsecond pulse
every 16 microseconds. This output generates a DMA request for
Processor 1 (RDMA), via DMA hardware at C8, B10 ,B5 and C4. The
refresh_has the highest priority in the PI DMA daisy chain.

The ENL signal, (Enable Next Level), indicates to the next device
along the daisy chain when it may make DMA requests. It normally
goes low every second Pl cycle, but if a refresh request is pending,
the low pulse is inhibited.

When this request is acknowledged by the ACK1 buss signal from
the Q209 CPU (asserted HIGH) (lip-flop B10 generates a /REF
(Refresh, asserted LOW) signal on the buss, which signals a refresh
cycle to the dynamic RAMs in the system. At the same time, the
output of the refresh address counter A2 is driven onto the buss by
tri-state buffers A3. At the completion of the refresh (DMA) cycle, the
refresh address counter is incremented ready for the next cycle.
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Static RAM
(refer schematic Q133-01)

A small amount of static RAM is provided for use as scratchpad
during disk calls and monitor firmware execution. It is organised as
follows:

CPU #1 FF00-FFFD
CPU #2 FF00-FFFD
Both FDOO-FEFF '3

The addressing function for this purpose is generated by
multiplexer C9 which is driven by an OR funtion of address bits 8
and 9. The RAM itself is in the form of two IK X 4 devices at D8
and D9,

EPROM

Four kilobytes of U.V. erasable ROM are used. These are 2716s/2516
single 5 volt supply type.

Their functions are:

Location Address Range CPU # Function
D2 F800-FBFF 1 Startup
D4 F800-FBFF 2 Disk boot
D5 F400-F7FF Both I/0 (unctions
D6 FO00-F3FF Both Debug monitor

ACIAS (Asynchronous Communications Interface Adapter)
(refer schematic Q133-02)

6551 ACIAs atE4, ES5, El, E2, E3 are used to receive and transmit
serial data. The BAUD rate is determined internally via internal
dividers, from the baud-rate generator master 1.8432MHz oscilator at
Dl.

Interrupts generated by the ACIAs go to the system buss via pin 68B
of the edge connector.

Data input and output level conversion for the RS232 standard is

provided by circuitry on Sheet 3.
The 6551 used for keyboard data is at location E2, 3. The ACIAs at E4
and ES have optional RS422 tranceivers at F7 and F8 as well as
RS232, at F6 and F5. The 555 timer at D10 is used in the RS422 buss
timeout control.

PIA (Peripheral Interface Adapters)
(refer schematic Q133-01)

PIA (F10,11,12) is used to provide two general purpose parallel
ports. Peripheral connections are made through a 26-way ribbon cable
connector on the front of the card.

Interrupts from the PIA are presented to the buss via pins 66B and
67B.

PIA (E9,10,11) is used to interface the clock/calender chip at El2.
This clock has a 3.7 volt Lithium cell to maintain the time when the
computer is turned off. The battery is not rechargeable and must be
replaced when flat. Battery life is approximately 3 years.
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Diodes CR5 and CR4 isolate the battery from the 5 volt supply, so
that the battery is only connected to the clock when the 5 volt supply
drops. Transistors Q2, Ql on drawing QI133-03, and associated
components interface the PIA’s signal levels to the clock and control
the power-down function of the clock so that no false writes occur at
power-on and off. An optically isolated power down signal is
available at connector pins 61B and 62B, from the opto-isolator at All.

Manual Controls

Restart, halt and interrupt controls are provided on the front-panel
card Q137. The sole use is for system debugging. In normal use all
signals from the Q137 are inactive.

Activating either HALT switch on the front panel sends /HLTI! or
/HLT2 to the corresponding processor on the Q209 CPU. When halted,
the Buss Available signals from the CPU card W1 and W2 drive open-
collector buffers B12 to turn on the WAIT LEDs on the card.

The system can run without a front panel being connected.

Power-on Reset

555 Timer Al2 is used to generate a system-reset signal on power-up
or manual restart from the front panel console, if restart is enabled on
both processors. This is a low-going pulse of about 500 milliseconds
on buss pin 42.

Interrupt Priority Logic

8214 Priority Interrupt Control Units (PICU) are used to latch
interrupt requests and generate a priority level which is used by the
CPU card to create an interrupt vector address. Each processor has its
own PICU.

The priority level for each PICU is established by writing the
complement of the desired priority level into the status register. The
address for CPU 1 is FCFD, for CPU 2 it is FCFC. Decoding for this
purpose is performed by one-of-ecight selector BS.

Interrupt requests generated by the PICU are latched by flip-flops
B9, which are reset when the PICUs are written to to establish the
new priority level mask. ,

The PICUs are clocked by Interrupt Latch Strobe signals from the
bus (ILS1 and ILS2).

Each PICU supports up to eight levels of interrupt.
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Q256 RAM Card

Note - In this document active low signals arc indicated by a slash (/)
in front of the signal name. This document is updated for the Rev. 2
Q256.

Introduction

The Q256 is a 256K x 9 bit dynamic RAM, organised as four blocks
of 64K and mapped in 2 or 4K chunks. 32 different mappings from
"processor space” to physical memory space may be set up. The
mapping selected for any given cycle is automatically switched
according to the current machine state. The machine state comprises
which processor is on the buss, the user state/system state output of
the processor, and which DMA channel is active, if any.

The ninth bit in the memory is a parity bit. Parity generation takes
place automatically upon writing to the RAM and parity error
detection is automatic when rcading. If a parity error is detected, an
interrupt is generated. A status register records that a parity error
occurred, the physical memory block in which it occurred, and the
upper five bits of the processor address which was active at the time
of the crror. The error status bit is automatically cleared after the
register has becn read.

The map selection logic also generates three control signals: 1)
PENB is a universal buss signal which e¢nables or inhibits access to all
peripherals on the buss. This signal is fed via the motherboard back
into the Q256 since the map sclection logic and the mapram are
themselves peripherals. The output signal is forced active after power
up to cnsurc configuration of the mapping system is possible, and
rcleased by the first read of the parity status register.

2) VENB is a videco RAM enable bit which allows accesses in the
range $8000 to $BFFF to read or write to the graphics RAM or
user RAM which may be mapped into this area instead.

3) PERGEN is a bit used to artificially gencrate parity errors to for
testing purposes.

Options

Option blocks W1 and W2 allow selection of mapping on 2K or 4K
byte boundaries as marked on the component overlay. If 4K mapping
is selected, every second double-byte mapram location is not used. W1
and W2 must be configured identically. Default links on the PCB are
for 2K mapping.

Option block W3 is for debugging purposes and neced only be
installed if a faulty card is crashing the data buss of the test machine.
The default PCB link to +5V must be cut. There are two non-default
options. Option 3 (GND) permanently inhibits the data buss driver
buffer. The memory can still be written to but read data will only get
as far as the buss output buffer. This flacility allows the opcrating
system to boot and test programs to run on a healthy board while the
faulty board runs in parallel without driving the data buss c.g. for
signaturc analysis.
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Option 1 enables the data buss permanently and is not normally uscd.
The default link to DBEN prevents the buss driver from outputting
data only until the first read from the status register. This allows the
restart ROM program to initialize the memory mapping before
cnabling memory mapping.

A four-way DIP switch is provided to allow multiple Q256 boards to
be installed. Only switches 1-3 arc used, so up to 8 boards can be
installed. Close a switch for each zcro in the board number, i.¢c. card 0
has all switches closed. SW! is the LSB.

Map Selection Logic
(refer schematic Q256-00)

The function of the map seclection logic is to encode the current
system statec and generate a five-bit map selection number. It also
generates the peripheral enable output signal (PENBOUT), the vidco
ram ecnable signal (VENB) and a parity error generate signal
(PERGEN) which forces an artificial parity error for testing purposes.

There are six possible states for each processor:

A or System state, no DMA

B or User state, no DMA

DMA on any onc of four DMA channecls. (Processor
automatically switches to A state for DMA cycles).

The A/B/DMA state is encoded as thrce bits and the processor phase
signal is added as a fourth bit and presented as an address via the
multiplexor IC 4B to the map selection RAM (mapsel) ICs 3D and 6D.
Thus cach state corresponds to a location in the mapsel and its output
data is the map selectior number.

DMA claim signals (DMACpn, where p=processor and n=DMA
channel) occur when a DMA peripheral has received a DMA
acknowledge from the processor and arrive during the data phase
preceding the actual DMA cycle. IC 13A is an 8 to 3 line encoder but
since there are four channels for Pl and four for P2 the most
significant output lin¢ only duplicates the processor phase signal and
is not used. The GS output indicates that some DMA channel is
active. Each processor has its own A/B line (ABl and AB2). The
nand multiplexor 9A selects whichever is relevant for the next cycle.
This signal, plus the combinatorial logic of 10B, 11A and 11B and the
buffered phase signal (B@22) provide the four-bit state number to the
multiplexor 4B.

The mapsel RAM occupies locations FC40-FC4F. Since there are six
possible states per processor only twelve locations are actually used, as
follows:

FC40 P2 B state

FC43 P2 A state, no DMA

FC44 P2 A state, DMA channel |
FC45 P2 A state, DMA channel 2
FC46 P2 A state, DMA channel 3
FC47 P2 A state, DMA channel 4
FC48 PI B state

FC4B Pl A state, no DMA

FC4C Pl A state, DMA channel |
FC4D Pl A state, DMA channel 2
FC4E P! A state, DMA channel 3
FC4F P11 A state, DMA channel 4
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Access to thesc locations for initialization of the mapsel is decoded
by IC IB, along with the peripheral enable input PENBIN. The output
of IC IB is latched on rising BRA by IC 4A (drawing Q256-03) to
produce LFC4X.

Writing to the mapsel RAM is the most time-critical of all
operations on the Q256. Normally the entire current data phase is
available to generate the map selection number for the next cycle but
when writing, the current data phase must be used to write to the
mapsel ram as well. This is achieved by making mapsel write cycles
very short. To choose locations within $FC4X the mapsel address
multiplexor IC 4B is switched over to the lower four latched address
bits on the falling edge of ADD2g2 (data and address busses are_in_
phase). The data is written into the mapsel ram on the rising of BRA
(IC 10B). The write pulse is removed and the multiplexor switched
back to the current state number only 50nS later by the falling of
BCAS (IC 10A).

The lower five bits of the mapsel RAM are the map select number
(MAPSELO-4). This plus the controls PENBOUT, VENB and PERGEN
are latched on the rising of ADD2¢2 which begins the next address
cycle.

The peripheral enable signal (PENBOUT) and the graphics cnable
(VENB) come from bits 7 and 5 of the mapsel ram respectively. Aflter
power up or system reset they are both forced active (high) by the
flip-flop IC !4B so that access to the mapsel ram is ensured for
initialization. This flip-flop also inhibits the data buss driver IC 9B
(drwg Q236-03) if W3 has been linked to option 2 for dcbuggmg The
flnp-flop is triggered as soon as cither processor reads the parity status
register and will remain set until the next SYRES.

Format of data written to the mapsel RAM is as follows:

Bit 0-4 Map sclect number MAPSELO0-4. (Inverted)
5 VENB (Write 0 to enable graphics ram)
6 PERGEN (Normally 0, 1 to force a parity error)
7 PENBOUT (Write 0 to enable peripherals)

Address Translation
(refer to Drawing Q256-01) .

This section performs the mapping from the 64K processor address
space onto the 256K physical address space. The outputs LMAPO-4
and MAPS5,6 plus standard address lines MAO-10 constitute the 18 bit
address required to uniquely access any location in 256K.

All mapping data is stored in the two 2148 static RAMs (mapram),
each containing 1024 x 4 bits. If 2K mapping is selected, the lower
five address lines of the mapram come from the upper five processor
address bits via multiplexor ICs 2B, 3B and 3D. This divides the 64K
processor space into 32 blocks of 2K each. In 4K mode only the top 4
processor lines are used and the LSB of the mapram address is ticd
low. The upper five mapram address lines come from the latched map
select number, thus any one of 32 different complete mappings may be
selected. The data outputs from the mapram include a card select bit
(CSEL), a two-bit 64K rank select (MAP5,6), and a five bit page select
which is latched on rising BRA (LMAPO0-4). The page select bits
become the upper physical address bits.




RAM Card Q256

Although the mapram is 1K bvtes in size it in fact occupies 2K ol
address space, [rom SF000-F7FF. Even locations in this range arc
dummy locations which serve only to set up the CSEL flip-flop, IC IE.
Writes to odd locations then store this single bit along with 7 bits of
mapping data in the mapram. So a single 16-bit write to the mapram
maps one 2K or 4K page of processor space to any 2K or 4K physical
page in the 256K available. The processor space being mapped is
determined by the address within $FQ00-F7FF written to and the
physical page sclected is given by the data written,

Valid addresses in the mapram range are decoded with the bulfered
peripheral enable signal (BPENBIN) by IC 2A and the writc map
(WMAP) signal is latched by IC 4A (drwg Q256-03). The mapram
address lines are switched over to LAI-LAIQ on the rising of
ADD2¢g2 by IC 2D. The 2148s_have common data-in and data-out
lines multiplexed by the write (W) input. If an odd address is being
written, the buffered data buss is driven into the 2148s from IC 4C
and the W input strobed by the upper LS20, IC 1D on the rising of
BRA. The write pulse is terminated by falling ADD2g2, and data
hold time to the 2148s is provided by the disable delay of IC 4C.

Writing to an even address triggers the CSEL flip flop IC 1E on
rising BRA. The data to this flip flop is the result of the three-bit
comparison of BD0-2 with the card select no. set up on the DIP switch,
qualified by BD7 which may be used as an overall page enable bit.
Thus mapram data format is as follows:

Even locations
Bit 7 Page enable
Bits 5-3 Unused
Bits 2-0 Card select

0dd locations
Bit 7 Unused
Bits 6,5 Physical 64K block select
Bits 4-0 Physical 2K block select
(Bit 0 not used in 4K mapping configuration)
Note that when mapping multiple pages of memory in or out the CSEL

flip-flop need only be set up once, after which only writes to odd
locations in mapram are required.
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Memory Block Decoding
(refer schematic Q256-02)

This section generates RAS and CAS controls for each of the {our
memory ranks according to mapping outputs MAPS5,6 and the card
scicct signal CSEL.

MAPS5,6 are decoded to a l-of-4 block select signal by IC 1E
provided a valid address is on the buss (VMA), the Debug’s Ram
inhibit (RAMINH) is inactive, and neither $FC4X nor the mapram are
being accessed. IC SE latches this select along with the refresh signal
REF, rcad/write (mapscl, mapram, or status), read/write memory, and
access memory signals on rising BRA., [IC 2E generates the READ
signal to drive the data buss while BRA is high (see drwg Q256-03).

Reflresh cycles cause the system RAS signal to be distributed to all
four memory ranks simultancously through ICs 6F and 6E. No rank
select and thus no CAS is generated during refresh cycles. During a
valid memory access once rank is selected and CAS is routed to that
block through ICs S5F and 6E. The R/W signal drives all ranks
through ICs 5F and 3E.

BUSS Interface
(refer schematic Q256-03)

The buss address lines are buflered by ICs 63 and 5A and latched
on rising BRA by ICs 4A and 5B for mapram and mapsel ram writing
and status register reading, along with address decode signals WMAP
and FC4X.

Unmapped address lines MAQO-10 (and MAI! in the 4K mapping
configuration) plus mapping outputs LMAPO-LMAP4 (excluding
LMAPO for 4K mapping) are mulitiplexed onto the RAM address lines
by ICs 5C and 6C.

IC 9B latches the RAM outputs on the falling edge of CAS and
drives the buss when READ is high unless the debug option W3
prevents this. Data is buffered off the buss to mapsel, mapram, main
RAM and parity generator by IC 7B.

Parity System
(refer schematic Q256-04)

The parity bit is automatically generated by IC 7D from the data on
the buss when writing to RAM. This bit is written into the
appropriate 6665 when the corresponding CAS signal is generated (see
drawing Q256-02).

A RAM read cycle causes the parity bit from the selected block to
be read out of the parity RAM while IC 7D simultaneously regenerates
the same parity bit from the data actually leaving the main RAM and
coming back in again through data buffer IC 7B. Thus parity errors
may be caused by buss errors as well as RAM faults. The parity
memory bit and the regenerated parity bit are compared by exclusive
or gate IC 4F. The result of this comparison is only valid for about
150nS and is clocked by rising BRAS into flip flop 14B to generate the
parity error interrupt (PERRINT) and the parity error status bit
(PERR). Further clocking to the flip flop is disabled by the Q output
going low.
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On each RAM cycle, the rank sclect lines MAPS, 6 and 5 upper
processor address lines are latched by IC 7A. As soon as a parity error
occurs this latching is disabled by the /Q output of the parity (lip-
flop so that the physical block and the processor 2K address space in
which the error occurred is recorded. '

The parity system status register occupies the same space as the
mapsel RAM: FC40 to FC4F. (The mapsel is write only, the status
register is read only). The lower 3 bits of the latched address are
compared with the module select lines MS0-2 from the DIP switch by
IC 2F so that in a multi-card system parity registers on cards 0-7 are
at FC40-7 respectively. A read from the status register enables the
latch 7A and buffer 6A onto the data buss on the rising of /BRA and
the parity error is cleared by a very short pulse (approx 20nS) on the
rising of BRA at the termination of the read cycle. The flip flop is
also cleared automatically by /SYRES.

The parity error generate signal PERGEN is used to artificially
create a parity error for testing purposes. The I input of IC 7D is
simply a ninth data input so that if it is 0 when a RAM location is
written it must also be 0 when that location is read, otherwise an
*error” will be generated. When testing the parity system, a location is
written with the I input 0 and the read back just as the I input is
switched to 1. PERGEN is the control for this and comes from the
mapsel logic. Since the mapsel outputs are of a lookahead nature, the
PERGEN signal is delayed by half a cycle by first latching on rising
ADD2¢2 at IC 4D then clocking on rising /ADD2g2 at flip flop ICIE.

In the diagnostic tests the A state is initialised with PERGEN reset
and the B state is initialised with PERGEN set. After writing a
location in the A state, the processor switches to the B state at the
instant of reading back the location.

Memory Arrary
(refer schematic Q256-05)

The dynamic memory array consists of four ranks of nine RAM ICs.
Each IC is a 64K x 1 bit device, so each rank forms one byte plus
parity bit. Which rank is accessed depends on which /RAS and /CAS
lines are driven low by the decoding circuitry.

The RAM chips each have 8 address lines. Since 64k space requires
16 address bits the full address is multiplexed onto the 8 lines. The
lower 8 bits ("Row" address) is latched into the RAM chips when /RAS
goes low. After a period of address hold time the address multiplexor
switches over and drives the upper 8 bits ("Column” address) into the
RAMs. This is latched into the RAMs when /CAS goes low. .

During a write cycle, data is latched into the RAMs on the falling
edge of /CAS. In the case of a read cycle, data out becomes valid
within 75nS of the falling edge of /CAS. The data lines are driven by
the selected rank of RAMs while /CAS is low, and go tri-state at other
times.

The state of the /W signal while /CAS is low determines whether
the cycle is read or write.

Due to the capacitive input impedance of the MOS RAM ICs, the
address and data input lines are driven through series resistors to limit
the voltage undershoot.
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QFC9 Floppy Disc Controller

Introduction

The floppy interface card intcrfaces the bit parrallel/serial buss of

floppy disk drives to the CMUI's intcrleaved parcllel buss. The interface
is a combination of device driver software, controlling disk data
format and initialization of data transfer parameters, and the
hardware which carries out the transfers without processor
intervention.
Data is stored on the floppy disk itself on its magnetic coating, in
concentric rings. In a standard, 8 inch floppy there are 77 such rings
on each side called tracks. Tracks are divided into data blocks called
sectors. Sectors in Fairlight disk formats are either 128 or 256 bytes
per sector, depending on operating system being used. The smallest
amount of data that can be rcad to or from a disk is one sector.
Sectors on a disk may be randomly accessed.

Track O is outermost. The controller automatically restores to this
track on power on, and on reaching track 0, signals the controller by
a mcchanical switch gencrated signal. All head movement is relative to
this reset state.

Floppy drives transfer data scrially. They also have parallel control
lincs to control drive number sclection, head stepping direction, head
load, disk writc and disk write cnable. The head of the drive must be
lowered to the disk surface before a transfer may take place, this is
opcration refered to as  "head load".Index pulses arc generated by the
drive so that the controller knows the location of the rotating disk.
This pulse occurs once per revolution , so the start of tracks can be
dctcrmined by the controller. Also, the controller generates pulses that
arc uscd to step the hcad in and out to position it over the required
ack.

The Floppy Disk Controller/Formatter uses the WDI1791 LSI
controller. It is softwarc sclectable to double density, double sided in
addition to single density, single sided. It is designed to work with
CPU #2's, transferring data to and f(rom memory by DMA on
Proccssor 2. The processor is not involved with transferring data to
and from the disk. Once a data transfer is sct up the processor may
continue processing other tasks until the interupt for "command
complete” is issued by the controller.
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Floppy Disc Controller QFC9

Address Map
(refer schematic QFC9-01)

The controller is accessed through two locations, in a memory map
which enables access to peripherals. An address rcgister is set up to
point to the rcquired controller register. All data is read or written
through a single data register.

ADDRESS (HEX) READ WRITE
FCEOQ data data
FCEI status register address register

The 7 controller registers are:

00 control register

02 DMA address (low byte)

04 DMA address (high byte)

06 byte count to read/write (low byte, inverted)

08 byte count to read/write (high byte, inverted)

0A command location to load device driver ROM into RAM

wD179t L.S.I
0C cmd (write) status (rcad)
0D track
OE sector
OF data

The definitions of the control register bits are:

DSO0 drive select address bit 0

DS1 drive select address bit |

enable interrupt (active high)

enable DMA address incrementing (active low)
DMA transfer direction (1= to disk)

side select

retrig head load timer

DENS density selection

SN EWN—O

The definitions of the control status bits are:
0 0

1 n/c

2 n/c

3 ready

4 two sided

5 disk change

6 interrupt

7 device driver loading (active low)
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QFC9 Floppy Disc Controller

Commands

The extensive instruction set of the 1791 LSI can be obtained from
the manufacturers data sheets for the 1791, This device handles all
data conversions between the disk drive and the CM1 buss,

DMA address Counters
(refer schematic QFC9-02)

Sixteen bit counter chain Cl to C4 is used to provide the address
for DMA transfers. The starting address for each disk transfer is
established by writing the appropriate byte address to the address
register then writing the address byte to the data register and then
repeating for the other address byte. This causes the address to be
presct into the DMA address counters by means of parallel-load strobe
pulses STAL (low byte) and STAH (high byte). The incrementing of
the DMA counters may be inhibited under software control, so that
disk data may be dumped directly into the data portholes on channel
cards.

DMA Byte Transfer Counters
(refer schematic QFC9-04)

Sixteen bit counter chain C5 to C8 is used to transfer the required
number of bytes to or from disk. It must be initialized with the
inverse of the number of bytes to be transfered. Any number may be
specified up to a maximum of 65,535 bytes. Only those bytes specified
will be tranferred to memory on a disk read. This allows less than a
sector to be read from disk, and saves the software overhead required
to handle partijal sector reads. The read takes place but the buss VMA
signal goes inactive after the required number of bytes have been
trans(erred, so disabling memory writes. The VMA disable signal is
generated from the ripple carry out on this counter chain, by
buffering /FINPS, (Finished Partial Sector ).

When a transfer occurs, the DMAC ( Direct Memory Access Claim )
line is generated so that the memory card swaps maps, allowing data
to be dumped into memory currently not mapped into the processor’s
address space. This signal is generated by the components around flip-
flop All.

Data Buffers
(refer schematic QFC9-02)

Data is propagated from the system data bus via latch B6 which
hold the data across the processor 1 phase. This latched data also
becomes the DATA FROM BUS via buffer BS, to the floppy-controller
LSL

Data written to the system control register at 00 is latched by B7.
This controls such functions as drive select and DMA direction.
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Floppy Disc Controller QFC9

Address Decoding

Address range SFCEQ-SFCEI is decoded by gates Bl, El, B2, Ei and
latched by D2,

Address SFCEO is used to enable the internal data buss to read and
write to controller functions.
Address SFCE1 data is latched by B8 and with the access to FCEQ
gencrates the internal chip selects and read/write strobes through C9.

Inverting buffer E5 and open collector drivers E6, E7 are used to
interface the [791 LSI controller to the disk drive cable. Incoming
disk status signals are pulled up by 150 ohm terminating resistors.

Controller LSI

The Interupt Request from the LSI is gated with the Interupt
Enable to provide an open-collector interupt signal for the system
LLR.Q. on buss pin 63A.

DMA Logic
(refer schematic QFC9-03)

Data requests from the 1791 or Device Driver rom loading are
synchronised with Processor 2 Phase 2 using flip-{lops Cl and A10.
This sets up a DMA request to the processor (RDMA).

DMA cycles are granted by ACK acknowledge signal.

Flip-flop All only allows a DMA cycle to occur every second
Processor cycle (the floppy drive can not transfer at that rate but this
is a system constraint on other DMA devices in the DMA daisy chain).

The DMA daisy chain is controled by /JENL and /EDL. Respectively
these stand for, Enable Next Level and Enable Dma Level. When
/EDL is active, a DMA request may be requested by the highest
priority device. The /JENL signal informs the next device in the daisy
chain that it may make a request if higher priority devices have not.

Depending on which function has been requested (Reset, Read,
write ) the required DTB (Data to Bus ), and ATB ( Address to Bus)
signals are issued.

Control Register

The control register contains the drive number select bits, density
selection, interupt enable, increment DMA address enable, data
transfer direction, side select and retrigger head load delay.

This register is the latch at B7.

The “retrig head” signal is used to reactivate the head load delay
when the drive number has been changed, to allow for head bounce.
Master Oscillator
(refer schematic QFC9-05)

The LSIs used on the card require a master 16MHz clock. This is
generated with the components around the 74504 at F5. The FDC9229
generates the 2 MHz clock for the 1791, by dividing this internally.
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QFCO Floppy Disc Controller

Write Precompensation

In double density operation there may be a time shift applied to the
data when it is being written to the inner disk tracks ( >45 ). The
amount of shift is determined by the LSI and the floppy disk suport
device 9229. They produce a programmable delay of 1 to 3 clock
cycles.

The amount, if any, is specified by the drive manufacturer. Links
W4, W5, W6, W7 select the amount. The amount on inner and outer
tracks can be independently set.

W5 Wé W7 Prccompensation Value (in,nS)
0 0 0 0

0 0 1 62.5

0 1 0 125

0 l 1 187.5

l 0 0 250

1 0 1 250

| 1 0 312.5

1 l 1 3125

The precompensation value is normally set to 0 on inner and outer
tracks. It is more important on inner tracks as the bit density on the
disk is greater.

W4 selects minifloppy drives and also requires the board to be made
with a 34 pin connector (or a special cable) and an 8MHz crystal.

Data Separator

The serial data stream that comes from the drive is in a
synchronous form. It has embedded the required data as well as clock
pulses and synchronization "marker bytes".

The data scparator is used to generate the data window from the
FM (single density) or MFM (double density) encoded READ DATA
supplied by the disk drive. The separator tracks, so that incoming
data is always in the center of the data window. This data window
informs the controller chip which bits in the data stream it is
receiving are data and which are clock bits just used in the data
encoding scheme.

The separator is a digital phase locked loop in the FDC9229 chip at
E10. This chip does all the work of data separation.

Device Driver ROM

The disk controller software may be placed in a 2K or 4K EPROM
on the controller card. This EPROM is not in the processor’s directly
addressable memory. It is executed by reading the software into
RAM. This is done by DMA. The EPROM is copied into RAM as if
reading a disk, except much faster.
The least significant DMA counter lines are used as addresses on the
EPROM, so the EPROM can only be loaded into memory on 2k or 4k
boundaries. The flip-flop Cl11 and gates in DIl and BIl produce a
DMA write to memory request that is terminated after the byte
counter times out.

2.5.6 - DIGITAL CARD CAGE




Floppy Disc Controller QFC9-01
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QFC9-02 Floppy Disc Controller
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Floppy Disc Controller QFC9-03
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QFC9-04 Floppy Disc Controller
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Floppy Disc Controller QFC9-05
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QFC9-06 Floppy Disc Controller

1 2 GND
3 4 HOLWY
S | READ DATA © HOLZ
7 | wRITE PROTECT _s—

9 | TRACK @ 10

11 | WRITE GATE 2

13 | WRITE DATA :

15 | STEP o

17 | DIRECTION 8

19 | ps4 20

21 | oS53 22

23| DS 24

25| ost 26

21 28 | HDLd

29 | ReADY 30

31 | WDEX 32

33 | HEAD LWOAD 34| voL g
35 | ALT 30| IN USE
37 | \DE SELECT -

39 40 | DISK CHANGE
a1 42 | TWO SICE
43 44

4s 46

4 48

49 | LOW CURRENT 50
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Q219 Lightpen/Graphics System

Note The lightpen system is no longer used, however the hardware
support is still present on the Q219 card. For this reason we have not
deleted references to the lightpen and associated circuitry.

Introduction

The Q219 provides a graphics display and light pen input system.
The 16 kilobytes VRAM is displayed as an array of 512 pixels
(horizontal) by 256 lincs (vertical). The lightpen can detect points
within this array.

To increase graphics drawing spced, cxtensive use is made of special
hardware functions which provide automatic address incrementing or
dccrementing along either or both axes and individual pixel writing at
the current address.

Vidco RAM is arranged such that consecutive bits in each byte
correspond to consecutive pixels in the horizontal line. With 512
pixels per line, 64 bytes of VRAM is required per line. Thus there are
64 bytes between a given pixel and the pixel vertically below it. The
first byte in VRAM ($8000) appcars at the top left corner of the
screen.

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

FCDO just store at current position
FCD] store and inc Y

FCD2 storec and dec Y

FCD3 store as byte at currcnt Pos
FCD4 store and inc X

FCDS5 storc and inc X,inc Y
FCD6 storec and inc X, dec Y
FCD7 storc as byte,and inc X
FCD8 store and dec X

FCD9 storc and dec X,inc Y
FCDA store and dec X,dec Y
FCDB store as byte and dec X
FCC4 scroll latch (port A of PIA)

The pattern contained in the register stored at the particular
location above may be varicd to produce solids or various forms of
dotted or dashed lincs on the screen.

The current position is cstablished by directly accessing the VRAM
with a dummy read. Subscquent use of the special locations then
work from that position on the screen in various directions.

The bytc mode opcrations are provided for the writing of alpha-
numecric data to the screen. The VRAM arrangement cxplained above
mcans that the lastest way to place characters on the screen is to write
a scrics of horizontal slice bit pattern to consccutive vertical locations.
Notc that byte mode operations only work in the vertical (x) direction.
This dircction requires the actual VRAM address to be advanced by
64 bytes. Byte mode in the (y) horizontal direction is achieved by
storing dircctly into successive locations in VRAM.

All non-bytc opcrations store onc point on the screen. What is
written to this point (0 or 1) depends on what is in the corresponding
bit position of the accumulator used to store the data.
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Dot clock Generation

All timing is derived from a crystal oscillator and a counter chain.

The dot clock is constucted around inverter F2 and the 10.38MHz
crystal. The string of counters at F9 to F11 and Ell to E13 count the
dotclock DOTCLK and with the aid of SROM produce all video
related signals.

The screen area is organized as 84 bytes on the line and 304 lines in

the frame. The actual displayed area is 64 bytes on the line and 256
lines. One byte time is 8 DOTCLK pulses or 770ns.
The SROM prom at EI0 gencrates the horizontal sync pulse and an
advanced blanking signal. The horizontal blank signal (HBLNK) is
the 7th bit of the horizontal byte count. The horizontal sync pulse
lasts for 6 byte times and starts at the 68th byte position on the line.
The vertical sync is generated by gates in E9, F6, D13 and Ell. This
pulse starts at line 272 and lasts 4 lines.

Gate in El] generates the last line count (LASTL) at line count 304
and resets the entire counter chain to zero, the first byte and (irst line
of the displayed area.

Video FIFO and Shift Register
(refer schematic Q219-02)

To compensate for the fact that bytes {from memory need to be
fetched at greater than 1| MHz, (1.185MHz i.e., 64 bytes need to be
displayed in one active line time of 54uS) for displaying, a FIFO
register ([irst-in, [irst-out) is used. Data from the VRAM (MQOI-MOQ8)
is latched by octal latch B9. When FIFO input is not full, the IR
signal causes a data request to be clocked through [lip-flop E6, which
in turn generates a shift in (SI) pulse to the FIFO. This occurs every
microsecond until the FIFO input queue is full, as indicated by IR
returning to a logic zero.

Data is shifted out of the FIFO to the parallel-in serial-out shift
register F7 by SO (Shift Out) pulses coming (rom the bit counter chain
and SROM. They start one byte time before the line is unblanked and
stop one byte time before the line is blanked. One byte is transferred
from the FIFO to the shift register every eight picture bits. The
picture information is shifted out by clock pulses from the bit rate
oscillator (DOTCLK).

Yideo Output

Yideo data from the shift register is EXCLUSIVE-ORed with the
INVERT signal from the PIA at D, E4. With a logic | at this pin the
picture appears normally with set bits in the YRAM displayed as
bright pixels. If a logic zero is applied, the picture is inverted
(negative) so that ones in VRAM appear as black pixels on a BRIGHT
background.
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Q219 Lightpen/Graphics System

The output from this exclusive-OR gate passes through another, and
is gated with the lightpen cursor signal INV.

The output from this gate is serrated at the bit rate by ANDing
with DTCLK* at F6. This is done to avoid horizontally adjacent dots
merging to appear brighter than vertically adjacent ones.

The serrated video is then blanked by gating with the combined
horizontal and vertical blanking signals by F5 and F6. This removes
unwanted (inactive) display time from the display. Sync is added to
the video by combining the horizontal and vertical sync pulses in F$
and resistor network R10 and R9. This is buffered for low impedance
driving by transistor Ql. The composite video signal is available at
both 10-way connectors at the front of the card.

Address Decoding

The Lightpen/Graphics Card occupies two areas of memory space.
The VRAM uses 16K bytes from $8000 to $BFFF. The various auto-
incrementing portholes use 15 bytes $FCDO to $FCDB, and the PIA
and TIMER use FCC4 to FCDF. Addresses in the FCCX to FCDX
range are decoded by half of NAND gate A2. VRAM addresses in the
$8000 range are decoded by the other half of A2. These are enabled
by AND gate D3, and gating together VMA, ENBL and ADDI/ADDI{*
which makes YRAM processor unique,

Either processor can always access the PIA and Timer on the card,
if peripherals are mapped in. Sce Q256 RAM card for explanation of
mapping and peripheral control.

The select signals from this gating are latched, along with the five
least significant address bits and the read/write line, by octal latch
B3.

The 16 auto-increment functions are decoded from the four least
significant address bits by dual one-of-four selector C3.

Data Buffers

Octal buss Buffers B8 and transceiver B7 interface the card to the
system data buss. Buffer enables and control signals are generated via
the buss control prom BROM. The buss control prom is used to
simplify the complicated enabling of the buffers as they must be
enabled at several different addresses and modes of operation of
YRAM access.

Addressing counters

The address being accessed within VRAM is determined by the state
counter chain B4, B5, B6, A4 and AS5. These arec up-down counters
which provide the auto-increment (and auto-decrement) functions.
The starting address for any operation is established by any access to
the VRAM. This is achieved by the counters being parallel-loaded by
ADLD (address load) that occurs when a read is made between $8000
and $BFFF, in a map that contains the graphics ram.

Horizontal incrementing or decrementing is achieved by pulses YUP
and YDN clocking the low-order 9 bits of the counter chain. The 3
lowest bits are used to select the bit within the byte. Vertical
incrementing or decrementing is achieved by clocking the highest 8
bits of the counter.
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Bit Selection

The 16K byte of VRAM is bit addressable, that is each row of chips
can be individually written to.

For Byte mode operations, the BYEN signal is TRUE, and when a
memory write is performed, the WROM A6 (write control prom)
activates all the write lines causing the whole byte to be written
irrespective of the current bit position within the byte.

For Bit mode operations, only the bit determined by the contents of
A5 will have its W* signal activated .

Yertical Scrolling
(refer schematic Q219-05)

Counter chain DS, D6 and D8 generate the 14 bit address {or the
VRAM display operation. Each time a byte is fetched into the FIFO
an INCA (Increment Address) pulse clocks the counters on to the next
byte. The starting line is preset into counters D5 and D6 during line
304 by signal SYNR®* produced by F13 and SROM. (This also resets
the FIFO and allows it to be filled with the data for the first
displayed line before the line is unblanked. This prefilling is
necessary as the FIFO is emptied faster than it can be filled, during
_the active part of a line.)

The starting line number comes from port A of the PIA. Using this
side of the PIA allows the starting line to be read from the latch
directly via software.

VRAM Address Multiplexing
(refer schematic @219-06)

Quad data multiplexers C6 to C8 multiplex the addresses of the
YRAM between processor accesses (addresses from counter chain B4,
BS, A4, B6 and AS) and video display addresses (counter chain D5,D6
and D8).

Switching is done by BADD2X signal which is derived from phase
two of the processor to which access has been enabled.

Light Pen Introduction
(refer schematic Q219-04)
The Light Pen is used to generate co-ordinate data from Hit and
Touch signals coming from the light pen. These come onto the card
via the lower 10-way connector.

he video chain when a touch and hit occur from the lightpen. The
co-ordinates are then available to be read from the card by the
processor.

pen, which generates a Touch signal. The interface can be
configured to generate an interrupt when the touch signal is activated.

The card can also be configured so that the Hit signal causes the
picture information to be inverted, which generates a "cursor” on the
display at the position the pen is currently "seeing”.

The Hit signal from the pen is de-glitched by the interface so that
random noise due to external interference will not cause false
triggering.
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Hit Deglitcher

Deglitching operates by ensuring that light pen hits are repeated a
minimum number of times on successive display lines.

Counter E2 is normally in its terminal count state, counting being
inhibited by RCO being high, which forces P low. A Lightpen Hit
pulse arriving at gate D1 will RESET the counter via its clear input,
CLR. This will clock the bit and byte latches via LPBITS through
gate D3 and [lip-flop E6 after being synchronized with the valid bit
clock.

The counter then procedes to count line blanking pulses, HBLNK.
Once two lines has been counted, the next Hit pulse will cause a logic
1 to be clocked by flip-flop D2. On the next byte parallel load,
PLOAD®*, this is propagated to the second flip-flop D2, generating a
LPSTB pulse to clock the line latch. If no Hit occurs during the third
line after the first hit, the count continues to its terminal state (16)
without a LPSTB being genecrated.

Hit and Touch Receivers

The Hit and Touch lines from the lightpen are TTL compatible
signals, active low. They are terminated at the receiving end by
resistor networks R1, R2, R6 and R7. Depending on the state of the
modec bit TFH the Touch signal may be ANDed with the Hit signal to
generate a valid Hit pulse,
Note that gating is arranged to disable the cursor when the Touch is
asserted. This is to ensure that the pen has something to "see” when
activated.

The lightpen has its own supply regulator to reduce noise
scnsitivity. This is provided by a 78L05 device.

Co-ordinate Latches
(refer to drawing Q219-03)

The current bit within the byte is counted by F9. The byte on the
line is counted by F10 and F11. Their contents are latched by D9 and
D10 when a valid hit occurs by LPBITS, (deglitched Hit).

The least significant bit within the byte is available at bit 7 of port
B of the PIA. The rest are read by the processor when LPLI1* is
active.

The line in the frame is counted by E13 and El2 and latched at
D12 by LPSTB. This octal tatch is read when LPL2* is active.

Control PIA
(refer schematic Q219-01)

Peripheral Interface Adapter D, E4 provides read/write ports for a
variety of different functions. The side A is configured as outputs
and are used to control the screen scrolling. The B side is input and
output and controls screen inversion, processor access to YVRAM, TFH
(touch for hit) mode, lightpen cursor enable, lightpen touch status and
the least significant bit within the byte counter.

The PIA is also used to generate interrupts. Two separate interrupt
outputs arc¢ possible, one for Touch and one for Hit. These are
generated by the PIA CAl and CBI outputs respectively.
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Timer

An M6840 Timer is provided for gecneral system use. This device
contains three indecpendent 16-bit counters which can be configurced
under software control to count extcrnal cvents or internal clock
pulses. Counter | is clocked by HBLNK to count lines, counter 2 is
clocked by VSYNC to count [rames, and timer 3 is clocked by a IMHz
system timing signal to count microseconds.

For full operational specifications of the 6840 refer to
manufacturers data sheets.

Video Memory Ram
(refer to drawing Q219-06)

The 16 kilobytes of VRAM is provided by eight 4116 16,384 bit

dynamic MOS devices. The timing rcquired for these devices is preset
in the system timing signals. These signals are buffered and fed
directly to the rams as BRAS , BCAS and BCA. Memory refresh is
done in the continuous access [or screen refresh.
Whenever the YVRAM is directly accessed, the decoding at A2, 7D, 7E
generates RENB, (active low). This disables the memory card in the
16K block used by VRAM and saves duplicating maps in the Q236
ram card.
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Q137 Front Panel Controls

Introduction

This board contains thc controls uscd for system dcbugging and
reset. It contains 2 push button swithes, onc for RESET and one for
NMIL.The remaining toggle switches activate halting of each CPU and
cnabling of the appropriate labelled function.

Operation

The 555 timer is wired as a low frequency oscillator and is used to
flash the LED associated with each "armed" switch.

The CMOS NAND gate is used for debouncing the pushbutton
switches.

Each switch has two poles. One activates the function while the
other is used to connect the oscillator to the LED.

For a function to operate the associated LED must (lash.

Communications Port
The front panel also carrics a 10 way flat cable connector, P2, that
contains serial communications lines from the Q133 card.
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FRONT PANEL ASSEMBLY

Part
No.

G5116
300/089
D9002
D9%005
H2006
D9002
D9006
MC020

D900}
DY004
H2007
G1332
MQ137
G0007
Gi332

DMC044

Description

CLAMP, FLAT CABLE
PANEL, FRONT
HINGE BRACKET, R/H
SCREW, VERO, M3 X 8
NUT, DRESS

HINGE BRACKET, L/H
NUT, YERO, M3
CABLE, EARTH6Y

HINGE BOLT, VERO
SPRING, VERO HINGE
NUT, SWITCH

STRIP, SHORT PLASTIC
CARD, FRONT PANEL
INSULATOR

STRIP, LONG PLASTIC

FRONT PANEL CONTROLS - 2.7.5
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Q777 SCSI Interface

Introduction

The SCSI Interface card adapts the CMI interleaved parallel buss to
a SCSI peripheral interface buss which is a high speed 8 bit parallel
buss with handshaking. The interface card also contains an EPROM
with appropriate driver software which the CMI operating system can
load into RAM.

The SCSI Interface contains hardware to implement ecither Initiator
operation or Target operation (as defined in the SCSI specification)
under software control. DMA transfers of data
between the SCSI buss and CMI memory are implemented by the
interface for Initiator operation. In this mode a hard disk or similar
device will be selected for either reading or writing and the data
transfer will proceed at the maximum rate. The SCSI Interface may be
configured to have a SCSI address in the range of 0 - 7 and an
external select of this device will generate an interrupt.

The SCSI Interface will normally be used to connect to storage
devices such as hard disks and streaming tapes, however any device
which conforms to SCSI specifications may be attached to the
interface. All communications with SCSI devices attached to the buss
conform to a defined message protocol which transfers command, data
and status information in distinct phases as defined in the SCSI
specification.

Address Map

The Interface is accessed through two locations, FCE2 and FCE3 in
a memory map which enables access to peripherals. A 3 bit address
register (FCE3) is written to point to additional registers. All access to
these registers is subsequently performed through location FCE2.

ADDRESS READ WRITE
FCE2 DATA DATA
FCE3 STATUS POINTER

Status Register
A read from address FCE3 will return the contents of the status
register. This rcgister indicates interrupt status, EPROM status and
SCSI buss state.
bit 7 - high indicates EPROM transfer not occurring
bit 6 - high indicates an interrupt condition is present
bit § - MESSAGE active on SCSI buss
bit 4 - ACKNOWLEDGE active on SCSI buss
bit 3 - COMMAND active on SCSI buss
bit 2 - BUSY active on SCSI buss
bit I - REQUEST active on SCSI buss
bit 0 - DIRECTION active on SCSI buss
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SCSI Interface Q777

Pointer Register

A write to location FCE3 will sct the pointer register to sclect
additional registers on the interface. Only bits | - 3 are used by the
interface. The state of other bits will have no effect.

Data Registers

There are 10 additional registers which may be addressed throug
location FCE2 after setting the pointer register. Eight of these arc
output registers and two are input rcgisters.

POINTER OUTPUT INPUT
00 control register input register
02 DMA address low X
04 DMA address high X
06 DMA count low X
08 DMA count high X
CA select EPROM load X
0C SCSI data out SCSI data in
0E target register X

Control Register
This register controls DMA operation, interrupts and SCSI
operations.
bit 7 - enable interrupts to the CMI
bit 6 - enable DMA opcration
bit 5§ - enable SCSI buffers
bit 4 - disable auto-increment on DMA address counters
bit 3 - SCSI ATTENTION
bit 2 - SCSI BUSY
bit I - SCSI SELECT
bit 0 - SCSI RESET

Input Register
This register provides information about the current state of the
SCSI interface and also identifies the preset SCSI address of the card.
bit 7 - interrupt present due to SCSI select
bit 6 - bit 2 of SCSI address
bit § - bit I of SCSI address
bit 4 - bit 0 of SCSI address
bit 3 - SCSI ATTENTION
bit 2 - SCSI BUSY
bit 1 - SCSI SELECT
bit 0 - SCSI RESET
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Q777 SCSI Interface

DMA Address Low
Low byte of DMA start address.

DMA Address High
High byte of DMA start address.

DMA Count Low
Inverted low byte of DMA count.

DMA Count High
Inverted high byte of DMA count.

Select EPROM

A write to this register will c¢nable the logic which loads the
contents of the EPROM into CMI RAM. It is necessary to set up the
DMA logic before writing to this location.

SCSI Data Out
This register drives the buffers onto the SCSI data lines.

SCSI Data In
This register contains the current state of the SCSI data lines.

Target Register
This register controls the hardware implementing SCSI target
operation. In normal operation this register is cleared on reset,
disabling all target functions.
bit 7 - MODE active enables Target operation
bit 6 - not used
bit 5 - SCSI MESSAGE
bit 4 - SCSI DIRECTION
bit 3 - SCSI COMMAND
bit 2 - not used
bit 1 - SCSI REQUEST
bit 0 - not used

Address Decoding

Address range $FCE2 - $FCE3J is decoded by gates Al, B3, A4, B,
B2, DI, El and latched by F2. NAND gates E2, E2 are used to
generate read and write strobes for the status and pointer registers
respectively.

Bits 1, 2 and 3 from the pointer register E5 are decoded by E4 and
strobed by signal DREG®* from F3. Where necessary, select lines are
gated with read or write signals by OR gates B8, F3.

Data Buffers

Data from the system data bus is buffered and inverted by C6 then
latched by D6 which holds the data across the processor 1 phase. The
latched data from D6 (10-17) is used by all output registers and DMA
counters.

Data read onto the system data bus is taken from input registers AS,
C9, C8 and C7 via data bus D0-D7.
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SCSI Interface Q777

DMA Address Counters

Sixteen bit counter chain D3, C3, D2, C2 is uscd to provide the
address for DMA transfers. The starting address for each DMA
transfer is established by writing the appropriate byte address to the
pointer register followed by writing the DMA address byte to the data
register. This is repeated for the other DMA address byte. When DMA
transfers take place, the counter chain is automatically incremented
by the signal ATB*. DMA address incrementing may be disabled under
software control via bit 4 of the control register and gate F4. This
feature allows disk reads and writes from a single memory location as
implemented on the Floppy Disk control card.

DMA Byte Counters

Sixteen bit counter chain D5, C5, D4, C4 is used to transfer the
required number of bytes to or from CMI memory under DMA control.
The counters are configured to count up to 30000, so for correct
operation it is necessary to load the inverse of the required count. Any
number may be specified up to a maximum of $FFFF bytes. Only the
specified number of bytes will be transferred to or from memory,
regardless of the actual size of the transfer requested by the SCSI bus.
This allows less than a sector to be recad from disk saving the software
overheads necessary for partial sector reads. When the counter reaches
0, the signal FINPS* is generated from ripple carry out. This signal is
buffered out to the system bus as VMA by 3 state gate Cl disabling
further memory accesses.

DMA Logic

DMA requests may come from either the Device Driver ROM logic
or the SCSI interface. These requests are synchronised with processor 2
phase 2 by flip-flop A8. This sets up a DMA request to the processor
(RDMA®*). DMA cycles are granted by the BACK acknowledge signal
on a daisy chain basis through ETL* and ENL®.

When a transfer occurs, the DMAC (DMA CLAIM) line is asserted so
that the memory card swaps maps, allowing data to be dumped into
memory currently not mapped into the processors address space.This
signal is generated by flip-flop B10 and gates Al0, A10. During a
DMA cycle, onboard select strobes are generated by flip-flop B9 and
gates A9, AlQ. During DMA writes either ROM buffer AS or SCSI
buffer C7 will be cnabled depending on the state of flip-flop BIO.
DMA reads will always be directed at the SCSI port. NAND gate E2
generates the address strobe ATB* which enables the address buffers
onto the CMI buss.
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Q777 SCSI Interface

SCSI Bus Interface .

The SCSI bus is physically a 50 way ribbon cable where each signal
is terminated by a 220/330 ohm resistor network. The interface is
capable of driving and rcceiving all SCSI signals except PARITY
which is not implemented. Open collector NAND gates E6, E7, E8, E9
and D10 are used as drivers. The SCSI data bus is buffered by C7, and
the remaining signals are buffered by hex inverters EI0 and Ell. All
SCSI drivers are gated as three groups:- SCSI data, SCSI control and
SCSI target control. These groups are activated by signals EDATA,
ESCSI and ECONT which are derived from control latches D8 and D9.
Both these latches are reset by SYRES®* ensuring that the interface is
disabled upon powerup.

Data transfers to and from the SCSI bus are initiated by REQ being
asserted. Data is read of [ the bus by strobing buffer C7. Data written
to the SCSI bus is latched by D7 and is held until the next write. This
is necessary as SCSI data transfers are asynchronous and data must be
maintained on the bus until the target releases REQ. Gates Cl1 and
DIl ensure that data is only enabled onto the SCSI bus as requested
by SCSI signal DIR. When a byte is transferred while a request is
pending, the strobe sets flip-flop F1l1 driving ACK to complete the
data transfer.

The SCSI interface can generate interrupts from two sources:- status
available from target and select from external device. The second of
these interrupts is only used in systems which implement multiple
initiators, and may be disabled by link W4. ’

The status interrupt is latched into Fl1l by the SCSI bus request to
transfer a command byte. The latch is enabled by EDMA going high
and held clear when this signal is off.

The select interrupt is generated by SEL and the SCSI DATA line
sct by JO0-J2 being simultaneously asserted. B7, Ci10 and DI are
responsible for this interrupt. Both interrupts are ORed and drive gate
D10 onto the CMI buss. Signal EINT is will globally disable all
interrupts from this board.

All signals associated with the SCSI interface are read through
buffers C8 and C9.

Device Driver ROM

The SCSI controller software may be placed in a 2K or 4K EPROM
on the SCSI interface card. This EPROM is not in the processors
directly addressable memory - it must be loaded into RAM under
DMA control. The least signifigant DMA counter lines are used as
addresses on the EPROM, so the EPROM will always be loaded into
memory on 2K or 4K boundaries. The DMA transfer is terminated
when the byte counter reaches 0000.
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CMI-28 General Interface Card

Terminology

SMIDI Card: General Interface card or SMPTE/MIDI card.

CPU: Dual 6809 processor (P] & P2) system usually running OS9.
System RAM: Q256 256K memory with MMU used by the CPU.

68K: Refers to the SMIDI processor - a Motorola 68000.

Hexidecimal numbers are in the form nnnnnnh.

Flip-(lops packaged in 74LS74's are referred to as a - pins | to 7, and
b - pins 8 to 13.

Titles of the form CMI-28-x refer to the circuit diagrams of the
SMIDI card, x being the sheet number (1 to 7). Use the diagrams in
conjunction with this text.

Introduction

The SMIDI Card plays a central role in the Series III CMI, for all
the sequencing is controlled by this card. Of course it has its other
function of interfacing the CMI to other digital musical instruments
via MIDI and synchronizing sequences to film and video via SMPTE
and Click/Sync tracking.

The SMIDI card plugs into slot 18 of the Series III motherboard
next to the Waveform Processor Card. A 26-way cable connects the
card to two cards (CMI-332, CMI-333) in the Audio Rack.

The CMI-332 contains the MIDI input and output buffers and the
DIN sockets. Drum machine controllers and multi-sync outputs also are
on this board.

The CMI-333 contains the SMPTE analog circuitry (input/ouput) as
well as Click In and Out and Metronome Out.

The facilities built in to the SMIDI card are as follows:

- I0OMHz 68000 processor

- ROM 8K/I6K x 16 bits.

- Private RAM 8K /32K x 16 bits.

- DMA interface to the CPU buss

- 7 bit control latch

- 4 ACIA (68B50)

-2 PTM (68B40)

- Circuitry for SMPTE reading and generating
- Drum machine controllers

ROMs

The pair of on-board 8-bit ROMs are arranged in parallel to provide
16 bit code. Presently 2764 ROMs (called KMON-E and KMON-0O) are
installed, occupying the bottom 8K words of 68K address space (see
memory map). The bottom 400n bytes are reserved for 68K exception
vectors including reset PC and Supervisor Stack Pointer which are
loaded when the processor comes out of reset. The rest of the ROMs
are occupied by the 68K monitor, 68K/CPU IO routines, and self tests.
Refer to software documentation for further information on these
items.

Private RAM

The 8K (or 32K) words of Private RAM on the CMI-28 is accessible
only by the 68K. Its base address is 80000n (see memory map).
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CPU DMA Interface

The two channels of the DMA interface to the CPU bus appear as
two 64K slices of the 68K's 16M memory space. Accesses in the range
40000nh to 4FFFFn steal P2 cycles, and select the P2 DMA memory map.
Accesses in the range 50000n-5FFFFn steal Pl cycles, and select the Pl
DMA memory map. Appropriate initialization of the Q256 memory
maps thus allow the 68K to access any physical area of system memory
or peripherals whether or not they are mapped into the CPUs’ logical
spaces. Reler to Q256 documentation for details about system memory
management.

Data size mismatch between the 68K and the CPU bus is handled by
the hardware. A 16-bit access by the 68K is handled by two separate
8-bit DMA 1transfers across the CPU bus and the 68K receives one
Data Transfer Acknowledge (DTACK) when both transfers have been
completed. Which byte goes first is indeterminate; in any case each
byte is always transferred to or from the right place in CPU space.

Access by various devices to the CPU bus is arbitrated by two daisy
chains, one for each 6809. Higher priority devices may prevent access
by the SMIDI to the CPU bus indefinitely. Refer to a separate
document which describes the daisy chain allocation for Series III.

ACIA’s and Programmble Timers

The SMIDI card has four ACIA's (68B50) for MIDI input and
outputs. They can be access by the SMIDI processor at addresses
60020n to 60050n. The two timers (68B40) can be accessed by the
SMIDI processor at addresses 60000h and 60010h.

SMPTE Reading and Generating

To gencrate SMPTE the 68k processor writes the appropriate SMPTE
word to a Parallel-In Serial-Out shift register which is clocked
according to the second timer in Timer A which divides a 384kHz
clock. A further section of the circuitry reads SMPTE, the timing in
this case is controlled by the first timer in Timer A,
Miscellaneous Items

The indivisible Read-Modify-Write instruction TAS is not supported
by any of the memory interfaces on the SMIDI. The address strobe
signal AS is used as the bus cycle terminator and as this is not negated
in between the read and write cycles of the RMW instruction, the 68K
would hang.

A no-wait state memory access is executed by the 68K in 8 states, or
400nS at I0MHz.
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Processor, ROMs, and Decoding (ref. CMI-28-1)

The 10MHz processor clock (PCLK) is generated by the 20MHz
crystal oscillator and made symmetrical by the flip-flop Di0é.
Detailed description of the operation of the 68K can be obtained from
the Motorola literature but the following is a very brief indication of
how 68K buss cycles proceed. A cycle is initiated by driving the
address onto the 23 address lines Al to A23 following the falling edge
of the clock and asserting the address strobe AS 50nS later, by which
time the address lines should be stable. There is no A0 address line
signal. Al to A23 determine which 16-bit word in memory is to be
accessed. Whether the high byte or the low byte or both is to be
accessed is determined by the Upper and Lower Data Strobes, UDS and
LDS, so the least significant address bit AQ is implied by these two
data strobes. With a 24 bit effective address width, the 68K can access
16 megabytes of memory.

In a read cycle, UDS and/or LDS are asserted at the same time as
the address strobe. For a write cycle, the processor puts its data on the
buss 50nS after AS and asserts the data strobe(s) 50nS later still, by
which time the data should be stable.

Nothing happens now until the accessed device returns a Dala
Transfer Acknowledge (DTACK) signal. The processor samples DTACK
and recognises that it has been asserted on the falling edge of the
clock. One clock cycle later, on the next falling edge, the buss cycle is
terminated. In the read case, the data is latched into the processor, and
address and data strobes negated. In the write case, the strobes are
negated then the data buss tri-stated 50nS later. Each _half clock cycle
which the processor spends waiting for the return of DTACK is called
a wait state.

The upper seven address lines A17-A23 are used in the decoding
circuitry E2 (LS32) and E12 (LS259), which divides the address space
as shown on the memory map. All decoder outputs depend upon AS
being asserted so the entire address is stable whenever any output is
active. The first 128K bytes is to select ROM's, the second 128K bytes
is unused. The next 128K bytes is occupied by the DMA to CMI
memory via P! or P2. The ACIA’s and Timers are addressed next, then
the private RAM.

The ROMs must reside at the bottom of the memory space because
after reset the 68K boots up by fetching its supervisor stack vector
and restart program counter from the locations 0 and 4 respectively.
450nS ROMs are currently used requiring the insertion of 6 wait states
(each wait state is 50nS long) into each ROM access cycle. The
counting of the wait states is performed by the LS161 counter at FI.
While EPROM is not asserted, the counter is held preset at 13 but
when EPROM comes active, the counter is released while the ROM(s)
are enabled. On the second rising edge of the clock after this, the
counter reaches 15 and generates the ripple carry out which clocks the
l'hp-l'lo_g_:_lt G1b to assert DTACK . When the processor terminates the
cycle, AS is negated so BAS goes low and clears the flip flop to
remove DTACK. EPROM is negated so the LS16! is put back into
preset ready for the next ROM cycle.
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The delay of EPROM through the decoding circuitry plus the two
counted clock cycles, plus the delay between DTACK and the
processor latching the data in provides the required 450nS access time.
The complete cycle takes 700nS from bus inactive to bus inactive
again.

Memory - ROM and RAM
(refer schematic CMI1-28-2)

There are four 28-pin sockets for ROM and static RAM. The
minimum configuration is 8k words of ROM (2x2764)and 8k words of
static RAM (2x6264). The ROM can be configured for 16k words by
breaking the link (LK) between pin 27 of the ROM's and +5v and
join the link LK1 to A15 from the processor and plugging in the
appropriate two 27128's, Similarly the RAM can be arranged to
accommodate 32k static RAM chips (e.g.MK4856 pseudo-statics) by
breaking the links LK2 and LK3 to +5v and connecting Al4 and AlS5
to pins 26 and | of the RAM chips (via LK3 and LK2), respectively.
Further, there is an option for 64k words of RAM; by soldering two
32k RAM chips on top of each other except for pin-20, the chip select,
which should be connected to the pads provided from the select
circuitry, the OR gates pins 3 and 11 of D12 (LS32). All these memory
expansions will depend on the availability of the chips mentioned.

Note; when plugging in the ROM's, they should be labelled odd and
even; the even one should be plugged into E5,6 (near the 68K) and the
odd onc into E8 (between the RAM chips).

Memory addressing: ROM starts at 000000h and RAM starts at 080000h.

Static RAM is fast enough (150ns) to not need a delay on the
DTACK line. So that when RAM is selected DTACK is also enabled.

Control Latch and Interrupts
(refer schematic CMI-28-3)

The 68K can be reset, halted and interrupted on two levels via a

write only latch at FCAOn in the CPU address space. This address is
decoded by the large NAND gate B3. The decoder output is latched by
flip-flop B2b on the rising of BRA and data is written into the LS259
latch B4 at the end of the system CAS pulse. The 74LS14 (AS)
permanently buffers all incoming data to the latch.
The first 3 data bits from the CPU (D0-D2) are used as an address for
the 74LS259 and the fourth data line D3 provides the one-bit data for
this latch. With this arrangement if several processors attempt to write
to the SMIDI latch there will be no clash.

The bit assignments are as follows:

Latch Address; Data; Function;
D2 DI D0 D3 - Active for:

0 0 O 0 68K Interrupt Level |
0 0 1 - n/c

0 1 0 1  CMI Interrupt 2

0 1 1 0 68K Interrupt Level 7
1 0 ©0 ! CMI Interrupt 1|

1 0 1 0 Halt 68K

1 1 0 0 Timer Sync switch

1 I 1 0 Reset 68K
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All the interrupts to the 68K from the control latch, the ACIA's,
Timers and SMPTE circuitry are fed to the priority encoder C2
(LS148) its 3-bit output is fed directly to the 68K processor. Level 7
(all bits low) is the highest priority (and non-maskable) while level 0
(all bits high) means no interrupt. Interrupts are cleared by the 68K
writing cither to the control latch itself via the CPU bus (to clear
interrupts | and 7), or reading ACIA or Timer status or to address
60060n for SMPTE read, or to 60070n for SMPTE write.

To reset the processor, both HALT and RESET must be asserted.
The minimum reset period required by the 68K is 10 clock cycles i.e.
luS.

The state of the HALT and RESET signals arce indicated by the

LEDS near the front of the SMIDI card. Both off means that the
processor is running.
System Reset (BSYRES) clears the latch, thus putting the 68K into
reset. The level 7 interrupt also generated will be ignored while the
processor is reset. A manual control panel may be plugged into 26-way
socket on the SMIDI board with a HALT/RUN toggle switch and
RESET momentary switch.

The 68K has a very powerful interrupt vectoring system which
permits the interrupt service routine vector to be provided by the
interrupting device. Many such devices may therefore generate
interrupts without the need for extensive polling procedures to find
out which device is requesting. This facility is not required on the
SMIDI and the only interrupts used are the seven Auto-vector
interrupts determined by the interrupt level on IPLO-IPL2. The
function code outputs FCO-FC2 are all high during an interrupt
vector fetch and this is detected by the AND gate 74LSI11 (D2), on
drawing CMI-28-1. This results in VPA being asserted which tells the
processor to use the autovector instead of an interrupting device-
supplied one,.

68k/6809 DMA Buss Interface
(refer schematic CM[-28-4)

Communications between the 68k processor and the 6809 CPU is
achieved by DMA Direct Memory Access on the system buss. The 68k
waits until no higher priority device is occupying the buss and then
either 6809 (Pl or P2) is temporily hung while the 68k executes a
normal buss cycle writing to or reading from memory or a peripheral
on the buss. In this manner the entire 64k address space of each 6809
processor appears as a small slice of the 16 megabyte address space of
the 68k. Software then defines various protocols for the different
processors to pass messages and data to one another by simply placing
them in system memory.
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The DMA interface provided on the 68K SMPTE/MIDI Card is a
very flexible one. It automatically handles either 8 or 16 bit data
transfers (doing double cycles across the 8-bit CMI buss in the latter
case) and can do so on cither P1 or P2 cycles, selecting any desired
memory mapping which has been set up on the Q256 memory card.

DMA is initiated by the 68K when it accesses any address in the
range 040000n to OSFFFFh These addresses are decoded by the LS259
(E12) on drawing CMI-28-1 and result in the CMI signal being asserted
(low). Since the rest of the interface circuitry is not activated vyet,
PACK (to be explained later) will be low and a low will be presented
at the data input of flip flop Cl2a whose function is to synchronise
the transfer with the CMI buss.

Address line Al6 is used to select which 6809 processor’s buss
cycle(s) are to be used for the transfer. The timing signals for both
processors are input to LS241 buffer A7 which is wired as a
multiplexer:-

If A16 is low, P2¢g2 is enabled through to become Pg2, ADD2
becomes PADD and so on.
If A16 is high, P1's timing signals are enabled instead.

By this means, the address range specified above is split in two:
from 040000n to 04FFFFh the transfer automatically occurs on P2 buss
cycles, while from 050000n to OSFFFFn it occurs on Pl cycles. Refer to
the 6809 CPU doc cycles.

Thus at the beginning of the data cycle of whichever processor is
sclected, the Pg2 signal clocks the LS74, recording the fact that a
DMA cycle is required.

All DMA devices are interconnected on the motherboard in a daisy
chain. Each device is assigned a given priority in the chain and must
wait until no higher priority device is already using the buss. The
6809 CPU is the always the last device in the chain. There are two
separate daisy chains in the CMI system, one for each 6809 CPU. Since
the 68K SMIDI card can perform DMA on either CPU’s cycles, it is a
member of both chains. ETL], ENL] and RDMAI are the chain
signals for Pl, ETL2, ENL2, RDMA2 are for P2. Which set is used is
again selected by the state of Al16 at the time of transfer.

The selected ETL Enable This Level signal is low_when no higher
priority device is occupying the buss. After the CMI signal has been
latched, nothing happens until this signal is low, whereupon the
RDMA Request DMA is driven low through the selected LS10 gate. Any
DMA device pulls this open collector line low_to to request buss access
to the CPU. At the same time, the selected ED ENL (Bnable Next Level)
s:gnal is inhibited. Normally, the low on ETL comes in and goes out
again on ENL to indicate to lower priority devices that the buss is
available but when the 68K requires a transfer ENL is held high to
hold up the lower devices.
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The CPU acknowledges that it will hang and relcase the buss for
the next cycle by asserting ACK! or ACK2; the selected ACK signal
becomes PACK. When a request has been generated (Cl2a Q hi) and
this level is enabled (ENL low), the rising edge of PACK clocks a low
into flip flop Blla to generate DCYCLE. This signal indicates that the
next buss cycle is definitely going to be a 68K DMA transfer and
remains asserted until the end of the address phase of the actual DMA
cycle.

The other half b of Bl is also clocked by PACK to generate the PI
or P2 DMAC DMA Claim signal as selected by A16. This signal goes to
the Q256 RAM card to select the memory mapping which has been set
up specifically for the 68K. In this way the 68K may have access to
part or all of the same physical memory space as the 6809 CPU or it
may have access to an entirely different part of physical memory as
required by software. The DMAC signal is asserted during the data
cycle preceding the actual transfer.

The address phase of the DMA cycle is indicated when ATB
Address To Bus is asserted by the LS10 BI0. At this time the lower 15
bits of the 68K address buss are enabled on to the CMI buss through
the two LS244's A2 and A3 to select the required location within the
6809 address space. VMA is driven high through LS125 Bl to indicate
a Valid Memory Address and the 68K R/W line is driven through the
same buffer to indicate a read or write cycle,When the 68K performs
8-bit memory accesses, the UDS and LDS signals (upper and lower data
strobes) indicate whether an even or odd address is being accessed. The
sense of these signals are clocked into JK flip flop Hi2a at the
beginning of DCYCLE to generate HIBYTE and LOBYTE. The latter
signal becomes the least significant address line driven onto MAO
through A3. In the case of 16-bit accesses, the hardware
automatically requests two successive DMA accesses across the 8-bit
CMI buss. Both UDS and LDS are asserted so that the JK outputs
HIBYTE and LOBYTE simply toggle on each access. It does not matter
which byte transfers first and in fact this depends on the initial state
of Hi2a. LOBYTE directs the data to or from the odd or even address
and both signals control whether the higher or lower 8 data lines are
directed to the data buss.

The data buss interface consists of Schmitt bidirectional buss
transceiver LS640 A6 and bidirectional driver/latches E,D5 and E,D6
(LS646s). The data phase of the DMA transfer is indicated by the
assertion of DTB Data To Bus at the rising edge of BRA when a DMA
cycle is in progress. This is performed by flip flop C12é. DTB enables
the buss transceiver A6 and the direction is determined by the 68K
R/W signal.

If the 68K is writing to the CMI buss, E,D5 or E,D6 simply act as
buffers to transfer the high or low 68K data signals (PD0-15) through
“to A6. HIBYTE or LOBYTE plus CMI being asserted will drive the G
input of the appropriate LS646 for the duration of the DMA cycle
(LS02 and LS32 gates B8 and AS8).
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When the 68K reads from the CMI buss, E,DS or E,.D6 must latch
the data in from the buss to hold it until the 68K terminates its own
cycle and latches the data internally, about 50nS after the end of the
DMA cycle. 100nS before the end of the data phase, the CMI timing
signal CAS goes low, resulting in a rising edge on BCAS. Data from
memory is guaranteed to be valid at this time. BI0 generates the
LDATA Latch Data signal which is ANDed with either HIBYTE or
LOBYTE to latch the data coming into the A side of E,DS or E,D6.
The output of the latch (B side of the selected LS646) is driven onto
the PD lines until the 68K completes its cycle and negates CMI.

Termination of the transfer after single or double DMA cycles is
controlled by the two flip flops in LS74 C10:

(i) In the single (8-bit) transfer case, either UDS or LDS will be low.
This will cause the LSI0 A10 to output a high, and DTACK2 will be
generated as soon as LDATA occurs. The 68K will then terminate its
cycle immediately, after only one DMA cycle. _

(ii) In_the double DMA cycle (16-bit) case, both UDS and LDS are
high so DTACK2 will not be generated until the first flip flop in C10
is set. Initially this flip flop is reset. At the first LDATA pulse a high
is clocked in but DTACK2 is not generated because of the propagation
delay through to the next [lip flop. Since DTACK2 is not asserted, the
68K still waits with address and address/data strobes asserted.

If writing, the data remains asserted by the 68K but both 1_address
and data are removed from the CMI buss when ATB and DTB are
ncgated respectively. If reading, the first byte read in is latched and
held by E,DS5S or E,D6. Since CMI will still be asserted and PACK will
have been negated, the whole process of waltmg for daisy chain
priority and DMA requesting begins again in order to perform a
second DMA cycle. The second cycle can be held up indefinitely by
higher priority devices using the buss after the first cycle. When the
second LDATA edge comes along the high on the LSI0 output is
clocked into the second Cl0a (lip flop and DTACK?2 is asserted.

On the next falling edge of PCLK, the 68K recognises that DTACK
has been asserted. On the second falling edge of PCLK the data is
latched internally for a read, and the address and strobes are released.
The low on BAS resets the flip flops at C10.

Debugging Notes for the DMA Clrcuitry

If the nmmg circuitry of the DMA interface is faulty, the most
likely result is that DTACK2 will never be generated and the 68K
will simply hang which makes dcbuggmg_sy In this case, check first
that the address decoding is generating CMI, then that the daisy chain
signals are present. Then look for an 800nS pulse on DCYCLE (pin 5
Blla), indicating that DMA cycles are actually ocurring. Continue
through to the ATB, DTB and LDATA signals, checking not only that
they are generated but also that they get to their respective
destinations in the circuitry.

If the DMA cycles are being synchronised and timed correctly check
that the address buffers and data buffer/latches are being enabled
and clocked at the correct times.
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If all timing circuitry is correct, the last possibilty is data or
address buss shorts, open circuits or faulty drivers. Special test ROMs
are available which cause the 68K to repetitively copy bytes and
words from one location to another in CMI memory. The 6809 monitor
can then be used to deduce which data or addresses cause problems.

SMIDI Card Peripheral Select
(refer schematic CMI-28-5)

The ACIA's and Timers work from an 8-bit data buss with

(asynchronous) interfacing circuitry.
Initially the flip-flops (F2) are cleared causing a high DTACK3 output
setting the LS646 transceiver (G4) into the transparent mode. The
direction of data flow is determined by the R/W line with the IO
selected. Without IO line selected it appears in_write mode. The
peripheral is selected by the LS138 enabled by the cs signal. The first
flip-flop F2a is clocked on the first falling edge of E with the IO
select and the data strobe high (ie either LDS or UDS low). The Q
output of F2a is applicd to the NAND gate (Hl), asserting CS.
Selecting the peripheral at this time ensures that the peripheral has
adequate address setup time,

On the next falling edge of E, the Q output of F2b is clocked low
asserting_ DTACK3 and latching data in the transceiver (G4) The
asserted DTACKS3 signal deselects the peripheral by causing CS to go
high. Flip-flop F2aq is cleared by 10 going low when the access
terminates, Clearing flip-flop F2a also initializes the interface
circuitry for the next access.

The ACIA’s are selected by E10 (LS138) and appear at addresses;
60020n, 60030n, 60040n and 60050n. They share a common interrupt
level (level 3). Their transmit and receive data lines are wired to the
26-way connector to be connected to the MIDI drivers and opto-
coupler receivers.

The programmable timers appear at the general addresses; 60000h,
and 60010n has an interrupt to the 68K (level 2, INT2).

SMIDI ACIA’s and Timers
(refer schematic CMI-28-6)

There are four different peripheral circuits on the SMIDI card.
Firstly there is the four ACIA's (68B50) (G7-11) which are the MIDI
ports A,B,C, and D, respectively. Then there is the Timer (68B40)
(G5,6), Timer A which is used in conjuction with the SMPTE read and
generate circuits (which are the other two peripheral circuits) as well
as the Click In and Out. There is another Timer (68B40) (H,G3), Timer
B which does the Multi-sync outputs.

The ACIA'’s and Timers are driven also by the E (enable) signal
from the 68K. The frequency of this clock is one-tenth of the 68K
clock (10MHz) with a 60/40 duty cycle (6 clocks high, 4 clocks low)

The Sync switching circuitry consisting of the EXOR gate acting as
an inverter (Cl) and the two switched gates (LS125) (Bl) provide a
facility to divide by one, which the Timers do not have. When the
SYNCSVW line is low (from the Control Latch (B4)) the signal coming
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in at Click In will be connected to Sync Out 4 directly as well as
clocking the third timer in Timer A (GS5,6) and clocking all timers in
Timer B. When SYNCSW is high the clock signal coming in at Click In
is First divided by timer 3 in Timer A before clocking the three timers
in Timer B.

The ACIA’s can interrupt the 68K on interrupt level 3, (INT3).

The Timers can interrupt the 68K on interrupt level 2, (INT2).

SMPTE Generating Circuitry
(refer schematic CM1-28-7)

An oscillator (3.84MH2) is divided by 10 (G2,H1,Gla) to provide a
standard for generating the 3 different rates of SMPTE code (24,25
and 30 fps) All three are denominators of 384,000. Further division,
depending on the frame rate selected, is done by the second timer in
Timer A(GS,6) giving the signal CLK2, which is the bit rate for a
SMPTE one (ie 160 bits per frame). This is in turn divided by 2 (Cl1154)
giving CLK! which is the bit rate for a SMPTE zero (ic 80 bits per
frame). When a SMPTE word is ready it is written to the Parallel-In-
Scrial-Out registers LS165 (C7,C8) at address 60070n (through B9,B8
and B7). When this writing takes place the interrupt INT4 if it has
been asserted is now cleared. The data in the shift registers (C7,C8) is
clocked out by CLKI1, a 4-bit counter LS161 (DI11) is also clocked
which causes the interrupt on level-4 (INT4) when it reaches its
terminal count of 16. Now, if a zero is shifted out from C8 the flip-
flop Clla is toggled at the rate determined by CLK2, but if a one is
shifted out from C8 the flip-flop Clla is toggled at the CLK] rate.
Thus, the word stored on the shift registers is output in SMPTE form.

INT4 is cleared by writing to the shift registers (C7,C8), i.e. by
signal SMPTERD at address 60060h.

SMPTE Reading Circuitry
( Refer schematic CMI-28-7 & Timing Diagram)

SMPTE code coming from tape, being converted to TTL signal levels-
by the CMI-333 board, are received by the CMI-28 through pin 17 of
the 26-way connector. The edge-detecting circuitry consisting of the
EXOR gates (Cl) and the resistor-capacitor combination create a pulse
(at pin 6 of Cl) for every up or down transition of the incoming
signal.

The required output from this SMPTE data separator is to have one
interrupt occur for every SMPTE one read and another interrupt for
every SMPTE zero read. This process can be followed through with the
timing diagrams. The 68B40 timer is set, according to the frame rate
of the SMPTE being read, to 3/4 of the time for one bit cell. The
circuit then detects whether there has been a transition in that time or
not. If there has been a transistion then an interrupt on level 6 occurs.
and a one is read, if no transition occurred then an interrupt on level
5 occurs and a zero is read.

INT6 and INTS5 are cleared by the SMPTERD signal through
accessing address 60070h. This will reset flip-flops in D1 making the
outputs of the NAND’s El high.
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Pin Connections for the 26-way Connector

(between the CMI-28 and CMI-332 and CMI-333)

Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin

WO H W -

10
11
12
13
14
15
16
17
18
19

Pin 20
Pin 21
Pin 22
Pin 23
Pin 24
Pin 25
Pin 26

Notes:
# - these connections are on Audio Rack only.

* - these connections (from the CMI28 board only) are for debugging purposes only. If two
push-button switches are connected between pins 23 & 24 and pins 25 & 26, they can be used to
manually halt and reset the 88K processor, respectively.

MIDI out A.

+5 volts,

MIDI in A.
SYNC out 1.
MIDI out B.
SYNC out 2.
MIDI in B.
SYNC out 3.
MIDI out C.
Digital Ground.
MIDI in C.
Digital Ground.
MIDI out D.
RESET/START.
MIDI in D.
RUN/STOP.
SMPTE code in.
Digital Ground.
SMPTE code out.
CLICK out; SYNC out 4.
CLICK in.

(CMI332-3) Analog Ground.® (CMI28) n/c.’

(CMI1332-3) +15 volts.”
(CMI332-3) -15 volts.”
(CMI332-3) n/c.”
(CMI332-3) n/c.*

(CMI28) CPU Halt switch.
(CM1I28) Digital Ground.
(CMI28) CPU Reset switch,
(CMI128) Digital Ground.
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CMI-32 Channel Support Card

Introduction

The Channel Support Card (CSC) provides the main timing signals
for the control of the Waveform buss, Waveform Processor and
Channel cards. It also contains the data drivers to connect the
Waveform data buss to the audio board DACs. These functions arc
independent of each other.

Channel Card Access and Control

The Channel Cards (CCs) are accessed from the dual CPU buss via
the CSC. The CSC decodes the dual CPU busses upper address lines to
form CC select lines. The CCs may be accessed either individually to
set their control registers or seclectively simultaniously to their
memory. This is done so that common data may be written to more
than one channel cards memory at once.

The channel mask, that allows simultanious access, contains a bit
for each channel card. Channels with their mask bit set, will be
accessed when a device on the dual buss accesses the locations for the
channel cards. As there are 2 distinct and independent buss states on
the dual buss, there are two mask registers, called MASKI1 and
MASK2.

The CSC also generates the 2Mhz E and Q signals that the 6809E
requires. These signals are generated externally so that the CCs on
board proccessor is syncronized with the dual CPU buss. This is
required to make all external accesses to the channel card transparent
to the on board 68B09Es.

Waveform Buss Control

The timing of the Waveform Buss (WBUSS) is dependent on just one
signal, SCLK, Slice Clock. This divides the WBUSS into 300nsec slices
to be shared between the WP, CCs and refresh. It is used by the
WRAM, WP and CCs.

Waveform Buss access by Channel Cards

The Channel cards are allowed access to the WBUSS in a "round
robin" fashion. The WBUSS is divided into 8 300nsec time slices. The
signal TSLICE defines the first slice in the sequence and is input into
CC number 1, the most right hand CC. Each CC forms a bit in a shift
register that passes this TSLICE signal to the next CC. Thus allowing
them on SCLK cycle every 8 to access the WBUSS.

Address decoding and Masks
(refer schematic CMI-32-00)

Address lines MAS8 to MA5 are buffered and gated with VMA and
Peripheral enable, ENBL, to generate the card select at B2 pin 9.
Decoder B3 and OR gates in Al decode for the timer, Pia, CC register
selects and CC memory page select. The Page select signal is qualifierd
by BRA at B10 to drive all the CCs.

The multiplexers at C7 and B7 select the Mask register appropriate
to the current buss cycle. This is achieved by routing the adress phase
signal, ADDI, to the select input of C7 and B7, pin 1.
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The multiplexer outputs are ANDcd with the outputs of decoder A7,
after which they are qualified by latch Al0, and bussed to the
Channel cards. A7 decodes address lines MA4 to MAG to generate the 8
sclects for the register mode access on the 16 byte boundaries required.

The enable for C7 and B7 can be generated under two conditions.
When the Channel registers are accessed via the mask, and when the
channels memory is accessed, always by the mask. Hence the AND
gate driving the enable, pin 15, of C7 and B7.

Timing Generation
(refer schematic CMI-32-01 and timing diagram)

The 2Mhz E signals is generated by ORing buss signals RA and
RAS. The Q signal is E delayed by 125ns by a delay line.

Because of the delays involved in_multiplexing internal buss signals
on the CCs, the CCs require a RAS signal delaycd by 25ns with
respect to the equivalent RA buss signal. This is also generated by a
dclay line, and bussed to all CCs.

Refresh for the CCs and the WBUSS is synchronized to system
refresh by detecting when the first device on the PI DMA daisy chain
requests the CMI buss. This is done by gating REFEN, ADDI! and
ACK1 with F/F Cl and NAND gate C2. This generates an active high
puise 500ns long every 16 microseconds, during the Pl refresh cycle.

The master pitch oscillator for all the channel card pitch
gencration is based around the 3dMHz crystal and transistor Q2. This
is divided by 2 and driven to all channel cards via the differential
line drivers in D6.

The WBUSS timing chain starts with the 20MHz crystal and
transistor Ql. This is divided by two and bussed to the WBUSS via
differential line drives.

SCLK is generated in D1 which is a counter that counts to 3. It is
bussed to the WBUSS via a buffer in All and series resistor R42. R42
cuts down the ringing and undershoot, on the bussed line.

SCLK is then fed to counter El to generate the inputs to the 1 of 8
decoder E2. This generates the TSLICE signal used in buss arbitration
by the CCs. It goes low once every 8 SCLKs.

Timer Mask Registers
(refer schematic CM[-32-03)

The 6840 is used to generate a real time clock interupt to all the
channel cards via its counter 1. This results in a 1KHz square wave on
pin 27 of the 6840.

The PIA is used for the MASK registers as it allows the current
MASK value to be read by the software.

Bidirectional Data buffer buffers the CMI data buss to the 6840
and 6821 only.

The latches B4 and B10 hold the addresses and 6840, 6821 chip
sclect signals across the data phase of the CMI buss.

Data cable drivers
(refer schematic CMI-32-04)

The WBUSS data is buffered in schmitt receivers A8 and A9 and
fced to the differential line driver devices, MC3487, and then to the
34 way IDC socket. The most significant bit of the data is inverted by
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the connections to ELO pins 13 and 14, to allow the data in WRAM 10
be 2's compliment and the audio DACs to be offsct binary. The data is
differential to evade corruption of the 3.3MHz data stream.

Channel Card Addressing
Via the MASK

Channels may be accessed via the channel mask at SE091 to $E093.
The mask registers are the two sides of the PIA. A channel is selected
when its mask bit is set to 1. Bit 0 is channel |, bit 7 is channel 8.

$E080 channel cards via mask
$EQ090 6821 Channel Mask PIA base address
MASK] A side is P! mask

MASK2 B side is P2 mask

Therc is no hardware to stop reading from multiple channels .
DO NOT READ WITH THE MASK WITH MORE THAN ONE
CHANNEL SELECTED.

Direct Channel Card Register Access
The channel cards registers may also be accessed individually with
the cards having the following base addresses.

$EQ00 channel card |
$E010 channel card 2
$E020 channel card 3
$E030 channel card 4
$E040 channel card §
$E050 channel card 6
$E060 channel card 7
$E070 channel card 8

Channel Card Memory Access

The channel cards 64k memories are accessed in 256 byte PAGEs.

The PAGE to be accessed is written to the register in the channei
card, one register for Pl, another for P2,

The upper 8 bits of address of the channel cards page registers are
used as the upper address bits of the accessed location. The lower 8
bits of the LD or ST instructions address determines the byte within
the block.

$E100 to SEIFF Page of Channel Memory

Timer

Timer | has its output bussed to all channel cards for its real time
clock. Timer | is set to run continously at 1KHz. This results in
channel card ramps being updated at Ims intervals. Timer 2 has its
input connected to the 1| MHz ADDI buss signal. Timer 3 has no input
or outputs connected. The 6840's IRQ output is connected to an
intercupt input on the CPU Control Card.
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Channel Card Block Diagram
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Important Modules during Sound Playing
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Memory Access Block Diagram
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Address Generator Block Diagram
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CMI-31 Channel Card

Terminology

WP: Waveform Processor

GIC: General Interface Card

WBuss: Waveform Buss

WRAM: Waveform RAM (2M - 14Mbytes)

CC: Channel Card

CCP: Channel Card Processor

CSC: Channel Support Card

CPU: Dual 6809 processor system running OS9.
Hexidecimal numbers are in the form nnannnH.
Active low signal names are preceded by a "/* character

Introduction

The Channel Card (CC) provides the sample addresses, sample clocks
and control voltages used in outputing data to the Audio Modules and
controlling the resulting audio waveforms amplitude and high
frequency contcnt. It carries on these functions as a self contained
computer, once instructed what functions to perform by the WP, GIC
or CPU.

The CC can be divided into 2 main sections. The control of the 6809
and its memory by the main CPUs through the CPU buss interface,
and the on board 6809s 1/0, which generates signals for the WBUSS
and the Audio Rack.

Channel Control

The CC-contains a 2MHz 68B09E and 64K of dynamic ram. To the
main CPUs it looks like a block of 16 registers and two pages of 256
bytes of memory, mapped into its peripheral space.

The generation of the CC sclect signals occurs on the CMI-32,
Channel Support Card (CSC).

The CCs registers allow the main CPUs to reset and interrupt the on
board 68BOSE and select which two pages of memory are mapped into
the main CPUs address space.

All accesses to the CCs registers and memory are made transparently
to the Channel Card Processor (CCP) by cycle stealing. This allows the
fastest update of control parameters with the minimum overhead.

Refresh also steals one cycle every 16 microseconds from the CCP.

Channel Card Peripherals

The CCP initializes and controls the sample address and clock
generating hardware collectively referred to as the Address Generator
(ADDGEN). It also addresses 6 DACs used to generate control voltages
used in the control of the Voltage Controlled Filters (VCF) and the
Voltage Controlled Amplifiers (VCA) on the Audio Modules.

Waveform Buss Interface,

CCs are allowed access to the WBUSS in a "round robin" buss
sharing scheme. The CCs internally share their WBUSS grant between
the two audio channels contained on each CC.

The ADDGEN js granted access to the WBUSS via the CSCs buss
arbitration signal, TSLICE. During active CC WBUSS cycles, the WP is
informed via TSTAKEN that it or refresh cannot access the WBUSS.
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Processor, Address Registers and Multipexers
(refer schematic CMI-31-01)

The CPU's data buss is buffered at A6 to form the internal Memory
Data Buss (MDB). The CCPs data buss is connected to the MDB via
bidirectional buffer B8. All onboard RAM access occurs via the MDB.
B8 is only disabled during CC access by external CPUs, during ram
refresh and when the CCP accesses the ADDGEN and DACs. The
buss between B8 and the CCP is the peripheral buss (PB) and is where
the DACs and ADDGEN are connected. External CPU data cannot get
onto the PB from the MDB, and hence control the ADDGEN.

The MDB also connects to the octal latches at A8 and A7 which are
the PAGE registers used in external access to the CC’s RAM. Latch A7
contains the page address for P1, A8 for P2,

The addresses from the CCP, via buffers B6 and B7, the page
registers, and buffer BS (connected to the least significant 8 bits of
the dual CPU buss) all connect together to form the 8 bit address buss
for the dynamic RAMSsS.

During refresh cycles, the least significant 7 bits of the CPU
address buss contain the contents of the refresh counter from the
CMI-133. During CC memory accesses by external CPUs, the least
significant 8 bits of the CMI addrcss buss contains the address within
the page to be accessed. The Buffer BS is enabled during these
memory cycles to form the row address for the RAMs.

When the CC is accessed, the two card select control signals, CHSEL
and PAGE become active. The channel select is buffered and ANDed
with the refresh signal in D9, which in turn is ANDed with the
externally generated E and Q to feed the CCP. During refresh and
external accesses, the CCP has its clock stopped (D9 pin 11 low),
allowing a memory cycle for refreshing and updating of memory or
registers.

Address Decoding
(refer schematic CMI-31-02)

The CCs control registers are decoded from the CPU buss by | of §
decoder C3. It is enabled when the channels CHSEL is low and PAGE
is high. From this decoder the external CPU can read the channels run
status, reset the CCP, write to the PAGE registers and interrupt the
CCP. The CCP loses one cycle for each access.

The LS133 at C6 decodes the CCP address buss to define the
ADDGEN and DAC I/0 locations.

The CCPs 1/0 is decoded in 2 64 byte blocks starting at FES0H. The
first block contains the control latch, pitch registers, CCPs interupt
status register, real time clock acknowledge and DACs. The second
decodes the ADDGEN registers.

Whenever these I/0 loactions are accessed, pin 9 of C6 will go low
and disable the CCP's MDB transiever.
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Channel B Pitch and Card Status Register
(refer schematic CMI-31-03)

The latches at ES and E6 contain the pitch for the B audio channel.
There are 3 bits to select which octave and 12 bits to select the pitch
within the octave. The pitch within the octave bits feed Rate
Multipliers at F6 and FS5.

The Rate multipliers are clocked at 17.14 MHz. The output of this
chain is pin 6 of F6. This is a train of pulses with an average
frequency of the required pitch, but in a much higher octave. This
clock has considerable jitter as the rate multipliers effectively drop
clock pulses from the 17.14 MHz stream to change frequency.

This clock feeds a binary counter E3 that generates the clocks for 8
octaves, at 16 times the required sample rate. The 1| of 8 selector E4
uses the octave select bits to select the appropriate output of E3.

The selector feeds a divide by 16 counter which acts as a jitter
filter, to average out the periods of the sample clock, to reduce
distortion in the output waveform.

The output of the jitter filter, E9, is ANDed with the RUNB
control signal to generate the sample clock for channel B.

The 4 bit latch and buffer at Bl11 and All, are used by the external
CPUs to determine the current status of the channel card. The upper 4
bits of this register allow the external CPUs to determine if an
interrupt came from this channel card, that the CCP is reset, and if
cither of the two audio channels controlled by this card are currently
being used.

The least significant 4 bits allow the CCP to send 4 bit status codes
to the external CPUs.

Channel A Pitch and the control registers
(refer schematic CMI-31-04)

The pitch generation for channel A is identical to Channel B but
uses the components at E8, E7, F8, F7, D6, DS and E9.

The main pitch oscillator is bussed from the CSC as a differenti-al
line. This is received at A9 by a 26LS32. This receiver then drives the
two channels of pitch generating ratemultipliers.

The control latch is located at C10. This octal latch outputs all the
control lines to control, channel running, zippa filter time constant,
enabling of end of loop interupts and selection of the ADDGENSs
loops. It is reset when the CMI is turned on to stop the channels
running, and making any sound before they are initialized.

The F/F at D2 is used to control the RESET input of the CCP. It
can only be written to by external CPUs and is reset, the CCP stopped,
at power on.

Control Voltage Generation
(refer schematic CMI-31-05)

The Control Voltage DACs all use a precision 10.000V source as
their voltage reference. The +15V, -15V and analog ground (AGND)
are cabled to the CCs via 26 way flat cables. There is no connection
between the CCs digital ground DGND and AGND on the CC. They
are connected together in the Audio Rack. The back to back diodes
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and resistor on the CC connecting DGND and AGND are to stop the
two from drifting too far apart if the AGND and DGND connection
is broken.

The DACs cannot be accessed by external CPUs, only the CCP.

The AD7226 at F3 is a quad 8 bit voltage output DAC. It receives
the 2 least significant address lines to select its 4 DACs on byte
boundaries. This DAC produces 2 channels of Cfilter cutoff and
resonance Control Voltage (CV). Each is 0 to 10 volts.

The filter cutoff frequency range is from 20Hz to 20kHz with
control values of 0V (00H) to 10V (FFH).

The (ilter resonance changes from flat, OV (00H) to oscilation at 10V
(FFH),

The AD7548s at Fl and F2 are 12 bit, right justified DACs with an
8 bit buss interface. They are connected so that the 16 bit value
written to them is only latched into the 12 bit DAC after pin 15,
DACOUT, is accessed as a seperate operation. The output of the
current to voltage converters is a CV with the range 0 to -10 Volts.
The control range is approximately 95db. 0V (XO000H) is maximum
attenuation. -10V (XFFFH) is no attenuation, 0db.

When a sound is being played out, its amplitude control voltage will
be updated every Ims and thus the DAC should be accessed at that
rate.

These CVs have a software selectable time constant or "zippa filter”
.This allows for fast attacks on envelopes and "quiet " amplitude
control at other times. This is selected by the SATA and SATB control
latch outputs.

Program Ram And Address control
(refer schematic CMI-31-06)

The 64k of DRAM and the address multiplexors are controlled from
the PAPLA, ( Page Addressing Programable Logic Array). The PAPLA
has as inputs CPU buss signals and the 2 CC select signals. The
DRAMSs require 16 address lines and to get these into the 16 pin
package they are latched internally and use an external 8 bit buss and
2 latching strobes, refered to as Row Address Strobe (/RAS) and
Column address strobe (/CAS). The CAS signal also doubles as the data
enable strobe. Refer to the Memory data books for exact details.

Because of the propagation delay in the PAL, the Row Address
Strobe for the RAMs must be delayed in time with respect to the buss
RAS signal. This is done on the CSC to generate ABRAS.

Decpending on the state of the PAPLA inputs, it will enable to the
DRAM'’s address inputs , the CCPs addresses, P1 PAGE register and
the least significant bits of the external address buss, P2 PAGE
register and the least significant bits of the external address buss, or
the refresh address from the external address buss.

When there are no external accesses or refresh, then the CCPs
address is enabled to the RAM.

CAS to the RAMs is disabled whenever an external access to the CCs
control registers occurs.

RAM refreshes usec dummy recads from the current refresh address.
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Address Generator and Control
(refer schematics CMI-31-07.08, Address Generator and Control Signals)

The address generator (ADDGEN) calculates the sample addresses
when playing out waveform ram. It calculates 24 bits of waveform
address for the 2 audio channels on the card.

The ADDGEN’'s 24 bit output is interpreted as 23 bits of address
and a "mode” bit by the WRAM. The most significant bit is used to
sclect 8 or 6 bit sounds, and must be set accordingly when issuing
loop start addresses.

Each audio channel has 2 loops associated with it. Each loop is
initialized with a start address and a loop length, in samples. Two
loops are needed to allow the contents of one loop to be played while
the other is being initialized.

This allows such things as playing the sound in segments that are
not sequential. The switching from one loop to the other only occurs
at the end of the loop.

The hardware that generates the 24 bit addresses for the waveform
does so 8 bits at a time. The machine is basically a small 8 bit wide
RAM, BI13 and Bl4, incrementer, Bll and BI2 and logic to generate
the sequence of clock and enable signals to do the required operations.
The sequence of clocks results in operations on 24 bit numbers of load,
store, NOP and add |.

To do a 24 bit increment with this hardware the following sequence
must be performed.

The least significant byte is loaded into the incrementer and
incremented by one, by enabling the count input of the counter and
clocking the counter. The ripple carry out (RCO) of the incrementer is
clocked into a F/F to determine if the counter overflowed. This
incremented byte is then written back to its original RAM location.

The middle byte is then loaded into the incrementer. The output of
the F/F that clocked the RCO from the first byte increment is then
fed into the count enable input of the incrementer and the counter
clocked. This byte will only be incremented if the least significant
byte overflowed. The RCO from the incrementer is then clocked into
another F/F and the middle byte written back to its original RAM
location.

The most significant byte is then loaded into the incrementer. The
outputs of the two RCO F/Fs are ANDed together and feed into the
count enable input of the incrementer, and the counter is clocked. The
most significant byte will only be clocked if the middle and least
significant bytes overflowed. The most significant byte is then written
back to its original location.

Address increments, however, are syncronized to the channnels pitch
clocks. This means that not all cycles allocated to incrementing the
addresses, actually result in the address being incremented. A signal
syncronizing the pitches to the ADDGEN hardware disables the
incrementing of the address bytes on unused address calculation
cylces.
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The following is a general outline of the address calculation
sequence for one channel,

while power applied
do
write 24 bit wavelorm address to address latches A14,A12,A13

if end of loop flag is 1, F13
then
reset loop counter to start
value and clear end of loop flag
else
inc loop counter

end

if end of loop
then
reset wave address to start
value and set end of loop flag
else
inc wave address
clear end of loop flag
end
end

Address Generator Clock generation

The state counters are E14 and E13. They are made to count to 24
by being reset after 24 clock cycles by the waveform buss
syncronization logic, via signal SRES. The output of the counters go to
the address inputs of the control PROMS, at D14, D15 and DI13. These
Bipolar PROMS contain the clock and address sequences needed to
control the clocking and enabling of the ADDGEN hardware. The
PROM outputs are deglitched by the octal latches on their outputs,
Cli4, C15 and Cl3. There are 15 clock signals generated by the clock
generating PROMs. There are 6 address bits generated by the
ADDGEN PROM and loop select and channel select lines.

Pitch Clock Synchronization

The sequence of F/Fs and multiplexer at F9, Fll and Fl5
syncronize the incrementing of waveform addresses to the rising edges
of the pitch clocks. The calculation of the next sample address is
carried out by the address generator on the next cycle allocated to
that calculation after the rising edge of that channels pitch clock. The
result is that COUNTEN goes active for one cycle.

The COUNTEN signal is used to enable the increment operation.
The ADDGEN is normally going through the sequence that does the
address calculations, but nothing in fact is incremented because of the
inactive COUNTEN signal.

Active COUNTEN will also pull the TSTAKEN (time slice taken)
active and inform the WBUSS control logic on the Waveform Processor
that the next waveform memory cycle will be used by a CC.
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At the end of the memory cycle the channel card will also generate
the clock to clock data into the Audio Rack, via the DCLK |, DCLK2
and PCLK1, PLCK2,

The operations performed in each clock cycle are:-
0 rcad WADDRESS! write to output latch |

1 read WADDRESS2 write to output latch 2

2 recad WADDRESS3 write to output latch 3

if endofloopflag set if no endofloopflag

3 read looplenghtl read WORDCOUNTI
4 nop inc

5 write WORDCOUNTI write WORDCOUNTI

6 read looplength2 read WORDCOUNT?2
7 nop inc
8 write WORDCOUNT?2 write WORDCOUNT?2

9 read looplength3 read WORDCOUNTS3
10 nop inc
11 write WORDCOUNT3 write WORDCOUNT?3

12 nop

The end of loop F/F is set here if the end of a loop has been
rcached. It is clear otherwise.

if end of loop then
set endloopflag

if not end of loop
clear endloopflag

13 read STARTLOOPI read WADDRESSI
14 nop inc

15 write WADDRESSI write WADDRESSI1
16 read STARTLOOP2 read WADDRESS2
17 nop inc

18 write WADDRESS?2 write WADDRESS2
19 read STARTLOOP3 read WADDRESS3
20 nop inc

21 write WADDRESS3 write WADDRESS3
22 write to control ram from proccessor

23 nop
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The parameters are organized in the ADDGEN ram so that changing
the upper two address lines to the ram, makes the ADDGEN calculate
values for the other channel or the other loop.

The current loop for channel A and B is set in F/F C16 by the CCP.
These F/F are set to loopl whenever the channel is stopped.

The end of loop flags, F13, are also set when a channel is stopped.
This is done because the only time the loop values are initialized is
when an end of loop occurs.

When the CCP writes the loop values to the ADDGEN ram, the
CCP's data and least significant 6 bits of address are latched at Cll
and Cl12. This has to be done because the write cycle for the CCP last
for 500ns while that for the ADDGEN lasts 100ns. The ADDGEN and
the CCP are also not synchronized, so the CCP’s data is latched until
the ADDGEN is able to write it to its RAM, which happens every 2.4
microseconds. When the write to ADDGEN ram occurs, the latch
containing the CCP’s address (C12) is enabled instead of the addresses
from the ADDGEN PROM (C13).

The 20 test pins are used to connect a log:c analyser to the
ADDGEN machine for debugging,

Waveform Buss Syncronization
(refer schematic CMI-31-09)

The WBUSS is controlled by the SCLK signal The Channel cards
take turns in using the WBUSS by only using the cycle following an
active TSLICE sxgnal on their TSLICE mput Each card uses half of
F/F F14 as a bit in a shift register that is shifted left on each rising
edge of SCLK. So that only one CC has an active TSLICE signal at a
time.

The current channel being calculated by the ADDGEN is
determined by half of G15. The other half of G15 is used to steer the
data clock to the correct audio channel on the audio board.

CCs only use their allocated WBUSS slice, if COUNTEN is valid. If
a WBUSS cycle is granted and COUNTEN is active then TSTAKEN
and ATB will be generatcd as will the DCLKs to the Audio rack.

This will result in a read from Waveform RAM and the data being
clocked into the first set of latches on the audio board for the
apropriate channel. The WP generates the read and waveform address
strobe signal, to the RAM on receiving the TSTAKEN signal from the
channel card.

The gated sample clocks are cabled to the Audio Rack via
differentian lines.

Channel Card Processor Interupts
(refer schematic CMI1-31-10)

The "chantick” from the 6840 on the Channel Card Support is used
to provide a real time clock reference to all channel cards. This is an
FIRQ to the channel card processors at the 1 msec rate set by the CSC.
The FIRQ is used to time the VCA (and VCF) ramp generating
software. The rising edge of chantick sets half of F/F El which causes
an FIRQ to the CCP. This is the only source of FIRQ on the card. The
CCP resets this F/F in its interupt service routine by accessing the
RTC location.
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The CC can interrupt the CMI by accessing its /ACK location which
will reset F/F D2, This interupt will be reset when the CMI reads the
CC’'s status register.

There are 3 sources of IRQ on the CC to the CCP. They are the
interrupt from the CMI, the end of loop interupt from channel A and
the ecnd of loop interupt from channel B. Because of this, a status
register is required to determine the source of the IRQ. This is haif
of the buffer at AS5. Valid interupts are cleared when the status
register is read. Shortly after the status read pulse occurs, pin 8 of El
will go low briefly. This will reset the interupt F/Fs DI and half of
F10, that were valid before the previos CCP cycle. This double
buffering of interupts is to stop interupts from being lost, if they
occurred during the status register read.

Channel Card Equates and Definitions
Addressing from external CPUs.
The hardware equates {or the card are:-

CNTRL EQU 2 0= reset CCP

STAT EQU 0 processor interupt and status byte
PAG2 EQU 5 Page of CC RAM to be accessed by P2
PAG] EQU 6 Page of CC RAM to be accessed by Pl
ATT EQU A access to interupt CCP

STAT bit definitions

channel card processor reset line
active interupt from this channel card

0 command bit
l "

2 ”

3 L]

4 RUNB

5 RUNA state
6

7

Support card Mask related equates

CHANS EQU  EO080 access channels via the masks
CHANl1 EQU E000 direct access to channel 1
CHAN2 EQU E010 "

CHAN3 EQU E020 "

CHAN4 EQU E030 "

CHANS EQU E040 "

CHANé6 EQU E050 "

CHAN?7 EQU E060 "

CHANS EQU E070 direct access to channel 8

On board Processor’s [/O
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Channel Card CMI1-31

The Channel Card Processors equates

Control voltage DACs

AFILT EQU FE80 8 bit filter cutoff channel A

BFILT EQU FE82 8 bit filter cutoff channel B

ARES EQU FE81 8 bit filter Q at cutoff

BRES EQU FE83 8 bit filter Q at cutoff

AVOL EQU FE85 12 bit right justified

BVOL EQU FE89 12 bit right justified

DACOUT EQU FE8C access to output above two to DACs

Rate multipliers
APITCH EQU FE90 15 bits, right justified
BPITCH EQU FE92 15 bits, right justified

Control latch

CNTRL EQU FESE

channel B loop select 0= loop |
channel A loop select 0= loop |
enable end of loop channel B IRQ
enable end of loop channel A IRQ
volume zipper noise filter B (1= on)
volume zipper noise filter A (1= on)
run channel B

run channel A

SN AL AW —O

Address Generator
Each location is write only and each byte must be
written no faster than every 2.4 micrgseconds
All are 24 bit values, stored least significant byte
first.
The most significant bit of the start addresses
determine 8 or 16 bit accesses
0 = 8 bit
1 = 16 bit

ASTRTI EQU FECO start address channel A loop |
ALOOP! EQU FEC3 length loop | channel A
ASTRT2 EQU FEDO start address channel A loop 2
ALOOP2 EQU FED3 lcngth loop 2 channel A

BSTRTI EQU FEEO start address channel B loop 1
BLOOPI1 EQU FEE3 length loop | channel B
BSTRT2 EQU FEFOQ start address channel B loop 2
BLOOP2 EQU FEF3 length loop 2 channel B
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CMI-31 Channel Card

Communications Interrupts
COM EQU FE96 read or write to interrupt CMI

STAT EQU FE97 recad flor interrupt status
* Bit definitions

* 4 chantick happened

* 5 end of loop B interrupt happened
* 6 end of loop A interrupt happened
d 7 command interrupt happened

RTC EQU FE94 access to reset real time FIRQ

Address Generator 64 Byte RAM Organization.
Unlabeled locations are unused.

Channel A Channel B
0 start loopl! Isb 20 start loopl Isb
1 " mb 21 " mb
2 " msb 22 " msb
3 loop length | Isb 23 loop length 1 Isb
4 " mb 24 " mb
5 " msb 25 " msb
6 word count | Isb 26 word count 1 Isb
7 " mb 27 " mb
8 " msb 28 " msb
9 waddress Isb 29 waddress Isb
A " mb 2A " mb
B " msb 2B " msb
C 2C
D 2D
E 2E
F 2F
10 start loop 2 Isb 30 start loop 2 Isb
11 " mb 31 " mb
12 " msb 32 " msb
13 loop length 2 Isb 33 loop length 2 Isb
14 " mb 34 " Isb
15 " msb 35 " msb
16 36
17 37
I8 38
19 39
1A 3A
IB 3B
1C 3C
ID iD
1E 3E
IF 3F
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Address Generator Loops

Section 2

Section 3 Section 4

Section 1

-

|
[ Loop 2
Loop 1 —:"{

Start Of End lof
Sound Sound

Section 3

Section 1 Section 2 Section 4

|

i ‘ . I ! Loop {

i‘ Loop 1 '1 Ql—/ﬂ Loop 1 | 2 :
f |

| | !

: i Loop 1 I

e »l

| I -
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STATE | 20

21 22

23

Address Generator Control Signals

11

12

19 Jisfs (171819120 (21|22

PCLK

SRES

100asec

SCLK
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CHAN 1

ATB

NAD1
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CLEN

OPERATION

oP2

0P4

oOPs 0OP6 0P7}—4—iNoph——

CLOAL

INCREMENTOR CL

CCAR

CLKSB

ENLB

SETC

CREAD:

W Write to

pﬁmli

zb

#
TSTAKE

DIGITAL CARD CAGE - 2.11,29




11, - - -113?-
T g TV ﬁ T 1usmaazug juned ™ T T
[~ 1104 ®1vQ 6089 ’ . 1 I T1 paogs wosy mopjaaaQ TTII17171 1 .+ -
wolINYY 10)839039) ugnd01) £q Jwyg dooq 1]
SSIIPPY 01 NP ) ) TTTI'TT1 10 pug yasay a0 jag ) ., |
L 1.1l \ - _ y.d
d —
ENNEREE NS SIHOLYT 1]
doN] - Ijdmeg IxXIN —{don| - 10n0p paog 1uswaIsBL - ssagaay
10 SSIIPPV WMII0JIAVA\ JUIWIIIV] . gM oL BnuA
Ssasppy ddweg T
3 T
)
pajqeul saydteq jyndinQ -a7g
. 1l I I A
INSL T BRERENRRERR
le ‘'L oL 1nQ Ind uuohvw<.u_1a.m.u,m
T 1]

An active address generator cycle

d .

~Jrunot

CMI-31 Channel Card Timing Diagrams

2.11.30 - DIGITAL CARD CAGE



Channel Card CMI-31

iagrams

ing D

iming

T

3]qeu? Junod jo uoizesado ay |

| TDIGITAL CARD CAGE - 2.11.31

T
paddo}s v touuwy) -Jujuuny g (duury) 10) 2VInbag y01) 3jdwexy s
i
) Su00E
- pieog oipny ojug +
fINI0[) QIO IAE N oI g eyeqg X10a 1—
SN WI0JIABA VO INJ SSIIPPY 9007 .
sng 0) SSIPPY ALYV
NILNNOD
1 1 4
P
~- "3 ddwes g PPousy)  gOIYN l_w
3134 uoyywgndje] AAJY
- n \\
- L4
130D Yd1id jo 23p3 Zuyspy )Y LD .u.._..—. ]
411+ INVHOD
1352y Jajunc) AIMIS SIAUS
j— 2 L 1 e A 1 L 3 1
o snp'z




m———

CMI-31 Channel Card Timing Diagrams

Jdeju} sng HAID

_ LTI T I TTTTITT]
_ 1 unouu« Piv) javuwy) 0 gy v -
p !
4314 padsog B.._uo:oz Sopng 4
(zd) 14 w3ddan
s8aNpy soy s
(LUPETPE- vid -
J11T
ssappy
nunjo)y 60 i ¥ad
A1 =
ssuppy
woy I, vid
pi®) (Juuwy?) 0) 4D wWosg ssAIPPY
- 1
t 30vd 438 135
4]
3
Svy
SVD
taagvs
voa
1T . vud
414
s1gs fs— .

2.11.32 - DIGITAL CARD CAGE



e

o u

. ,« A c2dl

Block dIagramueei e eecceieiiicciceeneeeceeessseesseneessssesssssssnes 2,12.2
Hardware memory map.....eeneveecieinnecnnseeceeeeensesen. 2.12.4
INEroducClion.....eirircccrccreeeneneeeesseessesssessassesnessesssses 2.12.3
ROMS oottt rsesesescessasossessesssnssessssens 2.12.4
Private RAM. et eeeesesseesaessessessnessens 2.12.4
CPU DMA interface. i ieieeceeeresesnesserssesssssns 2.12.5
Waveform Duss interface. .. ecneccerrsveensessenennen. 2.12.5
ADC serial interface.... v eeiiienseeeeceeenreeeeeeeans 2.12.6
Miscellaneous items.....uuicveerierierireecceceereresssesesseesenes 2.12.6
Processor, ROMs, and decoding........c.coeeevevreeneevereennnen. 2.12.6
Private RAM. ...t eeeeesssessssesnsssosessons 2.12.7
Interrupt and reset Control....uenenneneereeereeneesssssssnns 2.12.9
68000/6809 DMA buss interface .. eensereseressssens 2.12.10
Timing summary........... tecssennasesissnnransessessnsnnns coerersrrneerenene 2.12.13
Debugging notes.....eeeirveenrecceeeruernene e 2.12.13
Waveform buss arbitration and interface.....ee..... 2.12.13
Timing summary.......... Cosssecscessrtrratttsersensensasesorersanes veveerees 2.12.15
ADC I/0O Interface.............. coveveenses cerrenesssaenes crrerreesrerenanes 2.12.15
Timing summary............ tetteeeretrienennssestestrnncsarsnrnnseas 2.12.16
Schematic dlagrams........cueevvceeeceirvrecneeesceecssneones - 2.12.17
Timing diagrams..iiinenennnnnncnnenieeessessessssnsssssnsans 2.12.23

DIGITAL CARD CAGE - 2.12




CMI-33 Waveform Processor

Block diagram
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Hardware Memory Map
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CMI-33 Waveform Processor

Terminology

WP: Waveform Processor

WRAM: Waveform RAM (2M - 14M bytes)

CPU: Dual 6809 processor system usually running OS9.

System RAM: Q256 256K memory with MMU used by the CPU.
Hexidecimal numbers are in the form nnnnnnH.

Active low signal names are preceded by a "/" character.

Introduction
The Waveform Processor (WP) is the only intelligent device which
has access to the Waveform Buss and is the only device which can
writc to WRAM. Its primary job therefore is loading waveform
mecmory with data for the channel cards to play, and processing that
data if required. The sound data comes either from the Analog to
Digital Convertor (ADC) interface or from the CPU, or the WP can
construct its own waveforms . The WP can access the entire CPU
system memory so in the latter case, the CPU usually gets data from
disk and places it in system RAM then the WP moves it from there to
the Waveform RAM. The ability of the WP to access the CPU buss
mcans that it can also directly drive any hardware on that buss if it
so desires (ACIAs, disk controllers, channels etc. etc.). The system
RAM is also the means of communication between the WP and the
CPU.
The facilities built in to the WP card are as follows:

- 10MHz 68000 processor

- ROM 8K /16K /32K x 16 bits.

- Private RAM 256K x 16 bits.

- DMA interface to the CPU bus

- Waveform Buss interface

- ADC serial 1/0 interface

- 6 bit control latch

ROMs

The pair of on-board 8-bit ROMs are arranged in parallel to provide
16 bit code. Presently 2764 ROMSs are installed, occupying the bottom
8K words of 68000 address space (see memory map). The bottom 400H
bytes are reserved for 68000 exception vectors including reset PC and
Supervisor Stack Pointer which are loaded when the processor comes
out of reset. The rest of the ROMs are occupied by the 68000 monitor,
68000/CPU 10 routines, and self tests. Refer to software
documentation for further information on these items.

RAM

The 256K words of Private RAM on the CMI-33 is accessible only
by the 68000. Its base address is 80000H (sec memory map). 64K RAM
chips are compatible but it is intended that all production boards will
be equipped with 256K RAMs.

Since the memory consists of dynamic RAM, refresh must be
performed. Refresh requests are generated by a pulse which comes
from the Channel Support Card CMI-32 every 16uS.

Il the on-board buss is available due to the 68000 performing
internal operations, refresh will take place without affecting it. If the
68000 is occupying the bus, refresh will be granted at the completion
of the buss cycle. If a refresh is in progress when the 68000 comes to
requirec the bus, the processor will wait until the completion of the
refresh cycle.
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CPU DMA Interface

The two channels of the DMA interface to the CPU buss appear as
two 64K slices of the 68000’s 16M memory space. Accesses in the range
40000H to 4FFFFH steal P2 cycles, and select the P2 DMA memory
map. Accesses in the range 50000H-5FFFFH steal Pl cycles, and select
the P1 DMA memory map. Appropriate initialization of the Q256
memory maps thus allow the 68000 to access any physical area of
system memory or peripherals whether or not they are mapped into
the CPUs’ logical spaces. Refer to Q256 documentation for details
about system memory management.

Data size mismatch between the 68000 and the CPU buss is handled
by the hardware. A 16-bit access by the 68000 is handled by two
separate 8-bit DMA transfers across the CPU buss and the 68000
receives one Data Transfer Acknowledge (DTACK) when both
transfers have been completed. Which byte goes first is indeterminate;
in any case each byte is always transferred to or from the right place
in CPU space.

Access by various devices to the CPU buss is arbitrated by two
daisy chains, one for cach 6809. Higher priority devices may prevent
access by the WP to the CPU buss indefinitely, Refer to a separate
document which describes the daisy chain allocation for Series III.

Waveform Buss Interface

Any 68000 access above 200000H gocs through this interface which
provides all the arbitration control for the waveform buss and
matches the asychronous internal 68000 buss to the 3.3Mhz
synchronous waveform buss on the backplane.

The three types of device which can access the waveform buss are
prioritised in the following order:

1. Channel card
2. Refresh
3. Waveform Processor

While a round-robin allocation system allows each channel only one
particular 300nS time slice out of every 8, the WP can use any time
slice not required by its channel or refresh. Refresh is lower priority
than channel access on the basis that if the channels are running fast
enough to block out refresh for a considerable period, the WRAM will
be self-refreshing anyway. Normal refresh is requested by the same
pulse as the Private RAM refresh on average once every 16uS but the
actual refresh operation of WRAM is performed independently of
PRAM refresh. Unless the WP wants to access WRAM at the same time,
WRAM refresh takes place without affecting the 68000 at all.

The function of 8-bit mode waveform access is fully explained in
the WRAM documentation. When the 16-bit mode is selected, WRAM
appears as just normal memory which supports byte and word accesses
by the 68000. Code can be executed in WRAM by the 68000 provided
16-bit mode is selected. Mode selection (for the WP only) is achieved
via the WP control latch, bit 5. 8-bit mode is selected by setting this
bit low, Either the CPU can set this bit directly or the WP can do it
via the CPU DMA interface at 4FCSCH or SFC5CH. The control latch
bit does not affect the mode in which the channel cards access WRAM.
Refer to channel card documentation for further details.
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ADC Serial Interface

Communication with the CMI-337 ADC board is achieved with an
optically isolated serial 1O link. Signals in this link consist of a Start
Conversion and Control Data outputs and Clock, End of Conversion
(EQOC) and Sample Data inputs.

The Clock, generated by the ADC board, clocks each bit of Sample
Data in and Control Data out.

The Start Conversion signal must be generated by running Channel
Card 0 at the required sampling frequency. A signal from that channel
gocs to the WP and is output as the Start Conversion command.

Miscellaneous [tems

The indivisible Read-Modify-Write instruction TAS is not supported
by any of the memory interfaces on the WP. The address strobe signal
AS is used as the buss cycle terminator and as this is not negated in
between the read and write cycles of the RMW instruction, the 68000
would hang.

A no-wait state memory access is executed by the 68000 in 8 states,
or 400nS at 10MHz.

Processor, ROMs, and Decoding
{refer schematic CMI-33-00)

The 10MHz processor clock is generated on the Channel Support
Card (CMI-32) and driven along the motherboard as two differential
lines. These are recceived by two Am26LS32 differential line recejvers,
one with its inputs reversed to generate the processor clock (PCLK)
and its inverse PCLK without any skew between the complementary
signals. Series 22R resistors prevent excessive undershoot and ringing
on the PCLK signals

Dectailed description of the operation of the 68000 can be obtained
from the Motorola literature but the following is a very brief
indication of how 68000 buss cycles proceed. A cycle is initiated by
driving the address onto the 23 address lines Al to A23 following the
falling edge of the clock and asserting the address strobe AS 50nS
later, by which time the address lines should be stable. There is no AQ
address line signal. Al to A23 determine which 16-bit word in memory
is to be accessed. Whether the high byte or the low byte or both is to
be accessed is determined by the Upper and Lower Data Strobes UDS:
and LDS, so the least significant address bit A0 is implied by these
two data strobes. With a 24 bit effective address width, the 68000 can
access 16 megabytes of memory. -

In a read cycle, UDS and/or LDS are asserted at the same time as
the address strobe. For a write cycle, the processor puts its data on the
buss 50nS after AS and asserts the data strobe(s) 50nS later still, by
which time the data should be stable.

Nothing happens now until the accessed device returns a Data
Transfer Acknowledge (DTACK) signal. The processor samples
DTACK and recognises that it has been asserted on the falling edge of
the clock. One clock cycle later, on the next falling edge, the buss!
cycle is terminated. In the read case, the data is latched into thel
processor, and address and data strobes negated. In the write case, the:
strobes are negated then the data buss tri-stated 50nS later. Each half:
clock cycle which the processor spends waiting for the return of:
DTACK is called a wait state. :
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The upper seven address lines arc used in the decoding circuitry
which divides the address space as shown_on the memory map
diagram. All decoder outputs depcnd upon AS being asserted so the
entire address is stable whenever any output is active. Any address
above 200000H (hex) will have one of the top 3 address signals high so
will generate WMEM to access Waveform Memory. Within the 2M bytes
below 200000H, decoding is performed by the S139 at D10. The top IM
is unused. The next 512K bytes down is occupied by the private RAM,
accessed by the DAS signal. The bottom 512K bytes is further divided
into four, occupied by the ADC serial interface (/10), the CPU DMA
interface (/CMI), a spare slot, and the ROMs (/EPROM) at the bottom.

The ROMs must reside at the bottom of the memory space because
after reset the 68000 boots up by fetching its supervisor stack vector
and restart program counter from the locations 0 and 4 respectively
(in contrast to the 6809 which restarts from the top of memory). 450nS
ROMs are currently used requiring the insertion of 6 wait states (each
wait state is 50nS long) into each ROM access cycle. The counting of
the wait states is performed by the LSI161 counter at Cl13. While
EPROM is not asserted, the counter is held preset at 13 but when
EPROM comes active, the counter is released while the ROM(s) are
enabled. On the second rising edge of the clock after this, the counter
reaches 15 and generates the ripple carry out which clocks the flip-
flop at_C14 to assert DTACKI!. When the processor terminates the
cycle, AS is S _is negated so BAS goes low and clears the flip flop to
remove DTACK. EPROM is negated so the LSI161 is _put back into
preset ready for the next ROM cycle. The delay of EPROM through
the decoding circuitry plus the two counted clock cycles, plus the
delay between DTACK and the processor latching the data in provides
the required 450nS access time. The complete cycle takes 700nS from
buss inactive to buss inactive again,

If 27256 or other 32K x 8bit ROMs are used the W1 link must be set
to position "1".

Private RAM
(refer schematics CMI-33-01,02 and timing diagram)

The 68000's Private RAM consists of 256K by 16 bits of dynamic
MOS memory which requires regular refreshing of the contents. Within
each RAM IC memory is divided two dimensionally into rows and
columns. Which row is accessed is determined by the 9-bit row address,
clocked into the RAM chips by the falling edge of /RAS. The column
is selected by the column address, clocked by the falling edge of
/CAS. In this manner the 18 bit address required to access 256K is
multiplexed onto 9 address pins of each RAM.

To consider a RAM access cycle, assume for a moment that refresh
is inactive, i.e. /BG, and /BGACK are negated. The RAM access cycle
begins when the /DAS (Dynamic RAM Address Strobe) signal is
asserted by the decoding. At this time the three flip-flops F8 and E8
at the top of drwg. CMI-33-01 will be set. This means that RA will be
asserted so the Row Address (Al to A8 and Al8) will be driven onto
the RAM address lines DAO - DAS8 via LS244 buffer B4 and part of
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LS125 B5. The next rising edge of PCLK will clock the first F§ flip-
flop and thus assert RAS. 50nS later, which is sufficient row v_address
hold time, the second flip-flop is clocked by rising edge of PCLK so
RA is negated and CA is asserted to switch the address multiplexer
over to the column address A9 - A17 via LS244 B3 and the other
LS125 gate. Another 50nS later and the rising of PCLK again clocks
the third (lip-flop to generate DTACK2 while the other side of the
[lip-flop_goes through the AND gate G9 and ALS00 gates at E9 to
assert UCAS or LCAS or both. Having two sepcrate CAS signals allows
the RAM to be accessed a byte at a time or a word at a time. The
100nS between the recognition of DTACK by the processor and the
time it terminates the buss cycle guarantees that read data from RAM
will be valid, since the RAMs access time is 75nS from the falling
edge of CAS. This is also ample data in hold time for write cycles.
The processor terminates the cycle by negating the address and data
strobes. The negated AS sets the three flip-flops again ready for the
next access.

The above timing means that two wait states are inserted into
PRAM cycles, which take 500nS altogcther.

Data in and out of the RAM is controlled by the pair of f LS245 bi-
directional buffers D5 and ES5 which are enabled by the DAS signal
and the direction is determined by the processor R/W line.

Refresh is performed a row at a time by placing an 8-bit refresh
count on the address lines (which nominates the parnculanﬂw to be
refreshed) and driving RAS low for a specified period. CAS is not
asscrted at all so data in is ignored and data out remains in the high
impedance state. Refer to RAM data for further information on the
internal aspects of refresh.

The refresh operation is achieved using the 68000 buss arbitration
protocol to force the processor off the buss while the hardware
performs the refresh operation. The three processor signals which
provide this protocol are as follows:-

Bus Request (/BR): asynchronous input to the 68000 which tells it
that an alternate buss controller (in this case the refresh hardware)
wishes to use the bus. ("I want the bus"). _

Buss Grant (/BG): output from the 68000 indicating that BR has
been recognised and it will relinquish the buss at the end of the
current cycle if it is not available already. ("You can have the bus").

Buss Grant Acknowledge (/BGACK): Input to the 68000 to indicate
control of the buss has been taken by the alternate buss controller
(refresh). Once B BG has been asserted and the current cycle completed
(indicated by AS negated), the 68000 will wait indefinitely with all its
buss outputs tri-state until this signal is asserted and negated again.
("I've got the bus®).

Refresh request pulses arrive approximately every 16uS on pin 47B
from the channel support card. Each pulse sets the LS74 Gl4 to
.gencrate the buss request to the 68000. As soon as the processor
recognizes BR has been asserted it asserts Buss Grant (/BG). The buss
‘becomes available when BG is asserted and the address strobe (/AS) is
negated. Shortly after it is negated AS actually goes tri-state but its
ipull-up resistor maintains the high state.
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When AS is high and BG is low the S-R flip flop formed by NANDS
F9 is set to assert the acknowledge signal BGACK. The rcfresh
hardware has control of the buss for as long as BGACK remains low.
The row/column address drivers are inhibited by NANDS at E9 and
the LS461 refresh address counter/driver is cnabled onto the address
buss instead. The complement of BGACK is input to the LS175 which
is wired up as a shift rcgister clocked by the 10MHz inverted
processor clock. This simply provides a 2 clock cycle delay. On the
first rising edge of PCLK after BGACK is asserted, a high is shifted
into QI. On the third rising edge the pulse is shifted into Q3 and the
corresponding low on Q3 resets the S-R [lip flop to negate BGACK.
The low on BGACK (F9-6) then clears all stages of the LS175 readv

for the next refresh cycle. The rising edge of BGACK clocks the
1L.S461 to increment the refresh counter at the same time as the drivers
are inhibited.

The LS175 also performs_one other function. The high shifted into
QI corresponds to a low in Q. This results in a low input to LS74 flip
flop F8-12 so that on the rising edge of PCLK, after the refresh count
has been enabled for 50nS (less propagation delays), RAS is sent out to
all the RAM chips. RAS is negated at the end of the refresh interval
when the LS74 is set by the high on BGACK.

The RA/CA and DTACK2 flip flops are both clocked as if a
normal memory cycle was occurring but this is not significant to the
refresh_operation. UCAS and LCAS are prevented from being asserted
by the BGACK input to AND gate G9 being low.

The buss request is removed from LS74 Gl14 at the beginning of the
refresh cycle by the low on BGACK resetting this flip flop. The
result of the above timing is that refresh cycles take 350 nS. As
mentioned above, il refresh request happens to occur when the 63000
is not using the bus, it will take place without affecting 68000
execution. Requests are ignored during refresh cycles and while the
processor. is held reset. If the processor is haited, buss arbitration
continues normally (although obviously the buss is permanently
available) so that refresh occurs as required.

Interrupt and Reset Control
(refer schematic CMI-33-03)

The 68000 can be reset, halted and interrupted via a 6-bit write
only latch at FCSCH in the CPU address space. This address is
decoded by the large NAND gate Bl. The decoder output is latched by
flip-flop AS on the rising of BRA and data is written into the LS174
latch B6 at the end of the system CAS pulse. LS240 A6 permanently
buffers all incoming data to the latch.

The bit assignments are as [ollows:

Bit Function Active
0-2 Interrupt level input to the 68K LO
3 Halt LO
4 Reset LO
5 Waveform 8-bit mode select LO
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The interrupt bits form the priority encodcd interrupt level and

inputs dircctly to the processor. Level 7 (all bits low) is the highest
priority while level 0 (all bits high) means no interrupt. Interrupts are
clcared by the 68000 writing to the control latch itself via the CPU
buss (sce Sec 1.4).
To resct the processor, both HALT and RESET must be asserted.
Note that refresh of on-board RAM is prevented while the processor is
held reset. The minimum reset period required by the 68000 is 10
clock cycles i.e. 1uS.

If only HALT is driven low, the processor will halt but refresh
opecrates normally.

The waveform 8-bit mode sclect W8BIT will be explained along with
the waveform interface. The state of the HALT and RESET signals
arc indicated by the LEDS on the front of the Waveform Processor
card. Both of f means that the processor is runnng.

System Reset (SYRES) clears the latch, thus putting the 68000 into
reset. The level 7 interrupt also generated will be ignored while the
processor is reset. A manual control panel may be plugged into the WP
board with a HALT/RUN toggle switch and RESET momentary
switch.

The 68000 has a very powerful interrupt vectoring system which
permits the interrupt service routine vector to.be provided by the
interrupting device. Many such devices may therefore generate
interrupts without the need for extensive polling procedures to find
out which device is requesting. This facility is not required on the
Waveform Processor and the only interrupts used are the seven Auto-
vector interrupts determined by the interrupt level on IPLO-IPL2. The
function code outputs FCO-FC2 are all high during an interrupt
vector fetch and this is detected by the LS10 NAND D12, on drwg.
CMI-33-00. This results in VPA being asserted which tells the
processor to use the autovector instead of an interrupting device-
supplied one.

68000/6809 DMA Buss Interface
(refer schematic CMI-33-04 and timing diagram)

Communication between the 68000 processor and the 6809 CPU is
achieved by DMA (Direct Memory Access) on the system bus.

DMA is initiated by the 68000 when it accesses any address in the
range 040000H to OSFFFFH. These addresses are decoded by the S139s
on drawing CMI-33-00 and result in the CMI signal being asserted
(low). Since the rest of the interface circuitry is not activated vyet,
PACK (to be explained later) will be low and a low will be presented
at the data input of flip flop F11 whose function is to synchronise the
transfer with the CMI bus.

Address line Al16 is used to select which 6809 processor’s buss
cycle(s) are to be used for the transfer. The timing signals for both
processors are input to LS241 buffer A8 which is wired as a
muliplexer. If Al6 is low, P2¢2 is enabled through to become Pg2,
ADD2 becomes PADD and so on. If A16 is high, PI's timing signals
are enabled instead. By this means, the address range specified above
is split in two: from 040000H to 04FFFFH the transfer automatically
occurs on P2 buss cycles, while from 050000H to 05FFFFH it occurs
on Pl cycles. Refer to the 6809 CPU documentation for more
information on the interleaved P1/P2 CMI buss cycles.
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Thus at the beginning of the data cycle of whichever processor is
sclected, the Pg2 signal clocks the LS74, recording the [act that a
DMA cycle is required.

All DMA devices are interconnected on the motherboard in a "daisy
chain”. Each device is assigned a given priority in the chain and must
wait until no higher priority device is alrcady using the bus. The 6809
CPU is the always the last device in the chain . There are two
separate daisy chains in the CMI system, one for each 6809 CPU. Since
the 68000 can perform DMA on either CPU's cycles, it is a member of
both chains. ETL1, ENL]1 and RDMAI are the chain sngnals for PI,
ETL2, ENL2, RDMA2 are for P2. Which set are used is again sclected
by the state of Al6 at the time of transfer.

The selected ETL (Enable This Level) signal is _low when no higher
priority device is occupying the bus. After the CMI signal has been
latched, nothing happens until this signal is low, whereupon the
RDMA (Request DMA) is driven low through the selected LS12 gate.
Any DMA device pulls this open collector line low_to to request buss
access to the CPU. At the same time, the selected ENL (Enable Next
Level) sxgnal is inhibited. Normally, the low on ETL comes in and
goes out again on ENL to indicate to lower priority devices that the
buss is available but when the 68000 requires a transfer ENL is held
high to stop the lower devices accessing the bus.

The CPU acknowledges that it will hang and release the buss for
the next cycle by asserting ACK1 or ACK2; the selected ACK signal
becomes PACK. When a request has been generated (F11 Q hi) and this
level is enabled (/ENL lo), the rising edge of PACK clocks a low into
flip flop G13 to generate DCYCLE. This signal indicates that the next
buss cycle is definitely going to be a 68000 DMA transfer and remains
asserted until the end of the address phase of the actual DMA cycle.

The other half of G13 is also clocked by PACK to generate the Pl
or P2 DMAC (DMA Claim) signal as selected by Al6. This signal goes
to the Q256 RAM card to select the memory mapping which has been
set up specifically for the 68000. In this way the 68000 may have
access to part or all of the same physical memory space as the 6809
CPU or it may have access to an entirely different part of physical
memory as required by software. The DMAC signal is asserted during
the data cycle preceding the actual transfer.

The address phase of the DMA cycle is indicated when ATB
(Address To Buss) is asserted by the LS10 F13. At this time the lower
15 bits of the 68000 address buss are enabled on to the CMI buss
through the two LS244s A3 and A4 to select the required location
within the 6809 address space. YVMA is driven high through LS125 BS
to indicate a Valid Memory Address and the 68000 R/W line is driven
through the same buffer to indicate a read or_write cycle. When the
68000 performs 8-bit memory accesses, the UDS and LDS signals
(upper and lower address strobes) indicate whether an even or odd
address is being accessed. The sense of these signals are clocked into
JK flip flop D13 at the beginning of DCYCLE to generate HIBYTE
and LOBYTE. The latter signal becomes the least significant address
line driven onto MAQ through A3.

In the case of 16-bit accesses, the hardware automatically requests
two successive DMA accesses across the 8-bit CMI bus. Both UDS and
LDS are asserted so that the JK outputs HIBYTE and LOBYTE simply
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toggle on each access. It docs not matter which byte transfers first and
in fact this depends on the initial statc of D13. LOBYTE directs the
data to or from the odd or e¢ven address and both signals control
whether the higher or lower 8 data lines are directed to the data bus.
The data buss interface consists of Schmitt bidirectional buss
transceiver LS640 B7 and bidirectional driver/latches B8 and B9
(LS646s). The data phase of the DMA transfer is indicated by the
assertion of DTB (Data To Buss) at the rising edge of BRA when a
DMA cycle is in progress. This is performed by flip flop G14. DTB

enables the buss transceiver B7 and the direction is determined by the
68000 R/W signal.

Il the 68000 is writing to the CMI bus, B8 or B9 simply act as
buffers to transfer the high or low 68000 0 _data signals (PDO0-15)
through to_B7. HIBYTE or LOBYTE plus CMI being asserted will
drive the G input of the appropriate LS646 for the duration of the
DMA cycle (LS02 and LS32 gates E14 and E15).

When the 68000 reads from the CMI bus, B8 or B9 must latch the
data in from the buss to hold it until the 68000 terminates its own
cycle and latches the data internally, about 50nS after the end of the
DMA cycle. 100nS before the end of the data phase, the CMI timing
signal CAS goes low, resulting in a rising edge on BCAS. Data from
memory is guaranteed to be valid at this time. The LSIl gate LS5
generates the LDATA (Latch Data) signal which is ANDed with cither
HIBYTE or LOBYTE to latch the data coming into the A side of BS
or B9. The output of the latch (B side of the selected LS646) is driven
onto the PD lines until the 68000 completes its cycle and negates CMI.

Termination of the transfer after single or double DMA cycles is
controlled by the two flip flops in LS74 Ell. In the single (8-bit)
transfer case, either UDS or LDS will be low. This will cause the LS10
M5 to output a high, and DTACK4 will be gencrated as soon as
LDATA occurs. The 68000 will then terminate its cycle immediately,
after only one DMA cycle.

In _the double DMA cycle (16-bit) case, both UDS and LDS are high
so DTACK4 will not be generatcd until the first flip flop in El1 is
set. lnmally this flip flop is reset. At the first LDATA pulse a high is
clocked in but DTACK4 is not generated because of the propagation
delay through to the next flip flop. Since DTACK4 is not asserted, the
68000 still waits with address and address/data strobes asserted. If
writing, the data remains asserted by the 68000 but both address and
data are removed from the CMI buss when ATB and DTB are negated
respectively. If reading, the first byte read in is latched and held by
C6 or C7. Since CMI will still be asserted and PACK will have been
negated, the whole process of waiting for daisy chain priority and
DMA requesting begins again in order to perform a second DMA
cycle. The second cycle can be held up indefinitely by higher priority
devices using the buss after the first cycle. When the second LDATA
edge comes along the high on the LSI0 output is clocked into the
seccond El11 flip flop and /DTACK4 is asserted.

On the next falling edge of PCLK, the 68000 recognises that
/DTACK has been asserted. On the second falling edge of PCLK the
data is latched internally for a read, and the address and strobes are
relcased. The low on BAS resets the flip (lops at E11.
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Timing Summary

The maximum DMA data rate permitted by the CPU is 500kHz
since each 6809 accesses the buss at IMHz and only every second cycle
is permitted DMA.

The best case for a single byte transfer across the CPU interface is
1.8uS assuming the decoding circuitry (driven by the 68000 address
buss and address strobe) activates the DMA hardware just as a DMA
enable pulse (ENL) arrives from the required DMA daisy chain (there
is a separate daisy chain (or each 6809 processor). Each higher priority
device on the daisy chain which prevents the WP from gaining the
CPU buss will add 2uS to the access time. Since even without other
devices using the buss synchronization with the 500kHz ENL signal is
necessary, the worst case for a one byte transfer not counting the
daisy chain is just under 3.8uS.

Similarly double byte accesses will take at best 3.8uS, and at worst
- just under 5.8uS, not counting other DMA devices crashing in. If a
higher priority device takes the buss in between the two bytes, the
hardware waits for the next available cycle to transfer the second
byte.

Debugging Notes

If the timing circuitry of the DMA interface is faulty, the most
likely result is that DTACK4 will never be generated and the 68000
will simply hang which makes debugging easy. In this case, check first
that the address decoding is generating CMI, then that the daisy chain
signals are present. Then look for an 800aS pulse on DCYCLE,
indicating that DMA _cycles are actually ocurring. Continue through to
the ATB, DTB and LDATA signals, checking not only that they are
generated but also that they get to their respective destinations in the
circuitry.

If the DMA cycles are being synchronised and timed correctly check
that the address buffers and data buffer/latches are being enabled
and clocked at the correct times.

If all timing circuitry is correct, the last possibilty is data or
address buss shorts, open circuits or faulty drivers. Special test ROMs
are available which cause the 68000 to repetitively copy bytes and
words from one location to another in CMI memory. The 6309 monitor
can then be used to deduce which data or addresses cause problems.

Waveform Buss Arbitration and Interface
(refer schematic CMI-33-05 and timing diagram)

The most complex part of this circuitry is the arbitration logic
which is contained within the PAL16R4 programmable logic array.
The function of this logic, along with the round-robin allocation
circuitry on each channel card, is to determine which of the channels,
waveform processor, or refresh is to be allowed access to the
waveform bus,

The arbitration decision is made on the falling edge of SCLK, the
3.3MHz clock which synchronizes the waveform bus. Thus it is SCLK
which clocks the latched outputs of the PAL. Feedback is provided in
the PAL so that the new outputs can be any combinations of the
inputs and the old outputs. The inputs are as follows:
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/SCLK
PCLK
RFSH
/TSTAKEN

WMEM

is used as data as well as a clock.

the 10MHz processor clock

refresh request

"Time Slice Taken" mcans the channel card
allocated to the next 300nS cycle actually
wishes to use it. All channels have an

open collector output connected to this
signal on the buss. Timing is critical, and
the termination nctwork on the WP input
holds the line at 2.5V from which a channel
can rapidly pull it down.

is the decoder output indicating 63000
access to the Waveform Buss.

UDS and LDS are the 68000 data strobes.

pin 9 of the PAL is a feedback signal /WDTB indicating
the data phase of a wavelform buss access is in progress.

The PAL generates outputs as follows:

/WAS
/WUDS
/WLDS

/RPEND

/

/WREF

/WATBL

pin 12

pin 13

is asserted if either a channcl wants the
buss or the waveform processor wants it.

is asserted if a channel is accessing or

if the WP is accessing the upper byte.

is asserted if a channcl is accessing or

if the WP is.

(Refresh Pending) is asserted if RFSH is
asserted but the last cycle was not a

refresh cycle, or if refresh was already
pending but the last cycle was not refresh.
The latter happens if a channel preempted
the refresh cycle before.

(Waveform Refresh) is generated if /RPEND
is asserted and /TSTAKEN is not (refresh
pending and channel doesn’t require bus).
is asserted if the 68000 is to have the

cycle.

is the same as /WATBL except unlatched,
s0 it can be clocked into C15 by the

falling edge of SCLK.

is a short pulse (combination of /SCLK and
PCLK) near the end of the 68000 access cycle
which could be used to set C15 and hence
shorten the address assertion time but this
has not proven to be necessary.

Once the arbitration is achicved, the actual timing of WP accesses to
the Waveform Buss is fairly simple. A 100nS-delayed and inverted
SCLK signal is produced by flip-flop AS by clocking it with PCLK.
Although SCLK is gencrated on the Channel Support Card by PCLK
their delays through the buss and buffers result in some uncertainty
as to which transition will occur first at the receiving end. Delaying
SCLK through two LS244 buffers ensures that PCLK will be slightly
ahead of SCLK and thus produce the correct 100nS delay.

-
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The decoding can gencrate WMEM any time before the falling edge
of SCLK. If the WP is to have the cycle, the address will be driven
onto the buss from that edge to the samc cdge of the next cycle, while
WATB (Waveform Address to Buss) is low (300nS). The data buss is
enabled for 300nSf rom the rising of DSCLK, which is decad in the
middle of the SCLK low period. Thus the data cycle is skewed from
the address cycle by 100nS. The direction of data flow through the bi-
directional buffers A9 and A10 is determined by the R/W line. WDTB
is fed back to the PAL because at the beginning of the next address
cycle WMEM will still be asserted, although a second WP access is not
desired. WDTB indicates that thc last cycle was a WP access, so the
PAL ignores WMEM.

DTACKS3 is generated at the rising edge of SCLK which is also on a
rising edge of PCLK, so approx 150 nS later (i.e. on the second falling
edge of PCLK) the 68000 cycle will be terminated and data, if a read
cycle, latched in. This coincides with the time that data from the
Waveform RAM is valid.

The Waveform Buss write line WR/W is driven at the same time as
the address and is open collector to allow future devices to write to
the WRAM during unused channel time slices.

The Waveform Processor may read the WRAM in 8-bit mode if it
wishes (this is not the same as rcading or writing bytes according to
UDS or LDS - sce WRAM documentation) and this is determined by
the W8BIT mode signal from the control latch. There is no need to do
this except as a means of testing the WRAM cards. The 8BIT signal
goes out to the buss as a normal address line,

Timing Summary

Best case waveform accesses will take 500nS if the decoding
circuitry requests the buss just as the edge which synchronises the
68000 to the waveform buss occurs, and no other device wants the bus.
This implies 2 wait states. Worst case not counting other devices on the
buss is just under 800nS. Each higher priority device which preempts
the WP will cause a further 300nS delay.

ADC I/0O Interface
(refer schematic CMI-33-06 and timing diagram)

The 68000 connects to the CMI-337 Stereo Analogue to Digital
Converter (ADC) via a high speed optically isolated serial link along
a ten-way cable. The sample rate signal comes in from one of the
channel cards as ADCLK and is used sent out as the Start Conversion
command. Early versions of the ADC required a 5uS pulse which was
generated by half of the LSI123 one-shot Gl2. This is normally
bypassed by link LKIl. The ADC responds by generating 16 clock
pulses, each of which clocks in one bit of the converter data followed
by an End of Conversion (/EOC) flag. At the same time as converter
data is clocked in, control data is clocked out from the WP. This
activity happens continuously while ADCLK is present and requires
no intervention from the 68000 except to actually read the data
coming in if it wishes.
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Sample Data is input to LS595 shift registers with output latches D6
and E6 which can be recad by the 68000, Data is clocked from the shift
registers to the latches at the beginning of the next conversion,
signifiecd by a rising edge on the EOC signal. If a 68000 read of
Sample Data has been initiated, this edge also generates the DTACK
signal to terminate the cycle. In this manner no status checking by the
processor is required; successive reads will always get successive data.
To put it_another way, a 68000 read of Sample Data will hang until
the next EOC edge. Thus an ADC acquisition loop simply has to be
shorter than the sample period, and any spare time is killed by the
hang-up mechanism.

A hardware timeout is provided by one-shot G12 in case the ADC is
not working or the cable is disconnected since without the EOC from
the ADC the 68000 would hang for ever. If there is no EOC within
1.5mS of the beginning of the read, a buss error exception (BERR) is
gencrated and the 68000 will divert to the appropriate vector in ROM.
This is the only source of buss error exception on the WP card. The
1.5mS timeout implies a lower sampling frequency limit of around
670Hz.

Control data is written from the 68000 to parallel inputs of LS597s
D7 and E7, latched on the falling edge of either or both data strobes.
The shift register is loaded with the contents of the latch when.EQC
goes low at the end of the conversion Termination of the write cycle
is the same as for sample reads. The function of the control data is
described in CMI-337 documentation.

Any address in the range 60000H to 7FFFFH may be used for
reading Sample Data or writing Control Data.

Timing Summary

For an ADC [I/0 transfer to occur without wait states, it must
commence more than 100nS and less than 250nS be fore the EOC edge.

Note that ADC accesses "hang" the processor, with the buss active
for up_to 22.6uS (assuming a 44kHz mono sample rate) waiting for the
next EOC edge. Since refresh requests arrive every 16uS, this means
that the next cycle after the completion of an ADC access will always
be a refresh cycle. Further, if a refresh cycle has been delayed by the
ADC access so that a second request arrives while the first cycle is
actually in progress (/BGACK asserted), or before it even starts, the
second request will be missed. The number of missed accesses increases
with longer ADC accesses so it is possible for slow sample rates to
result in the RAM not being refreshed according to spec. Fortunately
there is normally a considerable degree of safety margin on the 4mS
refresh 256-cycle (or 2mS 128-cycle) requirement specified by most
RAM manufacturers. Nevertheless, slow sample rates should be used
with caution.
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Waveform RAM CMI-39

Introduction

The Waveform RAM (WRAM) provides the bulk fast memory
required for storage of multi-sampled sounds, although it may be used
for any purpose. It resides on a 24 bit address buss which is controlled
by the Waveform Processor (WP) and Channcl cards and the data path
is 16 bits wide. When accessed by a Channcl card, the data ouput from
the WRAM is rcceived not by the Channel card but the Channel
Support Card, for transmission to the audio board DACs. Currently
the only device which can write to the WRAM is the WP.

Memory Configuration

Each card contains 2M bytes of RAM using 256K x 1 bit chips. Up
to and including Revision 2, 64K chips were supported using a PC
link block to adjust the memory configuration and yielding 512K
bytes per card. Revision 3 and above only accommodate 256K bit
chips. Up to seven cards may be installed in the Series III
motherboard, DIP-switched to different address ranges. 7 cards
containing 256K chips will provide 14M bytes of RAM, filling the
available address space (the bottom 2M is used by internal decoding on
the WP).

The WP and Channcel cards differ slightly in their respective "views"
of WRAM:

Channel Card - gencrates the upper 23 address lines plus the mode
bit. The bottom address line A0 docs not exist physically but is
constituted by the two buss lines Upper and Lower Data Strobes (UDS,
LDS). When a Channel accesses WRAM the WP buss arbitration logic
automatically asscrts both strobes, since all channcl accesses yield 16-
bit outputs.

WP - also generates 23 address lines and the mode bit, plus cither or
both of UDS and LDS according to whether a byte or word access is
required by the 68000. The operation of UDS and LDS is independent
from and should not be confused with the mode bit ¢xplained below.

The main difference between the Channcl and WP views of the
WRAM is that the 68000 has an internal concept of bytes and words
and generates, internally at least, A0. The address generated by the
channel card has no internal A0 and an implicit zero is tacked on in
the 16-bit mode. In the 8-bit casc the address is shifted right to use Al
as the odd/even byte selector.

As indicated by the memory maps, the lowest number 2M card
which can be installed is card 1. There is no memory mapping of
WRAM contents.

8/16-bit Modes

The WRAM may be rcad in cither full 16-bit or left-justificd 8-bit
modc. 16-bit mode gives optimum audio quality, while 8-bit mode
doublcs the length of sounds which can be stored, with reduced audio
performance. Mode sclection is on a cycle-by-cycle basis so mixed 8-
and 16-bit sounds can be in WRAM simultancously. Thc mode is
sclected by an auxiliary buss line which must be driven appropriately
by the accessing device,
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In the 8-bit case the data byte is output on the most significant data
lines whether or not it was written at an odd or cven address, and the
lcast significant 8 data lines arc driven with zcro. As mentioned above
the waveform address is shifted right once by the WRAM so a byte
written at a given address in 16-bit mode will be read back at twice
the address in 8-bit mode. This has the side effect of doubling the
apparent size of each WRAM card to IM or 4M bytes. The "shifted
out" address line, A), is used to sclect the odd or even byte and
control the left-justification circuitry. Scc WRAM memory maps for
further explanation.

The purpose of the 8-bit mode is for 8-bit sounds to be played by
the channel cards. There is no nced for the WP to access the WRAM in
8-bit mode except to test the WRAM. When the 16-bit mode is sclected,
WRAM appears as just normal memory which supports byte and word
accesses by the 68000 as described in Section 1.2. Code can be executed
in WRAM by the 68000 provided it accesses WRAM in 16-bit mode.

Timing Generation
(refer schematic CMI-39-00 and timing diagram)

All timing is generated from one bus signal SCLK, which originates
from the Channel Support card, and control signals from the
Waveform Bus arbitration logic on the Waveform Processor. The whole
Waveform Bus is synchronous to this signal. SCLK has a 300nS period,
which sets the bus cycle time at 300nS, and a 1:3 duty cycle. SCLK s
inverter-buffered and fed into a ten tap, 25nS/tap digital delay linc
at A6. Four delayed versions of SCLK are then combined in various
ways to produce the complex waveforms required to drive the RAM
array at the highest possible speed.

A valid access cycle is indicated by a low on the control signal WAS
{(Waveform Address Strobe), and a refresh cycle by a low on WREF
(Waveform Refresh). In either case, RAS (Row Address Strobe) is
clocked on the rising edge of the 4th delay line tap and is cleared
again by the next low on the 3rd tap. The RAS pulse is driven through
the HC244 buffer C18 (CMI-39-01) to all RAM chips.

The WR/W line is buffered by A18 and latched at A4 by rising edge
of tap 3. Since this flip-flop is not otherwise set or reset, LR/W
(Latched Read/Write) is updated every 300nS.

RA and CA are the Row and Column Address drive lines which
control the address multiplexor (CMI-39-02). While these two signals
are essentially the inverse of each other, RA is generated by the LS00
at A9 and CA by the ALS08 at A7. This ensures that they are as close
as possible to non-overlapping so that contention is not caused on the
multiplexed address lines. CA and RA both are inverted to produce
CA and RA which will be similarly non-overlapping. Thus the Column
address is enabled when both taps 4 and 5 are high, and the Row
address is enabled on the opposite condition.

CAS is just a timing signal generated continuously which is later
qualified to produce the actual CAS (Column Address Strobe) signals
to thec RAM array. It is 100nS long, from the rising edge of tap 7 to
the falling edge of tap 3.
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The Output Enable signals OEI - OE4 drive the latches and buffer
on CMI-39-03. The logic preceding the data inputs to the LSI75 at B9
will be cxplained along with output scction. The timing of these
signals are that they arc clocked out on the rising edge of tap 7, and
clecarcd when tap 3 is high but tap 5 is low. This results in a 200
output drive pulsc during valid read cycles. If READ is low, the latch
will be held cleared across the clock c¢dge so no outputs will be
enabled.

Address Decoding
refer schematic CMI-39-01)
As described in Sect. 1.2, 256K RAM chips yicld 2M bytes on each
" card, and 7 cards can be plugged into the Series III system. Therefore
the top 3 address lines arc used as the card select bits. In 16-bit mode,
B8BIT is low so WA23-WA2l are buffered through Al7, through the
link block at AIS to become CS2-CSO and into the LS85 comparator at
Al4. If the data on these three lines agree with the set ting of the DIP
switch, a high is output from the LS85. If a low on WAS indicates a
valid access cycle, a low is generated by A9 pin 8 and this is latched
on the rising edge of tap 3 (SCLKDI25 = SCLK inverted and delayed
by 125nS) to produce the enable for the memory rank decoder A3.

In 8-bit mode the one-bit right shift of the address is effected by
cnabling buffer A16 instead of A17 when B8BIT is low. Then only
WA23 and WA22 are used as card select lines because four cards fill
up the address space (see memory maps).

The next two address bits (WA20 and 19 in 16-bit mode, WA2l and
20 in 8-bit mode) come out of the link block as BLK! and BLKO.
These are used as the block number, to determine which rank of RAM
chips is accessed. BLK1 and BLKO are again latched by SCLKDI25
and input to the 1-of-4 decoder A3. The decoded rank 1k select goes to
both halves of A2. One of the Upper and/or Lower CAS outputs are
then driven, depending on the CAS timing pulse and either or both
buffered data strobes (BUDS and BLDS).

Being a TTL device, A2 has to drive the RAM array through series
resistors._At the end of the CAS pulse both halves of A2 are desabled
and the CAS lines are pulled up qunckly by 330R pullups.

The valid card select signal (A9 pin 8) is also combined with the
BR/W signal (Buffered read/write) and latched to produce the READ
signal. READ feeds back to the logic on CMI-39-00 which inhibits the
output enable signals if a cycle is not a valid read.

The next two address lines (WA18, 17 in 16-bit mode, WA19, 18 in
8-bit mode) are used by the top ninth of the address multiplexor
formed by the LS125 B18. Either of these two gates are enabled by the
active low Row and Column Address lines (RA and CA) and drive A8
through the HC244 buffer. The lower of the two address lines is
latched at B3 first.
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Revision 2 and ecarlier cards support 64K RAM chips. If these are
used each card only provides one quarter as much memory. To keep
successive cards contiguous in the memory space, all the card scicct
and rank sclect lines must be shifted down 2 bits with the respect to
the address bus. This is performed by changing the link block AlS to
connect pins 3-16, 4-15, 5-14, 6-13, 7-12 and 8-11. Then in 16-bit mode
WA23 is ignored, WA22-WAI19 become CS3-CS0, and WAI8 & 17
become BLK] & 0. 64K chips do not have an A8 address line so LS125
multiplexor inputs do not have to be adjusted. Again, 8-bit mode shifts
the card and rank select bits along once. .

The HC244 buffer Cl18 drives the write (/W) lines and the RAS
lines of the four ranks of RAM.

Address/Refresh Multiplexor
(refer schematic CMI-39-02)

Dynamic RAMs have multiplexed address inputs which allow, in
this case, 256K bits per chip to be addressed with only 9 address pins
compared to 18 pins which would be required by a non-multiplexed
addressing arrangement.

During a valid memory access the first half of the address is
enabled by a high on RA and strobed into the RAMs on the falling
edge of RAS. In 16-bit mode (B8BIT high) this is WAI-WAS8 through
Bld4, and in 8-bit mode, WA2-WA9 arc driven through BI15. The
waveform address buss is_stable during the critical setup and hold
times before and after RAS so the buffers can drive the RAMs
directly.

It can be scen from the timing diagram that the channel card docs
not assert its address for very long after the falling edge of CAS, so it
is necessary to latch the column address. WA9-WA 16 are enabled in 16-
bit mode, and WA10-WA17 in 8-bit mode, onto the HC373 inputs at
B13. These are both latched and driven to the RAMs by Bi3 when CA
goes high. The falling edge of CAS clocks the column address into the
RAM chips.

During a refresh cycle both the row address buffers and the column
address latch are disabled by the low on BWREF. The same signal
increments the LS393 refresh counter and drives the refresh count
onto the RAM address lines.

Data Bus Interface
(refer schematic CMI-39-03)

HC244s Bl and Bl7 are permanently enabled to buffer data off the
wavelorm data bus to the RAM D inputs. During write cycles the data
is written in to the RAM on the falling edge of CAS. During read
cycles, input data is ignored.

The remaining three latches and one buffer are used during read
cycles to output 16-bit data and left-justified 8-bit data. Left-justified
means that whether the data byte is in the low or high 8 bits of the
addressed memory word, it appcars on the upper 8 bits of the data
buss and the lower 8 bits are driven to zero. All latches are clocked by
the falling_edge of the CAS timing signal which is ncar the end of the
low-going CAS pulse on the RAM chips.
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The latch outputs are enabled by the LS175 outputs OEI-OE4 on
CMI-39-00. The threce cases are: 16-bit read, 8-bit even read, and 8-bit
odd read. The high RAM byte must drive the high buss lines in the
16-bit recad case (B8BIT low) or in the 8-bit even case (ODD low). This
gives the gating for OE4,

The low RAM byte must drive the low buss lines only in the 16-bit
casc, so B8BIT high is the input for OE3.

The low RAM byte must drive the high buss lines only in the 8-bit
odd read_case when B8BIT and ODD are both high. This gating
produces OE2.

OE1| enables the buffer with all inputs to ground onto the low data
lines, which is required for any 8-bit cycle (B8BIT low). The ODD
signal is simply buffered WA1, which is ignored by the decoding and
multiplexor during 8-bit cycles. To put it another way, WAL is "shiflted
in" to the WAOQ position which is the odd/even byte selector and does
not explicitly exist on the buss.

RAM Array
(refer schematic CMI-39-04.05)

The CMI-39 memory is composed of 256K or 64K by l-bit chips.
The 64-chip ram array is divided into four columns, or ranks, of 256K
or 64K by 16 bits each. Rank 0 which occupies the bottom quarter of
the address space, is in F column nearest the front edge of the board.
Each rank is divided into an upper and a lower byte distinguished by
upper and lower CAS signals. It is the CAS signal alone which
determines_whether a given group of 8 chips are accessed: data in,
RAS and W signals are distributed to all chips bat it is the presence of
CAS which determines whether data is written into or read out from a
RAM chip. -

Refresh cycles are performed by asserting RAS while the refresh
count is driven on the address lines, without a subsequent CAS pulse.
During an access cycle of one group with CAS asserted, the presence
of RAS without CAS on another group will refresh the row of
memory cells in the non-accessed group corresponding to the accessed
row address. The accessed group is also refreshed in the process of
reading or writing to it. It is [or this reason that the Waveform
Processor Bus Arbitration logic gives higher priority to channel card
accesses than to refresh: if channel cards are hogging the buss to the
extent that refresh cannot be serviced it can be guaranteed that the
RAM array will be refreshed by the channel accesses alone. This is
true providing at least one of the channels is playing a loop of 256 or
more words, since an 8-bit refresh count must be fully cycled to
refresh the whole of memory. This is also why the least significant 8
waveform address bits, which change the most rapidly when a channel
is looping, are used as the row address.
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Timing Tolerances

The CMI-39 Waveform RAM opcrates at a continuous cycle time of
300nS and is designed to usc 150nS access time RAM chips which
usually have a minimum cycle time of 300nS. As a result, some timing
tolerances are extremely tight and it was not possible to design the
board to cope with all components opcrating at their worst-case level.
In practice this should not be a problem since RAM timing
requirements such as the 300nS cycle time are specified for worst-case
conditions of temperature, radiation levei etc. and most RAMs will
still work when being driven considerably out of spec. However, to
provide a guide in case future component variations are suspected to
be causing problems, the following is a list of tight paramcter specs
and actual measured timings from typical CMI-39 boards., Various
RAMs have slightly different timing requirements: the list specifies
the most difficult to meet of secveral brands analyzed. In most cases,
256K chips have easier specs than 64K chips.

Symbol Parameter Spec. Mecasured
tec Cycle time 300 300
tep RAS p::ccharge 120 120
tpas RAS W.ld[h 150 150
toas CAS width ' 75 80
tRCD RAS to CAS lead time 75 75
tesH RAS hold 75 80
tcsn CAS hold 150 150+
tAsa Row address set up 0 40
tm Row address hold 20 20
tASC Column address set up 0 30

t Column address hold 45 140
CAH .

tDs Data in set up 0 50

The above specs are all minimum, and all entries are in nS. All
measurements are made on the RAM chips themselves.

The following measurements may be of interest:-

Buffered SCLK rising edge to RAS falling edge 120
Buffered WAS falling edge to RAS falling edge 100
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CMI-39 Waveform Memory Map

WAVEFORM
PROCESSOR
ADDRESSES

FFFFFF

F00000

E£00000

Do0000

C00000

B00000

A00000

900000

800000
780000
700000
680000
600000
$80000
500000
480000
400000
380000
300000
280000
200000

256K CHIPS
{6 - BIT MODE 8 - BIT MODE
L CARD 7 .
CARD 3 E
F CARD 6 E
- CARD S 4
CARD 2 -
- CARD 4~ -
F CARD 3 -
CARD | h
i am 7
F CARD 2 :
1
r CARD 1 M Unused 1

bytes

W.P. INTERNAL
MEMORY / 10

W.P. INTERNAL
MEMORY / 10
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CHANNEL
Loor
START
ADDRESSES

7FFFFF

780000

700000

680000

600000

580000

500000

480000

400000
3C0000
380000
340000
300000
2C0000
280000
240000
200000
1C0000
180000
140000
100000
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CMI-35 Digital Mother Board

Terminology

WP - Waveform Processor CMI-33
CS - Channcl Support Card CMI-32
WRAM - Waveform RAM CMI-39
RAM - Systcm RAM Q256

Introduction

All of the digital CMI modules described in chapters 2.2 to 2.13 of
this manual, plug directly into 78 pin edge connectors mounted on the
CMI digital motherboard CMI-35. This is in turn mounted on the rear
of the CMI card cage. The motherboard is the means by which all
logic signals and power supplies are routed between the plug-in
modules. This section specifies each of these signals for each module,
starting from the teft.

All modules are "double sided” so require two columns of pins on
cach connector. "Side A" refers to the wiring side of a plug-in module
which corresponds to the left hand column of pins on the motherboard
when viewed from the (ront of the card cage. Conversely, "Side B"
refers to the component side of the module and connects to the right
hand column of pins on the edge connector.

Pin numbers not included in the following lists are not used, and
have no connection on the motherboard. Signals which are listed but
have "N/C" cntered as the source or destination are those which have
been connccted to edge connector [ingers but have no connections
lcading to or from the corresponding pins on the motherboard.

A pin specified as an input ("I/P") will have the Source module
which drives that input cntered in the Source/Destinations column.
Conversely an output ("O/P") will have the Destination or driven
module entered in the Source/Destinations column.

Active-low signals are indicated by overlining. All other signals are
activc-high. Where different names have been used for one signal
going between various modules, the Signal Name column contains the
namc for thc module of the current section, and the alternative name
is enclosed in brackets in the Source/Destination column,

This document refers to the CMI-35 Rev. 3 motherboard.

General Description

The Scries III CMI contains two entircly indcpendent busses, and
this is reflected in the layout of the CMI-35 motherboard. The first
buss is the 2MHz dual-6809 processor buss, or CPU buss. It extends
from the slot-27 end of the board on which the Q-777 SCSI controller
resides up to siot 16, the Channel Support slot. Part of the CPU buss
then extends further to slot 8 which is occupied by Channecl 8. The
only cards which have no conncctions at all to the CPU buss are the
Waveform RAM cards. The CPU buss comprises 16 bits of address, 8
bits of data plus the systecm reset signal, CPU timing signals, DMA
arbitration, daisy chain, and mapping signals, Peripheral Enable,
Interrupts, and a few control signals.
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—

The second buss in the system is the 3.3MHz Waveform Bus which
extends from the slot-1 end of the CMI-35 board up to the Waveform
Processor on slot 17. It comprises 23 address bits, 16 data bits, two
data strobes, Channel card timing signals, a 17-MHz Master Oscillator
differcntial pair, a 10MHz Processor Clock differential pair, a 3.3MHz
buss clock, Channel Sclect lincs, rcfresh controls, and Channel
arbitration signals.

CPU Bus Signals

The following connections are common to all slots on the CPU buss
and travel from slot 27 to slot 8, except that the signals on pins 9A to
17A stop at slot [5. The buss lines arc arranged in a ground shield
interleave pattern which provides protection against clectromagnetic
noise pickup and cross-talk betwecn adjacent signal tracks. Not all
modules use all the busssed signals.

Side A

Signal
Pin Name Function Source
42 SYRES System rcset Q133
41 ADD2 P2 address on buss® Q209
40 ADDI P1 address on buss’ Q209
39 P2g42 P2 phase 2 reference Q209
38 Plg2 Pl phase 1 reference Q209
37 RA Row address mux signal Q209
36 CA Column address mux sig. Q209
35 RAS Row address strobe Q209
34 CAS Column address strobe Q209
33-26 DO0-D7 Data Buss Various
25-18 MAO-MA7 Address Buss, upper half Various
17-10 MAB-MAIS Address Buss, lower half? Various
17 ADD2 P2 address on buss. Q209
16 ADDI Pl address on buss’ Q209
9 VMA Valid Memory Address’ Various
8 R/W Read/write Various
7 Key Socket index key
6 +12V +12V supply rail
3 -12V <12V supply rail
2,1 GND Ground rail
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CMI-35 Digital Mother Board

Side B
Signal
Pin Name Function Source
44-46 GND Ground rail
42-1 GND Ground shiclding pattern
5.4,2,1 GND Ground rail
Notes

. The P2¢2 and Plg2 signals are on pins 39A and 38A rcspectively
of slots 27 to 16, then pins 17A and 16A of siots 15 to 8.

2. The lower half of the address bus and the VMA signal only go from
slots 26 to 16, and do not go to the Channels card slots.

Waveform Bus Signals

The following signals are common to all slots on the Waveform Bus
and travel from slot | to slot 15. The Channel Support Card on slot 16
also connects to the Waveform Bus but some connections arc different
Not all the modules use all the signals.

Side A
Signal
Pin Name Function Source
67 BLOCKSEL All-channel select’ CS.
66 WUDS Waveform Upper Data Strobe wp
65 WLDS Waveform Lower Data Strobe WP
64-57 WAS8-WAI Waveform Address lower byte Various
56-49 WD7-WDO Waveform Data lower byte . Various
48 CHANTICK Chan. processor interrupt clock L CS
47 DRAS Delayed RAS for channel RAIM Cs
46 2E 2MHz E clock for chan. proc., CS
43 2Q 2MHz Q clock for chan. proc. 2 cs
44 PCLK 10MHz clock for WP and chans2 CS
43 PCLK 10MHz clock for WP and chans® CS
42 SYRES System Reset l'ron;n CPU CCC
39 MOSC Master Oscillator 3 CSs
38 MOSC Master Oscillator Cs
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Digital Mother Board CMI-35

Side B

Signal

Pin Name Function Source

75 SCLK 3.3MHz Wavcform Bus clock® Cs

74 TSTAKEN Time Slice Taken Channcls

73 8BIT 8-bit modec sclect Channcls, WP
72 WAS Waveform Address Strobe WP

71 WRW Waveform Read/Write \VP

70-56 WA23-WAY9 Waveform Address high bits Channcls, WP
55-48 WDI15-WD8 Waveform Data high byte WP, WRAM
47 REFRESH Channel refresh strobe CS

46-d4 GND Ground Rail

5.4,2,1 GND Ground Rail

Notes

1. Slots 16 to 8 only

2. Differential pair, slots 17 to 8 only

3. MOSC and MOSC are the differential pair which drive the 17Mhz
Master Oscillator used as the pitch reference by all channel cards. It is
gencrated on the Channel Support Card, slot 16 onto pins 78B and 77B.
These pins connect to link connector holes "A" and "B” near the top of
slot 16 the pair of signals then gocs via a twisted pair flying
connection to another two link connector holes marked "A" and "B"
near the middle of slot 15. The latter holes connect to pins 39A and
38A of slot 15 and the MOSC signal are then bussed along all channel
card slots.

4. SCLK is a rectangular wave clock: 100nS high, 200nS low.
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CMI1-35 Digital Mother Board

Slots 1 to 7: Waveform RAM

Side A

Signal Input or
Pin Name Function Output
67 WREF Waveform Refresh I/P
66-49 sce Scc. X.3
Side B

Signal Input or
Pin Name Function Output
76 TSLICE Last Time Slice out I/P

75-48 see Sec. X3

Slot 8: Channel 8

Side A

Signal Input or
Pin Name Function Output
76 SO Time Slice Out O/P
68 CHSELS8 Channel 8 select I/P
Side B

Signal Input or
Pin Name Function QOutput
76 TSLICE Time Slice In I/P
17 CHINT  Channel interrupt O/P

Slot 9: Channel 7

Side A

Signal Input or
Pin Name Function Qutput
76 SO Time Slice Out O/P
69 CHSEL7 Channel 7 sclect 1/P
Side B

Signal Input or
Pin Name Function Output
76 TSLICE Time Slice In /P
17 CHINT Channel interrupt o/pP

2.14.6 - DIGITAL CARD CAGE

Source/
Destination

WP

Source/
Destination

Ch. 7

Source/
Destination

WRAMs (TSLICE)
CS

Source/
Destination

Ch. 7 (SO)
Q133 (IL21)

Source/
Destination

Ch. 8 (TSLICE)
CS

Source/
Destination

Ch. 6 (SO)
Q133 (IL21)
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Slot 10: Channel 6

Side A

Signal
Pin Name
76 SO
68 CHSELS®6
Side B

Signal
Pin Name

76 TSLICE
17 CHINT

Slot 11: Channel 5

Side A

Signal
Pin Name
76 SO
68 CHSEL5S
Side B

Signal
Pin Name

76 TSLICE
17 CHINT

Slot 12: Channel 4

Side A

Signal
Pin Name
76 SO
68 CHSELA4
Side B

Signal
Pin Name

76 TSLICE
17 CHINT

Function

Time Slice Out
Channel 6 sclect

Function

Time Slice In
Channel interrupt

Function

Time Slice Out
Channel 5 sclect

Function

Time Slice In
Channel interrupt

Function

Time Slice Out
Channel 4 sclect

Function

Time Slice In
Channel interrupt

Input or
Output

o/p
1/P

Input or
Output

I/P
o/p

Input or
Output

o/P
I/p

Input or
Output

I/P
O/P

Input or
Output

O/P
I/P

Input or
QOutput

I/P
O/P

Source/
Destination

Ch. 7 (TSLICE)
cs

Source/
Destination

Ch. 5 (S0O)
Q133 (IL21)

Source/
Destination

Ch. 6 (TSLICE)
CS

Source/
Destination

Ch. 4 (SO)
Q133 (IL21)

Source/
Destination

Ch. 5 (TSLICE)
Cs

Source/
Destination

Ch. 3 (S0O)
Q133 (IL21)
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Slot 13: Channel 3

Side A

Signal
Pin Name
76 SO
68 CHSEL3
Side B

Signal
Pin Name

76 TSLICE
17 CHINT

Slot 14: Channel 2

Side A

Signal
Pin Name
76 SO
68 CHSEL2
Side B

Signal
Pin Name
76 TSLICE
17 CHINT
Slot 15: Channel 1
Side A

Signal
Pin Name
76 SO
68 CHSEL!
Side B

Signal
Pin Name
77 ADCLK
76 TSLICE
17 CHINT

Function

Time Slice Qut
Channel 3 select

Function

Time Slice In
Channel interrupt

Function

Time Slice Out
Channel 2 select

Function

Time Slice In
Channel interrupt

Function

Time Slice Out
Channel | select

Function

A/D Convertor clock
Time Slice In

Channel interrupt
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Input or
Output

o/P
I/P

Input or
Output

I/P

. O/P

Input or
Qutput

o/p
I/P

Input or
QOutput

I/P
o/P

Input or
Output

Oo/P
I/P

Input or
Output

o/p
I/p
/P

Source/
Destination

Ch. 4 (TSLICE)
Cs

Source/
Destination

Ch. 2 (SO)
Q133 (IL21)

Source/
Destination

Ch. 3 (TSLICE)
CS

Source/
Destination

Ch. 1 (SO)
Q133 (IL21)

Source/
Destination

Ch. 2 (TSLICE)
CS

Source/
Destination

WP
Cs

Q133 (IL21)




Digital Mother Board CMI-35

Slot 16: Channel Support Card

Side A
Signal Input or Source/

Pin Name Function Output Destination
76 TSLICE First Time Slice o/Pp Ch. 1
75 CHSEL! Channel | select O/P Ch. |
74 CHSEL2 Channel 2 sclect o/P Ch. 2
73 CHSEL3 Channel 3 select O/P Ch. 3
72 CHSEL4 Channcl 4 select O/P Ch. 4
71 CHSELS5 Channcl 5 sclect O/P Ch. 5
70 CHSEL6 Channel 6 select o/P Ch. 6
69 CHSEL7 Channel 7 select O/P Ch. 7
68 CHSEL8 Channel 8 sclect /P Ch. 8
66 REFEN Refresh enable I/p Q133 (ENL1)
65 ACKl Pl DMA Acknowlcdge I/P Q209
Side B

- Signal Input or Source/
Pin Name Function Output Destination
78 MOSC Master Oscillator: O/P Channels
77 MOSC Master Oscillator O/P Channels
76 TIMINT Timer Interrupt O/P QI33 (IL11)
43 PENB Periphcral Enable I/P RAM, Card 0
Notes

I. MOSC and MOSC arc the differential pair which drive the 17MHz
Master Oscillator used as the pitch reference by all channel cards. It is
generated on the Channel Support Card, slot 16 onto pins 78B and 77B.
These pins connect to link connector holes "A" and "B” near the top of
slot 16 the pair of signals then goes via a twisted pair (lying
connection to another two link connector holes marked "A" and "B"
near the middle of slot 15. The latter holes connect to pins 39A and
38A of slot 15 and the MOSC signal arc then bussed along all channcl
card slots.
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CMI-35 Digital Mother Board

Slot 17: Waveform Processor

Side A
Pin

76
75
71
70
69
68
67
48
47
46
45

Side B
Pin

76
43

Signal
Name

P2DMAC
PIDMAC

Function

P2 DMA Claim

PI DMA Claim
Waveform Refresh

P2 Enable This Level
P2 Enablc Next Level
P! Enable This Level
Pl Enable Next Level
P2 DMA Acknowledge
P2 Request DMA

P! DMA Ackknowledge
Pl Request DMA

Function

AD Convertor Clock
Control latch select
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Input or
Output

o/P
o/p
o/p
I/P
o/P
I/P
o/p
1/P
o/p
/P
O/P

Input or
Output

I/P’
I/P

Source/
Destination

RAMs (DMAC24)
RAMs (DMACI12)
WRAMs

SMIDI (ENL2)
SCSI (ETL)
SMIDI (ENLI)
N/C

Q209

Q209

Q209

Q209

Source/
Destination

Ch. 1
Q133




Tigital Mother Board CMI-35

Slot 18: General Interface Card CMI-28

Side A

Pin

78,77
76
75
70
69
68
67
66
65
64
48
47
46
45

Side B

Pin

69
68
67

MIDINT

Function

+3V Logic supply

P2 DMA claim

Pl DMA claim

P2 DMA Enable This Level
P2 DMA Enablc Next Level
P! DMA Enable This Level
P! DMA Enable Next Level
MIDI IRQ

SMPTEINTSMPTE IRQ

FCXX
ACK2

Control latch select
P2 DMA Acknowledge
P2 DMA Rcquest

Pl DMA Acknowledge
Pl DMA Request

Function

MIDI IRQ
SMPTE IRQ
Port sclect

Input or
Output

o/P
o/P
1/P
O/P
I/P
O/P
o/P
O/P
1/P
I/P
o/P
1/P
O/P

Input or
Output

O/P
O/P
I/P

Source/
Destination

RAMs (DMAC24)
RAMs (DMACI1)
QFC9 (ENL)

WP (ETL2)

QI33 (ENLT)

WP (ETL1)

Q133 (ILO1)
Q133 (IL31)
Q133

Q209

Q209

Q209

Q209

Source/
Destination

N/C
N/C
N/C

The B-side signals on pins 67-69 are duplicates of the corresponding
signals on side A, and are only used when a CMI-28 module is
installed in a Series I machine upgraded to Scries IIX.
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Slot 19: Spare

Side A

Signal Input or Source/
Pin Name Function Output Destination
78,77 +5V +5V Logic supply
54 FCXX Port select I/P Q133
46 IR Interrupt o/P QI133(IL41)

Slots 20,21: System RAM Q256

One Q256 module must be installed in siot 21. This is referred to as
Card 0 and must have zcro set up on the card seclect DIP switch on the
board (see Q256 description). A sccond Q256 module may be installed
in slot 20, and should be switched as Card 1.

Side A
Signal Input or Source/
Pin Name Function Output Destination
78-77 +5V Logic power supply I/P
76 BEI Pl E signal (unuscd) I/P Q209
75 DMACII Pl DMA claim level | I/P Gen. I/F
(PIDMAQO)
74 DMACI12 P! DMA claim level 2 I/P WP (PIDMACQC)
73 DMACI3 Pl DMA claim level 3 I/P N/C
72 DMACI4 Pl DMA claim level 4 I/P N/C
71 DMAC2]1 P2 DMA claim level 1 1/P Floppy
- (DMACLM)
70 DMAC22 P2 DMA claim level 2 I/P H. Disk
—_— (DMACLM) _
69 DMAC23 P2 DMA claim level 3 /P WP (P2DMAC)
68 DMAC24 P2 DMA claim level 4 I/P Gen. [/F
(P2DMAC)
65 RAMINH System RAM Inhibit I/P Graphics
—_— (VRAMSEL)
64 FCXX Port select (Mapscl RAM) 1/P Q133
63 A/B2 P2 System/User State I/P Q209
62 A/Bl Pl System/User St:1tcl I/P Q209
52 PENBIN Peripheral Enable In I/P RAM, Card 0
. (PENBOUT)
51 PENBOUT Peripheral Enable Ozut O/P Various
50 VRAMEN Video RAM Enable o/p Graphics
48 REF Refresh cycle I/P Q133
46 PERRINT Parity Error IRQ o/P Q133 (IL02)
Notes

1. The PENB (Pcripheral Enable) signal is driven by the PENBOUT
pin 52A of RAM card 0 only, in slot 21. PENB goes to all cards which
act as peripherals on the CPU bus, including PENBIN of both RAM
cards on pin 51A. The main RAM is not a peripheral, but the MAPSEL
and MAPRAM are (sce Q256 documentation). PENBOUT of card 1 is
N/C.

2. The VRAMEN output from RAM card 0 only goecs to the Graphics
card. VRAMEN of card 1 is N/C.
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Digital Mother Board CMI-35

Slot 22: Q014 4-Port ACIA Module (Optional)

Side A
Pin

78-77
66
65-58
57
56-53

Slot 23:

Side A

Pin

78-77
76
75
74
73

72

71
70
69

68
67-64
63
62
61-58
57
56
55
54
53
52
51
50
49
48
47
46
45
44

Signal

Name Function

+5Y Logic power supply
ENB Peripheral Enable
IRQO0-7 Individual ACIA IRQs
IRQS Combined IRQ
AS6-AS9 Address select

Processor Control Module Q133

Signal

Name Function

+5V Logic powcer supply
IL32 P2 level 3 IRQ

[L22 P2 level 2 IRQ

IL12 P2 level | IRQ

IL02 P2 level 0 IRQ

IL31 P1 level 3 IRQ

IL21 Pl level 2 IRQ

IL11 Pl level 1 IRQ

ILOI Pl level 0 IRQ

ILS2 P2 PICU latch strobe
T1A42-IA12 P2 intrpt vector addr.
IRQ2 P2 interrupt request
ILS1 Pi PICU latch strobe
IA41-IA11 Pl intrpt vector addr,
IRQI Pl interrupt request
NMI2 P2 NMI request

NMII Pl NMI request
RES2 P2 restart

HLT2 P2 HALT

RESI P! restart

HLTI Pi HALT

w2 P2 halt acknowledge
Wi P11 halt acknowlcdge
REF Refresh cycle

PENB Peripheral enable
ACKI Refresh acknowledge
REQI Refresh cycle request
ROMEN Restart ROM cnable

Input or
Output

1/P
1/P
o/pP
O/P
I/P

Input or
Output

I/P
I/P
i/P
I/P
I/P

I/P

I/p
/P
I/P

I/P
o/P
o/p
I/p
Oo/P
Oo/pP
O/P
o/p
o/P
O/P
o/P
O/P
I/P
I/P
O/P
1/P
I/P
o/p
I/P

Source/
Destination

RAM (PENBOUT)
N/C

Q133 (IL62)

N/C

Source/
Destination

Q209 (IPI2)

N/C

Graphics (RINT)
Q133 (RTCINT)

& RAM (PERRINT)
Q209 (IPI1)

& GIF (SMPTEINT)
All Chs (CHINTX)
Ch. Supp (TIMINT)
GIF (MIDINT)

Q209
Q209
Q209
Q209
Q209
Q209
Q209
Q209
Q209
Q209
Q209
Q209
Q209
Q209
RAM
RAM (PENBOUT)
Q209
Q209
Q209
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Side B

Pin

76
75

74
73
72
71
70
69
68
67
66
65

64
63
62,61

——

Signal
Name

IL72
IL62

IL52
IL42
IL71]
IL61
IL51
IL41
ACINT

IRQPA
IRQPB

ENLI

FCXX
RTCINT

FXXX

Function

P2 level 7 IRQ
P2 level 6 IRQ

P2 level 5§ IRQ

P2 level 4 IRQ

Pl level 7 IRQ

Pl level 6 IRQ

Pl level 5 IRQ

Pl level 4 IRQ

Keyboard ACIA IRQ

User PIA IRQ A

User PIA IRQ B

P! DMA Enable Next Level

Ports access

Real time clock intrpt
Current loop TX

FXXX address range decode

2.14.14 - DIGITAL CARD CAGE

Input or
Output

/P
I/P

I/P
I/P
I/P
I/P
I/P
I/p
o/pP
o/p
O/P
o/p

O/P
o/p
O/pP
o/p

Source/
Destination

QFC9, SCSI (IRQD)
Q133 (ACINT)

& Q014 (IRQ8)
Graphics (PENINT)
Graphics (TOUCHINT)
N/C

N/C

N/C

Spare (IRQ)

Q133 (IL62)

N/C

N/C

GIF (ETL1)

& Ch Supp (REFEN)
Various

QI33 (IL02)

N/C

N/C




Digital Mother Board CMI-35

Slot 24: Central Processor Module Q209

Side A

Pin

78-77
76

75

74

73

72

71

70

69

68
67-64
63

62
61-58
57

56

55

54

33

52

31

50

49

48
GIF
47

46

45

44

43

Signal

Function

Logic power supply
Pl "E" signal

P2 Fast IRQ

P1 Fast IRQ

P2 Interprocessor Intrpt
P! Interprocessor Intrpt
Port sclect

P2 System/User state
Pl System/User state
P2 PICU latch strobe
P2 intrpt vector addr.
P2 interrupt rcquest
P1 PICU latch strobe
Pl intrpt vector addr.
Pl intcrrupt request
P2 NMI request

P1 NMI request

P2 restart

P2 HALT

Pl restart

Pl HALT

P2 in wait state (BA)
Pl in wait state (BA)
P2 DMA acknowledge

P2 DMA request
Refresh cycle grant
Refresh cycle request
Restart ROM enable
Master proc. clock

Input or
Output

I/P
o/p
1/P
I/P
O/P
o/pP
I/P
O/P
o/P
o/P
I/P
I/P
o/p
1/P
I/P
1/P
I/p
I/P
I/P
I/P
I/P
o/P
O/P
o/P

I/P
o/p
I/P
o/pP
o/P

Source/
Destination

RAM, Spare
N/C

N/C

Q133 (IL32)
Q133 (IL31)
Q133

RAM

RAM

Q133

Q133

Qi33

Q133

Q133

Q133

Q133

Q133

Q133

Q133

Q133

QI33

Q133

Q133
QFC9, SCSI, WP,

QFC9, SCSI, WP, GIF
Q133, WP, GIF, CS
Q133, WP, GIF

Q133

N/C
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Slot 25: Lightpen/Graphics Interface Q219

Side A

Pin

78-77
68
67
66
65
64
63

Slot 26:

Side A

Pin

78-77
71
70
69
68
65
63
48
47

Slot 27:

Side A

Signal

Name Function

+5V . Logic power supply
RINT Timer IRQ

PENINT Light pen hit IRQ
TOUCHINT Light pen touch IRQ
VRAMEN Vidco RAM Enable
FCXX Port select
YRAMSEL Video Ram Sclect
Floppy Disc Controller QFC-9

Signal
Name

+5V.
EDL

ETL

ENL
DMACLM

Function

Logic power supply
Enable Daisy Links
Enable This Level
Enable Next Level
DMA claim

Peripheral Enable
Floppy Controller [RQ
DMA cycle grant
DMA request

SCSI Controller Q777

Function

Logic power supply
Enable Daisy Links
Enable Daisy Links
Enable This Level
Enable Next Level
DMA claim
Peripheral Enable
SCSI Controller IRQ
DMA cycle grant
DMA rcquest
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Input or
Output

I/P
O/P
o/p
O/P
I/P
I/P
O/P

Input or
Output

/P
o/P
I/p
O/P
o/P
I/P
o/pP
I/P
o/P

Input or
Output

I/P
o/P
o/P
I/P
o/p
O/P
I/P
o/P
I/P
o/Pp

Source/
Destination

QI33 (IL12)
Q133 (IL52)
Q133 (IL42)
RAM Card 0
Q133

RAM (RAMINH)

Source/
Destination

Floppy ETL"
Floppy & SCSI EDL
GIF (ETL

RAM (DMAC21)
RAM card 0

Q133 (IL72)

Q209

Q209 (REQ2)

1

Source/
Destination

GIF (ETL)' |
Floppy ETL

WP (ENL2)
N/C

RAM (DMAC22)
RAM card 0
Q133 (IL72)
Q209

Q209 (REQ2)




Digital Mother Board CMI1-35

—

Notes

1. EDL outputs of both QFC-9 and Q777 go to ETL input of QCF-9.
Link optioning on the two controller boards dectermines which output
is actually used. QFC-9 output should only be used if no Q777 is
installed. See section X.25.

2. Extra EDL output from Q777 bypasses the QFC-9 and goes directly
to ETL input of GIF card to allow system to be run without QFC-9
card. Currently pin 72A of Q777 is not driven. Sec scction X.25.

Series 111 CPU Interrupt Level Assignments

Processor 1

Level Source(s) o/¢c IRQ input

0 MIDIINT: CMI-28 66A * vy ILOI: DBG 69A

1 TIMINT: Ch. Supp. 76B * y IL11: DBG 70A

2 CHINT: All channels 10B-17B y IL21: DBG 71A

3 P1 [PI: CPU 72A *y IL31: DBG 72A
SMPTE: CMI-28 65A y

4 AlIC: AIC 46A *y IL41: DBG 69B

5 - IL51: DBG 70B

6 - IL61: DBG 71B

7 - IL71: DBG 72B

Processor 2

Level Source(s) o/¢ IRQ input

0 RTCINT: DBG 63B y 1L02: DBG 73A
PERRINT: Q256 46A y

1 LPEN timer: Q219 68A y IL12: DBG 74A

2 - IL22: DBG 75A

3 P2 IPI: CPU 73A y IL32: DBG 76A

4 TOUCHINT: Q219 66A y 1L42: DBG 73B

5 PEN INT: Q219 67A y IL52: DBG 74B

6 Keyboard ACIA: DBG 68B * y IL62: DBG 75B
ACIAs: Q014 57A y

7 DISKS: QFC-9, Q077, 63A y IL72: DBG 76B

Notes

1) * indicates departure from or addition to Series I assignments

2) "y" in the o/c column indicates IRQ outputs which are open
collector and can therefore be wired in paralled with other IRQs on
the same level if desired.

3) Source and IRQ input columns give the¢ name of the interrupt
followed by the card and cdge connector pin number.

4) There is no second Pl interrupt control unit in Series III as there
was on the Master Card in Series 1. Hence the wiring together of
all Channel interrupts.
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CM1-35 Digital Mother Board

Series Il DMA Daisy Chain Assignments

Modification history

Rev 3: Provision for EDL from either Q777 or QFC-9 to QFC
-9 ETL, and provision for EDL direct from Q777 to CMI-
28.

Arbitration between the various devices which can access the CPU
buss via DMA (cycle-stealing Direct Memory Access) is achieved by a
dajsy chain. At present the Series III daisy chains are prioritised as
follows:

Pl: 1. System RAM Refresh (Q133) (EDL gencrated internally)
2. General Interface Card (CMI-28)
3. Waveform Processor (CMI-33)

P2: 0. EDL from either Q777 or QFC-9

0
1. Floppy controller (QFC-9)

2. General Interface Card (CMI-28)
3. Waveform Processor (CMI-33)

4. SCSI Controller (Q777)

Note that (or a given DMA device to work, all higher priority devices
must be present in the system or the daisy chain signals for an absent
device jumpered on the motherboard. The only exception to ) this is the
bypass link from 72A of the Q777 slot (EDL) to the GIF ETL which
allows the system to be run without a QFC-9 simply by linking 71A
and 72A on the Q777 board.

The Q256 DMA Channcls are assigned as follows:

Pl: Ch | SMPTE/MIDI Processor FC4C
Ch 2 Waveform Processor FC4D

Ch 3 Unused FC4E
Ch 4 Unused FCAF
P2: Ch 1 Floppy controller FC44
Ch 2 SCSI controller FC45

Ch 3 Waveform Processor FC46
Ch 4 SMPTE/MIDI Processor FC47
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Audio card cage Block Diagram
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CMI-331 Audio Module Block Diagram
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Audio Module CMI-331

Terminology

WP: Waveform Processor

WRAM: Waveform Ram (2M-14Mbytes)
CC: Channel Card

CCP: Channel Card Processor

CSC: Channel support Card

CPU: Dual 6809 processor system running OS/9
AM: Audio Module CMI331

AMM: Audio Mixer Module CMI334
AR: Audio Rack Assembly

AMB: Audio MotherBoard CMI335
DAC: Digital to Analog Convertor
WB: Waveform Bus

VCF: Voltage Controlied Filter

Active low signals are preceded by a '/’ character.

Introduction
The Audio Module (AM) contains the analog circuitry necessary to
filtcr and control the output from a 16 bit Digital to Analog
Convertor (DAC). A typical CMI system contains eight AMs which are
located in the rear Audio Rack (AR) slots two through nine. (slots are
numbered in Chinese fashion, from right to left looking at the rear of
the CMI).
The AM is supplied with all inputs by the Audio MotherBoard (AMB).
Thesc include:
Power, which is derived from the CMI310;
Data, which is supplied in differential form (rom the Channel
Support Card (CSC); ‘
Clocks, these are supplicd originally from the appropriate Channel
Card (CC);
Control Voltages, these also are supplied by the CC;
Control Signals, these are NON-essential controls which may be
supplied from the Audio Mixer Module (AMM), see later discussion
of control functions for further details.
The only output from the AM is the two audio channels which appear
on the rear XLRs and also go to the AMM via the AMB.

Audio Module Structure
(refer Audio Module Block Diagram)

As can be scen from the above referenced drawing, sixteen bit data
is buffered and latched (by DCLK) on the AM then clocked (by
PCLK) into the DAC. The analog output is then fed through an 1l1th
order 20 kHz low pass [ilter to remove all traces of sampling noise
and aliassing. Note that this filter is ineffective for playback rates
below approximately 44 kHz, ie when samples are played down pitch.
To provide this function for down pitch sounds a fourth order
tracking filter is used. The tracking filter also allows some sound
effects to be created by altering the cut-off frequency as well as the
resonance or ‘Q’' of the filter. From the tracking (ilter the audio signal
is passed through a voltage controlled amplifier which allows control
of the output level, attack and decay of the sound. Finally the signal
passes through a switched mixer (under control of the AMM) which is
capable of mixing the two audio signals present on the AM to form
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CMI 331 Audio Module

form one. This or the scparate unmixed signals are buffered and
output to the rear panel sockets where the signal is compatible with a
600 ohm balanced line.

Control Structure
Control signals for the AM are supplied from two sources.

1) The CC: this supplies the clocks for latching data from the
common data bus and for clocking data into the DAC at the correct
rate. Analog signals to drive the Voltage Controlled Filters (VCF) and
Voltage Controlled Amplifiers (VCA) are derived from control voltage
DACs on the CC.

2) The AMM: this supplies the digital signal to control the two
channel mix (unction as described in section 1.2
The double latching of data into the DAC is necessary to ensurc that
minimum pitch jitter occurs when the data is strobed in. The first
clock is synchronous with the Waveform Bus, giving 4.8uS resolution,
while the second is generated by the CC pitch circuitry whose
resolution is approx 60nS.

Data Receivers and Power Supplies
(refer schematic CMI331-00)

Digital differential data coming in from the edge connector are
buffered and converted into unipolar signals by four MC3486
differential receivers (ICs A-C 13 through 16).

The power supplies are pre-regulated by the CMI310 card which is
connected to the Audio Motherboard. Capacitors Cl through C6
decouple these on the AM.

Reference voltages for the DACS and biasing of the analog switch
is provided by Q1 & 2 and IC B9, R4 & RS protect IC B9 in case of
short circuit. Note that there is no connection between the digital and
analog grounds on this card, therefore if it is powered up while not
plugged into the AMB the result may be damage to the DACs. RI,
D1&2 help prevent this by limiting drift between these supplies. The
AMB has a link between the grounds on the component side between
slots 5 and 6.

Output Buffers and Channel Card Inputs
(refer schematic CMI331-01)

This drawing shows the two output driver ICs and the twenty
connections from the CC. Note the 6 resistors (100R) and capacitors
(InF) for filtering the analog controls from the CC, these replace six
chokes and 0.1uF capacitors from the original rev 1.0 card. If these
capacitors are still 0.1uF the Field Change Note upgrade to replace
these must be performed since filter oscillation and very high
distortion may occur.

Audio output signals are buffered by ICs L2 and L5 (5532) which
are capable of directly driving a 600 ohm balanced line. The 33 ohm
standoff resistors provide higher tolerance of capacitive loads.

Control Voltages
(refer schematic CMI331-02)

The two filter control sections are shown on the left of the page
while on the right the VCA controls are shown,
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Audio Module CMI-331

VYCA gain controls arc calibrated by RV9 and 10 while RVI3 and
14 providc calibration for the +4dBm output level. R12]1 and R123 are
thermistors to compensate for thermal drift of the VCAs. C52 through
C55 limit bandwidth and assist with stability as the op amp has a gain
of less than 1.

VCF control for the ‘A’ half of the AM centres around ICs J1,2 and
L1. Working backwards, J1,2 pins | and 7 supply the control voitages
for the four VCAs within the VCF and RN3 (100 ohm) provides
isolation between VCA control inputs. R62 and R63 give this stage
(pins 1,2 & 3) a gain of | while RN4 (IMcg ohm pins 3 and 4) gives a
dc offset of approx 460mV so that the filter is set to 20Hz 3dB point
with a control voltage of 0V applied.

IC J1,2 (pins 12,13 & 14) has a gain of 6 with R64 giving thermal
compenstaion of cut-off frequency. R34 and 43 divide the 0 to 10volt
control down to approx 0 to 60 mV,

IC J1,2 (pins 8,9 & 10) is used to cause a variation in control
voltage between the 1st and 2nd VCA in each f[ilter stage. This causes
an increase in resonance while not changing the passband cut-off
point,

The 50k ohm trimmer is used to set the resonance so that flat
response is obtained when the control input is set to 0V,

Operation of both halves of the control circuits is identical.

Digital to Analog Convertor and Voltage Controlled Amplifier
(refer schematic CMI1331-03 and 04)

Starting from the left, the sixteen bit data is latched from the WB
by DCLK into the first set of latches, PCLK clocks the data into the
DAC through the second sct of latches, the Two current outputs are
added and fed via a buffer stage to the llth order elliptical filter
which attenuates unwanted sampling noise to -85dB.

Data is clocked into the first stage of latches (ICs D13,14 &D15,17)
by /DCLK through IC AS5,6. The pitch clock (/PCLK) (IC A5,6) clocks
the data into the second latch stage (ICs E13,14 and E15,17).

The DAC converts this data into 2 current outputs which are
converted by IC G12,13 into a voltage of 14Vpeak to peak max at pin
1 of IC G1i2,i3. IC I12 reduces this signal and provides some filtering
before feeding into the 11th order elliptical filter.

The VCA is a current mode device and should be fed with a signal
with 0 dc offset via C45 and R111. Distortion is trimmed with RV12.

The B Half of the circuitry is identical in operation to that just
described.

Voltage Controlled Filter
(refer schematic CM1331-05, 06, 07, 08)

The VCF is a state variable type utilising two voltage controlled
integrators per stage with feedback. Two stages are used to give a 4th
order characteristic. One stage only will be described as all four stages
are identical.
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CS51 isolates any DC component, LI5S pin | is a high pass output. IC
L15 pin 7 is a band pass output and J11 pin | is the low pass output.

R115 and IC J15 (VCA) opcrate as a variable feed in resistor to the
intcgrator formed by IC L15 (pins 5,6 & 7) and C47. Similarly, R114,
IC K15, IC JII (pins 1,2 & 3) and C43 operate as a voltage controlled
integrator.

RY7 and RV8 adjust the symmetry of each VCA for minimal
distortion but have only a minor effect at low frequencies, sce the
diagnostic section for the correct adjustment procedure.

Each op amp stage of the VCF feeds back into a common node at
pin 2 of IC L15. Varying the control voltages to the two integrators so
their (requency response changes alters the output frequency response.

Mixing and YCA Buffers
(ref schematic CM1331-09)

The VCAs are a current mode device, therefore their outputs may
be mixed before buffering. For this purpose a 4053 analog switch is
uscd (note that its power supply is not +-V but +vref and -vref)

The current outputs from the VCAs are fed into analog switch IC
M9,10 (4053) this operates in current mode to switch the signals to IC
L8 (5532) or to mix them into pin 15 of IC M9,10. C57 limits the
bandwidth of the mixed signal to reduce noise power and assist with
the stability when mixing is switched out,

When mixing is not used the currents from the VCAs pass directly
through IC M9,10 and are converted back to voltage signals by IC L8.
For mixing the A and B signals the currents from the VCAs are
switched into a summing node at pin 3 and 13 of IC M9,10 where the
signal is converted back to voltage by R133 and again to current by
R107 and R108. R134 and R135 help improve stability and reduce
noise.

R136 ensures that mixing is off when no control is present.

IC L8 converts the current signals to voltage and drives the output
buffers,

Calibration Procedure

The calibration procedure is fully described in the diagnostic
section of this manual.
This procedure requires a minimum of a 20MHz bandwidth CRO, an
accurate noise,distortion and power meter and a digital multimeter in
addition to other normal tools.

3.2.6 - AUDIO CARD CAGE




Audio Module CMI-331-00

1'd1 ‘:NOISIATY HY ‘NMYHQ
SI2UaIjay adejjon pue
salddng 1amod ‘siajyng eieQq

_ adv g
anoo ’ 1 <J esvoo
LW 0410313

1ICOPNL *2 .
20 ._. .ﬁ (sNig v)
g92d v 1o
oxe e oot ._. 0 H

-3°] (Q¥v09 y3ntowWw 3I3G) O v

av ‘Quvoa SIHL NO ) apver
‘s €13 ._n NOILDIANNOD ON 3IAVH (sNid +)
(33¥A-)b 9 - 7 b9 -0 %591.. anog ¥ OnNov
. T RN A A : : QO 9bvis
2¢€sS VY VY gbvw S
< 3 <] vt (eNid ¥)
4 ‘0dL2373 1o d
474001
0 T €2
5 on v ey
852 NOV ) adv bt
10 arlot ° y <J g»vos
.ﬁ #:. .pixuua o (svid 9)
47001 .
92 + S3
(43uA+)b 9+ %ea%mm
A+ y ) <3 (enid +)
105
WOLIINNOI
39a3
anoas slay viay Ale} 4 ay Lay olav bav |av Lav oav cav +0ov €av zav lov ogvy
s+Q
oY J
Alddng
€ et "
¥ x
98vE€ DWW €1 sl St
-, oU.(o Y,
st 1 si] w] o] o tf 2] st of o] o

819 VI9 4929 VI9 ac9 Ve 8+9 vr9 dS9 ve9 999 V99 GL9 Vi9 989 vE9 Ib9 Vb9 GOL YOL QIL WwIL 9TL VZL G€L Yel 8vL Yl 86L YGL 991 vl
YOLIINNOD 3©a3

C ¢ €

AUDIO CARD CAGE - 3.2.7




CMI-331-01 Audio Module

108
lratoanmod
3903

gl NOISIAZY HY ‘NMYUud

pieD) |puueyd) wol
sinduj‘ssanng ndinQ

/ 907 [D>———— 9N

w02 [S>——— JIN

9l [o>———— oIN

bl [>———— angg ()
agt [D————— an9afaN)
vt [D>—— 2-312d
U CO—————— Z+312d
YL ODO—— L-312d
@9 [OO—————— 1 +3¥72d
va| [O———— 1-3120
as O>——— 1+ w130
w5l O————2- w130
vt C>—— 2+ x12a
vt [ O————— /N

get O———— /N

vet CO———— /N

qu o a-

v [O—————anovy

att [ O>———anov

vil O———— A+

122 022 bID BtD
NN

YYD L] 91D
-

JYi %9 I

T.H

Qo > ] WA,

vot o = WA

a6 > & WA

vb (> 3 VWA

a8 > =W

(ﬂ U 1><h1><b1
U001 >* 9 o

exe
vse A
Ly
p-1-3¢ il El
e o— W\~ T 21
Ly .
G
t L 2€S6S
yee *Te
2 - A~ 27 cLy
oLy Alllllllhh AAAA
2 o1
85y A
bOY
ENE
qw* J.""‘b
Los rrm.
¥EE \ 9
£ A 51
ooty N
[
| L 2ess
gLy L
UEE €
2> YWA—— &1 o1y
- J’(P‘D{bc
//IIIIII/ > -
a9+ LbY
105
N0

zino

{1no

3.2.8 - AUDIO CARD CAGE



Audio Card CMI-331-02

9 Nid
AOLIINNOD
ANIOg 1S3L

AV

9NId
YOLIINNOD
LNIOd 1531

tADY

VAT NOISIATY HY :NMVid

S.dONA%® S.YOA
104 sjoajuon) adeljop

7 ¥G'EQII2LIL SDI
40 dOL NO O3ILNMOW

3YY SL0d QILYNDISIAANN A

N¥NLO)
LIy NO2 i
43¥A 43YA-
ey £IAY 4y
259 mv
| Lo
oviy u"
Rkl 4 w029
2€ss U 9y
*
\ 3 “3Nvd hd(wm
NO Q34v30
Z +t1 Leiy nn—l« J07
e\ - 9 VA zwb“”“’m- TVIA
GE9ALN 21y ae ok
1 ST V¥Vv ( OtA
Al Y
LAY
L1}
uolt
NYNL Ot
LYy 02 Lo
J3YA 43YA-
W ay Loy )
(8]
T_Lns
beid §
YAl 4"
uote
S22ty
€ss U
MG 3NVd dvaY
NO g3LvIOM
‘K IvIA
12 stz NynLOt
FEVALN 271 302
1 p
U ik bAY
G523,
i

vol

b3

a3

ael

a3

00!
INY

(e}
A0S
A —P— A+
TNY
Wit
|
Lves % Ry
eI i
st €0 263y
- AAA AAA
r AA AL Y
M2ZT NS
sy gy
Lyed (¥4 ¥4
+iy
£s€E3d
T %0 N0
/— AAA BlY
o1 ty bty
v 1eeo —lh_.
‘.‘b"‘ ! -
ixoe L1Vl
(%3]
AOL aeBALN Nt
oY 1249 YAA]
%06
A —WNN— As
T
< A"
ixoe ¢ lex2 WL $ bNy
AAA >
\A AL [o]-4.} 9
93y 1NOE WA,
w "‘.‘.q
(§-1.] HE[— pott
ST L N 153y
"1"" - ' ]"‘."‘ - 1."1’1
99y 4 e %22 N9S
‘ g o Lves sy ey
24
9y
—"“"1
MO¢C

‘4‘1‘“

>
4

Wi g
L 4

DNY <

A

AAA

|<><)M.|.<<<f»

—VVV¥V

AR Ts]] 9

COALY S9Y
il

AUDIO CARD CAGE - 3.2.9




Audio Module CMI1-331-03

'dl :NOISIATY HY ‘NMVUd

T _OCCQSU ozam
¢ . Il ou 2
VOA 4dT ZHM0Z' DVva'sayoaie soLy
- H t->12d
LAY
43UA- m 95y hwckuwl.
oty ‘5 1+312d
ALy
o
zmmw ! 98 bE A dyoLv
A —st‘l.
- X120
€ . 'l
9] 2] ¢ 9y
* FELI E« pbi
2 Qb 1+%120
v 300N ¥DA oStz ¥ga Iy Sv2
oA N——AM—{|— v.1n0 1A
3 A8 oyi5373
¥viodig )
eEve % aNoSqg aNoa
oz _o. i _9 ti
A+ 1ADY
IDIAIG FAILISNAS JivisS 5 " 5 o o ocav
4410 v Ag % ] £ ] £ 1oy
a3SSwdAG 39 OL % = T m ol Lsia lo— wav
02z b st SNId - . 153 s : - oy
o b] €L2 |3 9] €Lz [z Mmu
[3 2] ST | 1 U [7)
umz>'ﬂum¢> 3 Si ™ i =—— 9ay
S nea9 It 0 T 5 5 Lav
£ +1bNI TR : =
340U H vd 1422 <o t
vlmﬂu— 9 ~ VJNEOH G+0 _: m (XY
Fald A~ e W olot .
i W g B [n % T 8sgv
s lelv]z IONYHII0LY, to \mﬂ.« L 2 € 7 € bav
id —d . .
24 338 ano Lye™ v 5| vi'el3 o S| vt'cio [¥ .w_.ae.
1n0 o . oLy vhe 0a 3 3 v ED i av
— o -
ving 0 LI-W'H NI . g dds | evus NI 7 (] mw..m o T n........w P .M__n_o“
oNG / 2 lﬁ Gujlanor 1 9 L 9 n aav
7 Y ] b v
€
um-.—| _ T e [} ] ) % T slav
mﬂ— _E —o. ] [e])
As G+d anNoq S+Q aN9g

3.2.10 - AUDIO CARD CAGE



Audio Module CMI-331-04

no

9L 9
Ql1any

Ul 'NOISIAIY HY ‘NMVYQ

(g) ¢ 1puuey)
VOA'4dT ZHM0Z' DVa'saydie

JLOILH vd

A A=

o,

1nO

A 3IA QNO

9-1Q Ns

onog
o T
AFoL+
N e 1-312d
43UA- €l 25Y _ M
A e 4 1+3%19d
dLdy
TS
ot NuNL ot
1\AY 02
19790
v
FETY
A WA Z+A47100
@ 300N YDA osiz *ad ouy 9%°
oA N MA—]|—ainoaoa
] s 9 oy10313
4v10dig
e anNea aNog
oz lov [ low lus
A+ ZADVY \v4
T =5 m 7] € oovY
) 3 £ F; 3 oy
IIIAIA FAIUGNIS JLVLS 7] | b'83 [@ G ©'ed [5 av
471-0 A@ A3SSVYIAG 02 b SI SNIg m b ] 3 B €av
X 3] ez [T 3| ez [T .mmu
ATYAY —] b 5 S o o] SV O
T et o & B m— 90v
o1 R b'89 (¢ 2 4 S ¥ Lav
s _8 g | _o~
b — bl 21noT c+Q ﬁ _yn +Q
1 I
o19L V Vv
WA A z O M
2€ss % PnvyoL%t 0 X sLy i hd [ Ll . I olav
\ D oca1 Y ~ M CIERT | 2t’'olg [@ X
€ 'S < [4 v < v tavy
Ul 0%y 2l +a
] - A2 < evuo LN t ? m......u £ > n%.w L M_.Mu
aNg I 3l Lror t AN Lt Kl Ll
1 13 z < z viav
18y LEI M qg £ slav
uaNNH. _ T 3 5] i ] vi a
M(xce,w m_— __unw.* o__ 1] 02 o.ﬁ
Ob>
“T Av c+q aN9SQ $+0 angd
sdold

€

AUDIO CARD CAGE - 3.2.11




CMI-331-05 Audio Module

Udl ‘NOISIATY HY :NMVYUQ

1 ?38e1g vy |]2uuey)
13114 p3jjoljuor) adeljop

e il | ot 152 ¥ 110
. SALY 3 —
%ol LBY 1 oty oulo32 L4 oigny
TR 4 A Yy10di9
< A-
A- ouy P €7E
%%l 21 Y %ot
Fay GLMY I\ AA c_. N¥NLO2 SLA+ ¢ B8y A-
ey 0§
»oo01 +9Y N¥nLOZ
—AMA—$ 505
=00l LAY
€sed S| o)z v As sl 9 -
33A ANO WAS . 33A QN W4S
te Sty it Esc SLL
¥o49A - ur osiz=ga N AWAA—-— prress osi2*g8a N
. N0 - no
2 8 524 23 sty / D9A x
L € L €
cvo LbD
-4 o,
— /o) NOL
- -, ° AAA
1t \. m.N Ae (—u VY
%52 A+ Jdoee bty
340€€ Vi3
Ly
"‘."‘
o1 MOt
LY
‘.‘."‘
%, 1 XOI

3.2.12 - AUDIO CARD CAGE




Audio Module CMI-331-06

I'a1 ‘NOISIATY HY ‘NMVUd

¢ 98e1g§ Yy |duuey)

)

123j14 p?|jo43uo) agelop

ay
1) %l ~o! ¥
SiLy ¢ F——— voua0a
%ol 98y o 6O1¥  O¥id313
QALY € - Yvodig
¥ Nid A ooy & A A- €rE
YOLIINNDOD
iriod %t sAd %%l
1534 \w SR _ u_.a,x_. NanL02 GLY S GbY A-
gbM ) A0G cey NN 02
vV >t
1 COoI SAY os
€sed? s| ol2] #l s E5€3 slejal v €54
LeY 13A GNO WAC . 33 AND  WAS A+
w022 MG Ol'bH obd ol'bl TRy
sase e osizxag M < 8t 0SI2X80 il — ada ar
Z - Lno ' osaw - Lno e |
v 1NO #DA ) 9| 59 53 8l 29A 23 I
L € T 3
ved
(R -2n] T o4t ok
il % -ﬂ-ﬂ vy
CR +
. n,u: A sdoece A ves (A%]
y w3
adogg
vbY
‘.‘»"‘
%1 NOt
ZbY
""‘.‘
Yol MNOL

AUDIO CARD CAGE - 3.2.13




CMI-331-07 Audio Module

Udl NOISIATYH HY :NMVUQ

[ °8e1g g |puuey)
19]j14 p3jjosjuo?) Idejjop

o
% 3
SHiy 9
ﬂ- 9EY @
GYiy A= A
A- GEY
% %!
FaN 6L w_u + 33 w07 St m m
oY ] Yo¢ 4
700 €AY 2% +ua
Mool
S 9 » Ab »
33A M.mu WA ni GND  wAg
+d .
0612 %80 APA ed 513 AAA

NI WA—p— 0617 X80 py T AAA-
1nQ oy - " SLAYy
A 23 SLiv 2 TIA >3 &2H

L ! 3 €

il %t

% &7
%52 A 490€¢ A a3
490€€ 923 €29

3.2.14 - AUDIO CARD CAGE




Audio Card CMI-331-08

1'91 ‘:NOISIATY HY ‘NMYUJ

¢ 98e1g g [suuey)

193j14 pa|josiuo?) asejjon

T Nid

HYOLDINNOD
LiNtOd
13t

21|
y022

9 L0O 4DA

o
%t | ot 92
suLy 2 b———— 983433
ol esy 2 LY o0wW1D373
SYLYy Jv1odIg
A= bad A- mn.\n
®/ol AN “tol
A SLY 95y Nyl o2 SLY Q LSY A-
o9y HOS
oot tey NHALOZ
VVVYV NOS
Z-{Fa xool IAY
sl sl +| Ae sl o] 2 ¥ €scdN
33A ano WAS coy \4 ¥3A GND WAS Ab .
S'vL R ey
osiex8a N WAA—1- 14 OSI1Z X80 A 14 s
Lno ST . N0 Vogeaw | ©
8| ooa o3 8] oo J3 ‘I
L € L €
L2?
82d it %l OL
““’ c\o ﬂN A+ nﬁu 1)1)1)1
*6-2 A+ av3 FLY-T-X+ €y
1doec
Sty
WW——— ¢
% | MNOI
avy
WWA
%%t 20l

AUDIO CARD CAGE - 3.2.15




CMI-331-09 Audio Module

Udl ‘NOISIATY HY ‘NMmvia
fye 4 3uiuuey

Z 1LnQ

1d0z2

t LNO

(Toy1NOD) o (ho¥inoD) S
Ltos tos b x
Ly o1 o1 b W E vit o_.re” re 8 300N YDA
€s0P €A R st m. €S0+ €4 A
&
goty ¢ ] o0 $ 3
LAy 3 Sely
p
KR S
2655 % p Oty
\ aNoVv . = gN9
I AJHUA- - FIA
_ 338A ¢ 3 DIA
€SOv OL Alddns .
Lot
4 WW ovn.% st
LAy 2 - N
Loy § ecly (rous :wwv uf A
vy ot'btN |9
€sov y oo ¥ 300N v2A
1l
adogg! 2l
teo

3.2.16 - AUDIO CARD CAGE




Block diagram... . ertrnesseerrannces verresee 3.3.2

INtroduction...einiinniccnneneeninsesesssnnneseens veveeseanns 3.3.3
Analogue signal chain... .- tesseeserrrnssaanens 333
Mode selection....... . . rereeesernsessensennes 3.3.3
Clocks and control......iiicneceerenenrnennnsseesssoioseesessenns 3.3.3
Input preamps and low pass filters.....ccrreneeeererennnen. ceenene 3.3.4
Track and holds........cceueunneee eesennisissnnnesnnans teeteeresantssssnranasas 3.3.4
Channel multiplexing and

the analogue to digital converter.. . 3.3.5
Control crereeeeresenannes .3.3.5
Control word bit definitions vernenee 3.3.6
Bit 7 bypass low pass filters e 3.3.6
Bit 6 sample control . . ceeee 3.3.7
Calibrating the CMI-337 ADC card (Rev.3)....cccueuuenee e 3.3.7
The three modes of operation of the ADC................... e 3.3.8
Schematic diagrams - .3.3.9
Timing diagram... . . . ... 3.3.14

AUDIO CARD CAGE - 3.3




CMI-337 Stereo ADC

mo / ug
syd0[) Blvg

oy 18138

yaeq
FRETE Y RYITES

yney

slid
133[3§ apopy

A

|14 sseq
L 1) {114

FRE R RYITT

JLAL [onue)
ujed 18131

dwedird

- —— — — . — ———— — — —

paivjos]
Aneando
PIOH
pus
aldweg
A J
123324000 (311
o1 3oqruy h 4
119 91 PI°H
pue
dwug

HOLIMS
DOTVNY

weaSeiq ddojg HQV 02491

211d ssed
MO ZYY0T

dwealrd

1331

1HOIY

3.3.2 - AUDIO CARD CAGE




Stereo ADC CMI-337

Terminology

WP: Waveform Processor

CC: Channcl Card

ADC: Analog to Digital Converter

TH: Track and Hold

MDAC: Multiplying Digital to Analog Converter
LPF: lowpass filter

Introduction

The Stereo ADC is the means by which real sounds are digitized to
16 bits into the Series III CMI. It connects via an optically isolated
serial link to the WP and is situated in the Audio rack. The sampling
rate is determined by the pitch set on side A of CC 1. The ADC
operates in mono, stereo and in a filter bypassed high speed mono
mode. Mono and stereo allow sample rates to approximately 50k and
the unfiltered mode allow rates to approximately 100k. The mode of
operation and the input level is controlled by a 16 bit word in the WP
address space. Data from the ADC is read from a 16 bit location in
the WP address space.

Analog signal chain

The sterco balanced inputs are converted to single-sided signals in
the first gain stage and then fed through MDACs, for software gain
control of the sampling level. For best performance, the user should
always select the maximum level which will not cause clipping. Anti-
aliasing low-pass filters are fixed at 20kHz. The stereo channels are
then fed through two Track and Holds running out of phase with each
other. That is, when the right is in hold mode, the left is in track
mode. The output of the track and hold that is in hold mode at any
one time is feed to the input of the ADC via the an analog switch.
The switching between track-and-holds occurs at the sampling
frequency.

Mode selection

A 16 bit control word on the CMI-337 is used to control the
selection of mono and stereo sampling, the input level, and the
bypassing of the fixed lowpass filters. The mono/sterco mode bit is
also used to synchronize the receiving of the right and left samples
by the WP software when in sterco mode. This occurs before a sample
actually starts being read by the WP. It is occurring continuously when
the level meters on the sampling page are being processed.

Clocks and control

The ADC nceds a 1.78MHz clock to operate. The other timing
signals come into and out of the CMI-337 via the optically isolated
interface. This interface consists of current drivers on output signals
and opto isolators on input signals. The ADC chip itself generates the
clock signals to load the 16 bit data into and out of the WP. These
clocks occur in 16-pulse bursts when the ADC is given a start
conversion command. The start conversion command is generated from
the rising edges of the clock originating from Channel Card I, side A
which is transmitted to the CMI-337 through the optical link from the
Waveform Processor.

AUDIO CARD CAGE - 3.3.3




CMI-337 Stereo ADC

Input preamps and low pass filters
{ref schematic CMI1-337-01)

Low noise NES5534 amplifiers are used to reccive the balanced
inputs and make them single ended. These input amplifiers have a
gain of 3.8 and 18 volt supply rails to allow them to handle inputs
with lcvels ranging from +4dbm to -10dbm.

The input stages then drive the reference inputs of AD7524 MDACS
via large capacitors to rcmove and DC offset. The MDACs allow
software control of input signal attenuation by multiplying the input
signal by the number from the WP. The Digital attenuation value
comes from the most significant 8 bits of the CMI-337's control word
at A7 via isolating RC nctworks.

The output of the right channel MDAC goes to both a fixed low
pass filter and a resistive attenuator. One of the two outputs are
sclected by a relay whose lunction is to allow the fixed filter to be
bypassed in high speed mono sampling mode.

The output of the left channel MDAC goes only to a fixed lowpass
filter.

The fixed 11th order lowpass [ilters have a corner frequency of
20khz and passband gain of one half. To get the best noise and
distortion performance, the input levels should be about 3 volts peak
to peak.

In high speed mono sampling, the output of the right channel's
MDAC is fed into both channels of track-and-hold and the fixed low
pass filter is bypassed.

The last stage in each channel is an amplifier with a gain of 4.7 to
bring the level up to that needed by the ADC of 10 volts peak to peak.
This stage also has a DC servo feeding from the outputs of the track
and holds to null DC offsets in each channel. The DC servo is
basically an inverting integrator with a long time constant that
genecrates a DC offset crror voltage that is fed back into the gain
stage. The cancelling of DC between the two channels is important in
the high spced mono sampling mode. In this mode, alternate samples
come from alternate track-and-holds, so that any DC offset between
the two will result in severe distortion as every second sample would
be displaced from its correct level by the offset.

Track and Holds
(refer schematic CMI-337-02)

The track-and-holds are constructed around high current drive
voltage followers, an analog switch, a polystyrene capacitor and a
JFET input opamp buffer. When the switch is closed, the voltage on
the 2n2 capacitor follows the input signal. When the switch is open the
voltage on the capacitor is held.

The hold control inputs are clocked on opposite phases of the clock
from the WP, divided by two by D10 so that when the right track-and-
hold is holding, the left TH is tracking.
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Stereo ADC CMI-337

Channel Multiplexing and the Analog to Digital Converter
(refer schematic CMI-337-03)

The same signal that switches the track-and-holds also switches the
analog switch at F8. The track-and-holds arc continuously multiplexed
into the JFET buffer at H10. The Track and Hold that is currently in
Hold mode is always multiplexed to the input of the ADC.

Even in Mono mode, when only the right channel input is
converted, the multiplexing still takes place.

The ADC is the Matsushita MA6206. On receipt of a start pulse, the
ADC does a succesive approximation conversion on its input signal.
This results in 16 clock pulses and data bits being generated and
shifted out of the CMI-337 to the WP.

The power supply for the CMI-337 is completely isolated from the
rest of the CMI with only a ground tie resistor between the two . On
card regulators couple the three DC supplies to the on board
components. '

Control
(refer schematic CMI1-337-04)

The same clock used to clock the ADC data into the WP is used to
shift data from the WP into the control latch on the CMI-337. The
ADC clock output consists of 15 normal pulses followed by one
truncated pulse of only 100nS, for each conversion cycle. This last
pulse is too short to send over the opto-isolated link so the ADC clock
out is used to fire a monostable, half of C!l, whose output is cabled
to the WP as the data clock.

This clocking occurs each time a conversion is done. The data from
the WP is latched into output latches in the 74LS595s by the end of
conversion signal generated by the ADC, (the same occurs at the WP
with received ADC data).

The most significant 8 bits of the contro! latch are used to control
the Audio level. The next two bits are used to select Cfilter
bypass/mono mode and mono/stereo mode.

The conversion rate clock and the serial data from the WP are
received at B10 by a high speed optoisolator. The data goes into the
data input of the 16 bit control register, at A7 and B9.

The Start Conversion clock goes into a divide-by-two stage at DI0
and a multiplexer formed from 3 gates of the NAND package at DII.
The multiplexer is used to send either the direct conversion clock or
the divided by two conversion clock to the ADC start pulse generator,
formed around EIl and Fl1l. This generates a start conversion pulse
on every rising edge presented to it.

The half of D10 that feeds pin 5 of DIl is used to synchronize
mode changing with conversions.

In mono mode, the divided by two signal is selected to make the
ADC do a conversion only when the right channel input is present at
the ADC input.
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CMI-337 Stereo ADC

In sterco mode the direct clock is used, so that the right and left
channcl inputs are converted in turn.

In high spced mono, both clocks are used as in stecrco but the right
input is connected to both track-and-holds.

Remember that the conversion clock is a square wave that drives
the track-and-holds in anti phase, and selects the Sample and Hold
that is currently in hold mode to the ADC. The ADC always has a
signal at its input that is being held by one of the Sample and Holds.

Before the selected conversion clock is fed to the start circuit, it is
fed into a delay to allow the analog circuits to settle before starting
the conversion. This is most significant on low level signals, as it is
the most significant bit that will be corrupted on conversion. The
result being something resembling cross over distortion. The effect is
most significant on small amplitude signals, as the overshoot generated
when the analog multiplexer swithces is small, but of greater
amplitude than the signal being converted.

The master oscillator is made around inverters Gl1 and the 3.57MHz
crystal. This is divided by two to clock the MA6206 and the start pulse
gencrator.

The TTL control signals from the MA6206 are converted to currents
via the diode and resistor nctworks coupling them to the edge
conncctor and socket.

Control Word Bit Definitions
The control word has the following bit definitions

Bit Function

15 most significant bit of preamp attenuation

14

13

12

11

10

9

8 least significant bit of preamp attenuation
7 bypass Low Pass Filters
6 sample mode control

5 n/c

4 n/c

3 n/c

2 n/c

1 n/c

0 n/c

Bit 7 Bypass Low pass filters

This bit does 2 things. It bypasses the 20 KHz LPF and connects the
output of the right channel preamp into both sample and holds, to
allow mono sampling at greater than 50 KHz. Sampling at greater than
50KHz in mono can be done without switching this bit, but at the
expense of reduced capture time for the track-and-hold and hence
increased distortion.
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Stereo ADC CMI-337

Bit 6 Sample Control

This bit selects whether the ADC doces every sample or ¢very second
sample.

Every Sample is uscd [or mono at grcater than 30KHz with the
filters switched out or stereo.

Every second sample is uscd [or mono sampling at less than 50KHz.

With the Channel card pitch set at P, then the sampling frequencies
and modes will be:-

Bit 7 Bit 6 Result

0 0 Stereo sampling at P/2 per channel.

0 | Mono sampling at less than 50KHz at P/2.

l 0 Mono sampling at greater than 50KHz at P.

| 1 Mono sampling at greater than 50KHz at P/2. (Invalid)

CALIBRATING THE CMI-337 ADC CARD (Revy 3)
CHI1 means channel 1 of the CRO
CH2 means channel 2 of the CRO
all triggering is done on channel I.

Connect the card to cither a waveform processor or test card. This
will generate the square wave that is used to start conversions.

Belore data can be read from the ADC, 2 trim pots on the 74LS123
at C!1 must be set.

1. Start-Conversiorn Pulse Delay

Put CHI on Cl11 pin 10. Put CH2 on Cl1 pin 5 and adjust RV2 so
that there is a high going pulse approximately 1.5 microsecond long.
This will now allow the ADC to receive convert commands via Fl1l
pin 9.

2. Data Clock Pulse Length

To allow data to be transmitted from the ADC card, Trimpot RV
must be calibrated.

Put CHI on F1! pin 9. Put CH2 on Cl1 pin 4. Adjust RV1 so that
the pulses on CH2 are 50% duty cycle.

This adjustment is needed to stretch the last pulse from the ADC to
allow it to be sent down the current loop.

At this point the CMI-337 should be able to run with the CMI
software. Messages such as "Sample fault” mean that the above
adjustments haven't been made, that there is no power to the CMI-337
or that the CMI-337 is not plugged in correctly.

AUDIO CARD CAGE - 3.3.7




CMI-337 Stereo ADC

The 3 Modes of Operation of The ADC

MONO MODE (50K hz or Less)

RIGHT INPUT
BALANCED + D>— Sample
and 16 BIT
IN Preamp 0Khe [P Hold » ADC
-3 LPF (S/H)
Software Gain
Control
STEREO MODE (UP TO 50Khz A Channel)
RIGHT + D>—f
Preamp 20Khz —P S/H
- —
16 BIT
ADC
[
>IN
Preamp 20Khz —H S/H
LEFT - ——
Gain Control
MONO MODE (Greater Than $0Khz)
RIGHT
INPUT + 20—
Preamp r——ﬂ S/H
-)——-‘
16 BIT

ADC
S/H
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Stereo ADC CMI1-337
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CMI-332 MIDI Module

CMI-332 MIDI Support Card

This circuit board contains the analog circuitry required for the
[/O for MIDI. There are 3 MIDI inputs (A, B & C) and 4 MIDI
outputs (A, B, C & D) all through DIN sockets. There is provision for
a fourth MIDI input (D), this connects to the 9-way cable to the
Fairlight keyboard. The MIDI 1/O circuitry is the standard current
loop drivers (open-collector buffers 7407 (C8,C9) and receivers (fast
opto-couplers PC900 (A11,B11,C11,D11)).

There are two other output (5-pin DIN) sockets. One is the CLOCK
output, containing the CLOCK, RESET/START and RUN/STOP TTL
compatible signals. This CLOCK output is designed to control Roland
drum machines, etc. The other is the multiple SYNC output. A click
or sync signal received through the CLICK input is fed to the 68B40
Timers (sce above). The outputs are connected to the DIN socket
driven by open-collector buffers. You will notice that the SYNC out 4
signal is the same as that of the CLOCK and of CLICK out.
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CMI1-332 MIDI Module

Pin Connections for the 26-way Connector

(between the CMI-28 and CMI-332 and CMI-333)

MIDI out A.

+5 volts,

MIDI in A.

SYNC out 1.

MIDI out B.

SYNC out 2.

MIDI in B.

SYNC out 3.

MIDI out C.

Digital Ground. -

MIDI in C.

Digital Ground.

MIDI out D.

RESET/START.

MIDI in D.

RUN/STOP.

Pin SMPTE code in,

Pin Digital Ground.

Pin 19 SMPTE code out,

Pin 20 CLICK out; SYNC out 4.

Pin 21 CLICK in,

Pin 22 (CMI332-3) Analog Ground.g (CMI28) n/c.°
Pin 23 (CMI332-3) +15 volts.# (CMI28) CPU Halt switch.*
Pin 24 (CMI332-3) -15 volts.# (CM1I28) Digital Ground.*

Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin

Gt femn Gmm G s S G s
O VO EWN OV ION W & WA —

Pin 2§ (CMI332-3) n/c.# (CMI28) CPU Reset switch.*
Pin 26 (CMI332-3) n/c.¢ (CM128) Digital Ground.*
Notes:

# - these connections are on Audio Rack only.
* - these connections (from the CMI28 board anly) are for debugging purposes only. If two push-button switches are

connected between pins 23 & 24 and pins 25 & 26, they can be used to manually halt and resst the 68K processaor,
respectively. ‘

AUDIO CARD CAGE - 3.4 .4




Description....... . - veenee 3.5.2

Pin connections for 26 way connector........ceececcersecsnrnnens 3.5.2

Circuit diagrams.... . reverersssrranaresserse 303.3

AUDIO CARD CAGE - 3.5




CMI-333 SMPTE Module

Introduction

The SMPTE input has a balanced line receiver. The signal is then
liltcred and converted to TTL compatible signals through the LM311
comparator. The SMPTE out signal is converted from a TTL to a
balanced line signal. The SMPTE in and out signals are rececived and
transmitted via two 3-pin XLR sockets.

Pin Connections for the 26-way Connector
(between the CMI-28 and CMI-332 and CMI-333)

Pin 1 MIDI out A.
Pin 2 +5 volts.
Pin 3 MIDI in A.
Pin 4 SYNC out 1.
Pin 5 MIDI out B.
Pin 6 SYNC out 2.
Pin 7 MIDI in B.
Pin 8 SYNC out 3.
Pin 9 MIDI out C.

Pin 10 Digital Ground.

Pin 11 MIDI in C,.

Pin 12 Digital Ground.

Pin 13 MIDI out D,

Pin 14 RESET/START.

Pin 15 MIDI in D,

Pin 16 RUN/STOP.

Pin 17 SMPTE code in.

Pin 18 Digital Ground.

Pin 19 SMPTE code out.

Pin 20 CLICK out; SYNC out 4,

Pin 21 CLICK in. .

Pin 22 (CMI332-3) Analog G;ound.# (CMI28) n/c. ]
Pin 23 (CMI332-3) +15 volts, (CMI28) CPU Halt switch.

Pin 24 (CMI332-3) -15 ;olts. (CMI28) Digital Ground.
Pin 25 (CMI332-3) n/c. (CMI28) CPU Reset switgh.
Pin 26 (CMI332-3) n/c.® (CMI28) Digital Ground.
Notes:

# - these connections are on Audio Rack only.

* - these connections (from the CMI28 board only) are for debugging purposes only. If two
push-button switches are connected between pins 23 & 24 and pins 25 & 26, they can be used to
manually halt and reset the 68K processor, respectively.
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SMPTE Module CMI-333-00
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CMI-333-01 SMPTE Module
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CMI1-334 Audio Mixer Module

Terminology

AM: Audio Module

AMM: Audio Mixer Module
AR: Audio Rack

AMB: Audio MotherBoard

Introduction

The Audio Mixer Module (AMM) provides a fixed 16 channel into |
mixing facility for the Audio Rack (AR) assembly. It also provides the
latches for controlling the facility to mix the A and B halves of the
Audio Modules (AM), It is not cssential to the operation of the CMI
and may be left out if desired.

Mixing .

The signals to be mixed are received as differential analog inputs
from each channel. They are buffered and converted into unipolar
form before being mixed and again buffered for output on an XLR
typc connector. This mixed signal is also sent to the CMI310 power
supply and headphone amplifier where it is used to drive the
headphone output. The output from the mixer to the CMI3I10 is
connected electrically to both slots 10 and 11 of the AMB. If two
mixer modules are present then the signal level to the headphones will
be mixed but reduced in level. Note that, since the CMI334 is mono,
both left and right signals to the headphones are connected together.

Controls

The AMM contains two eight bit latches, level shifters and address
decoding logic to provide control signals to each AM. These signals are
uscd to mix the A & B half of the module so that the channel card
may pan between each voice.

Buffer Circuitry and Mixing
(refer schematic CM1334-00, 01,02)

The incoming differential signals from ecach voice are buffered by
op-amp DI, D3, D4, D6, D7, D9, DI0 and DI2. These operate in a
standard diffcrential receiver format with some high frequency roll-
off and stability provided by the 220pF capacitors.

Mixing is accomplished by the 16 10K ohm resistors feeding into the
virtual earth current node of IC Bl pin 2. The 220 ohm standoff
resistor provides some isolation from the relatively large capacitive
load seen by pin 2. IC Bl is bypassed from pin 1 to 2 by a 470pF
ccramic cap which reduces the bandwidth (and hence noise power)
and also slugs the amplifier to a gain of 0 at high frequencies. The 1K
ohm resistor in series with the 10K give a gain of just over 1 for
normal mixing conditions. Switch 1 bypasses the 10K ohm for large
signals so that output clipping may be avoided. It can also be used to
reduce signal level into mixing consoles or amplifiers with insufficient
headroom.

IC B2 is a 5532 type which may directly drive a 600 ohm balanced
line in differential form. Note that 33 ohm standoff resistors are
included in the feedback path reducing the output impedence while
improving the stability with a capacitive load.

3.6.2 - AUDIO CARD CAGE




Audio Mixer Module CMI1-334

Two K ohm resistors arc fitted to Rev 3 boards and also to Rev
2.1A to allow two mixer modules to be inserted into a CMI without
damage. If these resistors are missing then the appropriate FCN should
be performed. They are installed in scries with the output signal to
cdge connectors 2 and 3 sides A and B.

Control Circuitry
(refer schematic CMI1334-03)

IC A9 (74dHC138) dccodes the lower address bits from the dcbug
card PIA providing outputs so as to cnable the latches (IC's A7 and B7
4099’s) when 0O or 8 is presented. These signals and the higher bits are
level shifted by IC B9 (4504) and fed to the latches. These further
decode the higher bits and latch the state of bit 7 for output to the
Audio Modules.

ICs A7 and B7 are bit addressable latches in which bit settings
‘map’ the PIA data to channel selections for mix control signals.

The LM3I17T provides the regulated 7 volts for driving the level
shifted controls.

The rev 3 circuit card differs only in that it has sixtcen LEDs added
and a 16 pin socket for case of testing the control circuitry. The LEDs
indicate a control line is active.
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CMI-334-00 Audio Mixer Module
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CMI-335 Audio Mother Board

Terminology

WB: Waveform Buss

WP: Waveform Processor CMI-33

WRAM: Waveform RAM (1 to 7 cards each 2Mbytes) CMI39
CC: Channel Card (8 uscd per system) CMI3I

CSC: Channcel Support Card CMI32

AM: Audio Modulc (8 cards used per system) CMI-331
AMM: Audio Mixer Module CMI-334

MIDI CARD: CMI-332

SMPTE CARD: CMI-333

SAMPLER: CMI-337

SHIELD: CMI-336

DEBUG CARD: Q133

SMIDI BOARD: CMI28

AMB: Audio MotherBoard

Introduction

The Audio MotherBoard (AMB) is the central interface between the
digital part or computer of the CMI and the audio output stage.

The audio circuitry receives all its power supplies and signals from
this card. The cxception is, of course, the Audio outputs and the MIDI,
SMPTE and Sampler interfaces to the outside world.

The AMB is located in the centre of the CMI facing in the opposite
dircction to the Digital motherboard.

Structure of the Motherboard

The AMB is structurcd so that most connections of audio signals are
accomplished without the nced for hand wiring as in the Series II
machincs. The board is set up with thirteen slots into which plug the
various modules for interfacing to the outside world. A modular
arrangement was used to allow the required equipment to fit while
still allowing case of servicing and upgradcability. The power supply
from CMI3I10 is via a multi-way power cable soldered direcily to the
board. The digital five volts is connected directly from the digital
motherboard to the five volt buss on rev 0, | and 2 boards while rev 3
and 4 have a five amp fusc mounted on the AMB and solder pads for
the cables.

Starting at the right hand end of the AMB is slot 1 which holds the
Sampler card for sterco input. The next eight slots are for the eight
Audio Modules (AM) followed by two slots (10 & 11) for mixer
modules and two for the MIDI and SMPTE modules (12 & 13).

Cables to supply these cards are connccted via IDC type mass
termination connectors at either ¢end of the AMB.

The digital and analog grounds have their only direct connection on
the CMI-335 between slots 5 and 6. Both grounds are scparately bussed
to cach slot.

Interconnection Structure

Slot 1 (Sampler CMI-337) is connected to its own power supply from
CMI310 via the power cable, signals are connected via a ten way cable
to thc Waveform Processor (WP).

Slots 2 through 9 are¢ for Audio Modules. The Audio Modules
conncct to the motherboard via two edge connectors, one a double
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Audio Mother Board CMI-335

sided thirty-four way device (68 pins total) for those signals which are
bussed along the motherboard and the second a double sided thirteen
way conncctor (26 pins total). This connector is an edge to cable IDE
type connector which allows the signals from the CC to connect
dircctly to the AM without going via the AMB first. Since the two
conncctors are in line with one another they are considered to be one
edge connector split into two sections. This allows unambiguous
labelling of the AM edge fingers. To satisfy the physical positioning
of the two edge connectors the same numbering pattern used in the
digital card cage is used here, i.e. The edge connector is numbered as
if it were a 78 way double sided device with the solder side labelled
as the A side and the component side as the B side, the IDE type
conncctor occupying fingers 8 A and B through to 20 A and B, the 34
way connector then occupies fingers 45 A and B through to 78 A and
B.

The above numbering system is used everywhere with any exception
specilically noted.

The AM slots reccive data, power and digital control lines and
output audio for mixing purposes via the 34 way connector. The flat
ribbon cable connected to the IDE connector carries power from the
AM to the CC, data clocks, and analog control voltages in the reverse
direction.

Slots 10 and 11 are for mixer modules which are optional devices.
Each CMI is shipped with a CMI-334 basic mixer module which is
primarily for hcadphone and monitoring purposes. Slots 10 and 11
differ in that the control function outputs from the mixer modules are
connected on slot 11 but not on slot 10. Two reasons exist for this, one
is that if two modules are inserted then both would conflict on
driving the mixer lines, the second reason is that by positioning the
mixcr in slot 10 the AMs are sct so that no digital control signals (i.e.
mix) are active,

Slots 12 and 13 are for the MIDI and SMPTE support modules.
These may be inserted in any order since these slots have no electrical
difference. The MIDI and SMPTE cards, and the mixers, connect via a
double sided 48 way edge connector (96 pins). The main connections
are to the CMI-28 SMIDI card and to the power supply. Note that the
MIDI connection to the FAIRLIGHT music keyboard is routed in an
unusual fashion, this is to avoid additional cabling within the CMI.

Circuit Description

The AMB is mainly an intcrconnection device for various signals
uscd in the audio section.

Looking from the component side, in the top left corner the 34 way
flat cable connector which carries the 16 bit data from the waveform
buss in differential form is located. This data is bussed along slots 2
through 9 for the AMs. The 10 way ribbon cable connector, located at
the bottom right corner of the AMB near slot 1, is for the Sampler
signals to the waveform processor.

On the left hand end of the AMB are 3 ribbon cable connectors, the
Dcbug cable (J1) , the MIDI cable (J2) and the headphone output cable
(J3). These connect to the Dcbug card, the MIDI card and the CMI310
power supply beard respectively.

W AUDIO CARD CAGE - 3.7.3




CMI-335 Audio Mother Board

Slot Schedule

Each slot is listed below showing the connections available from the

AMB.

Slot 1: Stereo ADC.

Side A
Pin

20
17
16
15
14
13
12
11
9,10
7,8
5,6
34
1,2

Side B

Signal
Name

MUTE
-DATA
+DATA
-SAMPCLK
+SAMPCLK
DATAOUT
CLKOUT
EOC
DSGND
+9V

=20V
ASGND
+20V

Signal
Name

DSGND
+9V
-20V
ASGND
+20V

Function

power on mute

data from WP

data from WP

start conversion pulse
start conversion pulse
data to WP

bit clock to WP

end of conversion
digital gnd

+9V sampler supply
-20V sampler supply
sampler analog gnd
+20V sampler supply

Function

digital gnd

+9 sampler supply
-20V sampler supply
sampler analog gnd
+20 sampler supply

Source

various
CMI33
CMI33
CMI33
CMI33
CMI337
CMI337
CMI1337
CMI337
CMI310
CMI310
CMI310
CMI310

Source

CMI33

CMI310
CMI310
CMI310
CMI310

A polarising key is fitted in place of fingers 39A and B
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Audio Mother Board CMI-335

Slots 2 to 9

These signals are bussed.

Pleasc see text for description of numbering system used for edge
fingers.

Side A

Signal
Pin Name Function Source
77,78 D+5 . digital 5 volts CMI35
76-61 DO+ to D15+ 16 bit WB data + CMI32
59,60 DGND digital gnd CMI35
58 polarizing key
56,57 spare
55 MUTE mute control various
53,54 +15V regulated +15volts CMI310
51,52 -15V regulated -15volts CMI310
48-50 AGND analog gnd CMI3I0

Note 1: data to the audio modules is differential with + and - on
opposite sides of the edge connector.

The following are signals which arrive at slots 2 through 9 via IDE
type cable to edge connectors, cach CC connecting to its corresponding
AM (slot 2 from CC 1,.. slot 9 from CC 8).

20 n/c no connection CMI31
19 DGND 2 digital gnd CMI31
18 PCLK-22 pitch clock 2 CMI31
17 PCLK-1 2 pitch clock 1 CMI31
16 DCLK-Iz data clock 1 CMI31
15 DCLK-2 data clock 2 CMI31
13,14 n/c no connection CMI31
12 AGND analog gnd CMI331
11 +15V3 +15volts to CMI31 CMI331
10 RESI s resonance control CMI31
9 VCF1 s filter control CM1I31
8 VCAl VCA control CM131

Note 2: PCLKs and DCLKs are differential with + and - on opposite
sides of the connector. Two differential pairs of each for two
channels on the AM.

Note 3: Two sets of RES, VCF and VCA on opposite sides of the
connector for the Two channels of the AM,
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Side B

Pin

77,78
76-61
59,60
58

55-57
53,54
51,52
48-50

Signal
Name

D+5

DO- to D15-!

DGND

+15V
-15V
AGND

Function

digital +5 volts
data 0 to data 15 -
digital gnd
polarizing key
spare

regulated +135 volts
regulated -15 volts
analog gnd

Source

CMI35
CMI32
CMI35

CMI310
CMI310
CMI310

The following are signals which arrive at slots 2 through 9 via IDE
cable to edge connectors, each CC connecting to its corresponding AM
(slot 2 from CC 1,.. slot 9 from CC 8).

20
19
18
17
16
15
14
13
12
1
10
9

8

n/c

n/c
DGND
PCLK+2
PCLK+1
DCLK+!
DCLK+2
n/c

-15Vv
AGle)
RE823
VCI-'23
VCA2

~N W

[ )

no connection

no connection
digital gnd

pitch clock

pitch clock

data clock

data clock

no connection
-15volts to CMI31

analog gnd to CMI31

resonance control
filter control
VCA control

CMI31
CMI3I
CMI31
CMI31
CMI31
CMI31
CMI31
CMI31
CMI331
CMI331
CMI31
CMI31
CMI31

Signals which are not common or bussed are described below.
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Slot 2
Side A
Pin

47

46

45
Side B
Pin

47

46

45
Slot 3
Side A
Pin

47

46

45
Side B
Pin

47

46

45
Slot 4
Side A
Pin

47

46

45
Side B
Pin

47

45

Signal
Name

CONTROLI
AUDIOI+
AUDIO2+

Signal
Name

CONTROL2
AUDIOI-
AUDIO2-

Signal
Name

CONTROL3
AUDIO3+
AUDIO4+

Signal
Name

CONTROLA4
AUDIO3-
AUDIO4-

Signal
Name

CONTROLS
AUDIOS+
AUDIO6+

Signal
Name

CONTROLS6
AUDIOS-
AUDIOG6-

Audio Module 1

Function Source

audio module control 1 slot |1

channel | audio + CMI331]
channel 2 audio + CMI331
Function Source

audio module control 2 slot 11
channel I audio - CMI331
channel 2 audio - CMI331

Audio Module 2

Function Source

audio module control 3 slot 11

channel 3 audio + CMI331
channel 4 audio + CMI331
Function Source

audio module control 4 slot 11
channel 3 audio - CMI33]
channel 4 audio - CMI331

Audio Module 3

Function Source

audio module control 5 slot |1

channel 5 audio + CMI331
channel 6 audio + CMI331
Function Source

audio module control 6 slot 11
channel 5 audio - CMI331
channel 6 audio - CMI331
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Slot 5
Side A
Pin

47

46

45
Side B
Pin

47

46

45
Slot 6
Side A
Pin

47

46

45
Side B
Pin

47

46

45
Slot 7
Side A
Pin

47

46

45
Side B
Pin

47

46
45

Signal
Name

CONTROL7?7
AUDIO7+
AUDIOS8+

Signal
Name

CONTROLS
AUDIO?7-
AUDIOS-

Signal
Name

CONTROLS9
AUDIO%+
AUDIOI10+

Signal
Name

CONTROLI10
AUDIO9-
AUDIOI10-

Signal
Name

CONTROLI11
AUDIO! 1+
AUDIOI!2+

Signal
Name

CONTROLI2
AUDIOI!1-
AUDIOI2-

Audio Module 4

Function
audio module control 7

channel 7 audio +
channel 8 audio +

Function

audio module control 8
channel 7 audio -
channel 8 audio -

Audio Module 5

Function
audio module control 9

channel 9 audio +
channel 10 audio +

Function

audio module control 10
channel 9 audio -
channel 10 audio -

Audio Module 6

Function

audio module control 11
channel 11 audio +
channel 12 audio +

Function

audio module control [2
channel 11 audio -
channel 12 audio -
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Source

slot 11
CMI331
CM1I331

Source

slot 11
CMI331
CMI331

Source

slot 11
CMI331)
CMI331

Source

slot 11
CMI331
CMI331

Source

slot 11
CMI331
CMI331

Source

slot 11
CMI331
CMI331
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Slot 8
Side A
Pin

47

46

45
Side B
Pin

47

46

45
Slot 9
Side A
Pin

46

45
Side B
Pin

47

46
45

Audio Module 7

Signal
Name

CONTROLI13
AUDIOI3+
AUDIOI4+

Signal
Name

CONTROLI14
AUDIOI3-
AUDIOI4-

Signal
Name

CONTROLI1S
AUDIOI5+
AUDIOI16+

Signal
Name

CONTROLI16
AUDIOI5-
AUDIOI6-

Function Source

audio module control 13 siot 11

channel 13 audio + CMI331
channel 14 audio + CMI331
Function Source

audio module control 14 slot 11
channel 13 audio - CMI331
channel 14 audio - CMI331

Audio Module 8

Function Source

audio module control 15 slot 11

channel 15 audio + CMI331
channel 16 audio + CMI331
Function Source

audio module control 16 slot 11
channel 15 audio - CMI331
channel 16 audio - CMI331
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Slot 10 and 11

The lollowing signals are common to both slots.

Side A
Pin

48
47
46
45
44
43
42
41
40
39
38
36,37
34,35
32,33
30,31
28,29
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
1

N WL VO~ 0o \0

Signal
Name

CAl
A0
A2
Ad
A6
BO
B2
B4
B6

CBI

D+5

DGND

+15V

-15V

AGND
CONTROLI6
AUDIOI16+
AUDIO15+
CONTROLI14
AUDIO 14+
AUDIOI13+
CONTROLI2
AUDIOI2+
AUDIOI 1+
CONTROLI10
AUDIOI10+
AUDIOY%+
CONTROLS
AUDIOS8+
AUDIO7+
CONTROLS6
AUDIO6+
AUDIOS+
CONTROL4
AUDIO4+
AUDIO3+
CONTROL2
AUDIO2+
AUDIO!I+
MIXRT+
MIXLFT+

Mixers

Function

Debug PIA line
Debug PIA line
Debug PIA line
Dcbug PIA line
Debug PIA line
Debug PIA line
Debug PIA line
Debug PIA line
Debug PIA line
Polarizing key
Debug PIA line
digital +5 volts
digital gnd

regulated +15 volts
regulated -15 volts

analog gnd
control line 16
audio output 16
audio output 15
control line 14
audio output 14
audio output I3
control line 12
audio output 12
audio output 11
control line 10
audio output i0
audio output 9
control line 8
audio output 8
audio output 7
control line 6
audio output 6
audio output 5
control line 4
audio output 4
audio output 3
control line 2
audio output 2
audio output |

right mixed audio
left mixed audio
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Source

Q133
Q133
Ql33
Q133
Q133
Q133
Q133
Q133
Q133

Q133
CMI35
CMI35
CMI310
CMI310
CMI310
CMI334
slot 9
slot 9
CMI334
slot 8
slot 8
CMI334
slot 7
slot 7
CMI334
slot 6
slot 6
CMI334
slot §
slot 5
CMI334
slot 4
slot 4
CMI334
slot 3
slot 3
CMI334
slot 2
slot 2
CMI334
CMI334




Audio Mother Board CMI-335

Side B

Signal
Pin Name Function Source
48 CA2 debug PIA line Q133
47 Al dcbug PIA line Q133
46 A3 debug PIA line Q133
45 AS debug PIA line Q133
44 A7 debug PIA line Q133
43 Bl debug PIA line Q133
42 B3 debug PIA line Q133
41 BS debug PIA line Q133
40 B7 decbug PIA line Q133
39 polarizing key
38 CB2 debug PIA line Q133
36,37 D+35 digital 5 volts CMI35
34,35 DGND digital GND CMI35
32,33 +15V regulated supply CMI310
30,31 -15V regulated supply CMI310
28,29 AGND analog GND CMI35
27 CONTROLI1S control line 15 CMI334
26 AUDIO16- audio output 16 slot 9
25 AUDIOIS- audio output 3 slot 9
24 CONTROLI13 control line 13 CMI334
23 AUDIOI14- audio output 14 slot 8
22 AUDIOI3- audio output 13 slot 8
21 CONTROLI1I control line 11 CMI334
20 AUDIOI2- audio output 12 slot 7
19 AUDIOI1- audio output 11 slot 7
18 CONTROLY control line 9 CMI334
17 AUDIOI10- audio output 10 slot 6
16 AUDIQ9- audio output 9 slot 6
15 CONTROL7? control line 7 CMI334
14 AUDIOS- audio output § slot 5
13 AUDIO?7- audio output 7 slot §
12 CONTROLS control line 5 CMI334
11 AUDIOG6- audio output 6 slot 4
10 AUDIOS- audio output 5 slot 4
9 CONTROL3 control line 3 CMI334
8 AUDIO4- audio output 4 slot 3
7 AUDIO3- audio output 3 slot 3
6 CONTROL! control line | CMI334
5 AUDIO2- audio output 2 slot 2
4 AUDIOI- audio output | slot 2
3 MIXRT- right mixed audio CMI334
2 MIXLFT- left mixed audio CMI334
1 MUTE mute control line various

AUDIO CARD CAGE - 3.7.11




CMI-335 Audio Mother Board

The lollowing signals are uniquec to cach slot.

Slot 10
Side A

Pin

I

Slot 11
Pin

1

Signal
Name

D+35
Signal
Name

DGND

Function

module sclect 2

Function

module select 1

Slot 12 and 13 MIDI and SMPTE

Both slots are identical.

Side A

Pin

47
46
45
44
43
42
41
40
39
36,37
34,35
32,33
30,31
28,29
21
20
19
18
17
16
1S
14
13
12

—_— 0w

Signal
Name

CLICK IN
SMPTE OUT
RUN/STOP

RESET/START

MIDI IN C
SYNC OUT 3
SYNC OUT 2
SYNCOUT |
MIDI OUT A
D+5

DGND

+15V

-15V

AGND

LK19

LK17

LK15

LK13

LK1l

LK9

LK7

LKS

LK3

LK1

MUTE
METOUT
KEY+

Function

click track input
SMPTE signal output
drum machine control
drum machine control
MIDI input 3

sync output

sync output

sync output

MIDI output |
digital 5 volts
digital GND
regulated supply
regulated supply
analog GND

link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
polarizing key

mute control line
metronome out

MIDI from keyboard
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Source

CMI35

Source

CMI3S

Source

CMI333
CMI28
CMI28
CMI28
CMI332
CMI28
CMI28
CMI28
CMI28
CMI35
CMI35
CMI310
CMI310
CMI310
future
future
future
future
future
future
future
future
future
future

various
CMI333
CMI310




Audio Mother Board CMI-335

Side B
Signal
Pin Name
48 PBI
47 CLICK OUT
46 SMPTE IN
45 MIDI IN D
44 MIDI OUT D
43 MIDI QUT C
42 MIDI IN B
4] MIDI OUT B
40 MIDI IN A
36,37 D+5
34,35 DGND
32,33 +15V
30,31 -15V
28,29 AGND
21 LK20
20 LK18
19 LK!16
18 LK 14
17 LKI12
16 LK10
15 LKS8
14 LK6
13 LK4
12 LK2
10
2 AGND
| KEY-

Cable Schedule

Socket J1 is connected as per table 8 in the CMI wiring schedule.

Function

PIA control line
sync output
SMPTE input
MIDI input 4 (KBD)
MIDI output 4
MIDI output 3
MIDI input 2
MIDI ouput 2
MIDI input |
digital 5 volts
digital GND
regulated supply
regulated supply
analog GND

link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
link between slots
polarizing key
analog GND
MIDI from keyboard

Source

Q133
CMI28
CMI333
CMI332
CMI28
CMI28
CMI332
CMI28
CMI332
CMI35
CMI35
CMI310
CMI310
CMI3I0
future
future
future
future
future
future
future
future
future
future

CMI310
CMI310

Socket J2 is as per table 7 in the CMI wiring schedule.

Socket J3 is as per table 5, Socket J4 is as per table 11 and socket J5 is

as per table 9.
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Audio PSU & Headphone Amp CMI-310

Terminology
APSU: Analog Power Supply Unit
AR: Audio Rack assembly

Introduction

The Analog Power Supply Unit (APSU) provides the rectified and
filtercd power to the VDU, Keyboards and Audio Rack components of
the CML. In addition it contains a tracking regulated +/-15 volt supply
and a stereo headphone amplifier which gives the user a mixed output
for non studio use.

Voltage Regulator

The Audio Rack (AR) unit is supplied with 3 amp regulated +/-15
volt supply by a tracking regulator IC (LM325) and associated bypass
transistors. This regulator also supplies the Op-amps on the CMI-310.

Headphone Amplifier

The headphone amplificr is for amplifying the stereo outputs from
both mixer modules which may be inserted in the audio rack. It
consists of two LM380 IC amplifiers which are fed buffered signals
from the audio motherboard. It can also mix the metronome output if
desired.

Rectification and Filtering
(refer schematic CMI1310-01)

The Alternating Current from the toroidal transformer comes in on
conncctor SOl (15 way). Various windings are used to generate the
voltages for the CMI.

Connections 1 and 2 (l6vac) are rectified by BRS, [iltered by C34
and fused by F8 to supply the music keyboard +18 volts. LED 8, if
inserted, confirms the fuse condition. LEDs | through 10 are not
normally inserted as the CMI has these leds mounted on the rear panel
circuit board CMI-317.

Connections 3 and 4 (l6vac) are rectified by BR4 filtered by C33
and fused by F7 to supply the music keyboard -18 volts. LED 7, if
fitted, shows the fuse state.

Connections 5 and 6 (9vac) are rectified by BR2, filtered by C30 ,
fused by F6 to feed the music keyboard +10 volts. LED 6 shows the
fuse state.

Connections 7, 8 and 9 ( +/-18vac) are rectified by BR3, filtered by
C31 and C32 , fused by F4 and F5 to supply the Audio Rack 15 volt
regulator ( see later circuit description ). LEDs 4 and 5 indicate fuse
condition.

Connections 10, 11, 12 and 13 (+18,+8,common and -18vac
respectively) are for the sampling card supply.

Connections 10 and 13 (+18, -18vac with reference to pin 12) are
rectified by BRI filtered by C27 and C28 and fused by F2 and F3 to
supply the sampling card +20 and -20vdc supplies. LEDs 2 and 3 show
the fuse states.

Connection 11 (8vac with reference to pin 12) is rectified by D35,
filtered by F1 to feed the +10 volts DC to the sampler.

Connections 14 and 15 are the 16vac for the VDU which is fused by
F9. LED 9 indicates the fuse condition.
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CMI1-310 Audio PSU & Headphone Amp

Voltage Regulator
(refer schematic CMI310-02)

The +/- 15 volt regulation for the Audio modules is provided by the
LM325 IC and bypass transistors T1 and T2. Resistor R36 provides the
currcnt limit of just over 3 amps for the +15 volt while R3S provides
the -15 volt limit. Diodes D7 and D2 protect transistors T1 and T2
from cxcessive reverse voltage during transient conditions at power up
and power down times.

Diode D3 and Thyristor TH1 (CI122E) are a crowbar protection
circuit for the +15 volt supply to help prevent faulty transistors from
damaging audio circuitry. Similarly D4, Q1 and TH2 protect the -15
volt supply from over voltage. These operate by sensing an over-
voltage condition and firing the thyristor to blow the fuse. This saves
the audio circuitry from damage.

Headphone Amplifier
(refer schematic CMI310-03 -05)

The incoming audio signals are buffered by IC IM,L ( LF347 ) then
converted to unipolar signals and filtered to remove high frequency
noisc ( induced from various sources into the Audio Motherboard and
cabling ) by IC 2M ( LF353 ). The metronome is buffered by IC 2L
then fed to the metronome level pot and again buffered before being
mixed into the headphone amplifiers.

The audio signal from the level pot is mixed with the metronome
output and passed through a simple filter then amplified by the
LM380s (one for right and one for left). The inverting input is used
on the LM380 for improved stability with a high impedance source. A
470 uF cap provides DC isolation for the output and a 10R protects
from short circuit loads. The 7815 regulator provides a direct low
impedance supply for the LM380s to improve isolation and stability.
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Audio PSU & Headphone Amp CMI-310-01
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CMI-310-02 Audio PSU & Headphone Amp
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Audio PSU & Headphone Amp CMI-310-03
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CMI-310-05 Audio PSU & Headphone Amp
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CMI-317 Peripheral Connector Board

Introduction

The Peripheral Connector Card is located on the rear panel of the
Series III mainframe assembly at the left hand end. Its function is to
interface the power, signals and video input and output from the
various parts of the CMI to the external components of a complete
system. The card exists only as an interconnection medium and display
device for the power supply fuse state (The leds represent the fuse
state on card CMI-10)

Detailed Circuit Description
(refer schematic CMI-17-01,-02,-03)

The circuit diagram consists mainly of a schedule of pinouts of the
various connectors involved. The input connectors are shown on sheet
CMI-17-01, P! is a 9 pin power connector for the cable from the C.M.I
310 power supply, P2 is an IDC ribbon cable type connector from the
CM.l 310 and carrics the LED signals to indicate fuse condition and
also MIDI signals from the music keyboard (from CMI-10 MIDI is re-
directed up to CMI-32 MIDI module in the audio rack, via CMI-35,
and then to CMI28 in the digital card cage for processing), P3 is a 10
pin IDC ribbon cable type connector which carries the serial data to
the printer ports (S6 and S7), P4 is a MOLEX type wafer connector
which receives the composite video signal to be sent to the monitor.

Outputs are shown on sheet CMI-17-02: S4 connects the keyboards to
the CMI (note the conncction between pins 5 and 7, this is the only
change between rev | and 2 however all rev | boards were fitted with
this as a modification before shipment. S5 is the music keyboard
power connector. S6 & S7 are serial printer sockets. S8 is the video out
and monitor power connector.

The display LEDs are shown on sheet CMI-17-03, their functions are
labelled. Note that the series dropping resistors are located on CMI-310
power supply.
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Peripheral Connector Board CMI1-317
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CMI1-317-02 Peripheral Connector Board
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Peripheral Connector Board CMI-317-03
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INTERNAL CABLE SCHEDULE

Introduction

This cable schedule is for use in reference to the Cable Wiring
diagram for CMI Series 111 Mainframe. The Series III uses IDC type
ribbon cabling where possible to provide high reliability and ease of
manufacture. This collection of tables gives the signal names of cach
conductor within the ribbon cable and source or destination of each
cable.

Table 1

SCSI Interface Cable

Source: Q777 SCSI Interface Adapter

Destination: ADAPTEC Disk Controller, EMULEX Tape Controller,
External SCSI Connector.

Signal Signal
Pin Name Function Origin
| GND signal ground Q7717
2 DBO data bus 0 Q777
3 GND Q777
4 DBI1 data bus | Q777
5 GND Q777
6 DB2 data bus 2 Q777
7 GND Q777
8 DB3 data bus 3 Q777
9 GND Q777
10 DB4 data bus 4 Q777
i1 GND Q777
12 DBS data bus 5 Q777
13 GND Q777
14 DB6 data bus 6 Q777
15 GND Q777
16 DB7 data bus 7 Q7717
17 GND Q777
18 unuscd
19 GND Q777
20 unused
21 GND Q7177
22 unuscd
23 GND Q777
24 unused
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INTERNAL CABLE SCHEDULE

25 GND Q7717
26 unuscd

27 GND Q777
28 unused

29 GND Q777
30 unused

3 GND Q7717
32 ATN attention Q71717
33 GND Q777
34 unused

35 GND Q777
36 BSY busy Q777
37 GND Q777
38 ACK acknowledge Q777
39 GND Q777
40 RST reset Q777
41 GND Q777
42 MSG message Q777
43 GND Q7177
44 SEL sclect Q777
45 GND Q777
46 C/D control/data Q777
47 GND Q7177
48 REQ rcquest Q777
49 GND Q777
50 [/0 input/output Q777
Table 2

Graphics Cable
Source: Q219 Graphics Card (10 pin IDC)
Destination: CMI317 peripheral connector panel (5 pin Molex type)

Q219 Signal CMI317

Pin Name Function Pin
1-6 unused

7 VIDEO composite video out 1

8 GND signal ground

INTERNAL CABLE SCHEDULE - 4.4.3




INTERNAL CABLE SCHEDULE

Table 3

Serial Port Cable

Sourcc: Q133 CPU Control Card

Destination: CMI317 peripheral connector pancl

Signal Signal
Pin Name Function Origin
1 DOUTO Printer 1 data out Q133
2 DON} Printer 2 Device On (DTR) output Q133
3 DINO Printer | Device On (DTR) output Q133
4 FLGI Printer 2 Flag (DSR) input CMI317
5 DGND Digital Ground Q133
6 DIN Keyboard (RS232) data in CMI317
7 KBDOUT Keyboard (RS232) data out Q133
8 DGND Digital Ground Ql33
9 FLGO Printer | Flag (DSR) input CMI317
10 DOUTI Printer 2 data out Q133
Table 4

MIDI and LED cable
Source: CMI310 power supply
Destination; CMI317 peripheral connector panel

Signal Signal
Pin Name Function Origin

+KBLED keyboard power +20 volts LED CMI310

|

2 GND keyboard power return LED CMI3I0
3 -KBLED keyboard power -20voltsLED CMI31i0
4 +KI1LED keyboard power +10 volts LED CMI310
5 +ALED audio +20 volts LED CMI310
6 AGND audio LED return CMI310
7 -ALED audio -20 volts LED CMI310
8 +SMPLED sampler +20 volts LED CMI310
9 SGND sampler LED return CMI310
10 -SMPLED sampler -20 volts LED CMI310
11 +9SMPLED sampler +9 volts LED CMI310
12 D+5LED digital 5 voits LED CMI310
13 DGND digital GND CMI310
14 n/c

15 VDURTN VDU LED return CMI310
16 VDULED VDU LED signal CMI310
17-22n/c

23 DGN]? digital GND CMI310
24 KEY- . MIDI from music KBD CMI317
25 KEY+ MIDI from music KBD CMI317
26 DGND digital GND CMI310

Note 1:The MIDI from the music keyboard is routed from the CMI317
through to CMI310 then to CMI335 and CMI332 where it is
transmitted to the MIDI processor.
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INTERNAL CABLE SCHEDULE

Table §

Headphone signals and MIDI cable

Source: CMI335 Audio Motherboard

Destination: CMI310 Power Supply

This cable connects the various signals from plug in cards connected
to CMI335 and routes them to CMI310. CMI335 has no clectronics sell
contained.

Signal Signal
Pin Name Function Origin
1 AGND analog GND CMI335
2 AGND analog GND CMI335
3 MIXLFT+ mixed output left channel CMI335
4 MIXLFT- mixed output left channel CMI335
5 AGND analog GND CMI335
6 AGND analog GND CMI335
7 MIXRT+ mixed output right channel CMI335
8 MIXRT- mixed output right channel CMI335
9-12 n/¢
13 MUTE mute control line various
14 AGND analog GND CMI335
15 KEY+ MIDI from music keyboard CMI310
16 KEY- MIDI from music keyboard CMI310
17 AGND analog GND CMI335
18 METOUT metronome output to headphone CMI335
19 AGND analog GND CMI335
20 AGND analog GND CMI335
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Table 6

Floppy disc cable
Source: QFC9 Floppy disc controller
Destination: Floppy disc drive

- R . R S R

10
11
12
13
14
15
16
17
18
19
20
2]
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4]
42

Signal

Name

unused

GND

unuscd

HDL3

READ DATA
HDL2

WRITE PROTECT
unusecd
TRACK 0
unused
WRITE GATE
unused
WRITE DATA
unused

STEP

unused
DIRECTION
unused

DS4

unused

DS3

unused

DS2

unused

DS1

unused
unused

HDLI
READY
unused
INDEX
unused

HEAD LOAD
HDLO

ALT

IN USE

SIDE SELECT
unused
unused

DISK CHANGE
unused

TWO SIDE

43-48 unused

49

LOW CURRENT

Signal
Function

Ground
unused

unused

Drive select
Drive select
Drive select

Drive select

unused

unused
unused
unused

write current control
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Origin
QFC9

QFC9
drive

drive
drive
QFC9
QFC9
QFC9
QFC9
QFC9
QFC9
QFC9
QFC9

drive
drive

QFC9

QFC9

drive
drive

QFC9
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Table 7

MIDI and SMPTE cable

Source: CMI28 General Interface Card

Destination: CMI335 Audio Motherboard

The signals connecting to CMI335 are actually routed to CMI332 and
CMI333 which plug in to CMI335.

Signal Signal
Pin Name Function Origin
] MIDI OQUT A MIDI output A CMI28
2 D+5 digital 5 volts CMI28
3 MIDI IN A MIDI input A CMI335
4 SYNC OUT | sync output CMI28
5 MIDI OUT B MIDI output B CMI28
6 SYNC OUT 2 sync output CMI28
7 MIDI IN B MIDI input B CMI335
8 SYNC OUT 3 sync output CMI28
9 MIDI OUT C MIDI output C CMI28
10 DGND digital GND CMI28
11 MIDIINC MIDI input C CMI335
12 DGND digital GND CMI28
13 MIDI OUT D MIDI output D CMI28
14 RESET/START drum machine control CMI28
15 MIDIIND music keyboard MIDI input CMI335
16 RUN/STOP drum machine control CMI28
17 SMPTE IN SMPTE time code input CMI335
18 DGND digital GND CMI28
19 SMPTE OUT SMPTE time code output CMI28
20 CLICK OUT click track output CMI23
21 CLICK IN click track in CMI335
22 a/c
23 CPU HALT MIDI processor halt CMI28
24 DGND digital GND CMI28
25 CPU RESET MIDI processor reset CMI28
26 DGND digital GND CMI28
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Table 8

Dcbug cable

Source: Q133 CPU Control Card (Debug Card)

Decstination: CMI335 Audio Motherboard.

The signals connected to the CMI335 card are actually routed to
CMI334 or other cards plugged into CMI335.

Signal Signal
Pin Name Function Origin
| CB2 Debug PIA line Q133
2 DGND digital GND Q133
3 CBI Dcbug PIA line Q133
4 DGND digital GND Q133
5 B7 Debug PlA line Q133
6 B6 Debug PIA line Q133
7 BS Debug PIA line Ql133
8 B4 Debug PIA line Ql33
9 B3 Debug PIA line Q133
10 B2 Debug PIA line Q133
11 Bl Debug PIA line Q133
12 BO Debug PIA line Q133
13 DGND digital GND Q133
14 DGND digital GND Q133
15 A7 Debug PIA line Q133
16 Aé Debug PIA line Q133
17 AS Debug PIA line Q133
18 Ad Debug PIA line Q133
19 A3 Debug PIA line Q133
20 A2 Debug PIA line Q133
21 Al Debug PIA line Q133
22 A0 Debug PIA line Q133
23 DGND digital GND Q133
24 CA2 Debug PIA line Q133
25 DGND digital GND Q133
26 CAl Debug PIA line Q133
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Table 9

Waveform Data Cable

Source: CMI32 Channel Support Card

Destination: CMI335 Audio Motherboard

The signals connected to the audio motherboard are routed to slots 2
through 9 where they connect to the 8 audio modules.

Signal
Pin Name Function
1 DO+ bit 0 Least significant bit
2 DO- bit 0
3 Di+ bit 1
4 Dl-
5 D2+ bit 2
6 D2-
7 D3+ bit 3
8 D3-
9 D4+ bit 4
10 D4-
11 D5+ bit 5
12 D5-
13 D6+ bit 6
14 Dé6-
15 D7+ bit 7
16 D7-
17 D8+ bit 8
18 D8-
19 D9+ bit 9
20 D9-
21 D10+ bit 10
22 DI10-
23 Dll+ bit 11
24 Dll-
25 D12+ bit 12
26 Di12-
27 D13+ bit 13
28 D13-
29 D14+ bit 14
30 Dl4-
31 D15+ bit 15
32 Di5-
33 DGND digital GND
34 DGND digital GND
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Table 10

Data Control Cable

Source: Channel Cards CMI31
Destination: CMI335/CMI331 Audio Modules

Signal
Pin Name
{ VCAI
2 VCA2
3 VCFI
4 VCF2
5 RESI
6 RES2
7 +15V
8 AGND
9 AGND
10 -15v
11 n/c
12 n/c
13 n/c
14 DCLK+2
15 DCLK-2
16 DCLK+1
17 DCLK-1
18 PCLK+1
19 PCLK-1
20 PCLK+2
21 PCLK-2
22 DGND
23 DGND
24 n/c
25 n/c
26 n/c

Function

VCA control channel 1
YCA control channel 2
VCF control channel !

VYCF control channel 2
resonance control channel |
resonance control channel 2
regulated supply from audio
analog GND

analog GND

regulated supply from audio

data latch signal channel 2
data latch signal channel |
pitch clock signal channel I
pitch clock signal channel 2

digital GND
digital GND
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Signal
Origin

CMI3I
CMI31
CMI31
CMI31
CMI3|
CMI31
CMI331
CMI331
CMI331
CMI331

CMI31
CMI31
CMI3I
CMI31

CMI3!
CMI3I
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Table 11

Sampling Cable

Source; CMI33 Waveform Processor

Destination: CMI335 Audio Motherboard socket J4, then signals are
routed to the CMI337 Sampling Card (ADC) edge connector (slot 1).

Signal Signal
Pin Name Function Origin
1 DATA IN+ ADC data current loop CMI337
2 DATA IN-
3 CLOCK+ Bit clock current loop CMI337
4 CLOCK-
5 EOC+ End of Conversion current loop CMI337
6 EOC-
7 DATA OUT+ Control data current loop CMI33
8 DATA OUT-
9 START+ Start conversion command loop CMI33
10 START-
Table 12

Front Pancl Cable
Source: Q133 CPU Control Card
Destination: Q137 Front Panel

Signal Signal

Pin Name Function Origin
| GND Digital ground Q133
2 RxD Comms data in Q137
3 TxD Comms data out Q133
4 CTS Clear To Send to CMI Q137
5 DCD Data Carrier Detect to CMI Q137
6 RTS Request To Send from CMI Q133
7 RX+ RS422 data in Q137
8 RX-

9 TX+ RS422 data out Q133
10 TX-

11 GND Digital ground Q133
12 RESI Pl reset Q137
13 RES2 P2 reset Q137
14 NMII Pl console interrupt Q137
15 CMI2 P2 console interrupt Q137
16 HLTI Pl halt Q137
17 HLT?2 P2 halt Q137
18 -12V -12V to power-on LED Q133
19 +12V -12V to power-on LED Q133
20 +5V +5V to power-on LED Q133
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TROUBLE SHOOTING

Introduction

The CMI system reclies on a complex interaction of hardware and
software for proper opecration. It is often difficult to differentiate
between hardware faults, software bugs and opcrator crrors. Before
attempting rcpair of the Mainframe, cstablish that the Cfault is
definitely a hardware fault in that unit. If in doubt, try the same
series of operations on another system of the same revision level to
cnsure it is not a software bug and check with the User’s Manual to
cnsurc it is not operator error.

Duc to the complexity of the system, this manual does not attempt
to present an exhaustive list of faults and repair procedures. Instead,
the dctailed descriptions of the various componcnts of the system
should provide scrvice personncl with a thorough understanding of the
hardware. This knowlcdge should allow the general approach to fault
finding outlined below to be adapted to isolating particular problems
down to the board level.

Extensive diagnostic softwarc is provided to thoroughly test most of
the hardware. Of course, in order to run the diagnostics the computer
scction must be running at least to the stage of loading and exccuting
the softwarc. Usc of the diagnostic software is described in detail in
scction 6 (below).

From time to time, due to the imperfect nature of the world and
particularly during the carly stages of production of a new machinc,
design [aults emerge which chosce not to reveal themselves during the
prototyping and pre-production phases. The solution to these problems
and the description of the conditions under which they occur arc
disseminated to all distributors in the form of Ficld Change Notices
(FCNs). In general, FCNs do not nced to bc implemented on a
particular machine unless the fault it cures is in cvidence. The
cxception to this is when a hardware mod or ROM change is required
for a ncw software rclease or a new hardwarc option to work properly
- this situation would always be indicated on the FCN. Scrvice
tcchnicians should always be familiar with the FCNs alrcady
distributed so that known problems can be readily rccognised and
fixed without dclay.

A guidc to troubleshooting the major components of the Mainframe
follows:

Power Supply

There arc two scparatc power supplies supplying a wide varicty of
voltages to dilferent parts of the system so power supply failure may
lcad to anything from total system failure down to improper operation
of a single componcnt. Refer to the Power Wiring Diagram (at the end
of this scction) while rcading the following description.

The CPU (comprising all circuit boards in the Logic Rack including
and to the right of the Q256 System RAM) requires only +5V, +12V
and -12V to function. These supplies come from the Switch-Mode
Powcr Supply Unit (SMPSU) via the Logic Motherboard (CMI-35) and
three LEDs arc provided on the front pancl of the CMI to indicate the
state of each. The LEDs will not light if the rclevant supply drops
beclow two-thirds of the nominal voltage, however 4.8V is the absolute
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minimum supply for correct operation of the CPU, so the LEDs arc
only indicators of gross failure. The best place to measurc the +3V
supply to the actual boards in the rack is across the 47uF clectrolytic
capacitors on the Waveform RAM cards, accessible with the lid
removed from the machine. Note that the LEDs pick up their supplics
via the ribbon cable connected to the Q133 card, so it is possible that
a fault in the Q133 could cause the LEDs to malfunction.

Any other form of power supply failure will result in malfunction
of specific parts of the system rather than the total system, as [ollows:

The Floppy Disc drive requires +3V and +24V from the SMPSU. There
is no LED indicator for +24V, so a meter should be used to check this
supply at the drive.

The Hard Disc(s), Streaming Tape and their associated controller
boards are all supplied with +5V and +12V from the SMPSU, with
supply conditions indicated by the front panel LEDs. Note that the
LEDs only indicate the presence of the supplies on the Logic Rack, so
meter checking is necessary to eliminate supply wiring faults between
the SMPSU and the mass storage peripherals.

The VDU will only operate if it is receiving its 16VAC supply signal
from the Toroidal Transformer, which is the first stage in the Audio
Power Supply Unit. The transformer and CMI-310 Audio Power Supply
board are mounted in the bottom of the machine to the right of the
card cages and SMPSU, and are accessed by rcmoving the bottom
panel. One secondary winding of the Transformer is dedicated to the
VDU supply which is routed through a fuse on the CMI-310 board
then to the CMI317 Peripheral Connector board where a LED on the
rear panel indicates the condition of the supply. This 16VAC supply is
floating with respect to the rest of the system.

All fans in the system are supplied with 12V from the SMPSU.

The Music Keyboard and Alpha-numeric keyboard receive +20V and -
20V unregulated from the CMI-310 Audio Power Supply. These
supplies are fuse protected on the CMI-310 and go to the Keyboard
socket via the CMI-317 Peripheral Connector where a LED on the rear
panel indicates supply conditions.

The Audio Rack receives all its supplies from the CMI-310 except for
digital +5V which comes from the SMPSU. Rev 3 CMI-310 modules
include fuses for all audio supplies. Rev 2 and below include fuses for
all audio supplies except digital +5V. A cable from the CMI-310
carries all audio supplies to LED indicators on the rear panel,
mounted on the CMI-317 board. The Audio Modules, General Interface
Module, SMPTE Module, and Mixer Module(s) depend wupon the
regulated +15V and -15V supplies and digital +5V. The Stereo
Sampling Module has its own independent floating supplies: +20V, -
20V and +8V all unregulated, so it is quite possible for a supply
problem to cause only sampling failure. "Sample Fault" is the most
likely system error message in this case.
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The Headphone Amplifier uses +20V and -20V unrecgulated but is
driven by audio circuitry which depends on the +I5V and -15V
rcgulated audio supplics.

In the cvent of a power supply flailure, be suspicious that the
failurc may have been caused by a malfunction elsewhere, or incorrect
setting of the mains voltage selector (on the Mainframe rear panel).

CAUTION

High voltages exist within the SMPSU (up to 700V) so
servicing these units can be very hazardous.

Fan cooling of the SMPSU is vital and becomes ineffective if
the cover over the unit is removed. For safety also, do not
operate the CMI with the SMPSU cover removed.

CAUTION

Applying 220V or 240V when the mains voltage select
switches are set to 110V will usually destroy the SMPSU,

If power supply failure is traced to the Switched Mode Power
Supply Unit, replace the complete unit and return to Fairlight
Instruments,

Computer (CPU) Section

A failure in the computer section may result in permanent or
intermittent malfunction of the system. Normally a Boot (floppy) Disc
is used to start the system which transfers immediately to the Hard
disk for loading of the rest of the system software. If this does not
complete successfully, try first to boot from a Floppy-only CMI System
Disc. This will eliminate the Hard Disc system (both the software on
the Hard Disc and the actual hardware) as source of the problem. If
you are used to the speed of Hard Disc operations, do not be alarmed
by the slow operation of the Floppy-only System.

Failing this, try to load a Diagnostics system floppy disk. This uses
the QDOS operating system (same as Series [1X) which is much simpler
than the Series III OS-9 System and less demanding on the hardware.
If this is successful, refer to section 5.7 which describes how to
approach non-fatal digital faults,
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Fatal Digital Faults
[f the system will not run at all (will not load the diagnostic disk)
start by checking the following:

1) ENABLE/SAFE switches on the front pancl must be in the
Down (RUN) position.

2) Mains voltage sclector on the rear panel must be sct correctly.

3) Power must be applied, as indicated by the three LEDs on the
front panel, and ten LEDs on the rear pancl.

4) The System Disk must be in good order (as indicated by
testing in another system) and inserted correctly.

5) The floppy drive containing the Svstem Disk should be
configured as Drive 0, and the switch on the front of the
QFC-9 card in the mainframe should be set in the raised
position. (It is casy to accidentally [lip the switch when
removing the floppy disk ribbon cable.)

Il these items are all in order, but the system disk will not load,
confirm that the fault lies in the Mainframe by disconnccting
cverything except the AC supply from it and trving to load the disk
again. If successful, find out which connected peripheral is interfering
with system operation by trying one at a time. Otherwise, attempt to
ascertain whether the CPU is running but unable to access the disk, or
the CPU 1s lailing to execute at all. The LOAD SYSTEM DISK IN
DRIVE message on the YDU indicates immediately that the CPU does
get as far as executing the startup software contained in the CPU
Control Card ROMs, so the fault probably lies somewhere in the

(loppy disk sub-system (see Sec. 5.4). The absence of the message
mecans either the graphics sub-system is not working or the CPU is
dead. Even if neither the Floppy disc nor the VDU is operational, a
clue to the operation of the CPU can be gained if the Parity Error
LED on the front of the Q256 RAM turns on at power up then offl
again after about 2 seconds, since the clearing of the parity error
register is under software control of the Q133 boot ROMs.

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

1) Remove all Waveform RAM cards (CMI-39), ail channel cards
(CMI-31), Channe! Support card (CMI-32),.Waveform Processor
(CMI-33), General Interface (CMI-28). With this configuration,
the Hard Disk will not operate and SCSI diagnostics will fail,
but it is still possible to boot from the floppy.

2) Remove the second System RAM card, if installed, from slot
20.

3) Remove the SCSI Controller (Q777) from Slot 27. Close the
PCB link leading to edge connector pin 71 on the wiring side
of the QFC-9 board (see "potential red herrings" below).

4) Remove the Graphics card (Q219) from slot 235.
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5) Replace the Graphics card and remove the Floppy controller
(QFC9, slot 26). Obviously it will not be possible to load the
system disc but if the CPU and graphics sub-svstems arc
functional, 2 "* READY *" mecssage followed by the Processor
2 6809 monitor prompt " should appear.

IT the fault still appears to be in the CPU itself, substitute the CPU
cards with known good spares, onec at a time until all have been
rcplaced. If the fault persists, the problem must be in the power
supply, floppy disk system, motherboard or cabling. Refer to Scction
7 (Motherboard Signals) and Section 8 (External Connections) below,
for dctails of motherboard and external signals.

CAUTION

Potential "red herrings” to fault finding by board elimination

Daisy chaining of DMA (Direct Memory Access) signals means that
some boards will not work unless certain other boards are present in
the system. Up to Rev. 3 of the CMI-35 motherboards, the order of
dcpendency is:

0. SCSI Controller (Q777)

1. Floppy Controller (QFC9)

2. General Interface (CMI-28)
3. Waveform Processor (CMI-33)

Each item in the list must have all higher items present in the
system in order to work. For example if the CMI-28 is absent, the CMI
system will abort its startup, and diagnostics involving the Waveform
Processor will output "WP not present or won’t load" messages because
the WP is unable to communicate with the CPU unless it gets its daisy
chain signals from the CMI-28. The system can be run without the
SCSI Controller by using the EDL output from the QFC9. On Rev 6A
and below, this involves repairing the cut in the track going to pin
71A of the edge connector. On later revisions a link option connecting
to the same place must be closed, but this link must be reopened or the
track recut to install the Q777.

Provision has been made for future systems with SCSI-compatible
floppy disk drive or no floppy at all. Linking pins 71A and 72A on
the Q777 will result in a new order of dependency:

1. SCSI Controller (Q777)
2. General Interface (CMI-28)
3. Waveform Processor (CMI-33)

Refer to the Digital Motherboard Section 2.15 for further detail.
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Floppy Disk System

The Floppy Disk system consists of three sections - the {loppy-disk
controller card QFC9, interconnecting cables, and the (loppy-disk
drive. More than one drive may be installed il required.

A fault in the controller card or cabling will gencrally result in
hard disk errors or total failure to access disks. Soft or intermittent
disk errors will usually be caused by a faulty or misaligned drive.

A toggle switch mounted on the front edge of the controller card
reverses the drive select signals to the drives so that the logical drive
numbers can be swapped for diagnostic purposcs, although this is
obviously useful only if more than one drive is installed. For
example, if a disk error is reported during boot-load, the drives can be
swapped (switch down) and the system disk inscrted in the sccond
drive. If it then loads sucessfully, the first drive is faulty. If the
fault persists, the fault is in the controller, cabling or power supply,
unless the system diskette itself is faulty.

Refer to the Floppy Disk maitenance section for full details of disk
drive maintenance.

Hard Disk System
Refer to the Mass Storage Devices Scction 5.

Non-Fatal Digital Faults

Non-fatal faults encompass those which do not prevent the CMI
from loading and running at lcast the Diagnostic System disk. Such
faults therefore include minor faults in the CPU section and ncarly
all faults in non-CPU cards except those which cause the CPU bus to
be corrupted or by somec other means crash the CPU. Once the
Diagnostic System disk is able to be loaded, faults may be isolated by
the intelligent use of diagnostic software, board swapping, and
obscrvation of the behaviour of the machine under the full CMI
System software if it is possible to load that as well.

Troubleshooting using the CMI System Software

When the CPU is starting up the CMI System software it checks to
ensure that all peripheral processors (General Interface processor,
Waveform Processor, Channel processors) are working. If either the
GIF or Waveform processors do not respond correctly the startup
procedure is aborted with a message on the console, so these problems
are easily detected. Both LEDs on the GIF and WP cards are on after
power-up, turn off when the processors are started by the CPU, and
one or both come on again if the System load aborts. LED functions
are explained later.

When starting up Channel Processors, the CPU first does a quick
test on each Channel's on-board memory to see if the Channel is
installed (and working). It then loads Channel driver software into the
memories of the channels present, releases the Channel Processors
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from reset (RUN LED switches on), then checks flor scnsible
communication with them. If a Channel Processor, whose memory test
worked, does not respond, the startup procedure is aborted with a
mcssage. The uscfulness of abort messages is a lunction of software
relcase level and will become more informative in later releascs.
Mcssages mentioning "mptask” and “wptask” refer to the General
Interface and Waveform processors respectively.

[f the CMI System soltware loads successfully it can be further used
to investigate digital faults. For example, if the sequencers play music
successfully but notes played on the keyboard have no cffect, the
General Interface card must be 95% working since it has a major role
in running sequences. The fault may lie somewhere in the path (rom
the keyboard to the GIF card - the General Interface Support module
in the Audio Rack, the I/O interface of the GIF card, interconnecting
cables, or the keyboard itself (see MIDI Frame Display section below).
Another example is the case of distorted or crackly waveforms - a
problem which is common because there are so many possible causes in
both the analog and digital sections of the machine. The following
clues can be used to isolate the problem:

i) If the clicks or crackles always sound the same between successive
key presses or between successive loads of the same sound then the
problcm may be in the sound sample data (several sounds in the first
release of the Fairlight Library were prone to this problem).

ii) If it is observed that placing the sound in different places in
Waveform Memory (by sampling or loading other sounds first) causes
the problem in only one place in memory, then it is highly likely that
the Waveform RAM card corresponding to that area is at fault. Do not
jump to conclusions too soon though, as the Waveform Processor or a
Channel card may be having problems addressing that area.

iii) If it is found that sampled sounds are OK but sounds from disk
are bad, then the Waveform RAMs and Channels are innocent but
suspect the Waveform Processor, the SCSI controller, the disk drive,
and the voice data itself on disk.

iv) If a defective voice is overwritten with an internally generated
sine wave which then plays without problem, then the SCSI controller,
disk drive, or voice data are suspect for sounds from disk, or the
Sampling Module is faulty in the case of sampled sounds. The
Waveform Editor is very useful in examining whether waveform
errors are in Waveform RAM or only occur when the sound is being
played.

MIDI Frame Display

[t is possible to generate a display of raw MIDI data received by the
CML If, for example, sounds can be played from the sequencer but
playing on the music keyboard has no effect, the display can verify
whether any data is being received from the keyboard. The operation
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ol controls such as modulation wheels and switches can also be
checked. Future software rcleases mayv have a built-in command which
produces a MIDI frame display without the complicated proccdure
above. Refer to the user manual to find out if this command is
available.

To obtain the display without a special command, boot the CMi
systcm normally then follow the procedurc below. System prompts and
messages are in italics, you type the text in bold. Explanatory notcs
arc on the right in normal print.

$ Call up an OS-9 Shell
Shell
# com68 -r -i -m Run program to talk directly with

GIF processor
68k Communications Program v2.8 - type '><cr>'for help
<cntrl-N> Interrupt GIF processor

3 lines of 68000 internal register

. dump
K: 80200/00 ff<cr> Set software flag for screen output
K:p Instruct GIF processor to proceced

From this point each incoming MIDI data frame relating to a key or
control movement etc. will be printed on the screen and will look
something like

pQ:01903c4f

The data above is what you get if you depress middle C with a
moderate key velocity. If anything at all gets printed then the music
keyboard and all the connections between it and the GIF card are
obviously working so the actual data does not need careful attention.
Just in case you are interested however, the "pQ:" means the data is in
the "Input Play Queue”, the following "0[” means it is going to operate
on instrument number 1, and the last six characters are the
hexadecimal values of the 3-byte MIDI frame.

When you have finished looking at the MIDI {rame display, return
to normal operation as follows -

<cntrl-N> Interrupt GIF processor again

3 lines of 68000 internal register

. dump

K: 80200//f 0<cr> Set flag back to normal

K:p Proceed

<cntrl-C>

command.: x<cr> Exit communications program

# <ESC> Exit shell, return to CMI svstem.
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Channel Allocation Scheme

In the process of testing using the System software, it is often
desirable to play a certain channel or channels. This requires an
understanding of the channel allocation scheme. When creating voices,
the lowest unused channcls are used. When plaving a voice with
Nphony greater than one, the longest unused channel is plaved (note
that this is very different from the Series I/IIX scheme). Channels
cqually unused are cycled through numerically.

Thus to test all channels in succession, create a voice (the in-built
sine voice will do for go/no-go tests) with an Nphony of 16. Playing a
singlc note repetitively, careful to release cach note before beginning
the next, will then cycle through in numerical order. Plaving a chord
will permanently upset the order, although all channels will still be
cycled.

To test a single channe!l continuously, create a voice with suflicient
Nphony to occupy all lower channels, then create a voice with Nphony
1 for the test channel and select that voice to be plaved by the
kevboard.

Avoid using sounds with velocity sensitive level controls for this
kind of testing, or turn Keyvel control off, otherwise unconscious
variations in key velocity will cause confusing differences between
channel levels.

Using the CMI System software for troubleshooting is not as
exhaustive as running diagnostic chain tests but is oftecn much
quicker, and the shrewd technician with a full understanding of the
function of cach component in the system can use it to narrow down
the lault before turning to the specific diagnostics. LED indicators on
the [ront of many boards have been included also for this purpose.
The rest of this section briefly describes the kinds of digital faults
each non-CPU card can produce and the function of the LED
indicators.

General Interface Card - CMI System load abort, failure to play notes
from the keyboard, failure to play sequencers, improper operation of
SMPTE and metronome.

Note: if the 26-way MIDI/SMPTE ribbon cable which connects from
the Audio Motherboard to the front of the General Interface card is
unplugged or the CMI-332 MIDI module, excessive spurious interrupts
to the GIF processor may cause the scquencer to slow down, operate
intermittently, or stop completely. It is therefore advisable to always
have the CMI-332 plugged in and the cable securely attached.

LEDs: Processor HALT and RESET. HALT is nearer the front.
Processor is halted when HALT light is on; reset when both are on.

Waveform Processor - CMI System load abort, bad waveforms in
memory, sampling problems.

LEDs: Processor HALT and RESET. HALT is top LED. Processor is
halted when HALT light is on; resct when both are on.
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Channel Support Card - Bad wavclforms in memory, correct waveform
in memory but bad waveform data rcaching audio modulcs, lailurc of
onc or more Channcl card to operate properly or at all, incorrect or
abscnt control voltages from all Channcel cards to Audio Modulcs.

If Channel Card operation faults remain the same when Channel
cards arc swapped around or replaced with known good ones, then the
Channel Support is most likely to be at fault, although laulty cdge
conncctor or motherboard is possible.

Channel Cards - CMI System load abort, lailure to play certain notcs,
bad waveforms from onc channel, corrupted waveforms in memory.

LEDs: Four, from top, "A" sidec playing, "B" side playing, Channcl
processor RUN (ON = not reset), FIRQ (Fast Interrupt Request from
Channel Support; ON = requests being serviced). The power-on state of
the FIRQ LED is undefined but it should always bc on when the
RUN LED is on,

Note that a faulty channel may cause a fault which appcars to be a
particular Waveform RAM card unless different sounds are loaded to
make the channel play in more than one 2 mcgabyte space.

A faulty Channel card may causc other channels, especially those to
the lcft of it, to also appear (aulty duc to daisy chaining of Waveform
Bus allocation signals from one channel to the next. Any channels to
the left of a gap will be unable to generate sounds.

Failure of both "sides” of a channel card to play may be due to the
Channel, the Channel Support card, or the GIF but failure of only onc
side is almost certainly the Channel card itself, an Audio module
problem or a faulty cable between the two.

Waveform RAMs - Bad waveforms in memory.

If it is suspected that a particular RAM card is at fault, swap with a
known good card or change the assignment of RAM card numbers
using the on-card DIP switches. If the bad waveforms still occur on
the same card but with different sounds and different addresses, the
fault is in the RAM card itself or the motherboard slot. Move the
RAM cards around in the last 7 slots of the rack to eliminate the
latter. The physical position of Waveform RAM cards is unimportant
to the system since space assignment is achieved with the 4-pole DIP
switch. By convention, however, cards are placed consecutively,
starting with Card | nearest the channel cards.

Trouble Shooting using the Diagnostic Software

The diagnostics and their use are fully covered in a separate
section. It suffices to state here that the diagnostics can be used
individually to find more information about a well-localised fault or
chain tests can be run to test the whole system automatically. Chain
tests are also available to facilitate continuous testing of specific parts
of the system.
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The Transition from Digital to Audio

Il all diagnostics pass and the CMI System soltwarc appears to
opcrate correctly vet sounds are not being plaved correctly it would
scem reasonable to proceed to the Audio Rack to investigate the fault.
But (irst it is necessary to ensure that all signals flowing (rom the
Digital Rack are recaching the Audio Rack, since it is not possible lor
the CPU to internally test the interface components or the cables
between the two racks.

Audio Module Inputs

First attempt to isolate the fault as a Channel card or Audio Module
problem by systematic swapping, preferably with known good boards
or with other boards in the system. If the Channel card is eliminated,
the problem must be either in the Audio module, power supply, or the
interconnections.

Each Audio Module receives digital waveform data from the
Channel Support Card, and Data Clocks, Pitch Clocks, and Control
Voltages from its corresponding Channel Card. These signals are most
casily checked by placing the Audio Module on an extender card and
using an oscilloscope. Refer to the Audio Module schematics for where
to look for each signal. Waveform data is bussed along all modules so
check it first if no modules work, by playing any note and examining
the changing data on the outputs of the differential receivers. The
clocks and control voltages appear only when the corresponding
Channel Card is playing (make sure you are looking at the correct
half of the Audio Module).

If any input to the Module is missing or incorrect, check back along
the Audio Motherboard, ribbon cables, to Channel Card or Channel
Support output buffers.

Mixer Controls

The digital control signals for the Mixers can be checked
automatically by replacing the cable from the Q133 to the Audio
Motherboard with a PIA shorting plug and running the PIA test in the
DBTST diagnostic (see Diagnostics section). If this passes, the problem
must be in the cable, the Audio Motherboard, or the Mixer itself. The
latter can be eliminated by board swapping.

Stereo Sampling I/0

The Sampling Module receives control data and sends digital
waveform data and clocks via an optically isolated serial link to the
Waveform Processor. The "ADC timeout" message from the CMI System
software indicates that a Start Conversion pulse was sent to the
Sampler but no End-Of-Conversion pulse came back.

The opto-isolated link is a current loop system so it is difficult to
sec any signals on the cable. Use an oscilloscope to check output
signals on the open collector gate inputs, and input signals on the
opto-isolator outputs on both the CMI-337 and CMI-33. Refer to the
schematics in both cases.
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Waveform Diagnostic Card

Fairlight Instruments will make available to Service Centers a
Wavelorm Diagnostic Card which will intercept all outputs from the
Digital Rack to the Audio Rack and interface them back to the CPU.
This will allow automatic testing of all the above signals and hence
positive isolation of any (ault between the two racks. Full
documentation of the card plus diagnostic software will be availablc
when deliveries begin.

Audio Faults

In general, if a fault occurs in the Audio rack, it is casy to isolate
which module is responsible. This section bricfly describes some of the
more common audio problems which can be fixed without r¢sort to
circuit board exchange.

CMI-331 Audio Module

Distorted or "crackly " waveform {from DAC output - may be caused
by damaged DAC (MP7616 DACs are severely static sensitive) or
faulty logic circuitry preceding the DAC. (The DAC output is current
mode, so its output must be observed at the output of the current-to-
voltage op-amp circuitry). Errors in the most significant bits of the
DAC or its driving logic can casily be seen on an oscilloscope, while
errors in the least significant bits appear as distortion components on
the output of a distortion meter.

If the DAC output is correct but the VCF produces nothing but a
buzz, recalibration of the VCF is required. Too high a Q setting can
result in latch-up of the VCF with occasional negative spikes.
Incorrect frequency adustment of the VCF will cause sounds to be
duller than they should be, or allow digital "grit" to get through to the
output. Refer to the diagnostics description for the calibration
procedure.

VCA miscalibration can result in incorrect output level and
clipping. Serious miscalibration can even cause an apparently square-
wave output from a sine waveform. Again, refer to the diagnostics
description for the calibration procedure.

Cross-talk between the two channels on each audio module or
strange output levels can be caused by incorrect connections to the
audio outputs of the machine. All audio channel and mixed outputs
are balanced, with a low output impedance (typically 33 ohms). If
driving single-sided lines, leave the unused outputs open.

CMI-334 Mixer Module

Clipping of the mixer output can occur if multiple channels are
played with highly coherent waveforms. The gain of the mixer is set
so that a reasonable level is produced when only one channel is
playing. However this means that clipping will occur if all 16 channels
play, for example, in-phase sine waves. A -20dB cut switch is mounted
on the mixer module, accessible {rom the rear panel, to avoid this
problem. The switch has no effect on any other outputs.

The mixer output may appear to be rather noisy when refercenced to
one channel driving it - a typical SNR in this situation is -67dB.
However with reference to the mixer’s full output of +4dBm, achieved
by having several channels driving it in phase, just beiow the onset of
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clipping, the SNR should be more like -90dB which will be the sum of
all the individual audio module noise levels. The -20dB cut switch will
also rcduce the absolute noise level by 20dB so that the SNR will
remain the same.

CMI1-337 Stereo Samping Module

Poor performance of the ADC at high sampling frequencies (above
50kHz) can result if the 20kHz brickwall filter is not switched out.
Software versions 2.03 and beyond take care of this automatically by
preventing too high a sample rate.

Revisions 1 and 2 of the CMI-337 required trimming of the DC offset
to the ADC input. Refer to the detailed information on the CMI-337
for the calibration procedure.

Glitches around the zero crossings of very low level signals, and
partial or complete failure of the digital timing circuitry can also
result from miscalibration of the module.

Since the Sampling Module has its own independent (and floating)
power supplies, complete failure may also be the result of a power
supply problem. Even if the LED indicators on the rear panel are lit,
check that the supplies are actually getting to the module.

Several known problems which occured on early revisions of Audio
Rack modules have been the subject of Field Change Notices. To
avoid re-inventing the wheel at best, and at worst, much frustration
and customer grief, always check the FCNs as soon as the basic
symptoms of a fault have been established.

SCSI Interface

All mass storage (excluding the floppy system) is accessed through
the Q777 SCSI adapter which connects to various controllers via a 50
way ribbon cable. A failure in this card will render all SCSI devices
inoperative. Normally a system will have a hard disc and a tape unit
attached to the SCSI buss, so after booting from a floppy disc try to
access both these devices. TP DIR with a good tape will soon show
whether the tape system is working. If no SCSI device appears to work
then check the following.

1. Thoroughly check SCSI cable.

2. Check all attached controllers have power.
3. Check external SCSI conection.

4. Replace or run diagnostics on Q777.

Hard Disc System

If the Hard Disc system is faulty, it may not be possible to access
any files through OS9, or there may be a fatal error during operation.
The problem could be a controller fault, drive lault or simply a cable
problem.
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First try to climinate simple faults by checking all cables associated
with the disc unit :-

power to drive

power to Adaptec

SCSI to Adaptec

both cables from adaptec to drive

* #* #* »

Next, replace the Adaptec controller (if possible) and retry.If the
fault persists then the Hard disk unit is faulty and must be replaced.

Streaming Tape

As with the Hard disk check all cables and power supplices. The tape
controller card has a grecen LED visable {rom the rear and if the
controller is functioning this LED will flash continuously. The tape
transport operation may be tested by inserting a tape into the drive
and closing the door. The tapc should rcposition, the heads should
move and finally the red LED at the [ront of the tape unit should
come on. Any radical departure from this bchaviour suggests a faulty
tape unit,

If the Tape system opecrates but returns "TAPE ERROR 3% then
check the following :-

*  faulty tapes

* dirty heads

If "TAPE ERROR 3" persists then the tape drive requires replacement.
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Introduction

This section describes the set of diagnostic test programs available
on the Diagnostics Disk for testing and dcbugging all the plug-in
circuit modules of the Fairlight CMI (Series III).
Conventions used in this documentation:
$nnnn = hexadecimal notation (where n =0 to F)
[ret] = return key, used in terminating most commands.

Running the Diagnostic Disk

The diagnostics run under thec QDOS opcrating system. They are
therefore supplicd on a QDOS system disk which should be loaded
into the CMI instead of the usual CMI system disk immediately after
power-up or RESTART.

As soon as the disk drive door is closed, the CMI will load QDOS
automatically and display a sign-on message giving version and
revision numbers.

The QDOS prompt will then be displayed. This is just an equals
sign "=" on a linc of its own. This indicates that the computer is
rcady to accept a command.

For further details of the QDOS operating system features, refer to
the QDOS User’s Guide.

Chain File Diagnostics
Complecte diagnostic tests may be run on basic CMI hardware by
(“'M using chain files. Chain files effectively combine all the individual
' test programs rclevant to a major test. This climinates typing in cach
individual test.
Chain files arc invoked by typing CHAIN followed by the name
of the chain. For example, to test the whole system, typc CHAIN
TEST [ret).

The following is a list of the chain files currently in use.

CHAIN FUNCTION NOTES

TEST checks most of the system
firstly with overall interrupt tests
then tests the Q133 debug card,
the Q219 graphics card, the Q256 RAM
cards, the CMI33 waveform processor,
the scven CMI39 waveform RAM cards,
and thc CMI28 general interface card.
Some gencral CMI31 channel card tests
and [inally some disc drive tests.

WAVERAM checks the wavelform RAM cards for
memory crrors with channels looping

({m Scc Chain Tests for more dctails about theses chain files.
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Running the individual Test Programs

Most of the diagnostic programs make usc of a common command
interpreter for operator control, so there is a uniform command syntax
employed throughout, and several test options availablc as standard.
Tests may be run by typing

<test name>{,<optionl>,<coption2>...,<optionN>] [ret]

where the <test name> is as described in cach section. Options are of
the form

<0O>=n where <O> is a single character and n is an integer.
Standard options are;

P=n Repeat test command n times. Using "C" instead of an
integer initiates continuous testing.

N=n Select test number n. There are usually several test
commands with the same name. By default, all tests are
executed sequentially but single tests or subsets of the
available tests can be specified.

For example

1 Test no. | only
1,3,5 Tests 1, 3 and 3
4-7 Tests 4 to 7 inclusive

N
N
N

Some tests, which require a waveform to be observed, wait for the
spacebar to be pressed before terminating or proceeding to the next
test.

To obtain a reminder of what tests are available from the current
test program being run, type

LIST {ret]
To repeat the last test, just type
R [ret|

If an error condition occurs, a moderately helpful message is
printed on the console and the program returns to the command
interpreter or continues testing depending on the setting of the errors
option.

Some tests have error handling options which allow testing to

continue with or without error messages being displayed.
Successful tests terminate without comment and return to the
interpreter or proceed to the next test as soon as completed. Certain
tests require the user to check waveforms with an oscilloscope and
will not terminate or proceed to the next test until the spacebar is
pressed.
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Few diagnostics are available lor testing this card (Q-133) since it is
not possible to load the DOS and run a test without most of the card
functioning correctly, some periphereal functions are tested by the
program DBTST.CM, which may be run by typing

DBTST [ret]
with the CMI diagnostics disk in drive 0.

The standard command interpreter is used so the LIST and R
commands, and P and N options are available as described in the
general introduction. Tests are run by typing

<test name>|,<optionl>,<option2>...,<optionN>]| [ret]

User Peripheral Interface Adapter

The PIA tests requirc a special test plug to be inserted in the user
PIA socket (the one nearest the top of the board) which has the effect
of connecting the A side of the PIA to the B side. Connections arc as
follows:

1-24,2-253-265-22,6-21,7-20,
8-19,9-18,10-17,11 - 16, 12 - 15.

Test Name: PIA
No. tests: 6

Test No.1 P/A B/Send A/Receive

Test No.2 PIA A/Send B/Receive

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

Both tests check each side of the PIA individually first by defining
the side as all bits inputs, changing them to outputs, then writing 0,
3FF, SFE etc. down to 0 again to the data register and reading back to
verify each write.

Test no. | then sets side A as all inputs and side B as all outputs
and writes all values from 0 decrementing back to 0 to side B, AND
reading from side A. Test no.2 does the same in the opposite
direction.
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Test No.3 CB2/Send CA2/Receive -ve
Test No.4 CB2/Send CA2/Receive +ve
Test No.5 CA2/Send CB2/Receive -ve
Test No.6 CA2/Send CB2/Receive +ve
Purpose: Interrupt inputs/control outputs check.

The signal specified by "Send CX2" is configured as a control output
whose state is determined by CRB-3 in the PIA control register. The
other signal is configured as an interrupt input which will sct the
interrupt flag in the control register on an edge whose direction is
indicated by the "Receive +ve or -ve".

The transmit end is first set to the state which will allow the wrong
transition to cause an interrupt, (i.e. if the interrupt receiver is +ve
edge triggered, the transmit end is set high) and the flag is checked as
clear. Then the transmit state is toggled and checked again as still
clear. A second toggle should trigger the interrupt flag. The actual
IRQ output is disabled during the test.

System Timer

Test Name: TIM
No. tests: 2

Test No.1 System Timer Read/Write Latch
Purpose: Check ability to communicate with timer.

The 3 timers in the 6840 timer are put into the preset state and all
numbers from zero to SFFFF are written to the timer 1 latch Each
write is followed by a timer read for verification., Timers 2 and 3 are
tested in the same way. Each write/read is a double byte transfer
through the 8-bit bus.

Test No.2 System Timer [nternal Clock Timeout
Purpose: Check timeout operation under internal clock.

The timers are clocked by the internal clock. All three timers are
initialised to $FFFF then started. A software timing loop is used as
reference, and the timer status is continually polled for premature
timeout. Timeout must occur within a certain tolerance before or
after reference timeout. Clock outputs are enabled during the tests.

Interrupts

Test Name: INT
No. tests: |

Test No.l [ateractive [nterrupt Test
Purpose: Test interrupts.

Enable interrupts, then display any which occur. Exit when <ESC>

typed. Interrupts may be induced by user poking interrupt lines with
an earthed probe.
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Asynchronous Communications Interface Adapter

Test Name: ACIA
No. tests: |

Test No.1 Comms ACIA Send /Receive 19200 Baud
Purpose: Tests asynchronous transmit/receive.

Checks that DCD and DSR status bits follow RTS, character is sent
and received, interrupt flag set after character is sent, parity error

and framing error. This test requires a 10-way loop back plug to be
inserted.

Test Name: LATCH
No. tests: |

Test No.1 Comms Latchup Protect
Purpose: Test if ACIA latched up (usually on power up).

Transmits a character and goes into a software timeout loop. Error
message displayed if character not received.

Lightpen/Graphics Card Diagnostics
Use Light Pen/Graphics test, LGTST.CM by typing

LGTST [ret]
with the CMI diagnostics disk in drive 0.
The standard command interpreter is used so the LIST and R
commands, and P and N options are available as described in the

general introduction. Tests are run by typing

<test name>[,<optionl>,<option2>...,<optionN>] [ret]
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Light Pen Timers

Note: Although the Scries 11l does not use a lightpen as a graphics
input device, the circuitry is still present and flacilitics such as the
6840 timer may still be used for general softwarc purposes. Therefore
the following diagnostics should be usecd. Eithcr processor can run the
TIM tests, as selected by the SEL command (sce below).

Test name: TIM
No. tests: 4

Test No.l1 Light Pen Timer Read /Write Latches
Purpose: 6840 timer preset latches can be written to and the
counters read.

Timers are put into preset state in which the counters always reflect
the contents of the preset latches. Then each timer is write/read
tested with all numbers from 0 to SFFFF. Each write/read is a 16-bit
transfer through the 8-bit bus.

Test No.2 Light Pen Timer Internal Clock Timeout
Purpose: Correct timeout {rom timers under internal clock.

The internal clock is provided by the BCA signal. Timer outputs are
enabled and latches preset to SFFFF. Then all three counters are
released and their timcouts compared to a software status-polling (to
sense timeout) timing reference loop.

Test No.3 Light Pen Timer 2 External Clock
Test No.4 Light Pen Timer 3 External Clock
Purpose: Timers under external clock

Timer 2 counts frames, thus gets a 20mS clock cycle. The test is not
synchronised to the frame pulses so a +/-10mS jitter is permissible.
The timer is preset to count 200 clocks (4 secs), then released and
compared to the software reference with the required tolerance.

Timer 3 is clocked by processor 2 phase 2 (IMHz). It is preset to
$FFFF then released and its timeout compared to the software
reference.

Both timers run in single shot mode with outputs enabled.
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Light Pen PIA

Test name: PIA
No. tests: |

Test No.1 PlIA Test
Purpose: The PIA is used to control the scroll register as well as
the light pen circuitry.

Each side of the PIA is conligured as all outputs then all numbers
from zcro backwards down to zero are written to the data latches and
verified.

Processor Access Selection

Test name: SEL
Purpose: Allows user to specify which processor runs the TIM tests.
Options: C=n CPU selection

Range 1-2, default 2

In addition to sclecting which processor runs the TIM tests, the SEL
command adjusts the timing parameters used to compare the hardware
timer to software loops. This is necessary because refresh occurs on Pl
cycles, resulting in Pl loops running slightly slower.

Video RAM Testing

Test name: VRAM

No. tests: 8

The VRAM tests do not use the SEL command to select processors.
Which processor runs these tests is determined by the default graphics
processor select byte contained in the Q133 boot ROM (normally P2
for the CMI).

Test No.1 VRAM Processor

Purpose: This determines which processor has access to the video
RAM. To actually change processors, use the SEL
command.

Test No.2 Random VRAM Test
Purpose: Random numbers are written to video RAM, then
compared with original. Error if not the same.
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Test No.3
Purpose:

Test No.4
Purpose:

Test No.5

Purpose:

Test No.6
Purpose:

Test No.7
Purpose:

AA FVRAM Test
Videco RAM filled with hex number AA.

55 VRAM Test
Video RAM filled with hex number 535.

XY Byte/Inc

Test XY vector drawing hardwarc by writing random
numbers and auto-incrementing. Numbers arc then
compared with actual videco RAM contents.

XY Byte/Dec
Same as XY/Inc except vector drawing hardware auto-
decrements.

XY Draw
Test the XY vector hardware.

This test draws a 2 byte wide by 16 byte high pattern into video RAM
using the XY vector hardware, then checks that it was correctly
drawn in the correct absolute locations in memory.

Test No.8 Random XY, Byte Read

Purpose: Video RAM is directly filled with random numbers.
Random numbers are then rcgenerated and compared
with video RAM via XY hardware.
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Q256 memory card memory tests

When testing system memory it is desirable to have as little memory
space as possible taken up by the opcrating systcm and the memory
test itself. In order to restrict the memory diagnostics within a 16K
block, they are split into three scparate programs: MEM256, MAP256
and DMA256. The first performs bulk memory testing in 16K chunks
and cxercises the parity generation/checking system. MAP256 tests the
full capability of the memory management system, cxcept (or the
automatic DMA map selection, which is tested in DMA256.

A fourth program, MEMDBG is a small and simple program which
exercises specific sections of the Q236 circuitry in very tight loops
and thus generates the stable CRO traces nceded to find circuit
maifunctions. It is only appropriate to usc MEMDBG once MEM256 or
the other diagnostics have been used to obtain an approximate arca of
the fault. Sce Section MEMDBG

The first three tests, MEM256, MAP256 and DMA256, are run in the
same way. To run MEM256, for example, typc

MEM256 {ret]
with the CMI diagnostics disk in the left hand drive.

The standard command interpreter is used so the LIST and R
commands, and P and N options are available as described in Chain
filc diagnostics. Tests are run by typing

<test name>|,<optionl>,<option2>...,<optionN>] [ret]
To understand the information below, three definitions are required:

Logical or Processor Space: is thc numerical range of addresses
actually put out on the processor address bus. The logical address may
also come from a DMA device such as the Floppy or Hard Disk
controllers, MIDI card or Waveform Processor.

Physical Space: is the arca of RAM which is actually accessed in
response to the logical address.

Mapping: is the translation of any given logical address to any
physical address. The Q256 does this on 2K "pages". Data which is
contiguous within a single page of logical space will be contiguous
within a page of physical memory. However all the pages that are
contiguous within logical space can be arbitrarily shuffled in physical
memory without the processor being aware of this when running
programs etc. Also, an area of physical memory can appear in zcro,
one, two or more different places in the logical space.

DIAGNOSTIC SOFTWARE - 5.3.11




Q256 MEMORY DIAGNOSTICS

Common Initialization, Options and Test Procedures

The three test programs share common initialization and option
sclection routines, and use common move and mapping routines to test
thc area of memory occupicd by the operating system and test
program.

[nitialization: When the test program is first entered, the PIA setup of
the graphics card is read and saved, for later restoration after tests
which change this setup.

When the user types a command, one or all of a group of tests with
the same name are executed sequentially. Before ecach group is run,
the crror counter is zeroed. Before each individual test is executed, a
standard test mapping is set up in map 28, then all system states are
Switched to map 28. The standard test mapping is as follows:

Processor Space Physical Memory

$0000 - S7FFF Blocks 0.1 (Block 0 includes QDOS and test prog)
$8000 - SFFFF Deselected

At the end of cach test or during an abort caused by errors, the
graphics card PIA setup is restored to the state which was saved on
program entry. Then a check for any parity errors which occured
during testing is performed, and a message printed if an error is
found. The operating system and test program are moved back to the
bottom of physical memory if necessary, and QDOS mapping
reinitialized. Lastly the disk driver routines are rcloaded to the top
of processor RAM space from the floppy disk controller ROM and
hard disk controller ROM if installed. The reloading of disk drivers
is nccessary because they are not part of the protected operating
system and may have been overwritten by the memory tests.

Options: A number of options which apply to all tests can be set using
the SEL command, rather than having to specify them each time a
command is typed. To obtain a display of current option settings just
type

SEL [ret)
To change an option, type

SEL,<option>=n [ret] where n is a number.

The options available are -

Range Default

C - Card select. 5
B - Block(s) select. 5 -15.
E - Error limit. 27

V - Video ouput
L - Line printer output

O — OO0

0-1{
0-1
0-1
D - Display 0-1
0-1
0-1
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The Card sclect option allows multiple boards to be tested. This is
usclul in testing a board which is not working sufficiently to be able
to load the operating system and test diagnostics. The default of zero
tests the system card. Note that although the test can handle up to 16
cards, the standard CMI motherboard has only two Q236 slots.

Each card contains 256K bytes of memory consisting of four
columns of 64K chips. The memory management hardware divides the
256K physical space into 128 pages of 2K each, but the bulk memory
tests deal with sixteen blocks of 16K each (cach 16K block thercforc
consists of 8 2K pages). The B option allows sclection of which blocks
arc to be tested. The default option tests all blocks, from block F (15)
downwards, which means the opcrating system block (Block 0) gets
tested last.

The error limit determines how many errors can be logged before
the test aborts.

The display option cnables the printing of each card and block
number as it is tested. Since scveral of the tests take a fairly long
time to execute, particularly in a multi-card test rig, this option
rcassures the operator that the test is still running and has not crashed
due to errors in the system memory.

The video option allows the above display to be printed on the
system vidco console, while the L option prints it on a linc printer if
this is connected to the back panel of the CMI.,

Error Messages

For most tests, if an error occurs a common error message routine is
called which indicates where in memory the error occurred, the data
which was expected, and the data which was actually read. It then
reads the error location again. If on the sccond read the data is
correct, the error is indicated as "SOFT". If it is still wrong and the
same as it was the first time, it is indicated as "HARD". If the second
rcad is wrong but different from the first read, the error is
"RANDOM".

Testing Physical Block 0

The operating system (OS) normally resides in the bottom 16K of
both logical and physical space, within processor addresses 0 to S3FFF.
All testing takes place in the processor address range $4000 to $7FFF.
When Block 0 is to be tested, the OS must be moved to a different
block. The new block is first mapped into the address range $4000 to
$7FFF then Block 0, residing in 0 to $3FFF is copied up to the new
block. This moves QDOS, the test program, and Processor 2's stack
into the new block. Processor I's stack is in separate RAM on the
Q133 and so is not affected by the Q256 diagnostics. At this point
two copies of the OS exist, with P2 actually executing the one in
Block 0. The new block is mapped into the address range 0-$3FFF so
that now P2 is executing the new copy. Block 0 is then frec to be
mapped by the normal mapping routine into the $4000-S7FFF address
range for testing. When the test on Block 0 is complete, the OS is
again copied into $4000-$7FFF, then Block 0 is mapped back into 0-
S3FFF.
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MENM256
This scction describes MEM2356 V1.3,

MEM256 performs the bulk memory data and addressing tests,
rcfresh and parity system tests.

Test name: 29

No. tests: 8

Purpose: Checks both processors’ abilitics to write rapidly varying
data throughout memory.

[n cach test, the SELected blocks are mapped one at a time into $4000
to $7FFF and a semi-random data sequence written by either or both
proccssors in an order as specified below. Each processor then checks
its own data.

Test no.l: P! ODD UP, P2 EVEN UP
P1 writes to all odd locations starting from $4001 and procceds
upwards, while P2 writes to even locations starting from $4000 and
proceeds upwards.

Test no.2: P/ ODD DOWN, P2 EVEN UP
Pl writes to all odd locations starting from $7FFF and proceeds
downwards, while P2 writes to even locations starting from $4000 and
procceds upwards.

Test no.3: P/ ODD DOWN, P2 EVEN DOWN
Pl writes to all odd locations starting from S$7FFF and procceds
upwards, while P2 writes to even locations starting from $7FFE and
procceds downwards.

Test no.4: P! ODD UP, P2 EVEN DOWN
Pl writes to all odd locations starting from $4001 and procceds
upwards, while P2 writes to even locations starting from $7FFE and
proceeds downwards.

Test no.5: PI ODD, P2 EVEN
Pl writes to all odd locations starting at $4001 then $7FFF and
procceds by writing alternately to bottom and top of memory working
in towards the middle. P2 writes to even locations starting from $4000
and 37FFE and proceeds in a similar fashion towards the middle. The
verify phase starts from the middle and works outwards.

Test no.6: P! EVEN, P2 ODD
Pl writes to all even locations starting at $4000 then S$S7FFE and
procceds by writing alternately to bottom and top of memory, working
in towards the middle. P2 writes to odd locations starting from $4001
and S7FFF and proceeds in a similar fashion towards the middle. The
verify phase starts from the middle and works outwards.
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Test no.7: PI ALL
Pl writes to all locations starting at S4000 then S7FFF and proceeds
by writing alternately to bottom and top of mcmory working in
towards the middle. The verify phasc starts [rom the middlc and
works outwards. P2 execcutes a dummy routine.

Test no.8: P2 ALL
P2 writes to all locations starting at $4000 then S7FFF and proceeds
by writing alternately to bottom and top of mcmory working in
towards the middle. The verify phase starts from the middle and
works outwards. P1 exccutes a dummy routine.

Test name: WA
No. tests: 2
Purpose: Checks for addressing errors.

Test No.l: WALKING ADDRESS Pl

Test No.2: WALKING ADDRESS P2
The test block is first filled with random data. Then each even/odd
pair of bytes is written with the address of the even byte (e.g. $4000 is
written to $4000,$54001). Each byvte of data is verified immediately
after it is written, and when the block has becn filled, all data is
verified again in read-only pass.
In test No. 1, Pl performs the test, while P2 executes a dummy, and
vice-versa for test No. 2.

Test name: REF
No. tests: 4
Purpose: Checks that dynamic memory refresh is working.

Options: T=n Time option
Range 1-100, default 5
O=n Operating system block
Range 0-3, default 0

Test No.1 REFRESH
P2 fills ali the test blocks except the OS block with $50 plus the block
number, then executes a delay loop for T seconds. It then checks the
data in each block. If refresh is not working, the default delay of 35
seconds is ample for the memory contents to largely decay away. Pl
executes the same delay loop but does no testing.

Test No.2 REFRESH WITH TAS. P2 ONLY
P2 fills all the test blocks except the OS block with $50 plus the block
number, then executes a delay loop for T seconds, excrcising the CPU
card indivisible instruction hardware while it waits. It then checks
the data in each block. Pl executes the dummy wait loop and does no
testing.
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Test No.3 REFRESH WITH TAS. Pl ONLY
This is the same as test no.2, with the processors swapped.

Test No.4 REFRESH WITH TAS. BOTH CPUS
P2 fills all the test blocks except the OS block with $50 plus the block
number. Pl and P2 then both cxccute a dclay loop for T scconds,
exercising the CPU card indivisible instruction hardware whilc they
wait. P2 then checks the data in cach block.

Test Name: PARITY
No. tests: 2
Purpose: Verifies operation of the parity checking system.

Options: D=n Data used in test
Range 0-255, defaults 170, 168 respectively.

Test No.l: PARITY SYSTEM - EVEN
Test No.2: PARITY SYSTEM - ODD

These tests use the special parity error gencration hardwarc on the
Q256 card to predictably generate a parity error. Test no. 1 uses data
with even parity (170=SAA), and test no. 2 uses data with odd parity
(168=3A38). ]

Only P2 runs the test. Initially it is in the A, or system state and map
28 is selected. Map 29 is configured with the same standard test
mapping (Common Initialization, Options and test Procedures) then P2
B state is allocated to map 29 with the Parity Error Generate
(PERGEN) bit set. Then on each test block, a quick fill (every 128th
byte) of the test data as indicated by the D option is performed,
followed by a special quick verify with parity error generation. For
cach verifly, the parity register of the current test card is first read to
check for any prior errors which should not be there yet. Then the
CPU fuse register is set up to switch to the B state, just as the test
data byte is read. Since the byte was written in the A state with
PERGEN not set (as is normal), and is read back in the B state with
PERGEN set, a parity "error” should be generated at the moment of
reading. We then switch back to the A state and interrogate the
current test card’s parity status register to check the presence of the
parity error flag, the correct physical 64K rank number, and correct
upper 5 bits of the processor address at which the "error” occured.
The register is then read again to check that the first status read
automatically cleared the error.
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MAP256
This scction describes MAP236 V1.6

Test name: MAP
No. tests: 15
Purpose: Tests the mapping functions of the Q2356.

Test no. 1 PAGE UNIQUENESS - P2
Test no. 2 PAGE UNIQUENESS - P!

Options: O=nl,n2..nd OSBLK: Operating system block
Range 0-3, default 0-3
(4 options)

These tests check that cach 2K physical page (there are 128 on cach
Q256) can be accessed uniquely. The general approach is to write
cach page with its own page number, and then verify them all to
cnsure no page overwrote another. Getting around the operating
system complicates things slightly.

The test is actually run four times. According to the default OSBLK
option it is first run with the OS in Block 0 (no moving required).
Block 0 occupies pages 0 to 7 so pages 8 to 127 are mapped into $4000
to $7FFF in groups of 8 and "quick-filled” (every 128th bytc) with the
page number. Pages 8§ to 127 are then quick checked to still contain
their page numbers. Then the OS is moved to the second OSBLK
option, Block 1, which occupies pages 8 to 15, so pages 0-7 and 16-127
may be tested with filling and verifying page numbers. Similarly the
OS is moved to Block 2 while testing pages 0-15 and 24-127 and:
finally the OS is moved to Block 3 while testing pages 0-23 and 32-
127. Which blocks are used for the OS and in what order may be
changed using the O option.

Processor 2 executes test no.l, and Pl runs test no. 2; the procedurc is
the same for both.

Test no. 3 P2 MAPPING. P1 TAS

Test no. 4 Pl MAPPING, P2 TAS
This test ensures that the indivisible instruction hardware on the CPU
card can be rapidly accessed simultaneously with mapping operations
on the Q256. The MAPPING processor (P2 in test 3, Pl in test 4)
follows the same procedure as in the page uniqueness tests | and 2.
Again the test is run four times with the OS in one block while all
other physical pages are filled and verified with page numbers.
Meanwhile, the other processor loops around quickly doing two Test-
And-Set instructions followed by two Clear instructions on a flag byte
in memory. The flag byte is not used for any other purpose. The
TAS processor continues testing and doing IO services until another
flag is set by the MAPPING processor to indicate it has finished.
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Test No. 3 PROCESSOR UNIQUENESS

The capability of the two processors to be mapped independently is
tested by sclecting different blocks in 2 different maps and running
tests with diffcrent data on both processors simultancously. The test
is run once (or each card under test. Pl is left as initialized in map
28, and Block | of the test card is mapped into S4000-S7FFF. P2 is
switched to map 29 and Block 2 of the test card is mapped into P2’s
S4000-$7FFF. P1 then fills its test area with SAA while P2 fills its
area with $55. The two processors then verify their own arcas to
contain the correct data.

Test No. 6 FAST MAPPING - P2

Test No. 7 FAST MAPPING - P!
These tests cnsure that rapid writing to the mapram docs not interfere
with normal memory accesses. One processor loops over all test blocks
(as sclected by the SEL command) writing to all locations starting at
$4000 then S7FFF and proceeding by writing alternately semi-random
data to bottom and top of memory working in towards the middle.
The verify phase starts from the middle and works outwards. (This is
the same as the ALL tests in MEM256, N=7,8).
Mecanwhile the other processor switches to map 29 and rapidly maps
blocks in and out of $4000-$7FFF. All blocks except the current OS
block and the block being tested by the first processor are mapped
into $4000-$7FFF and quick-filled (every 128th byte) with zeros.
After the last block, a flag is set to tell the first processor to stop
testing.
In test no. 6, P2 does the {ast mapping while Pl tests memory, and
vice-versa for test no. 7.

Test No. 8 SELECT ALL MAPS - Pi

Test No. 9 SELECT ALL MAPS - P2
32 different mappings may be set up in the Q256 mapram. Each map
from 0 to 31 is initialised with Block 0 containing the OS mapped into
0-S3FFF and a different physical page mapped into logical page 8.
(Physical page 8 is used in map 0, page 9 in map 1, ... page 39 in map
31). After each initialization the processor switches to that map, and
fills logical page 8 with the map number. We then start again at map
0 and verify that its logical page 0 contains zero, and repeat through
to map 31.
Pl runs the test in no. 8, P2 runs no. 9.

Test No.10 4/B SELECT - P2

Test No.11 A/B SELECT - P!
The Q256 allows for different mappings to be selected depending on
whether the processor is in the A (System) or B (User) state. Map 29 is
initialised with the standard test mapping and the B state is allocated
map 29. Then the following procedure is repeated on each test card:
starting in A state, Block | of the test card is mapped for all states
into $S4000-S7FFF (call this area K1) and filled with SAA. Block 2 is
then mapped for all states into K1 and filled with $BB. Next Block 1
is mapped to K1 for A states only, and Block 2 is mapped to K1 for B
states only. Still in the A state, K1 is verified to contain all $AAs.
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Then the processor switches to the B state and verifies K1 to contain
all SBBs. Thus far it is proven possible to rcad from dilfcrent arcas
of physical memory in the two proccssor statcs.

The sccond stage of the test switches back to the A state and fills K|
with $11. Then the processor switches to the B statc again and fills
K| with $22. Still in the B state, Block 1 is mapped into K1 for all
states and checked to still contain S11 then Block 2 is mapped into Kl
for all states and checked to contain $22. This proves that data
written while in the A or B statc can be directed to different areas ol
memory. The processor switches back to the A state lor the next card
to be tested or to exit the test.

P2 runs test no. 10; Pl runs test no. 11,

Test No.12 PERIPHERAL DISABLE - P!

Test No.13 PERIPHERAL DISABLE - P2
These tests check the peripheral enable output from card 0 which
allows the peripherals (i.e. everything on the bus except the RAM card
itself) which usually reside above $E000 in the processors’ logical
address space, to be disabled and replaced by extra RAM. The Q2356
mapping system is itself a peripheral - thec mapram lives from $F000-
SF7FF (one logical page) so this test works by trying to change the
mapping when peripherals are disabled.
Map 29 is initialised with the standard mapping and the B state is
allocated map 29 with peripherals disabled. Then for cach test card
the following procedure is followed:
Still in the A state (and map 28), physical pages 8 and 9 ar¢c mapped to
logical pages 8 and 9 respectively. Page 8 is filled with SAA and Page
9 is filled with $55. Then for map 29, physical page 9 is mapped to
both logical page 9 and logical page 30 i.e. to the same logical area as
the mapram. From the B state, reading the mapram area would now
get all $55s.
We switch to the B state and attempt to map logical page 9 to physical
page 8 in map 29 (the B map). With peripherals disabled, this should
not work, and logical page 9 is verified to still contain $55.

If all is well so far, the Peripheral Enable probably works, so we
attempt to completely clobber the mapram by filling it with SAA from
the B state. Since peripherals are disabled in the B state, this should
merely write to physical page 9 without changing any mapping.
Logical page 30 is verified to contain SAA, then we switch back to the
A state and verify logical pages 8§ and 9 as both containing SAA.
(Since peripherals are disabled, the last state switch can not be
achieved by writing to the processor card control latch - a dummy
software interrupt is called instead. The A state is automatically
selected on interrupts.)

P) runs test no. 12; P2 runs test no. 3.
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Note - Only Card 0 is effectively tested by this test because it is the
only card whose Peripheral Enable output pin is connected on the
mothcerboard to its own and all other RAM card’'s PENB inputs.

Note - also that il an crror occurs while testing in the B state, the A
statc must be reselected in order to print the error message. The
standard error message routine re-reads the incorrect location to
ascertain what kind of crror has ocurred, and since the mapping has
changed it will no longer be reading the correct phvsical location.
Thus errors which are in fact "Hard" will be indicated as "Soft", or
possibly "Random™.

Test No. 14 GRAPHICS RAM DISABLE - Pl
Test No. 15 GRAPHICS RAM DISABLE - P2
Option: R=n

Range 0-1, default 0

Checks VRAMEN output from the memory management system which
allows the 16K of dedicated RAM on the Q219 graphics card to be
mapped in or out of either processor’s address space.

The video graphics RAM (VRAM), if enabled, occupies the address
rangc $8000 to SBFFF. The contents of VRAM are copied down to
$4000 to STFFF to be saved while testing takes place. Then VRAM is
checked to be working by filling with SAA and verifying (the SAA
pattern appears on the console screen). Map 29 is initialised with the
standard mapping and the processor switches to map 29 with graphics
access disabled. It attempts to clear VRAM then reselects map 28 with
graphics enabled to verify $AA is still there. Finally the saved
contents of the screen are copied back.

Pl runs test no. 14; P2 runs test no. 15. Normally only one processor
has access to the VRAM and this is selected through the PIA control
on the Q219 at system start-up and by some application programs.
Both tests 14 and 15 can run because the PIA set-up is saved on entry
to MAP256 and restored at the end of each test. The tests also run on
the old graphics cards Q218 and Q045 but in the latter case, which
processor has graphics card access is hardware selected, so one of the
tests will exit without testing.

Note - Only Card 0 is effectively tested by this test because it is the
only card whose VRAM Enable output pin is connected on the
motherboard to the graphics card.

DMA256
This section describes DMA256 V1.6

Test Name: DMA
No. tests: 2

Test no.1 P2 DMA MAP SWITCHING
Test no.2 P2 DMA/P! UNIQUENESS

DMA256 tests the automatic selection of special DMA mappings via
the DMA claim lines which are input to the Q256 memory cards from
all devices on the bus which usec DMA (Floppy Disk Controller, Hard
Disk Controller, General Interface card).
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P2 initializes map 29 with Block 2 of the test card mapped into K1
(logical arca $4000 to S7TFFF) as a 16K DMA buffer, and switches into
map 29 to [ill the buffer with its own page numbers. Then P2
switches back to the standard map 28 which has Block | mapped into
K1 and (ills it with a semi-random scquence. A disk opcration is then
initiated which writes the DMA buffer out to disk and into a file
called DMAFILE.TF. Map 29 is sciccted again and the DMA buffer
cleared. P2 switches back to map 28 and starts a sccond DMA
opcration, this time reading the buffcr in from disk. Kl in map 28 is
checked first to be still containing the random sequence, then map 29
is sclected to verify the page numbers read in lrom disk. The
procedure is repeated for all test cards.

In test no. 1, only P2 runs the test. [n test no. 2, P2 runs the same test
while P1 continually random [lills and checks its own separate block
(Block 4 of the test card) in the samc logical test area using map 27,

The test file DMAFILE.TF is not dclcted at the end of the test so that
in the event of errors, the file may bc e¢xamined using the QDOS
command DUMP (this is not the samc¢ as the Channcl Card diagnostic
DUMP command!). It is not required to exist before the DMA test
runs, so the user may delete the {ile at any time.

MEMDBG

The diagnostic programs MEM256, MAP256 and DMA256 provide
the comprehensive tests which thoroughly check the Q256 256K Ram
card operation. However the size and complexity of these diagnostics
mecan that they are not very easy to use for chip-level debugging of
known faulty boards. MEMDBG is a small and simple program which
exercises specific sections of the Q256 circuitry in very tight loops
and thus generates the stable CRO traces needed to find circuit
malfunctions. The absence of error checking means that the processor
does not end up spending most of its time printing error messages. [t
is only appropriate to use MEMDBG once MEM256 or the other
diagnostics have been used to obtain an approximate area of the fault.

Use of MEMDBG
To start MEMDBG, type

MEMDBG (ret]
with a diagnostics disk containing MEMDBG.CM in the left hand
drive. When the program is first entered, it calculates its own
checksum in case memory faults have prevented a successful load, If
the checksum is wrong, the program exits back to QDOS. This check
can be overidden by typing

MEMDBG;-C [ret]

to start the program,
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The user is presented with a menu of tests indicating which parts of
circuitry are excrcised by cach test. Simply type the number of the
required test then answer the prompts for data such as which
processor is to run the test, what data is to be used, what 16K mcmory
block is to be written/read cte.

Once all data required for the test is obtained the test loop is cntered
immediately. The only thing left to do then is watch the signals of
intcrest bechave as the test loop requires. In general it is best to
conncct the CRO before starting the program so that accidental shorts
don't crash the system before you get to sce anything. To kecp the
loops as tight as possible, there is no provision for terminating the test
- just hit resct or console interrupt (NMI). The latter only works if P2
is running the test, and the {ront pancl P2 NMI switch is enabled only.
After a console interrupt the program may be rc-entered from the
monitor without reloading by typing

2000;G

A board which is unable to load the system and/or MEMDBG can only
be dcbugged by optioning it as Card ! and installing it along with a
healthy board as Card 0. If the (aulty board still crashes the system,
disable the data driver using option W3 (see Q256 hardware
documentation).

Adding Your Own Test Loops

The eight tests contained in the program should be sufficient to
solve most problems on the Q256. However MEMDBG has becn
written such that debug technicians can easily add their own test
loops tailor made to investigate particular curly problems if the need
arises. To do this a disk containing the following files should be
placed in the right hand drive:

MEMDBG.SA Source file

MEMDBG.CF Chain file for editing and
assembling

QEQU.SA QASAR system equates

MAC256.SA Q256 mapping macros

A system disk containing the following files should be booted in the
left hand drive:

RASM09.CM 6809 assembler
EDIT.CM Cyword editor

I0.CM or QIOPACK.CM QASAR IOpack required for
editor.

A 6809 assembler manual will also be required.
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The procedure for adding a ncw loop is contained in the chain Tile.
Just type

CHAIN MEMDBG:! ret]

to start the process. The chain calls the editor [ollowed by the
assembler to gencrate a new MEMDBG.CM on drive 1. Options in thc
chain include:

C - generate an assembly listing in the console screen
P - print assembly listing on the line printer
L - save assembly listing as the (ile MEMDBG.AL:!

For cxample, type
CHAIN MEMDBG:I;C {ret] to list to the console.

The program consists of three sections: A test executive, the menu, and
the collection of test loops. Only the menu needs to be modified to
include the new loop, which should be typed into the source file after
the other loops. Refer to the fully commented source file for further
information on its structure.

After adding another test loop the version number and "last modificd”
message should be updated to distinguish the new program from old
versions.

Once the program is modified, the checksum will no longer be correct.
Use the -C option to run the program and get the checksum error
message. The formula for calculating the new checksum is:-

new CHKSM = complement(old CHKSM - error CHKSM reported) + |

Run the chain again and modify the CHKSM byte to the new value.
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Waveform Processor Card Memory tests

Run file: WPMEMTST ([ret|
So calied; Waveform Processor MEMory TeST.
This document is current for WPMEMTST Rev 3.

The SEL command is the sclection for global options; D, E and M

When D=0, which is its default value, no messages will be displayed
but error messages may be displayed. D=1 means that messages to help
vou monitor the progress of the test will be displayed. For cxample
messages will appear as RAM is being [lilled and checked.

When E=0 no error messages will be displaved but thc diagnostics
will continue testing. In other words errors are ignored. When E=lI,
which is the default value, the diagnostics will abort after finding
and printing the first error. E=2 will print all errors and continuc to
test.

The option M is (or displaying the 68k monitor functions as a 68k
file is loaded into the Waveform Processor card. It nced only be used
(M=1) when you think a 68k file is not loading into the Waveform
Processor card. M=0 is the default value.

To remind you of the SEL options the SELHLP command contains a
summary.

Similarly the HELP command will summarize the rest of the
commands in WPMEMTST.

Test Name: PRAM
No. of tests: 6
Purpose: To test the Waveform Processor private RAM.

PRAM tests the Waveform Processor card’s private RAM betwecn
addresses $81000 and $C0000. Option N=1 zeros will be written and
read to all locations in the range, N=2 $5555 and N=3 SAAAA
similarly. For N=4 a random word will be written and read, while N=3
the address itself is written in and read out - so called Walking
Address Test. For PRAM,N=6 bytes instead of words are written and

read to make sure high- and low-order bytes may be accessed
independently.

Test Name: PIRAM
No. of tests: 6
Purpose: To test the Waveform Processor’s access to Pl memory.

PIRAM performs the first five tests as in PRAM but over Pl address
space from $5000 to $5800. The waveform processor will see this
address space from $55000 to $55800 and errors will have their
addresses displayed as such.

Test Name: P2ZRAM
No. of tests: 6
Purpose: To test the Waveform Processor’s access P2 memory.

P2RAM performs the [irst five tests as in PRAM but over P2 address
space from $5800 to $6000. The waveform processor will see this
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address space from S$45800 to $46000 and crrors will have their
addresses displayed as such.

Test Name: RAMREF
No. of tests: |
Purpose: To test the refresh function on the Waveform
Proccssor's memory.

Test Name: DMATST

No. of tests: 2

Purpose: To test the DMA mapping function on the Waveform
Processor's access to Pl and P2 memory.

DMATST,N=I tests the PI1 DMA mapping.
DMATST,N=2 tests the P2 DMA mapping.

Waveform Processor Card Interrupt tests

Run [ile: WPINTTST (ret|

So called; Waveform Processor INTerrupt TeST.
This document is current for WPINTTST Rev 1.

Test Name: INTRPT

No. of tests: 7

Purpose: To test the CMI to Waveform Processor interrupts (7 of
them).

CMI-39 Waveform RAM Card tests

Run file: WYRAMTST (ret]

So called; WaVeform RAM TeST.

This document is current for WVRAMTST Rev 5.

The SEL command is the selection for global options; D, E, B, R and
M

When D=0, which is its default value, no messages will be displayed
but error messages may be displayed. D=1 means that messages to help
you monitor the progress of the test will be displayed. For example
messages will appear as RAM is being filled and checked.

When E=0 no error messages will be displayed but the diagnostics
will continue testing. In other words, errors are ignored. When E=l,
which is the default value, the diagnostics will abort after [inding
and printing the first error. E=2 will print all errors and continue to
test.

The option M is for displaying the 68k monitor functions as a 68k
file is loaded into the Waveform Processor card. It need only be used
(M=1) when you think a 68k file is not loading into the WP card. M=0
is the default value.
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The R option in SEL is to sclect the combination of RAM cards you
wish to test. R=1 will sclect the [irst waveform RAM card. This option
defaults to all 7 RAM cards. If a card is not present errors will be
detected for all data except 0000, so be sure to sclect the required
number first. A command CARDS will give you an indication of what
cards are present.

The B option in SEL enables to sclect a particular 312K block
within each RAM card. B defaults to all four values from B=0 to 3.

To remind you of the SEL options the SELHLP command contains a
summary.

Similarly the HELP command will summarize the rest ol the
commands in WYRAMTST.

Test Name: CARDS
No. of tests: |
Purpose: To see which CMI-39 Waveform RAM Cards are present.

While one can simply look at how many of the scven waveform RAM
cards are present there is the possibility that they maybe selected
incorrectly or may not be working at all. CARDS is a simple test to
give a quick indication of any problem

Test Name: WYRAM
No. of tests: 6
Purpose: To test the RAM on the CMI-39 Waveform RAM Cards.

These tests will check the RAM you have selected in SEL with the R
option.

WVRAM,N=1 fills the RAM with $0000 and checks it.

WVRAM,N=2 fills the RAM with $5555 and checks it.

WVRAM,N=3 fills the RAM with SAAAA and checks it.

WVRAM,N=4 {ills the RAM with random data and checks it.
WVRAM,N=S5 fills the RAM with its own address and checks it (a so
called walking address test).

WVRAM,N=6 fills the RAM and checks it in byte mode.

WVRAM,N=7 fills the Ram with S$FFFF0000 then fills it with
SO000FFFF before checking it. This test is designed to slam the data
bus up and down to check for problems with bus termination.

Note: The waveform RAM should be tested with and without the
channel cards running, as the channels running exercise the waveform
RAM more heavily. Refer below to the CRUN and CSTOP commands.

Due to the bulk of RAM to be tested (up to 14Mb) several hours of
continuous testing is necessary to be completely sure of correct
operation. You should use the continuous-running option P=C on any
of the tests required for long periods. Refer also to the CHAIN
WAVERAM section 6.11.2. Over an extended testing period, ERRORS
gives an accumulated error count for each card but be sure to clear
the error counts first with the CLEAR command. See below.

DIAGNOSTIC SOFTWARE - 5.3.27




CMI-33WAVEFORM PROCESSOR DIAGNOSTICS

Error Messages

If an error occurs 3 common e¢rror message routine is called which
indicates where in memory the error occurred, the data which was
expected, and the data which was actually read. It then reads the error
location again. If on the second read the data is correct, the error is
indicated as SOFT. If it is still wrong and the same as it was the first
time, it is indicated as HARD. If the second recad is wrong but
different from the first read, the error is RANDOM.

Test Name: RAMREF
No. of tests: |
Purpose: To test the refresh function on the Waveform RAM
cards.

Be sure that the channel cards are not running during this test (type
CSTOP if they are). This is becausc if channel cards are running the
RAM will be refreshed so the test will be invalid.

Channe! card running and stopping

To run all channels type the CRUN command. To select individual
channels, use CRUN with the C option. C will select any of the 16
channels. There are cight channel cards numbered 1 to 8 and each
card has two channeis a and b. Hence the first channel is la and the
last or 16th channel is 8b. The channels selected will continually loop
over the area of memory being tested at the time.

To halt the channel cards use the CSTOP command and similarly
usc the C option (C=1-16)to stop selected channels.

Error Logging

This test has seven error counters for each of the Waveform RAM
cards. These counters are not automatically cleared when starting any
tests, so use the CLEAR command to clear them. To display the
number of errors that may have occurred on each card, type ERRORS.

To run memory tests continuously over a long period and
accumulate the error counts you will also have to use the SEL,E=0
option so that errors are not printed (as when E=2) or that the test
does not abort after the first error (E=I).
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CM1-28 General Interface Card Memory tests
Run file;: SMMEMTST |[ret]

So called; SMIDI MEMory TeST.

This document is current for SMMEMTST Rev 1.0.

The SEL command is the selection for global options; D, E and M
When D=0, which is its default value, no messages will be displayed
but error messages may be displayed. D=1 means that messages to help
vou monitor the progress of the test will be displayed. For example
messages will appear as RAM is being filled and checked.

When E=0 no error messages will be displayed but the diagnostics
will continue testing. In other words, errors are ignored. When E=I,
which is the default value, the diagnostics will abort after finding
and printing the first error. E=2 will print all errors and continue to
test.

The option M is for displaying the 68k monitor functions as a 68k
file is loaded into the SMIDI card. It necd only bc used (M=1) when
you think a 68k file is not loading into the SMIDI! card. M=0 is the
default value,

To remind you of the SEL options the SELHLP command contains a
summary.

Similarly the HELP command will summarize the rest of the
commands in SMMEMTST.

Test Name: PRAM
No. of tests: 6
Purpose: To test the General Interface Card’s private RAM.

The PRAM command tests the SMIDI card’'s private RAM from
locations $81000 to $82000. Option N=1 zeros will be written and read
to all locations in the range, N=2 $5555 and N=3 $AAAA similarly.
For N=4 a random word will be written and read, while N=5 the
address itself is written in and read out - so called Walking Address
Test. For PRAM,N=6 bytes instcad of words are written and read to
make sure LDS and UDS signals are operating properly

Test Name: PIRAM
No. of tests: 6
Purpose: To test the SMIDI Processor’s access Pl memory.

PIRAM performs the first five tests as in PRAM but over P1 address
space from 36000 to $6800. The waveform processor will see this
address space from $56000 to $56800 and errors will have their
addresses displayed as such.

Test Name: P2ZRAM
No. of tests: 6
Purpose: To test the SMIDI Processor’s access P2 memory.

P2RAM performs the first five tests as in PRAM but over P2 address
space from $6800 to $7000. The waveform processor will see this
address space from 3$46800 to $47000 and errors will have their
addresses displayed as such.
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Test Name: DMATST
No. of tests: 2
Purpose: To test the DMA mapping lunction on the SMIDI
Processor’s access to P! and P2 memory.

DMATST,N=1 tests the PI DMA mapping.
DMATST,N=2 tests the P2 DMA mapping.

DMATST tests the DMA switching.

General Interface Card Peripheral tests

Run file: SMPERTST [ret]
So called; SMIDI PERipheral TeST.
This document is current for SMPERTST Rev 4.

Extra diagnostic tools needed: 11-LED monitor (plugs into 26-way
socket), 7-LED monitor (has DIN plugs), 3 DIN to DIN leads, A DIN
to 9-way connector and the XLR lead (3 plugs).

The SEL command is the selection for global options: D, E and M
When D=0, which is its default value, no messages will be displayed
but error messages may be displayed. D=1 means that messages to help
vou monitor the progress of the test will be displayed. For example
messages will appear as RAM is being filled and checked.

When E=0 no error messages will be displayed but the diagnostics
will continue testing. In other words errors are ignored. When E=1,
which is the default value, the diagnostics will abort after finding
and printing the first error. E=2 will print all errors and continue to
test.

The option M is for displaying the 68k monitor functions as a 68k
file is loaded into the SMIDI card. It need only be used (M=1) when
you think a 68k file is not loading into the SMIDI card. M=0 is the
default value.

To remind you of the SEL options the SELHLP command contains a
summary.

Similarly the HELP command will summarize the rest of the
commands in SMPERTST.

The following two commands can be run on the SMIDI card without
the need to use shorting plugs, LED monitors or other test
equipmemnt,

Test Name: INTRPT
No. of tests: 2
Purpose: To test two CMI-SMIDI iaterrupts.

These interrupts are the 68k interrupts, levels | and 7. By refering to
sheet 3 of the CMI-28 circuit, you'll see the two interrupts on the
LS259 latch labelled INT! and INT7.

INTRPT,N=1 will test level 1, and INTRPT,N=2 will test level 7.
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Test Name: TIMERS

No. of tests: 4

Purpose: To test the two 68B40 timers on the board.
( Refer to sheet 6 of the circuit diagram of CMI-28.)

TIMERS,N=1,2 will test the latches of timer A (when N=1) and timer
B (N=2) by writing a byte to the latch and reading it back.

TIMERS,N=3,4 tests the timers’ interrupt to the 68k - level 2. Both
timers are wire-ORed to this interrupt, hence the two tests. N=3
testing the ability of Timer A to interrupt the 68k and N=d timer B’s
ability.

To run the next set of commands, a shorting plug or LED monitor is
nceded. If a shorting plug is placed in the 26-way socket tests
ACIA,N=5 (ACIA looping) and SMPTE can be run only. An LED
monitor (one with [l LED’s) can be plugged into the same socket and
all of the following tests can be run.

Similarly all the tests can be run by connecting the SMIDI board up
to the CMI-332 and -333 boards in the audio rack (just as it is in the
Serics III configuration) and by plugging in shorts from MIDI out A to
MIDI in A; from MIDI out B to MIDI in B; from MIDI out C to MIDI
in C; a special shorting lead from MIDI out D to the 9-way connector
which has the keyboards’ communications. Also a special shorting lead
from SMPTE out to SMPTE in and CLICK in. Another LED monitor
(one with 7 LED’s) is plugged into the Sync and Drum-machine DIN
sockets. With this arrangement the CMI-332 and most of the CMI-333
board can be tested quickly.

Test Name: ACIA
No. of tests: 5

Purpose: To test the 4 ACIA’s and their interrupts to the 68k
(level 3).

ACIA,N=1-4 will cause each ACIA in turn to transmit a byte over and
over for a second or two. This can be monitored with the LED's or
with a CRO placed on pin 6 of the ACIA’s. The ACIA generates an
interrupt on level 3 to the 68k each byte transmission. If an interrupt
does not occur within a certain time limit the 68k assumes the
interrupt is not working and will tell you so.

ACIA,N=5 is the ACIA looping test and will only work if the transmit
signal from each ACIA is looped to its receive input. The 11-LED
monitor has these loops implemented. The test cycles through all 4
ACIA’s transmitting a byte then receiving the same. If you get
receiving first, check the short or loop before suspecting the ACIA. If
the test works with the 11-LED monitor plugged into the 26-way
socket but does not work with the DIN plug loops then there is a fault
on the CMI-332 board - either the open collector buffers are not
transmitting or the opto-couplers are faulty. A CROw would be the
best way to check this, but they tend to squawk and make an awful
noise not to mention the mess they can leave on the bench or carpet.
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INTIME and EXTIME are two timer tests, best monitored using the
LED's (cither the 11- or 7-LED monitors)

INTIME simply puts the timers into an internally clocked mode -
the Sync out | and 2 flash lairly fast, Sync out 3 and 4 flash 8 timcs
slower and the SMPTE LED (on 11-LED monitor) flashes somewhere
between these rates.

The EXTIME command tests the cascading connections between the
timers (Refer to Shect 6 of the circuit). In order for this to work with
thc CMI-332 and -333 boards connected make sure you have the
SMPTE shorting lead in and that it is plugged into the Click In socket,
too.

For EXTIME,N=1 the Syncsw signal is low which means that Sync
Out 4 = Click In, hence with the 11-LED monitor you will see the
SMPTE LED and Sync Out 4 LED flash in time (very fast). Sync Out
1,2 and 3 will appear to count in binary.

For EXTIME,N=2 the Syncsw signal is high which means that Sync
Out 4 will be a division of Click In. In this case the SMPTE LED will
still [lash at a very (ast rate, Sync Out 4 at a slower rate, and Svnc
Out 1,2 and 3 will count at a very slow rate.

The DRUM command simply flashes the two Drum LED’s on either
the 11- or 7-LED monitors.

The SMPTE command displays the actual SMPTE code on the
scrcen. This appears in the form of hours, minutes, seconds and frames
cach digit being separated by a 0, e.g. 15 seconds becomes 0105
seconds. Both the SMPTE generated and SMPTE read are displayed in
the (ollowing form Hours Generated, Hours Read, Minutes
Generated,... etc. Without the shorting lead or 11-LED monitor, in only
SMPTE generated code will appear. SMPTE read will be all zeros.

If you have simply typed SMPTE with no option then about one
minute of code will be displayed. By including the T-option (T=1 to
10) you can display up to ten minutes of code. By choosing T=0 it will
display SMPTE code forever (until you press ESC).

This test exercises interrupt levels 4, 5 and 6. Level 4 for SMPTE
generate and level 5 and 6 for SMPTE reading of zero and one,
respectively. If the SMPTE generated code is grossly out of time with
the minute timer then suspect the 3.84MHz crystal oscillator and
associated circuitry. Small differences from the minute timer or
between the SMPTE generated code and code read can be ignored.
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Channel Card Memory Tests

Run (ile CHMEMTST {ret]
So called; CHannel Card MEMory TeST.
This document is current for CHMEMTST Rev 2.

Firstly seclect the number of channels you wish to test by choosing the
C option in the SEL command. For instance to select the {irst channel
card type SEL,C=1.

Test Name: CHRAM
No. of tests: 7
Purpose: To test the Channel Cards’ memory externally (ie from
P2)

The command CHRAM will run memory diagnostics on the channel
card(s) from P2 (i.e. without the channel card processor being used).
CHRAM,N=1 fills RAM with $00 and checks it.

CHRAM,N=2 fills RAM with $55 and checks it.

CHRAM,N=3 fills RAM with $AA and checks it.

CHRAM,N=4 {ills RAM with a random number and checks it.
CHRAM,N=5 fills RAM with $AS waits then checks it (refresh test).
CHRAM,N=6 fills RAM with a word consisting of the page number
(MSB) and the address within the page (LSB) then checks it (similar to
walking address test).

CHRAM,N=7 tests for uniqueness in addressing any of the channel
cards.

Test Name: LDRAM
No. of tests: 4
Purpose: To test the Channel Cards’ memory internally.

The command LDRAM will load a program into the channel card(s)
and the channel card will now run its own memory tests.

LDRAM,N=1 fills the available RAM with $00 and checks it.
LDRAM,N=1 fills the available RAM with $55 and checks it.
LDRAM,N=1 fills the available RAM with $AA and checks it.
LDRAMN=! fills the available RAM with a random number and
checks it.

Channel Card Interrupt Tests

Run file CHINTTST (ret]

So called; CHannel Card INTerrupt TeST.

This document is current for CHINTTST Rev 2.

Test Name: CHINT

No. of tests: 4

Purpose: To test the end of loop, CMI to Channel Card interrupts
and FIRQ's (from the timer on the Channel Support Card).
Firstly select the number of channels you wish to test by choosing the
C option in the SEL command. For instance to select the {irst channel
on the first card (Channel 1a) type SEL,C=1.
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CHINT,N=1 will test the interrupts [rom the main CPU's to the
channel cards.

CHINT,N=2 will test the last interrupts (FIRQ's) on the channel

cards driven by the timer on the channel support card.

CHINT,N=3 tests the end-of-loop interrupts on the channel cards. It
scts a loop going and if the interrupt has not occurred when the loop
is expected to finish then an error message is displayed. Beware if you
have a problem with pitch generation the error may also occur. If this
is suspected try running the pitch register tests with the C[ile
CHPITTST.

Run file CHSUPTST {ret|
So called; CHannel SUPport Card TeST.
This document is current for CHSUPTST Rev 1.

Test Name: TIMER

No. of tests: |

Purpose: To test the 6840 timer on the Channel Support Card by
writing to and reading each of the three timer latches.

Test Name: PIA
No. of tests: |
Purpose: To test the 682! PIA on the Channel Support Card by
writing to and reading each of the two PIA latches.

Test Name: UNIQ

No. of tests: 2

Purpose: To test the uniquenss of addressing each of the channel
cards from P1-MASK1 and from P2-MASK2. It necessary to have all
channel present to run this test fully.

Channel Card Pitch Register Tests

Run file CHPITTST [ret|

So called; CHannel Card PITch Register TeST.

This document is current for CHPITTST Rev 1.

The test name SET was only used to help set up the software for this
test and not necessary for the testing procedure. A four digit hex
number is entered and the loop played, it then outputs eight values of
the software timing of the loop. Use a frequency greater than $7FFF
to exit this procedure.

Test Name: PIT
No. of tests: 12
Purpose: To test the 12 bits of the pitch register.

The channel runs a single loop for a particular pitch register value
(predetermined pitch) and is software timed. If the end-of-loop
interrupt occurs outside of a tolerance on the software timing an error
message will appear.
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Test Name: OCT
No. of tests: 8
Purpose: To test the 8 scttings ol the octave register.

The channel runs a single loop for a particular octave register value
(prcdetermined pitch) and is software timed. If the end-of-loop
interrupt occurs outside of a tolerance on the software timing an crror
message will appear.

Channel Card Filter Tests

Run file CHFILTST f{ret|
So called; CHannel Card FILter TeST.
This document is current for CHFILTST Rev |.

Test Name: 2TONE
No. of tests: 10
Purpose: To test the f{ilter settings and all the bits in the Tilter
DAC register.

The first test 2TONE,N=1 will simply generate a sinewave at lkHz
with a filter setting of $FF. Use an oscilloscope to monitor the signal,
take note of the amplitude. Press the space bar for the next test and
each successive test.

The next 9 tests (2TONE,N=2-10) will create a two tone signal, the
lower frequency being at the -6dB point for a particular filter setting
and the higher frequency being at a 0dB level for the same [ilter
setting. Note that the signal level oscillates between the 0dB signal
level (as measured with the 1kHz signal) and a level half of that
amplitude. For tests 2TONE,N=3,4,5 and 6 the least significant 4 bits
of the filter DAC are tested by pulsing each one on and off slowly
during the display of the two tones. By looking very carefully at the
display during the attenuated signal a tiny flicker can be perceived if
the DAC is working properly.

Test Name: FILT
No. of tests: 10
Purpose: To test the filter settings for -6dB points.

The first test FILT,N=1 will simply generate a sinewave at 1kHz with
a filter setting of $FF. Use a distortion meter to monitor the signal
level, set it to 0dB. Press the space bar for the next test and each
successive test,

Each test will generate a signal at the given frequency and filter DAC
value. Adjust the appropriate pots on the Audio Module for a -6dB
setting, But note that if the Audio Module has been adjusted according
to the setup procedure in AUDIOCAL, this FILT test should really be
used to exhibit the linearity of the [ilter. L.e. for each successive test
in FILT the attenuated signals should be at approximately the same
level for each.
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Run [ile METMXTST jret]
So called; METronome and MiXer TeST.
This document is current for METMXTST Rev 2.

Test Name: MET
No. of tests: 2
Purpose: Tests the mctronome circuitry.

Connect an amplifier to the metronome output to hear the result.
MET,N=1 will produce 8 short clicks from the metronome output,
while MET,N=2 produces 8 emphasised clicks from the output.

Test Name: MIXER
No. of tests: ]
Purpose: Tests the mixer on the audio rack.

[t docs this by switching each mixing port on in turn until all are on
then switches them off in the reverse sequence. On the latest mixer
cards (CMI-334 Rev.3) there are LEDs to monitor the test. Older cards
(Rev.2) will need to be monitored with an oscilloscope or logic probe.
Refer to page CMI-334-03 of the service manual (Mixer Control
Circuitry); place the probe on the outputs of the 4099 IC’s labelled Cl
to C16 (note they should have +7v outputs).

Q777 SCSI INTERFACE ADAPER DIAGNOSTICS

Run file: SCSITSTret]
So called; SCSI TeST.
This document is current for SCSITST Rev 1.0

The SCSI diagnostic runs a series of tests to check various sections of
a Q777 board (not connected to any peripherals). An error message is
printed if an abnormal result is obtained. The error message will
specily the function of the test and an IC location as a guide to
trouble shooting. The SCSI test must be terminated by ESC.

Test Name: SCSI

No. tests: |
Purpose: To test the Q777 SCSI Interface adapter.
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General System Diagnostic Chain Test

To run the general test program for the whole CMI,

type CHAIN TEST fret]

This document is current for TEST.CF Rev 2.

This will test the following cards in sequence;

v

. The Q-133 Debug Card (without shorting plugs)

- with shorting plugs simply type CHAIN TEST;PL [ret]

. The Q-209 Graphics Card

. The Q-256 Memory Cards.

- you should have two cards but if only one type CHAIN TEST;-MM
[ret)

. The CMI-33 Waveform Processor Card

- type CHAIN TEST;-WP [ret] if you wish to omit this test

. The CMI-39 Waveform RAM Cards (7 of them)

- if you wish to test less than 7 cards (or any combination) then usc
the R option and type, for instance;
CHAIN TEST;R%1-4% [ret] (tests cards | to 4).
- type CHAIN TEST;-WM [ret) if you wish to omit this test.

. The CMI-28 General Interface Test

- type CHAIN TEST;-MP [ret] if you wish to omit this test

. The CMI-31 Channel Card Tests (for all 8 Channel Cards)

- type CHAIN TEST;-CH {ret] if you wish to omit this test

. You can test the two floppy disc drives by selecting the option DD

- i.e. type CHAIN TEST;DD (cet)

. You can test the interrupts of the system by selecting the option [

- i.e. type CHAIN TEST;I fret]

10. To have the chain repeat itself continuously use the R option;

- i.e. type CHAIN TEST;R [ret]
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Waveform RAM Chain Test
The chain file WAVERAM.CF automatically tests Wavelform RAM
only, both with and without channels running. Use the following
chain test for a full 7 RAM cards;
CHAIN WAVERAM [ret]

This document is current for WAVERAM.CF Rev [0

[f some other number of RAM cards are required to be tested use the
R option (R=1-7) as follows;

CHAIN WAVERAM;R%1,3-5% [ret]
In this instant RAM cards I, 3, 4 and 5 will be tested.

During the test, Channel Cards are set running to further exercise
the RAM. By default, all channels are used. Otherwise, include the C
option (C=1-16) as follows;

CHAIN WAVYERAM;C%1,2,3% [ret]
In this instance Channe! card |, side A and B, and channel card 2 side
A (la, Ib and 2a) will be tested.

The test first does one pass of the WYRAM tests and one REFRESH
test without channels running. Then channels are started and the
WVRAM test is run continuously. To stop the test, hit the ESC key.
The last command in the chain generates an error report (crrors
counters are cleared at the beginning of the chain).
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This is the procedure to calibrate the CMI-331 Rev.l audio modules
with the diagnostics titled AUDIOCAL.

You will nced a CRO, distortion and nois¢c mcter., DVOM and an
(audio rack) extender card. The mixer card is also required for the
mixcr tests.

This document is current for AUDIOCAL Rev 1.01

Step 1.

To test the first card, firstly put it on the extender card and boot the
diagnostics disc. Typec AUDIOCAL [ret)}) Now sclect which particular
channel(s) you wish to calibrate by typing SEL,C=1,2,5 [ret], [lor
instance. This will sclect the first channel card both sides A and B
and Channcl 3 side A. You can make any combination of the C option
from C=1 to C=16.

Step 2. VCF Cutoff Calibration
Start with a sine wave of |kHz.

Type TRIMI {ret].

This will generate a sinec wave of 1kHz on all channcl sclected with
the VCA at a maximum, the filtcr cut-off a maximum and the filter
resonance a minimum,

Step 3.

a) Take the DYOM, place the +ve probe on pin 7 of IC J1,2 and the -
ve probe on pin 1 of the same IC. Set the pot on top of J1,2 to read
25 millivolts.

b) Repeat with the +ve probe on pin 7 of IC D3,4 and the -ve probe to
pin 1 of IC D5. Set the pot on top of D3,4 to rcad 25mV.

c¢) Place the +ve probe on pin | of IC J1,2 and the -ve probe to ground
(use pin | of one of the XLR connectors for a ground). Set the pot
on top of IC F1 to read 72mV.

d). Place the +ve probe on pin 1 of IC D5 and the -ve probe to ground.
Sct the pot on top of IC D5 to read 72mV.

e) Re-check the following voltage measurements with respect to
ground and re-adjust if nccessary.
97mYV on pin 7 of IC J1,2 (adjust pot J1,2).
72mV on pin | of IC J1,2 (adjust pot Fl).
97mV on pin 7 of IC D3,4. (adjust pot D3,4).
2mV on pin | of IC D35. (adjust pot DS5).

f) Set pots RV1, RV2, RV3, RV4, RV5 RV6, RV7 and RVS8 to
midway.
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Step 4.

a) adjust pot RV13 to give +4dBm at XLR-S03 (Channcl A).

b) adjust pot RV14 to give +4dBm at XLR-S04 (Channel B).
This step simply scts the output level for the next test.

Step S

Prcss the space bar again (TRIMI,N=2). A sincwave of I53kHz is
gencrated and the YCF is set to SF35. Adjust pot on F1 (for Chan. A)
for -3dB (or +1dBm) and adjust pot on D35 similarly for Chan. B.

Step 6. Test of Overall Bandwidth (VCF open)
Now to test the module with a range of frequencics.

Type TRIM2 [ret).

This will gencratc a sinc wave of 20Hz on all channels sclected.
Monitor output SO03 (Channel A) first. Check that the output level is
between +1dBm and +4dBm.

Now push the Space Bar and this will call the next test frequency;
100Hz (TRIM2,N=2). Continuc with frequencies 200Hz, 500Hz, |kHz,
2kHz, 5kHz, 10kHz, and 12kHz (usc the Space Bar to step to each
frequency) and check that their output reading is +4dBm+0.5.

At 15kHz we would expect a 1.5dB rolloff to +2.5dBm+0.5.
At 16kHz we would expect a 2.0dB rolloff to +2.0dBm+0.5.
At 17kHz we wquld expect a 2.25dB rolloff to +1.75dBm<+0.5.
At 18kHz we would expcct a 2.7dB rolloff to +1.3dBm+0.5.
At 19kHz we would expect a 3.2dB rolloff to +0.8dBmz+0.5.
At 19.5kHz we would cxpect a 3.6dB rolloff to +0.4dBm+0.5.
At 20kHz we would e¢xpect a 4.0dB rolloff to 0dBm+3.

Repeat the test on Channel B via output S04.

Now if all of this is o.k. proceed to step 8 otherwise continue with step
7.

Step 7.
Type R [ret]

This will repeat the test TRIM2. Re-check all the voltages in step 6
above and note carcfully the probiem.

Case 1: The output level has rolled-off earlier than 16-17kHz. Adjust
pot on IC F1 (for Channel A) or pot on IC D5 (for Channel B)
as in step 3c or step 3d but adjust the voltage to slightly less
than 72mV.
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Case 2: The output level drops to about +1dBm at 19.5kHz but has
rolled-off much carlier (say at 12kHz) or is still high (say
+4dBm or more) at 19kHz. Adjust the pot on top of IC JI1.2
(for Channel A) or the pot on top of D3,4 (for Channcl B)
until the optimum responsc is obtained. You may nced to re-
adjust the pot on top of IC FI (for Channel A) or of IC D5
(for Channel B).

Now go to step 4 again,first typing
TRIMI (ret]

Step 8. VCA Distortion
Now measurc distortion on both channcls by typing the command
TRIMS3 [ret].

This will gencrate a 1kHz sine wave again. On your distortion meter:
adjust the meter to 0 on the calibration range then switch to the read
sctting. Adjust pot RVI12 for Channcl A and RVII for Chaancl B
until a level of approx -71dB is obtained. For Rev.l cards only a
figure better than -68dB is considercd acceptable.

Distortion is introduced mainly by the DAC and carcful selection of
the DAC’s can improve [igures by scveral dB. Also the VCA
contributes to distortion so substitution of the dBX chip can improve
the results.

Step 9. VCF Distortion

Press the Space Bar for the next test (TRIM3,N=2). The Channel Card
will now play audio zero. Feed in a 15kHz 14Vpp signal from a low
distortion oscillator to pin 2 of IC G12,13 (LF347) for Channel A or to
pin 13 of the same IC for Channcl B. (There is 2 special c¢lip that can
be used to do this - see Note (i) below).

For Channel A adjust pots RYS5, RV6, RV7 and RV8 for minimum
distortion at 15kHz. This should bc -65dB but a [igure better than -
61dB is considered acceptable. Adjust pots RY1, RV2, RY3 and RV4
similarly for Channel B. Remove the oscillator.

Step 10. VCA Control Range

Press the Space Bar again (TRIM3,N=3). The Channel card will
gencrate a sine wave of 1kHz with the VCA control DAC's set at
$FFF, ie. maximum attenuation (no sound). Now set the distortion
meter to dBm range and set the VCA attenuation controls, pot RV9
(for Channel A) or RV10 (for Channel B), for maximum attenuation.
Ideally the level should be around -91dBm however the linearity of
the dBx2150 may cause this to be as high as -85dBm.

Step 11. Overall Signal/Noise Measurement.

A final check on the noise performance of the channels, Press the
Space Bar again (TRIM3,N=4), a |kHz signal will again be generated.
Check again for the +4dBm level then press the Space Bar again
(TRIM3,N=5) this lcaves the audio channel playing a sound of zeros
(i.e. nothing) with the VCA and VCF set to their maximums, hence
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mcasurcment of the rclative noise performance of the DAC and audio
output circuitry can be made.

The absolute noisc level should be approx -88dBm however a level
of -85dBm is considercd a pass/fail point. This is equivalent to a
rclative signal to noise ratio of approx 90dB.

Step 12. Total filter cut-off

Typc the command TRIMd(ret]. TRIM4,N=1 will gencrate a sincwave at
1kHz with the filter open at SFF. After pushing the space bar
(TRIM4,N=2) the filter will be cut completely to $00 and the signal
lcvel should drop to about -45dB.

Step 13. Resonance Control Test

Pressing the space bar again (TRIM4,N=3) will generate a 19.5kHz
signal with the resonance on full (at $FF). The signal should be at
about +19dBm. On thc next step (TRIM4,N=4) the resonance is
rcturned to its miniumum valuc of $00.

Step 14. Audio Module Mixer Test

Be surc to have the CMI-334 mixer card connected for this test.

Sclect both sides of the channel card under test and monitor both on
scparate channcels of a Dual Trace Oscilloscope.

a) TRIM4,N=5 scts a 1kHz sincwave going on both A and B sides of a
channcl card with the mixer turned off. The VCA on Channel A is
fully open (maximum volume) while the VCA on Channel B is
closed (zero volume). Observe the signal on one trace and zero on
the other. Press the space bar.

b) TRIM4,N=6 : same as before, but with the mixer turned on.
Obscrve the signal on both traces. Press the space bar.

¢) TRIM4,N=7 scts a 1kHz sinewave going on both A and B sides of a
channel card with the mixer turned off. The VCA on Channel A is
closed (zero volume) while the VCA on Channel B is fully open
(maximum volume). Obscrve zero on one trace and the signal on
the other. Press the space bar.

d) TRIM4,N=8 : same as before, but with the mixer turned on.
Obscrve the signal on both traces. Press the space bar.

¢) TRIM4,N=9 : both VCAs are set at the maximum volume and hence
the signals will mix (as the mixer is still on) producing a sinewave at
a level of about 10dBm.

f) TRIM4,N=10 : pressing the space bar again will turn the mixer off,
reducing the levels to about 4dBm.

Note (i)
The special test plug can be made from an IC test clip. Solder a 4K7
resistor to pin 2 and feed the signal in on the other end of the resistor

for channel A. A sccond resistor soldered to pin 13 is used for channel
B. ’
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INTRODUCTION

Introduction

The FAIRLIGHT Scrics III is available with various options for
mass data storage peripherals. A typical system is provided with one
floppy disc drive, onc Winchester hard disc drive, and on¢ streaming
tape drive.

The floppy disc drive is cither a Mitsubishi M2896-63 a YE DATA
or a YE180, double-sided, double density soft-sectored 8-inch type.

The hard discs used arc currently Maxtor or Newbury Data 85 or
140MDb Winchesters, and the strecaming tape drive is Archive scorpion.

Floppy disc drive

Removal, installation and shipping of discs

Refer to the Page 6.19 for the Removal and Installation procedure.
Inscrt the shipping disk that was shipped with the unit, and close the
door, whenever reshipping the disk drives. A floppy disk will suffice
as a shipping disk.

Disk Drive Optioning

Optioning may only nced to be done if the disk drive has been
rcturncd to a Mitsubishi service centre. If returned to a Fairlight
service centre, the drive will be correctly optioned to perform
corrcctly on the CM.I.

Mitsubishi M2896-63 - Option blocks to be shorted

JFC, PS, SE, DC, M2, S2, I, R, IT, MS,
MO, RFA, HR, A, HUN, WP, D§, 2§, RM

Additional wire link option - Y

YE180 - Option blocks to be shortecd

C, Y, and thec optioning block located ncar the terminating resistors.
YE180 - Option blocks to bec open

X,Z H

All other option blocks to be lelt open. Sec Figure | for option block
locations.

Note - If two (2) floppy disc drives arc installed drive 0 should have
no tcrmination rcsistors but drive 1 should. The termination resistors
arc located near the 50 way gold contacts.

Mitsubishi - MIGA 150ohms J x 1

YEI80 - 760-3-1500hms x 2
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Mitsubishi M2896-63 Option block Location
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YE180 Option block Location
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Disk Drive Alignment

Disk drives may requirc checking 1to account [or any
maladjustments which may occur during shipment. This requires the
Fairlight Diagnostic Diskette containing the command DSKTST.CM.

The disk drive under test should be able to load test programs,
however if the condition of the disk drive under test is suspect then
another known good disk drive should bec used to load the test
program and used to run the tests on the faulty disk drive.

Radial Alignment

Because disk drives utilize double density disk format, radial
alignment is critical and is best performed by Fairlight or Mitsubishi.
To ascertain whether drive alignment is correct, run the DSKTST
command from the Fairlight diagnostic disk.

Disc drive maintenance

Under normal circumstances preventive maintenance is not required
on the M2896. If severely dirty environments are encountered, an
occasional cleaning of the drive may be performed to assure continued
rcliable performance.

Only basic corrective maintenance is documented here. If it is
determined that a disk drive requires more extensive repairs than are
described in this section, return the unit to Fairlight Instruments for
service. This document should provide sufficient information to
determine whether return of the unit is necessary.

Preventative maintenance - Visual Check

Visual inspection is the first step in any maintenance operation.
Always look for corrosion, dirt, wear, binds, and loose connections.
Noticing these items may save downtime later.

Cleaning
Cleanliness cannot be overemphasized in maintenance of the M2896.

Caution

The head/carriage assembly is a factory-adjusted and tested
assembly. Do not try to adjust or repair this internal component.
Do not, for any reason, clean the read/write heads. To do so
would cause severe damage to the head surfaces or head spring
supports.
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Floppy disk system diagnosis

The Floppy Disk System comprises of the QFC-9 Floppy Disk
Controller as well as the disk drives themselves. The first step in
servicing the system with an apparently faulty disk svstem is to
cstablish in what subassembly the fault actually lies.

The general procedure to follow in disk system lault tracing is:

(1) Check all disk system cables, especially the 50 way flat cable for
open circuits or shorts and ensure all connections are sccure.

(2) Use the system test program CHECK to determine if the fault is in
the drive itself (or the diskette) or the disk controller/DMA data
transfer system.

(3) If the disk drive is faulty, usc DSKTST to further analyse the
fault.

(4) Otherwise, refer to the CMI Mainframe manual to trace the fault
in the QFC-9 controller,

Test Program CHECK

Allows checking of;
- Cyclic Redundancy Check (CRC) errors
- Data transfer between memory and disk
- RAM bit corruption errors

Command Syntax

CHECK <UNIT>,<HEXNUM>;<OPTIONS>

where <UNIT> = <COLON><NUMBER>
<HEX DIGIT> = number | to 9 and/or letter A to F
e.g., CHECK<return> performs CRC on DRIVE 0.
CHECK :l<return> performs CRC on DRIVE |.
CHECK :1;V<return> performs CRC on DRIVE | with V option.
1) Disk Integrity Check

Options: none required

This is the default CHECK routine. Entire disk in specified drive is
read to check for CRC errors.
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2) Recad Data D.M.A. Verify
Option: V

Rcads entire disk in specified drive twice, into separatc blocks of
memory and verifies data against itself.

3) Write Data D.M.A. Verifly
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
arcas of memory .for verification. All unfrec disk space will be
allocated to the file.

The D option is a destructive (to the disk contents) test which
writes a unique "ADD -29" pattern to each sector in an interleaved
fashion, reads it back, and verifies the data.

Interleaving of blocks ensures track boundaries are continually
being crossed. A delay can be introduced using the "T" option (sce
below) to isolate head-load timing probiems.

4) Other Options

Option Use with

R W usc random number pattern
instead of "29" pattern

P=XX W us¢e pattern XX where XX = <hex number>
write the pattern to disk,
read back and verify

E=XX all print crror if total recover-
able
where XX = <hex number>.
Default value is 0.

T=XX all delay XX*10 ms. after a read/write
where XX = <hex number>

C all test continously alternating
between 'add-29' and a random
number pattern

L all all error messages printed on printer
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FLOPPY DISC

5) Error messages

a) Disk Read/Write Errors
These are of the form;

**PROM [/O ERROR -- STATUS = <status byte> AT h DRIVE i -
PSN j

where h is not significant
i = drive number
j = physical sector number at which the error
occurred

no

and the status byte can be interpreted as follows:

31 data C.R.C. error

32 disk is write protected

33 disk 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

b) Verily Errors

When a verify error is encountered the offending disk 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 disk where the error occured, and
the byte offset within the sector.

6) Termination

Test is terminated by -
ESC key (sets system error status word)
More then 20 errors logged

User supplied itcration counter expired (default 1)

System error status word will be set if any error condition has been
reported.
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Test Program DSKTST

DSKTST compriscs of five main test routines and a number of utility
commands. The main routines arc as follows -

#!1 Write/read test (destructive)
#2 Read C.R.C. test (non-destructive)
#3 Worst casc seck test {non-dcstructive)

#4 Worst case data pattern R/W (destructive)
#5 Scctor/drive uniqucness (destructive)

CAUTION

Destructive tests will overwrite the diskette in the drive under
test with a testing pattern.

Tests can be run separately or in destructive/non-destruct groups by
typing as follows:

DN, (0 or | or B) [, X]<CR> (Do all non-destruct tests)
DD, (0 or 1 or B) [, X]<CR> (Do all destructive tests)

ST#<tests>,(0 or 1 or B)[,X]<CR>
where <tests> = up to 10 test numbers scparated by °-'

The extended test option X accumulates error counts over a number of
passcs.

ESC key will abort test in progress.

Typing OS<return> will rcturn the user to QDOS and reboot the
system.

Examples: DN,0<return> does all non-destructive tests on drive 0
only.

ST#1-3-5,B,X does tests 1,3 and 5 on both drives 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 cerror

if an error stop occurs.
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Error reporting
Error printouts take the following form :

<drive no.> <error type> <track no> /<physical sector no> <*>
Presence of ** indictes a "hard" disk crror,
c.g. 1 E3 IF /0325 *

mcans :- drive no |
error type 3 (E3)
track no 1F
p.s.n 0325
error was not recoverable on retry (*)

If 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 crror
E2 disk is write protccted
E3 disk is not ready for some rcason
E4 deleted data address mark read
ES abnormal command termination
E6 invalid sector address
E7 seek error (track not found)
E8 data mark rcad error
E9 address mark read error

Additional error types arc :-
E@ data read back is not the same as data written

Additional error types from the drive uniqueness test are :-

EA body of data buffer is not zero after test data
EB unique data for this drive/sector is incorrect.

Error Graphs

Errors may be summarised by use of the 'PG’' command. This
summary plots the track no. as the vertical ordinate and the number
of crrors as the horizontal ordinate.

A horizontal line may contain up to 11 error types (codes) with each
character representing (n*horizontal scale) errors.

The error graph is divided into two blocks. The left hand block
rclates to 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. Subscquent carriage rcturns will print a little at a
time, an escape will terminate the 'PG’, and any other character will
resume continuous printing.

In the case of double sided systems, each disk ‘cylinder’ is
considered as two tracks, so even track numbers correspond to side 0
of the disk and odd track numbers correspond to side I.
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Utility Commands
Commands for utility programmecs arc as follows

HD,d,hhhh

IX,d

AT.d,s

RA,d,s

AZd,s

TO,d

SK,d,s

RS,d,hhhh
WS.d,hhhh
DB

FB,hhhh

Head load timing test on drive d at
spced hhhh (100 mS = D8FQ)

Index scnsor alignment test on drive d.
tl=tk 1. t2=tk 76.

Read data amplitude test on drive d.
s is optional side sclect (O or ).
tl=tk 0. 2=tk 76.

Radial alignment test on drive d.

s is optional side sclect (0 or |)
t1=0-38. t2=77-38. t3=39-38. t4=37-38.
Head azimuth test on drive d.

s is optional side sclect.

t1=0-76. 12=75-76.

Track zero scnsor alignment test on drive d.
tl=1-2 Ilp. t2=0-1 Ip. t3=0-2 Ip.

Head skew test on drive d.

s is optional side select (0 or 1).

tl=1-76 lp.

Read sector hhhh from drive d to buffer
Write buflfer to sector hhhh on drive d

Display buffer in hex and ascii

Fill buffer with repeating pattern hhhh

The running test may be aborted by cscape key.
The next test of the sequence is entered by depressing space key.
Tests followed by letters "lp”" move head between tracks shown.
Some tests require the appropriate alignment diskette and ask that it
be inserted. Other tests require a scratch diskette and ask that it be

inserted.

Typing OS<return> will rcturn the user to the operating system

(reboot).
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Floppy disc removal

l.

[{V]

2

Rcmove top, bottom and blank plate on the rear of the CMI.
Place the machine upside down and remove the CMI-310 Card.

Remove the two(2) holding screws underneath the CMI-310 securing
the floppy drive.

Place the machine on its feet.

Disconnect the 50 way cable and the four(4) pin power connector
from the floppy drive.

Remove the two(2) screws holding the drive to the top plate.

. Remove the floppy drive through the front of the frame.

Floppy Drive Re-assembly

(S

(73]

W

. Replace the drive through the front of the frame.

Install the screws which secure the drive to the top plate.

Re-connect the four(4) pin power cable and the 50 way signal
cable,

Place the machine up-side down.
Re-install the CMI-310 card and all the cables.
Power up the machine and check for correct operation.

Refit the panels.

Note: The machine is placed upside down instead of on its side so that

6.

screws do not accidently fall into the switchmode power supply
unit.
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PART
No.

300/377
D8023

300/395
300/394
P0020

G5018
300/432
H1072
300/368
G5426
300/409
H1070
3007407
HO0035
HI1074
300/388
300/389
H2014
3007422

FLOPPY DISK REMOVAL AND RE-ASSEMBLY

OM 3003
DESCRIPTION

END COVER, MAINFRAME
SWITCH, MAINS ENABLE

HARD DISC ASSEMBLY-SEE DRAWING #DM3142

PANEL, HARD DISC COVER, UPPER
PANEL, HARD DISC COVER, LOWER
FILTER, DUST

DIGITAL CARD CAGE FRONT PANEL-SEE
DRAWING #DMC044

FLOPPY DISC DRIVE
BLANK PLATE, FRONT PANEL

SCREW, PZ CSK, M4 X 10

END CHEEK,DIGITAL CARD CAGE
KNOB

BRACE, CARD CAGES

SCREW, PZ CSK BLACK, M4 X 25
PANEL, MAINFRAME TOP COVER
WASHER, STAR M4

SCREW, PZ PHDM3S X 6

MOUNTING, DISC DRIVE PLATE,UPPER
MOUNTING, DISC DRIVE PLATE,LOWER
NUT, NYLOC, M5

FRAME, MAINFRAME TUBING SET
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HARD DISC

Introduction

The following information has becen included to reduce the risk of

damage to the hard disk duec to mishandling.

Power Failure

Failure of either of the DC voltages (+12, or +5VDC) will cause an

cmcergency retract. (ie withdrawal of heads to the landing zone.)

Practical Tips

Many problems occur during the installation and commissioning of

equipment before experience with a product has been acquired.
Common points regularly causing difficulties include:

L.

W

Drive unit number Select Link not fitted in the appropriate
position.

Terminator not fitted to the last drive in a daisy chain
confliguration.

Terminators not removed from all except the last drive in a daisy
chain configuration.

Connectors not fitted correctly to cables or not pushed (ully into
drive connections. Make sure you fit polarising keys to your cable
connectors.

If the drive does not run-up check that power to the drive is on.

Do not operate the drive after large changes of temperature. For
example, if a drive has been brought from very cold conditions and
installed in a warm area allow an hour for thermal stabilisation
before powering up.

Avoid rough handling of the drive.

Avoid moving the drive when the spindle is running down as this
could result in the heads contacting and damaging the moving disc
surface. The discs take about half a minute to come to rest after
the power has been switched off.

Always allow some spare capacity when allocating files to the
drive. On any disk surface a few small media flaws occur either
inherant from new or which have developed during use. Each of
these cases can result in data not being reliably recorded or
rctrieved so a mcthod of avoiding these areas is necessary.
Normally the host system will find defective areas through the use
of an error detection scheme and will allocate alternative locations.
Note that this requires spare scctors to be available.
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Packing and Unpacking hard disc

Il a hard disk has to be replaced the following instructions should be
followed. The drive is shipped in a scaled container as shown in the
diagram below. This is designed to protect the drive from humidity,
vibration and shock.

INNER

PACKING
(TOP)

| PLASTIC

MANUAL

4 - -/--’
INNER
| PACKING ADDRESS LABEL
i l (BOTTOM)

CARDBOARD
CARTON
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Upon receipt of the unit from the carrier, inspect the container lor
damage, then open the container and unpack the drive. Save all
packing materials in case reshipment becomes necessary. Labels on the
drive and on the packaging contain serial and part numbers. This
information must be quoted in any communications about the drive.

NOTE

With no power applicd to the drive the heads arc
automatically positioned over the non-data , dedicated landing
zone on each disc surface The automatic shipping lock
solenoid is also engaged.

Operating environment

The drive is designed to operate in a standard office environment.
High relative humidity conditions should be avoided to prevent the
possibility of condensation. Also avoid low relative humidity
conditions to prevent particle accumulation by static attraction. The
drive is not intended for use in a harsh environment with high dust
and dirt concentrations.
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The system is booted from the special CMI initialisation f(loppy disk. When the
system is loaded and the Shell prompt appears, typc:

CMI INIT<CR>

A qucry appears:

Initialize SCSI drive /SC00 (/KO, /K1, /CO) (y/n)?

To continue, type:

Y<CR>

A heading will appear:

kkkkkkkkkkrkrAdaptec hard disk format program#*kkkkkkkkdkkssk
Enter drive type:

At this point, if you have not already done so, examine the hard disk drive and note the
drive model number (e.g. xt1140, NDR 1140, xt1085, V185), the serial number and the
error map. These should all be printed on the drive’s outer casing. If you make a mistake
in this step, a list of valid drive types appears. Match your drive type to one of the
entrics in this list and type the entry, followed by a <CR>. Next you will see:

Enter serial No:

Type the serial number you have noted. The next prompt is:

Clear the defect buffer: (y/n)

Type:

Y<CR>

The next prompt is:

Enter defect list - HEAD CYLINDER BYTE ,<RETURN> <RETURN> TO
END

Type in the error map numbers in the order indicated. When the list is completed, type a
second carriage return to exit the defect list editor:

<CR>

When completed a prompt reading:

Edit defect number:

will appear on the screen. You may now correct any errors due to typing inaccuracies,

by typing first the number of the entry, then typing the entry. Strike <CR> to exit this
editor. The screen will then read;
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Is the the defect list now correct and complete (y/n)?
Type:
Y<CR>

A hard format will completely erase all disk data - proceed
(y/n)?

Type:

Y<CR>

Note: Now you have typed in your error map there is no need to repeat the defect
listing procedure when formatting the same disk in future. The defect map is saved in
the root directory of the CMIGEN floppy disk under a name starting with map__

followed by the drive type and serial number of the hard disk as cntered above, c.g.

map_xt1140_1120

Formatting with an existing error map on the floppy disk.

This is essentially the same procedure as above. The CMI_INIT program detects the
existing map corresponding to the drive type and serial number you enter and allows
you to edit the existing map rather than typing a new one in. After entering the serial
type, the query appears:

Use existing defect map file: (y/n)?

Type:

Y<Cr>

Therc is a query:

Add more defects:(y/n)?

If you have extra defects to add to your [ile add them at this point. Then the procedure
is as before:

A hard format will completely erase all disk data -
proceed(y/n)?

Type:
Y<CR>

The hard disk will take approximately |5 minutes to format.
No more user prompts are required.

.J%Wq/ﬂ‘_ MASS STORAGE DEVICES - 6.19
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Hard disk removal

!\)

Remove top, right side, bottom and the blank plate on the rear of
the CML

Place machine upside down and remove CMI-310 Card.

Locatc the five (5) holding screws (underneath CMI-310) of the
disk mounting plate and remove.

Place machine on its feet.

Disconnect the 50 way SCSI connector and four (4) pin power
connector from Hard Disk and Adaptec controller, and the two (2)
pin connector from the Hard Disk fan.

Remove faceplate and grill of the Hard Disk (at the front of the
CMI).

Rcemove the six (6) screws holding the Hard Disk assembly to the
top plate.

Remove Hard Disk assembly through the side of the frame.

Hard disk re-assembly

L.

5

Replace hard disk tape assembly through the side of the CMI.

Re-connect the 4-pin power cables to the hard disk and note that

two (2) power cables go to the tape assembly.

7.

8.

ENSURE THE CABLE TO THE FAN IS CONNECTED

Install the screws which secure the top of the hard disk tape
assembly.

Place machine upside down.

Re-install the five (5) screws' on the bottom of the hard disc
assembbly.

Re-install the CMI-310 card and all cables.
Power up machine and check for proper operation.

Refit panels.

These steps are illustrated on the hard disk exploded diagram on the
next page
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HARD DISK REMOVAL AND RE-ASSEMBLY

REF.

No.

DD -

n
12
13
14
15
16
17
18
19
20
2]
22
23
26

PART
Ne.

H1080
HO0035
300/391
300/395
G80go
300/397
300/398
H1052
G5138
Go416
P0020
300/394
G5434
300/393
300/390
G38083
G8092
G5020
300/396
H1077
H1079
H0007

DM3142

DESCRIPTION

SCREVW, PHD, 6/32° X 1.25°

WASHER, STAR, M4

MOUNTING PLATE, HARD DISC UPPER
COVER PANEL, HARD DISC UPPER
CARD, CONTROLLER, ADAPTEC
SUPPORT, CONTROLLER CARD UPPER
SUPPORT, CONTROLLER CARD LOWER
SCREVW, PHD, 6/32° X 1/4°

STANDOFF PILLAR, CARD

PANEL, PLASTIC DUMMY

FILTER, DUST

COVER PANEL, HARD DISC LOWER
FAN, 80 MM.

PLATE, HARD DISC FAN

MOUNTING PLATE, HARD DISC LOWER
SHOCK MOUNT, RUBBER

DRIVE, STRM TAPE

DRIVE, HARD DISC 140MB

PANEL, HARD DISC DUMMY

SCREW, PHD, 6/32* X 1*

SCREW, PHD, 6/32° X 1.25°

WASHER, FLAT, 4BA
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STREAMING TAPE

Introduction

The Streaming Tape unit consists of an Archive Scorpion drive with
an Emulex controller mounted in a single frame adjaccent to the Hard
Disc drive. The Tape unit is physically the same size as the Hard Disc
and mounting and cabling notes rcfcrred to in the Disc section arc
applicable.

Handling

The Tape unit is more robust than the Disk, however it must always
be handled gently. The head assembly of the tape drive is particularly
sensitive and any excessive flexure may result in loss of alignment
causing data crrors.

Cables

Note that the Strcaming Tape unit requircs two power cables to
operate correctly. The 50 way SCSI cable must be plugged into the
Emulex controller board which mounts above the tape drive.

Controller

The Emulex controller is normally an integral part of the Tape unit
and requires no attention, however in some cases it may be necessary
to scparate the controller and the drive. The following points should
be observed carcfully.

{. Remove/attach the controller board by adjusting the 4 Allen
screws holding it in place.
2. Note the ribbon cable between the controller and the drive.

3. Ensure the terminating resistors are NOT in the controller
card.
4. SWI1 should only havc pos! and pos5 sct to be ON.

5. Jumper E-F should be shorted.
6. Faulty controller boards should be rcturned for replacement.

Maintainance

Apart from normal hcad maintainance (ic. cleaning) there is no
maintainance procedure. A drive which has been determined faulty
must be replaced.

Adaptec Controller

The adaptec ACB-4000A controller is part of the Hard Disk
assembly. The controller requires one power cable and connects to the
50 way SCSI ribbon cable. The controller connects to the disc via a 34
way cable and a 20 way cable. Secure connection of all these cables is
necessary for reliable disc operation. The only practical method of
detecrmining controller malfunction is by board swapping. In the
unlikely event of failure, the faulty board must be replaced.
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INTRODUCTION

Introduction
The PREH alphanumeric keyboard has been modified for use with
the Fairlight Series III CMI, from keyboard Rev. 1.56 onwards:

-The key layout has been changed slightly to incorporate
the new ADD(sharp), SUB(flat), SET(natural) and CLEAR Kkeys.

-SHIFT and CTRL can now be used with the graphics pad.

-Ncw graphics and key control codes overcome the problem
cxperienced by some users of characters being detected by
the CMI when the graphics pen is used.

The modified keyboard internal software (in ROM) requires that
the user have a CMI system of version 2.03m or later. Systems from
v2.03m onward expect to use the new keyboard by default. IF YOU
DO NOT HAVE A MODIFIED KEYBOARD(ie revision nr 1.56 or
later) the systcm may be converted to use the older keyboard software
by typing "/k0/oldkbd". The system may be converted back to using
the newer keyboard software by typing "/k0/newkbd".

Keyboard diagnostic mode

A diagnostic mode has been added-keys or graphics pad frames now
causc ASCII to be sent, enabling the key/graphics pad operation to be
easily checked. Entering the diagnostic mode causes the string "Build
.I>/null” to be scnt, hence it is best used with OS9 running.

To use diagnostic mode
Exit to OS9 if currently in the CMI system. Toggle the keyboard
into diagnostic mode¢ by pressing key combination:

CTRL/SHIFT/REP/DEL (ic all at the same time!)

The keyboard should send the string "Build .I>/null” and print a
message with its revision number.

If nothing happens, the keyboard probably hasnt been updated to
version 1.56 or later,

If the system hasn't received the build command properly it will try
and act on the diagnostic messages (ic the disk will be accessed every
time a complete diagnostic message is received), so if this should
happen toggle the keybard out of and back into diagnostic mode by
pressing the

CTRL/SHIFT/REP/DEL key combination twice(slowly).

Pressing a key will cause the keyboard to send the name of the
dcpressed key, enabling operation of all key switches to be checked.

Touching the pen on the graphics pad will cause graphics pad data
to appecar on the screen. Check that the data responds to the pen
button, the SHIFT and CTRL keys, and pen up/down, and that the 'X’
and 'Y’ coordinates may be varied from 0 to 3ff (hexadecimal).

Toggle the keyboard out of diagnostic mode by pressing
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POWER SUPPLY ADAPTER CMI-314

Introduction

The PREH power supply adaptor is used to allow the new keyboard
to operate (rom unregulated voltages available from the toroidal
transformer in the series III. The PREH keyboard is an alpha-numeric
type keyboard with a graphics tablet and pen for manipulating a
cursor on the screen. This description of circuit operation applics only
to the power suppily adaptor card. For information or servicing of the
keyboard electronics FAIRLIGHT or PREH, the manufacturer, should
be contacted.

Input/Output

The power supply receives + and - 16volts and returns regulated +3,
+12 and -12volts. The circuit board is carried within the PREH
kevyboard bolted to the aluminium key chassis which acts as a
heatsink. The on board regulators of the keyboard are not used due to
inadcquate heatsinking of the +5volt IC rcgulator.

Circuit Description
{ Re fer schematic CM1314-0)

Incoming voltage in the range +16 to +22 is smoothed by a 100uF
electrolytic and fed to a 7812 12 voit regulator. The same supply fleeds
through a 47R I0watt resistor to dissipate some heat, filtered by
another 100uF and regulated by a 7805. The -12 volt supply is
smoothed in a similar manner however a 7912 regulator is used.

Note: CMI314 carries the data and supplies the keyboard with the
necessary CTS signal for correct operation

7805
+1b to +20V ‘M" vsvie
! ‘ { } T g E]
E_I O-tpF CERAMIC —I- ) -T-a.u,F
| l CERAME
IWay
MOLEX
10 PIN
10C CONNECTOR 7812
CMI CABLE Lin our +12v Rag. D
] | GND ] &
o"ﬂF - OuF
CERAMIC I ’ CERAMIC
100uF o »
Bew T3 100uF

StECTRO. T T= 35vw —| : I
ELECTRO- CTS

[

E. Gnd Gad = + |
100uF +

0] 350w PREM
ELECTARO KEYBOARD

Ol uF -E U === OIuF CERAMIC Raq.

3 | -tere =20 ceaamic 1. [ ene | T iy M

N out3 5
7912

E data dal'ﬂ‘E

DRN. RH
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GRAPHICS PAD ALIGNMENT

Graphics pad alignment

The alignment may be carricd out either in the CMI system by

vicwing the cursor on the screen, (for keyboard ROMs KBV1.56
onwards only) in OS9 by using the keyboard in its diagnostic mode.

Alignment in the CMI

(¥}

W

Lightly mark the top right and bottom left corners of the exposed
graphics pad (eg with solt pencil) before removing the top, so that
the allowable pen movement range may be recadily seen. Remove
the four screws from along the top rear of the keyboard casing,
and lift off the top cover.

Boot the CMI system so that the graphics cursor may be secn on the
screen.

There are FOUR adjustable potentiometers along the top of the
main printed circuit board. Touch the graphics pen in the bottom
left corner of the pad on the mark made in Step 1. Note: Touching
the pad slightly inside the mark (i.e 1-2 millimetres) will ensure
that adequate graphics cursor movement is obtained.

Adjust the LEFTMOST potentiometer so that the cursor is just on
the bottom of the CMI screen.

Adjust the RIGHTMOST potentiometer so that the cursor is just on
the LEFT edge of the CMI screen.

Touch the pen in the top right corner of the pad.

Adjust the potentiometer which is second from the LEFT so that
the cursor is just on the TOP of the CMI screen. Do not move the
already set potentiometers!

Adjust the potentiometer second from the RIGHT so that the
cursor is just on the RIGHT hand edge of the CMI screen.

Replace the top cover temporarily and check that the pad can move
the cursor over the whole screen. If not, repeat steps 3 to 8.
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GRAPHICS PAD ALIGNMENT

Alignment in OS9

1.

2.

d)

Repeat step 1 above.

Exit to OS89 if currently in the CMI system.Toggle the keyboard
into diagnostic mode by pressing key combination
CTRL/SHIFT/REP/DEL (ie all at the same time!). The keyboard
should send the string "Build .1>/null" and print a message with its
revision number.

If nothing happens, the keyboard probably hasnt been updated to
version 1.56 or later.

If the system hasn’t reccived the build command properly it will
try and act on the diagnostic messages (i¢c the disk will be accessed
cvery time a complete diagnostic message is reccived), so if this
should happen toggle the keybard out of and back into diagnostic
mode by pressing the CTRL/SHIFT/REP/DEL key combination
twice (slowly).

Note that touching the pen on the graphics pad will cause graphics
pad data to appear on the screen. Check that the data responds to
the pen button, the SHIFT and CTRL keys, and pen up/down, and
that the 'X’ and 'Y’ numbers change as the pen is moved.

There are FOUR adjustable potentiometers along the top of the
main printed circuit board. Touch the graphics pen in the bottom
left corner of the pad on the mark made in Step |. Note: Touching
the pad slightly inside the mark (i.e 1-2 millimetres) will ensure
that adequate graphics cursor movement is obtained.

Adjust the LEFTMOST potentiometer so that the 'Y’ data just
becomes 000.

Adjust the RIGHTMOST potentiometer so that the 'X’ data just
becomes 000.

Touch the pen in the top right corner of the pad.

Adjust the potentiometer which is second from the LEFT so that
the 'Y' data just becomes 3ff (this is the Y cordinate in
hexadecimal). Do not move the already set potentiometers!

Adjust the potentiometer second from the RIGHT so that the 'X’
data just becomes 3ff.

Replace the top cover temporarily and check that the pad can
change both "X’ and 'Y’ data from 000 to 3ff. If not, repeat steps 3
to 7.

10. Toggle the keyboard out of diagnostic mode by pressing

L1

CTRL/SHIFT/REP/DEL.

Replace the four screws in the bottom casing.
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GRAPHICS DATA FRAME FORMAT

Graphics data frame format
For cach X/Y coordinate a frame of six bytes is sent:

byte 1: 10000000 control byte

bvte 2: 11!lptscO status byte
s=SHIFT key down
¢=CTRL key down
t=TOUCH sensor on
p=PEN on pad

byte 3: 111xxxxx (low)

byte 4: 111xxxxx (high) X coord (10 bits)

bvte 5: 111lyyyyy (low)

byte 6: 111yyyyy (high) Y coord (10 bits)

Data Rate: 9600 Bit’s
Data format
1 startbit, 8 data bits and 1 stopbit. If the data transmission stops, the

TXD-signal will be logic "high". (By using the RS 232C logic "high" is
between -3V and -25V
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BLOCK DIAGRAM FOR GRAPHICS TABLET
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MEASUREMENT AND OQUTPUT FOR CO-ORDINATES

pen on the tablet

measurement of the X-coordi -
nate and electrodes
measurment of the Y-coordi-

nate and electrodes
switching

switching

coordindtes
valid ?

sensor contact

set sensor bit in the
status byte

i«

Data preparation

y

data output
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KEYBOARD CODE TABLE

Kevboard code table

Shift lock(alphalock): toggled on and off by ALPHALOCK Kkey.
When on, Normal and SHIFT codes arc
swapped for the 26 letter keys.

Automatic key repeat : initial delay of approx. | sec, then ..
repeats per second.If REP key is
pressed, delay is removed and ..repeats
per second

Break [unction: activated by pressing CTRL/ESC

Notes : up arrow, down arrow, left arrow, right arrow, arc standard
cursor control arrow symbols.

Sharp, natural, flat, are musical accidental symbols.

CTRL + SHIFT gives same code as CTRL.

Pos. Name repeat Normal SHIFT CTRL
A0l REPEAT

A02 { { * 5B 7B 1B
A03 1 } * 5D 7D ID
A04-07 unused

AQ8 space * 20 20 20
A09-12 unused

All ADD (sharp) * 0E CE Cé
Ald SUB (flat) * OF CF C7
AlS SET (natural) * 19 D9 DI
Pos. Name repeat Normal SHIFT CTRL
B0l SHIFT

B02 \ | * 5C 7C 1C
BO3 z * 7A 5A 1A
BO4 X * 7B 5B 18
BOS C * 63 43 03
B06 \'4 * 76 56 16
BO7 B * 62 42 02
BO8 N * 6E 4E 0E
B09 M * 6D 4D oD
Bl0 , < * 2C 3C BC
Bll . > * 2E 3E BE
Bl12 / ? * 2F 3F BF
B13 SHIFT

Bl4 unused

BlS RUB OUT * 7F 7F 7F
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KEYBOARD CODE TABLE

Pos.

Col
co2
co3
C04
C03
Co6
co7
cos
Cco9

C10
Cll
Cl2
C13
Cl4
Cl1s

Pos.

DOl
D02
D03
D04
D05
D06
D07
D08
D09
D10
D1l
Di2
D13
D14
DI15
D16

Name

CTRL
ALPHALOCK

®@VWO~C<ARMEO

4

(up arrow)
(down arrow)
CLEAR

repeat

L JEE JEE 2NN N K B B B BN R BN

repeat

L JEE JEE JEE 2NN JER R JEE JEE K K EE R JEE N

Normal SHIFT CTRL

61
73
64
66
67
68
6A

6B
6C
3B
3A
5E
0D

Normal

IB
09
71
77
65
72
74
79
75
69
6F
70
40
1C
1D
0C
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41
53
44
46
47
48
4A

4B
4C
2B
2A
7E
0D

SHIFT

1B
C9
51
57
45
52
54
59
55
49
4F
50
60
DC
DD
CcC

01
13
04
06
07
08
0A

0B
0C
BB
BA
1E
0D

CTRL

BREAK
Cl
11
17
05
12
14
19
15
09
OF
10
00
D4
D5
C4




KEYBOARD CODE TABLE

Pos. Name repeat Normal SHIFT CTRL
EOI . 5F 5F IF
EQ2 | ! * 3 21 Bl
EQ3 2 " * 32 22 B2
EO4 3 # * 33 23 B3
EOS 4 3 * 34 24 B4
E06 5 % * 35 25 BS
EOQ7 6 & * 36 26 B6
EO8 7 ' . 37 27 B7
E09 8 ( * 38 28 B8
El0 9 ) * 39 29 B9
Ell 0 * 30 30 BO
El12 - = * 2D 3D BD
EI3 (left arrow) * IF DF D7
El4 HOME * 18 D8 DO
ElS (right arrow) * IE DE D6
Pos. Name repeat Normal SHIFT CTRL
GOl Fl * 81 91 Al
G02 F2 * 82 92 A2
GO03 F3 * 83 93 Al
GO04 F4 * 84 94 Ad
GOs F5 * 85 95 AS
G06 F6 * 86 96 A6
GO07 F7 * 87 97 A7
G038 F8 * 88 98 A8
G09 F9 * 89 99 A9
Gl10 F10 * 8A 9A AA
Gll Fil . 8B 9B AB
Gi2 F12 * 8C 9C AC
Gl13 Fl13 he 8D 9D AD
Gl4 Fl4 * 8E 9E AE
Gls Fl5 * 8F 9F AF
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ALPHA NUMERIC GRAPHICS KEYBOARD

DM3005
REF. PART DESCRIPTION
No. No.
1 MCMI3 14 CARD, PS.U. ADAPTOR
2 M3195 CABLE ASSEMBLY, 7 CORE
3 MC606 CABLE ASSEMBLY, 10 CORE
4 G80%0 PEN, GRAPHICS
5 H1061 SCREW, CHD, M3 X 8
6 H2022 NUT, M3
7 300/067 PLATE, SERIAL #
8 Hl1050 SCREW, PZ PHD S/T, 1/2"

ALPHA NUMERIC KEYBOARD - 7.13



Contents

INtrOdUCEIOMuciiiiccerarareensnnearemerersesrsencosssvsssvsoscrnsaransasanareenansne Sed

Operating Principles......... “ ceeeeee 8.3

Keyboard disassembly corveresnreenesesseesseses 8.4

Keyboard reassembly...ceiricninsissnnmmncccsssinesensiesseissssscees 8.6

Slave keyboard disassembly and reassembly.................. 8.6

Trouble shooting
Failure of master keyboard to power up......ccceeevvnevaenree. 8.7

Individual key failure veererenerrssssarecenees 8.8

Failure of groups of keys....... 8.8

Slave keyboard malfunctions.....immnimiieirnceneneesisesseccees 8.8

CMI-10 description.... cerevesasesssaenns 8.9

CMI-11 description.........enrnerisscsecnnneens 825
CMI-12 description.. . 8.26

CMI-14 deScription.....ococerecererrernssreansnnecnsens 8.27

CMI-319 description veeveesnesressessensssasnens 8.28

Circuit diagrams.. .. ccceeeeiiniicicnniiiiieeciieniinnescereensserseossssoserssse 8.3 2
Signal and power wiring diagram MC004-01................ 8.39
Fixing screws on top cover DMCO004C.........cocoeeeerrreeannne. 8.41
Master keyboard complete DMCO04B........cccoevveeveecreraneee 8.43
Master keyboard assembly DMCO04........uveemeuriereerenceess- 8.45
Master keyboard subassembly DMCOIS......cccoceeeiivenenneee: 8.47
Slave keyboard assembly DMCO005 . 8.49




INTRODUCTION

The CMI has provision for onc Master keyboard and an opticnal
Slave keyboard which operates in parallel with the Master. The CMI
mainframe has only one master keyboard input port, to whick is
connccted the Master keyboard. The Slave keyboard, Alpha-numeric
keyboard, and other attachments such as pedal controls, all connect to
the Master keyboard. The latter contains an  intelligent
communications interface which monitors all attached devices and
routes information from them through the single channel to the CMI.
Other devices play into the MIDI sockets on the rear panel.

In addition to the piano type music keyboard, the Master keyboard
provides two switch controls, as well as three rotary pot and two
rotary wheel analogue controls. The switches (one momentary on, the
othcr on/off) are fitted with lamp indicators whose purpose may be
dcfined by the user by means of the CMI system software. One of the
wheels has spring rcturn, while the other wheel is unsprung. A 12
character LED alpha-numcric display and 16 switch keypad constitutes
a simple uscr interface to the mainframe so that during a live
pcrformance, operations such as loading voices may be performed
dircctly from the Master keyboard.

The Slave kcyboard serves only as an extra music keyboard and
contains nonc of the extra lacilities of the Master keyboard.

Related Documents: The (ollowing drawings are cither referred to
dircctly in this manual or will be of use in servicing the CMI music
keyboards -

Explodcd diagrams DMC004 Master Keyboard
DMC004B Master Keyboard with cover
DMCO015 Keyboard switches subassembly
DMCO005 Slave Keyboard

Drawing DMC004C Bottom pancl screw positions
Schematic Diagrams MCO004-01 Master Keyboard wiring
CMI10-01 Master controllier to CMI10-04
CMIIL1-01 Switch module
CMI112-01 Display/keypad
CMI 14 Slave interface module
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INTRODUCTION

Operating Principles

Control over all keyboard functions is centralised upon the CMI-10
Keyboard Controller which is located within the Master Keyboard.
Keyboard scanning, of both master and slave keyboards, is
accomplished by analogue multiplexing of the voltages on all key
switches. The key switch mechanism consists of two brass buss bars
running the full length of the keyboard which are supplied with +5
and -5 volts, and a delicate spring contact on each key which is
allowed to move between the two buss bars as the key is pressed. By
measuring the time it takes the spring contact voltage to change from
-5V to +5V, the velocity with which a key is pressed may be
calculated.

The analogue multiplexing is performed by the CMI-11 switch
modules, each of which has provision for 24 or 25 spring contacts.
Each module provides one analogue output which is the state of the
contact currently addressed by the select lines from the controller, and
each keyboard contains three modules. Six analogue comparators (three
for the master and three for the slave) on the master controller receive
these analogue signals and determine the state of the currently
addressed key.

The user keypad and off/on switches are scanned in the same way
although the multiplexed states are read directly as a digital signal.

The wipers of the five rotary controls on the master keyboard and
three plug-in pedal pots are similarly multiplexed and fed to a single
analogue to digital converter on the master keyboard controller. A
change detected in any analogue level read by the converter is
reported to the CMI provided that change is greater than 4 digital
levels (which translates to a change of 2 in the MIDI output frame).
The tolerance of the pitchbend controller under MIDI is set by a 6-
pole DIL switch at power-up, but is only used when the pitchbend
wheel changes direction.

All information reflecting the state of the master and slave
keyboards, and attached pedal controls are sent to the CMI via a serial
communications channel in MIDI format. Characters received from the
alpha-numeric keyboard are sent to the CMI through a serial
communications channel at 9600 baud. User information received from
the CMI through the same link is displayed on the LED display. The
display modules accept ASCII characters directly from the keyboard
controller.
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KEYBOARD DISASSEMBLY AND REASSEMBLY

Master Keyboard Disassembly

Removal of Wooden cover.
(Refer to drawings DMC-004C and DMC-004B)

1) Switch off CMI power and remove all cable connections to the
keyboard.

2) Place keyboard upside-down on a soft surface.

3) Remove the six screws marked "A" and the five screws marked "B"
on the drawing DMC-004C from the bottom panel of the keyboard.
Do not remove any screws other than these from the bottom panel
at this stage.

4) Return the keyboard right way up and remove the five back panel
screws attaching the wooden cover to the panel, marked "C" on
DMC-004C.

5) Lift the cover from the rear about 5 cm. then slide the cover
forward while continuing to raise the rear as illustrated below.

With the cover off, the CMI-10 Keyboard Controller circuit module
may now be observed, along with the wiring from the rear panel
connections to the module. To remove the module, follow steps 6-9.
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KEYBOARD DISASSEMBLY AND REASSEMBLY

Removal of CMI-10 Keyboard Controller
(Refer to drawing DMC-004)

6) Remove all cable connections to the CMI-10 module.

7) Unscrew three nuts and bolts attaching the CMI-10’s heatsink to
the back panel

8) Six plastic standoffs secure the module to the base of the
keyboard. With a small screwdriver, press the catch of each
standoff while gently prising the module up.

9) Lift the module off the standoffs.

Access to Keyboard Switch Mechanism
(Refer to drawings DMC-004C and DMC-015)

10) Slide the keyboard forward so the five screws marked "D" in
drawing DMCO004C may be accessed from underneath. Remove
these screws to release the retaining strip which secures the
keyboard assembly to the bottom panel.

11) The entire key assembly may now be swung up on its own hinges
by lifting from underneath the keys. Support the assembly from
behind on a piece of soft foam to avoid scratching the keys.

At this point the three CMI-11 switch modules may be viewed with
the spring switch contacts gently stretched across the brass -5V buss
bar and engaged in the plastic "keyhole grips" extending from
underneath each key. Each grip has two keyholes: the spring contact
should always be engaged with the lower one (closest to the underside
of the key).

Removal of CMI-11 switch modules
(Refer to drawing DMC-015)

The following steps should be followed for each module to be
removed: )

12) Remove the 10-way cable plug from its socket.

CAUTION: This cable should never be plugged or unplugged
with the keyboard power applied or damage will result to the
switch module circuitry.

13) Using tweezers or fine pliers, gently grip each spring switch
contact and stretch it just enough to release it from its keyhole
catch. Tuck it down underneath the lower brass buss supply bar (-
5V).

[4) Use a 6BA nut driver to remove the 9 nuts and star washers
securing the switch module to the underside of the key assembly.

15) Unscrew the 3 screws which pass through the buss bar support
blocks to the underside of the key assembly,

16) Lift the module off its supports.

MUSIC KEYBOARD - 8.5




KEYBOARD DISASSEMBLY AND REASSEMBLY

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
four screws numbered 31 and 32 on the left in drawing DMCO004
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 20-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.

Master Keyboard Reassembly

Reassembly of the Master keyboard is essentially a matter of
reversing the procedures of Section 2.1. 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 the module is not warped or distorted in any
way and that the buss bars are not bent.

Slave Keyboard Disassembly And Reassembly

To remove the wooden cover and the CMI-11 switch modules from a
slave keyboard, follow the same procedures as specified for the master
keyboard on pages 8.4 and 8.5 respectively.

Removal of CMI-14 Slave Interface
(Refer to drawing DMC-005)

1) With CMI power off, remove the flat cable connecting the master
and slave keyboards, if not already done.

CAUTION: Atways 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.

2) The CMI-14 module is item 7 on DMC-005. Release the 25-way flat
cable leading to the CMI-11 switch modules (item 8).
The same caution applies to this cable as to the external
cable.

3) Remove the three screws marked 13 which secure the module to the
back panel of the slave keyboard.
Reassembly of the slave keyboard is the reverse of the disassembly
procedures.
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TROUBLE SHOOTING

Failure Of Master Keyboard To Power-Up

Successful power-on sequence of the Keyboard Controller is
indicated by the control panel switch lights flashing on for
approximately | second, off for another second, then on again. A "
SERIES III-" message is then written to the keypad display. If this
does not occur and the CMI does not respond when the keyboard is
played or the keypad operated, try to run the built-in diagnostic
program (refer to pg. 8.18). If there is still no response, follow the
procedure below,

1) Check that all power supplies (+10V, +20V and -20V) are present
on the Music Keyboard cable from the CMI. Refer to drawing
MCO004-01. If not, check CMI (uses, the Cannon connector on the
back panel of the keyboard, and the cable itself.

2) Remove the cover of the keyboard according to page 8.4.

3) Ensure all cables are firmly connected and that the correct power
supplies are present on the six pin Utilux connector to the CMI-10
Keyboard Controller. If not, look for the faulty connection
between the back panel sockets and the CMI-10, referring to
drawing MC004-01.

4) Check that both DIL switches on the CMI-10 are set correctly. SW3
(4-way) should have switches 2 and 3 only closed, SW4 (6-way)
should have switches | and 2 only off. Refer to pages 8.9 and 8.11.

5) Verify the voltages on each power supply regulator output on the
CMI-10. Refer to page 8.14.

6) Check that the power-on restart circuitry holds the processor in
reset for approximately 0.4 secs. Refer to section page 8.9

7) Check that the processor crystal is operating and that the processor
g2 output signal is present.

8) Check that the processor is not receiving spurious interrupts due to
a faulty SW3. Refer page 8.9.

9) Establish whether the controller is running its program by
examining the VMA, data and address lines, and checking
peripherals which are accessed in the processor idle loop (refer to
page 8.18). If it is, then the controller is powering up but a major
I/O0 problem is preventing all normal indications of this.
Otherwise, a fault in the processor itself, the address decoding
system, the ROMs or RAM is causing the controller to crash. In
both cases, carefully check each of the functions described in page
8.9 to isolate the fault.
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TROUBLE SHOOTING

Individual Key Failure (Master and Slave)

The failure of a single key to operate will usually be caused by a
mechanical problem in the spring switch contact mechanism. Remove
the cover of the keyboard according to page 84 and hinge the key
assembly up as described on page 8.5.

Common causes of failure are damaged, loose or dirty spring
contacts, or inadequate contact between the spring and the brass buss
bars.

Failure Of Groups Of Keys (Master and Slave)

If all the 24 or 25 keys scanned by a particular switch module fail
to operate then the fault lies either in that module (check the voltages
on both buss bars) or in the path from it to the analogue key data
multiplexer in the Keyboard Controller (incuding the cable). The
source of such a fault may be isolated by swapping around the flat
cable connectors to the switch modules.

Failure of certain keys belonging to each module is most likely to
be caused by incorrect scanning addresses arriving at the switch
module: either a cable fault or an I/O problem on the keyboard
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 bend across the -
5V buss bar by approximately 20 degrees from the horizontal 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 is
released.

Slave 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
keyboard. However two additional possible sources of faults exist: the
cable from the master keyboard to the slave, and the CMI-14 slave
interface. Since the slave scan address lines arc the same as the master
scan address lines, faults in the slave keyboard which corrupt those
lines can cause the master to malfunction. Page 8.27  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 keyboard 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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MASTER KEYBOARD CONTROLLER, CMI-10

The function of the CMI-10 Master Keyboard Controller card is to
execute all keyboard facilities of the CMI and communicate the status
of those facilities through a single cable (two serial channels) to the
central processor. The facilities are -

Master keyboard scanning (with CMI-11 multiplexer).
Slave keyboard scanning (with CMI-14 slave interface and
CMI-11 multiplexer).

Data link to CMI for the alpha-numeric keyboard.

Master keyboard keypad.

Keypad display of information from CMIL

Three rotary pots.

Two rotary wheel pots.

Two on/off switches.

Three pedal controls with switches.

This section describes the operation of the CMI-10 board.

MPU,DECODING,RAM AND RESTART.
(Refer to drawing CMI110-01)

Microprocessor Unit

The central driver of the Keyboard Controller is the 6802
microprocessor unit (MPU) at location E567 which is activated by a
4MHz crystal. At power-up the MPU reset line is held low for
approximately 0.4 seconds at which time it is released to begin
execution. It is 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
by depressing SW1 (nearer the heatsink), This switch is debounced
through the pair of open-collector NAND gates D12,

While the restart line is held low, the MPU places FFFE (hex) on
the address buss and its first operation is to fetch the restart vector
from locations FFFE/F. Execution is then transferred to the
initialization routines in ROM. Successful completion of this power up
phase is indicated by the keyboard switch lamps switching on for
about one second, off for another second, then on again. A "-SERIES
III-" message is then written to the keypad dispiay.

A 4-pole dual-in-line (DIL) switch, SW3, is used to select the source
of Non-Maskable Interrupts to 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 Select BRCK signal from Baud rate gen. as
timing reference.
2 Select 62 from MPU as timing reference.
3 Select SW2 as NMI
4 Select timing reference as NMI
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CMI-10 MASTER KEYBOARD CONTROLLER

Clearly, switches 1 and 2 are mutually exclusive and must not be
closed simulataneously, as are switches 3 and 4. Before feeding to
switch 4, the high frequency reference selected by switches | or 2 is
divided by 512, 1024, 2048 or 4096 by the binary counter CS5. 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, in addition to optioning as an NMI source.

With "MIDIKBD" and "KEYDIAG" ROMSs, switches 2 and 3 only
should be closed. This selects SW2 as NMI source, and this will
activate the diagnostic routines if present. The NMI vector is at
FFFC/D. Switch 1 of the DIL switch is nearest the edge of the PCB
with the heatsink.

The 6802 MPU contains 128 bytes of internal RAM. This is
permanently enabled by tying the Ram Enable signal (pin 36) high.
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MASTER KEYBOARD CONTROLLER, CMI-10

Address Decoding

Selection of all ROMS, external RAM and peripheral devices is
performed by four LS139 1-of-4 decoders in ICs E12 and E34.
Addresses are decoded when both the ¢2 and VMA (Valid Memory
Address) signals from the MPU are high.

The address map of the Keyboard Controller is as follows:

Address (Hex) Function

0-7F Internal RAM. 23 bytes only used, for software
variable storage.

80 - 83 Active key input/AD conv. input PIA (K34)

90 - 93 . Key address output PIA (F34)

A0 - Al Alpha-numeric keyboard comms. ACIA (C67)

BO - Bl CMI communications ACIA (D67)

co Software readable switch

4000 - 43FF External RAM #1 (L67, N67)

5000 - 53FF External RAM #2 (K67, M67, not normally
installed)

9000 - 97FF ROM #1 (J67, not normally installed)

A000 - A7TFF ROM #2 (HI67, not normally installed)

B000 - B7FF ROM #3 (G67, "KEYDIAG")

F800 - FFFF ROM #4 (F67, "MIDIKBD")

Software Readable Switch

The six-pole dual-in-line (DIL) switch SW4 selects a number of
software functions. Bit S selects MIDI or Series I/1IX Fairlight mode.
If bit 5 is off, the keyboard will behave like a Series I/IIX Fairlight
keyboard and will communicate with the CMI only via RS-232 at 9600
baud. However if bit 5 is on, key depressions and control changes will
be sent to the CMI in MIDI format at 31.25k baud. Keypad depressions
are always sent via RS-232 regardless of bit 5. When connected to the
Series III CMI, bit 5 should be on. When bit 6 is off, the two rotary
wheels are ignored. At power-up, bits 1-4 are read, and this 4-bit
number determines the sensitivity of the pitchbend control (wheel #1)
under MIDI. When the pitchbend wheel changes direction, no more
pitchbend data will be sent to the CMI until the ADC detects a change
in digital levels of more than this sensitivity value. Normally
sensitivity is set to 3 digital levels so switches 1 and 2 only should be
of f.

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.
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CMI-10 MASTER KEYBOARD CONTROLLER

External RAM

Provision is made on the CMI-10 p.c.b. for 2K of static RAM but
normally only 1K is installed: 2114s L67 and N67. Each chip contains
1K x 4 bits storage. The upper nybble is stored in L67, and the lower
nybble in Né7.

ROMS and Peripherals
(Refer to Drawing CMI10-02)

ROMS

Provision is made on the CMI-10 printed circuit board for four 2516
ROMs. Normally only two of these are installed: "MIDIKBD" at Fé67,
and "KEYDIAG" at G67. The first ROM contains the MIDI keyboard
driver routines and is normally the only ROM in use, the second
provides diagnostic routines.

Serial Communications ACIAs
RS-232 data from the Alpha-numeric keyboard is received, and
MIDI sent, through the 6850 Asynchronous Communications Interface
Adaptor (ACIA) at C67. MIDI data is driven as a current loop by LS03
D1,2 through 220R resistors R29 and R30. Series I/IIX keyboards
. without MIDI use the output side of C6,7 for RS-232 output to the
Alpha-numeric keyboard instead of MIDI. RS-232 communication to

and from the CMI utilises the 6850 ACIA at D6,7.

(M\ The baud rate for RS-232 channels is derived from the baud rate
' generator at Bl2 driven by a 1.8432MHz crystal and a PCB link at C12
normally selects 9600 baud operation (from pin 1 of Bl12). The baud
rate generator also provides the BRCK signal, normally linked to 1200
baud at B45. MIDI communication with the CMI occurs at 31.25k baud
through C67. However if bit 5 of SW4 is off, the keyboard will behave
like an early keyboard and communicate to the CMI at 9600 baud
through D67 only. MIDI should be selected when using a Series III
CMI. The 31.25k baud signal is derived from ¢2 divided by the
counter at C5, Note that the timing signals are 16 times the baud rate.
Both ACIAs are normally linked via LK1 and LK2 to the common
interrupt request (IRQ) buss signal, and generate interrupts whenever

characters are sent or received.
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Peripheral Interface Adapters (PIAs)

Two PIAs are used, each containing two 8-bit parallel I/O ports and
four control outputs/IRQ input lines. The PIAs are configured during
initialization and used as follows:

PIA F34
I/O port A Peripheral address outputs. Buffered through
PAO - PAIL G23 to address to provide:
CMI-11 switch module addresses
CMI-12 keypad mutiplexer addresses
LED display module data
Data inputs to flip-flops (G4) which switch
control button lamps.
Analogue control input multiplexer
addresses.
CAl Scan Not Done (SCND) timing (lag input
CA2 Strobe output to update lamp flip-flops
I/O port B LED display digit select lines
PBO - PBI LED display all-segments-on (CU) and module
PB2 - PB? select (CS) signals.
CBI Input flag from keypad multiplexer.
Does not generate IRQs.
CB2 Strobe output to update a LED display
(DWS)
PIA K34
I/0 port A Inputs from music key threshold comparators
PAO - PAS
PAG6 Input from control switch multiplexer enabled by
BKA7
PA7 Input from keypad multiplexer, also enabled by
BKA?7
CAl Inverted timing reference input. Does not generate
IRQs
CA2 Threshold select output
I/O port B Data inputs from A/D converter (ADC)
PBO - PB7
CBI DR (Data Ready) flag from ADC
CB2 B/C (Begin Conversion) strobe to ADC
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Power Supplies

The Keyboard Controller receives +20V, -20V and +10V from the
CMI through a 6-pin Utilux connector. Six on-board regulators (see
drwg. CMI10-04) are used to generate three independant +5V supplies,
in addition to +I2V, -12V and -5V supplies. These power the
Controller itself plus the keypad display, analogue controls and
switches.

The supply designated "+5V*" powers all circuitry on drawings CMI-
10-01 and CMI-10-02 except the ROMs, which are powered separately
from "+RV". The analogue multiplexers, A/D converter and RS-232
drivers on CMI-10-03 and CMI-10-04 receive power from "+XV" and
where necessary, the -5V supply.

"+XV" and "-5V" leave the Controller board via SOl to power the
CMI-11 keyboard switch multiplexers, and the keypad display.

"+XV", "-5V", "#127, "-12" and "+20" leave via SO5 to power lights,
switches and pot controls on the CMI-319 Analogue Control Module.

"+XV", "-5V", and "+20V" leave via SO2 if that socket is used (see
the end of page 8.15)

Threshold Detection

MDI1-3 and SDI1-3 are the multiplexed signals representing the
position of music keys addressed by the three master keyboard CMI-11
modules and the slave keyboard interface CMI-14, respectively. These
signals are compared by the six MLM31ls to a known threshold to
determine when a key begins to be pressed, and when it is fully
dcpressed.

The THLD signal from PIA K34 sets up one of two thresholds
through the 741SC 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 is low. An unpressed key rests against the -5V buss
bar so the corresponding comparator output will be high. When the
key is first depressed and the spring contact leaves the -5V buss bar,
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 is switched high to select the +2.3V threshold,
setting the comparator high 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 untii its
release is detected.

Control Signal Multiplexors and A/D Convertor

User control signals enter the Keyboard Controller from several
possible sources: two control panel switches, three control panel rotary
pots, two control panel wheel pots, three pedal switches and three
pedal pots. The switch controls are analogue multiplexed by H3 and
read directly as KD6 when gated by a high level on BKA7.
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The analogue controls (rotary, wheel and pedal pots) are
multiplexed by I3, buffered by 14 (741SC), and fed to the AD570 A/D
converter at J4. The low frequency signals used do not require a
sample and hold. The converter is strobed to begin a conversion by the
B/C signal from the CB2 output of PIA K34 and flags the end of
conversion to CB1 of the same PIA.

The sensitivity of the pitchbend control may be set by DIL switch
SW4. Refer to page 8.11 for further details.

RS-232 Interface
ICs A5 and A6 are the RS-232 drivers for the two ACIAs described
on page 8.12.

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.
The driver is activated by signals LP1 and LP2 latched from PIA F34,

Connections

The Keyboard Controller has five external connections as detailed
below. Note that SO2 and SOS5 are wired differently between Revs 6,
and 5 and that SO5 does not exist on earlier revisions. The different
cabling configurations are explained after the connection lists.

SO1 - 50-Way flat cable connector.

Pins 1-5 Master switch module | scan address

6 N/C

7 -5V to Master switch module !

8 "+XV" 5V to module 1

9 Ground to module |

10 MD1 module 1 multiplexed output

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 BK A3, selects keypad multiplexer 2

49 Ground to display/keypad

50 "+XV" +5V to display/keypad
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SO2 - 10-way rainbow cable connector to pre-pitchwheel analogue
controls.

s
=]

Pulled low to light lamp 2
Pulled low to light lamp |
State of switch 2

State of switch |

Output of pot 3

+20V unregulated

-5V

+5V

Qutput of pot 2

Output of pot |

=000 JdO\W & Wi

(=]

SO3 - 26-Way rainbow cable connector

Pin 1 Pedal | pot wiper

2 Pedal | switch

3 Pedal 2 pot wiper

4 Pedal 2 switch

5 Pedal 3 pot wiper

6 Pedal 3 switch

7-11 Slave keyboard 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 keyboard

18 A/N keyboard ground

19 Data to A/N keyboard (pre-MIDI only)
20 Data from A/N keyboard

21 Ground

22 MIDI+ (pre-MIDI: Flag from CMI)
23 MIDI- (pre-MIDI: Flag to CMI)

24 Ground

25 Data from CMI

26 Data to CMI

S04 - 6-Way Utilux Connector
Pin | +10V return
2 +10V

3 +20V

4 =20V

5 Ground

6 +/-20V return
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SO5 - Rev 4 and below: not installed
Rev 5: 10-way flat cable connector
Rev 6: 20-Way flat cable connector

Pin ! Ground

3 +12V

4 Output of wheel 2

6 QOutput of wheel 1 (pitchbend)
7 -12V

9 -5V

10 Unused

Pins 11-20 Only on Rev 6+

11 Pulled low to light lamp 2
12 Pulled low to light lamp 1|
13 State of switch 2

14 State of switch |

15 Qutput of pot 3

16 +20V unregulated

17 -5V

18 +5V

19 Output of pot 2

20 Output of pot 1

Cable configurations for analogue controls.

The above lists show that the 10-way connector at SO2 is wired in
parallel with the upper 10 pins of the 20-way connector at SOS5. This
is to allow a single 20-way cable connection from SO5 to CMI-319 in
Series III keyboards but still allow Rev 6 CMI-10s to be used as
replacements in Series I/IIX keyboards, with a 10-way cable from SO2
to the analogue controls.

SO2 is not used if a Rev 6+ CMI-10 is installed in a Series III
keyboard.

If a Rev. 5§ CMI-10 is installed in a Series III keyboard, 10-way
cables go to both SO2 and SOS, from the 20-way connector on the
CMI-319 module.

Rev 4 and earlier CMI-10s cannot be used in Series III keyboards
with pitch/modulation wheels.
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Standard Diagnostic Routines

Built into the keyboard ROM "KEYDIAG", are a set of diagnostic
routines designed to discover and isolate hardware faults that are not
so serious that they prevent the 6802 processor from operating. These
routines are capable of surviving faults which stop the normal driver
software.

Although invisible during normal operation, they can usually be
activated and the faults confirmed without opening the keyboard or
requiring the use of a CMI except to provide keyboard power. The
only tool needed is a jumper plug for the 9-pin D-socket labelled "TO
CMI" on the back plate of the keyboard. This plug should have pin 6
connected to pin 9. If a fault is detected, you will have to open the
keyboard case and locate the fault yourself, however the diagnostic
routines can give you a good idea of where the failure is located.

By following this step-by-step guide, you can thoroughly test the
music keyboard.

Starting the Diagnostics.

Disconnect the power to the keyboard. Depress "*" and "D" on the
keypad and keep them pressed. Now connect the power to the
keyboard. Both lamps should come on, go off, and come on again. The
LED display should display "KDIAG3MIDIK9" or a similar message.
This tells you the names of the two ROMs installed, in this case
"KEYDIAG3" and "MIDIKBDY". Obviously, the ROMs may have been
updated since this document was written. You should check to make
sure that the latest ROMs are installed (if "DIAGNOSTICS:" appeared
on the screen, then you have a pair of ROMs that are capable of
crashing the CMI by sending spurious MIDI frames: definitely replace
these). If all is well, go to RAM test pg. 8.20. Otherwise:

a) The lamps did not come on and the display did not display a
message:

1) Check that all power supplies (+10V, +20V and -20V) are
present on the Music Keyboard cable from the CMI. Refer to
drawing MCO004-01. If not, check CMI fuses, the Cannon
connector on the back panel of the keyboard, and the cable
itself.

2) Verify the voltages on each power supply regulator output on
the CMI-10. Refer to page 8.14,

3) Check that the power-on reset lasts 0.4 seconds. Refer to page
8.9,

4) Check that the processor crystal is operating and that the
processor ¢2 clock signal is present.

5) Establish whether the program is running by examining the
pins of the 6802 with a logic probe or CRO.

6) If the program is running, then the fault probably lies in the
PIA’s or cables connecting the circuit boards within the
keyboard.

7) PIA test, step 2 pg. 8.20 details a method for activating the
diagnostics which does not depend upon the PIA’s.
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b) One or both of the lamps did not come on but a message was
displayed:

1) Check the lamps
2) Check the cable to the analogue coatroller board.
3) Check the driver at J2. Refer to drawing MC004-03.

c) Both lamps came on, turned off and came on again, but no
message or a garbled message was displayed:

1) Check the cable to the keypad and display.

2) The PIA's may not be working properly (but the PIA at F3,4
is partially working since the lamps work).

3) The display may be faulty.

4) A program is running, but go to step 4.4.2 anyway.

d) The message "-SERIES III-" appears:

1) Check that "KEYDIAG" is present in socket G6,7.

2) The ROM "KEYDIAG" may be faulty.

3), The addressing to G6,7 may be faulty.

4) You may have released either "*" or "D", or depressed another
key when power was applied.

5) The keypad or it's cable may be faulty.

6) The PIA at K3,4 may be faulty.

7) Go to step Alternative Startup Procedure below anyway.

¢) Both lamps came on, turned off, but only the left hand lamp
came on again. Nothing was displayed:

1) You have just witnessed a lamp blowing!
2) The internal RAM on the 6802 is faulty. You must replace
the processor at ES,6,7

Alternative Startup Procedure. .

Open the case of the keyboard (refer to page 8.4). Press SW2 at C8
to produce an NMI. This will always activate diagnostics if
"KEYDIAG" is present. Failure of any sign of program operation to
occur is due to faulty PIA’s, timing problems or a faulty processor.
Other problems are the same as for (1), except that the keypad and
PIA at K3,4 are not used. If the program is running and the ACIA at
D6,7 is working, then a short transmitted message should be detectable
on the jumper plug attached to the "TO CMI" port about 18 seconds
after the NMI was pressed.
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RAM Test.

The display will change to "TESTING 2114". The 2114 ram chips at
L6,7 & N6,7 are now being tested, and this will take about 11 seconds.
"OK" should then flash onto the screen. If instead:

a) "R1E=xxxxxxxx" appears, where xxxxxxxx is a hexadecimal
number, then the 2114 ram chips have failed that many times.
This number is the total number of failures since the
diagnostics were started. Since there are $400 ram locations,
and ecach location is tested $100 times, the maximum number
of errors detectable in each execution of the ram test routine
is $40000.

PIA Test.
The display will change to "TESTING PIA". In about half a second,
"OK" should appear. If instead:

a) The left hand lamp turns off or "PIAIER" or "PIA2ER"
appears - a problem was detected in one of the PIA's. PIA #lI
is at F3,4 (look for overloaded outputs) and PIA #2 is at K3,4
(it has to be very dead to fail this test)

1) PIA #1 is used for device selection and display. PIA #2 is
used for keyboard & keypad addressing, and A/D conversions.
If you have come this far and received messages on the LED
display, PIA #l is working, so suspect wiring or contacts
instead.

2) It is possible for malfunctioning PIA’s to pass this test.

ACIA Test.
The display should change to "TESTING ACIA". In about half a
second "OK" should appear. If instead:

a) "AC2RER" appears, then a garbled message was received by
the ACIA at D6,7. The program will continue after a few
seconds.

b) "AC2TER" appears, then no message or an incorrect message
was received at D6,7.

c) nothing appears, then the program has probably hung due to
the IRQ line to the 6802 being pulled permanently low.

The ACIA at C6,7 is not tested by this program as it is used to
generate MIDI, which operates at a different baud rate from all other
communication channels. This should be tested by playing some notes
using the normal keyboard driver.

Check the jumper plug, the 9-pin D sockets on the keyboard back
panel, and the wires to these sockets before suspecting the ACIA
device.
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Main Event Loop.

The screen should now show "GO" and the program will be in an
endless loop. If any change is detected in the state of any key, switch,
pot or pedal then this change will be displayed on the screen as
follows:

"MK zzz DN" Key 22z is fully depressed
"MK zzz UP" Key zzz has been released
"MK zzz MD" Key zzz is half depressed

"SW yy DN" Switch #yy on the analogue controller board is
fully depressed

"SW yy UP” Switch #yy on the analogue controller board has
been released

"PS yy DN" Pedal switch #yy has been pressed

"PS yy UP" Pedal switch #yy has been released

"DSW xx" The value of the DIP switch is $xx

"KP w DN" "w" has been pressed on the keypad

"KP w UP” *w" has been released on the keypad

“POT yy xx" The value of rotary pot #yy is now $xx
"PDL yy xx" The value of pedal #yy is now $xx

"PB xx" The value of the pitch bend is now $xx
"W2 xx" The value of wheel 2 is now $xx

where:

w is a letter available on the keypad,ie 0,1,2,3,4,5,6,7,8,9,A,B,C,D,*
or #

Xx is a two digit hexadecimal number

yy is a number, ie 02, representing the number of a particular
device if more than one may be connected at once.

zzZ is the name of a musical note. The first digit represents the
number of the octave. The last two digits are the name of the
note, iec C# or G. The lowest note on the keyboard is 1F and
the highest is 7F. All notes from C to the next highest B have
the same octave number.

If the ADC fails to read a value, the message "ADC E=xxxx" will be
displayed briefly, every time the program goes through this program
loop. xxxx is a hexadecimal value representing the total number of
ADC failures detected so far. ADC errors are usually due to problems
with the -20V power supply from the CMI, or the -5V and -20V
regulators on CMI-10. Fuse #7 in the base of the CMI is attached to
the -20V keyboard supply.
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Analogue Controller Testing

At this stage you should check that the pots, pedals, wheel and
pitchbend controls work properly. They should go from $00 to $FF
with $80 being the central value. This display has a window of 2, so
you should strive for values accurate to +/-1. Check also that turning
any of the controls beyond $FF or $00 does not result in phantom
turning of some other control. This problem is a result of overloading
the analogue multiplexers, and can be partially cured by adjusting the
trim pots on the underside of the analogue controller box at the
left hand end of the keyboard.

If the keyboard case is open, and you suspect that the DIL software
switch may not be working, then toggle one of the switches in this
DIL switch. The default value of the DIL switches is $03, which
corresponds to switches 1 and 2 only being on. Remember that the
program reports only what the switches have been changed to, not
what they were originally. Alternatively, press "** then "2". The
display will report the current value of the DIL switch, and then
continue. This command is discussed in more detail below.

Commands

One key that has special significance is "*". This is the command
key. Pressing it results in the message "COMND:" being displayed.
Pressing another key will allow you to select from the following
alternatives:

"A" One time test of the 2114 rams

“B* One time test of the PIA’s. Not all problems with the PIA’s can
be detected.

"C" One time test of the CMI ACIA,

"2" The current setting of the 6-pole DIL switch at M8 will be
displayed on the screen as a hexadecimal number. The default
setting is $03. The value of switches 1 to 6 correspond to $01,
$02, $04, 308, $10, and $20 respectively when they are in the
of f position.
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Perform tests A, B, C and calculate the ROM checksum
continuously. If the message "ROM = xx" is displayed, then
there is a fault in the ROM "KEYDIAG" which is probably due
to an intermittent addressing problem. Such a problem would
also cause the ROM checksum to be unstable, and the software
will crash with similar regularity. Test 3 is a good soak test for
the keyboard. While each test is in progress, a message
"TESTING (device)}" will be displayed. Successful completion of
each test is indicated by "OK" flashing onto the screen. Failure
will result in an error message, and a jump into the error
handler. If more than [5 seconds goes by without the display
changing, then the program has hung.

Continue after a pause of a few seconds when an error is
detected. After this command has been executed, the error
handler will continue the diagnostics after a pause of a few
seconds. This command cannot be undone. It should not be
executed before performing an unattended soak test as any
error messages will be overwritten.

A check of all keys will be performed by asking you to press
every key on the keyboard from lowest to highest. "SCALE"
will be displayed on the screen to indicate that the command
has been recognised. The display will change to "PRESS IF".
When you have pressed and released this key (the lowest key on
the keyboard) it will ask you for the next higher key. After all
keys have been pressed, the display will return to "GO". If any
key is missed, the display will continue to display that key
until it is pressed. In order to avoid multiple key depressions, it
is suggested that this test be performed using one finger.

Jump into MIDI driver code. The keyboard will behave just like
a regular keyboard and can be used to output MIDI to the CMI.
If you wish to return to diagnostics, you should go to step (1).

Return to the diagnostic loop that reports changes in the state

of keys etc. This command is used to undo the effect of
pressing "*",
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Stopping a Continuous Test

To get out of a continuous test, simply turn the power off and on,
or press NMI (SW2) or press RESET (SWI1). NMI will always get you
into diagnostics again, while "*" & "D" need to be pressed if the
keyboard is RESET or powered up.

The Error Handler

The error handler is a subroutine designed to make sure that you
have received each error message. It waits for all keys on the keypad
to be released. Next, it waits for the keys "1", "4", "7" and "*" to be
presscd simultaneously. After a wait of a couple of seconds, the
program returns to where it left off. If you wish the program to
continue after a pause of a couple of seconds without waiting for
these key depressions then issue the command " & "1" before
executing any continuous test.

Soak Tests
A thorough test of the keyboard should also include the following:

a) Turn the keyboard on and leave it for 15 minutes or more. If the
message "GO" is still on the screen then there are probably no
problems with dirty contacts. If a message such as "MK 6G# UP" is
displayed, then this key may not have reliable contacts.

b) Execute the command "*" & "3" and leave it for several hours
(days?). This should detect intermittent problems with RAM, ROM,
PIA’s and CMI ACIA.

¢) Finally, connect it to 3 CMI. RESET the keyboard by turning the
power off and on while none of the keypad keys are depressed.
The keyboard should now be producing MIDI code whenever keys
are hit. Verify this by playing a few notes through the CMI. This
is extremely important as the MIDI ACIA cannot be tested by the
diagnostic routines because it operates at a different speed from the
two serial inputs.
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Three Keyboard Switch Modules are installed in each master and
slave keyboard used with a CMI. Each module provides a single signal
out which represents the state (pressed, released, or in flight) of one
of the 24 or 25 keys addressed by the multiplexer inputs. This section
describes the operation of the CMI-11.

Keyboard Switch 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-11. The lower three of these
are bussed across three 4051 analogue multiplexers (ICs 2-4) so that
cach 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 multiplexer, IC1, whose
select inputs are the upper two bits of the key address. Thus the
output of IC]1 may be any of the 24 key contacts accessed by ICs 2-4,
It may alternatively be the 25th key contact which is fed directly to
IC1 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 (R1) pulling to ground. This
is to ensure that if the 25th key is not installed, it appears to the
multiplexer as a key which is never pressed. However, the resistor
must be removed if the 25th key is instalied or the velocity sensing
mechanism will not work on that key.

The output of IC1 is fed directly to the Keyboard Controller in a
master keyboard or to the Slave Interface in a slave keyboard. Its
unused inputs are grounded,

External Connections

SO1 - 10-Way flat cable

Pins 1-5 Key scan address inputs

6 N/C

7 -5V supply

8 +5V supply

9 Ground

10 Multiplexed analogue output

.
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The 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 be 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.

Display and Keypad Operation
(Refer to drawing CMI-12-01)

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 the
selected module(s) is written to. The CU line is a test enable line
which causes every segment in each digit to light up.

Keypad ‘

The keypad is simply an array of 16 momentary switches which
connect to the common (+5V) line when pressed. Two 4051 l-of-8
analogue multiplexers scan the keypad. Their select and inhibit inputs
are taken from the key scan address lines. Only enabling one
multiplexer at a time allows the outputs to be wired together on the
same KPAD signal.

External Connections

SO1 - 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
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The Slave Keyboard Interface provides regulated power supplies to
the CMI-11 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.

Operation
( Refer to drawing CMI-14)

Scanning and Buffering

The five slave key scan address lines from the master keyboard
controller are led straight through to the CMI-11 switch modules. The
output from each module is 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 more floating buffer inputs result in 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.

Power Supplies

The CMI-14 is supplied with +20V and -20V f(rom the CMI via the
master keyboard. A 4V7 zener is used on each supply side to provide
+12V and -12V to the 741 buffers, and 7805 and 7905 regulators send
+5V and -5V respectively to the switch multiplexers.

External Connections

SOI1 - 30-Way flat cable connector

Pins 1-5 Slave switch module 1 scan address

6 N/C

7 -5V to Slave switch module 1

8 "+XV" 5V to module |

9 Ground to module |

10 MD1 module | multiplexed output

11-20 Slave switch module 2 connections as for |
21-30 Slave switch module 3 connections as for |

SO2 - 25-Way D series external connector

Pins 1-2 Ground

3-7 Slave keyboard scan addresses
8 Ground

9-11 Slave multiplexer outputs
12-21 N/C

22-23 =20V supply

24-25 +20V supply
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CMI-319 ANALOGUE CONTROLS

The analogue controls permit the musician to convey information to
the CMI about tonal quality in a continuously variable manner
(actually a large number of digitized values). This controller board
consists of two switches, three rotary pots, two rotary wheels and two
lamps. This section describes the operation of the CMI-319.

Operation
(Refer to drawing CMI-319)

Rotary Pots

There are three rotary pots on this controller board, and they are
labelled control I, 2 and 3. The pots are connected between the +5V
and -5V supplies. By turning the pot, the potential of the wiper is
made to vary between +5V and -5V. No adjustment is possible or
necessary.

Switches

There are two switches, labelled switch | and 2. When a switch is
depressed, it connects its line (SW! or SW2) to +5V. The line is pulled
to ground when the switch is open.

Lamps

There is a lamp inside both of the switches. The lamp is
independent of the switch position. Each lamp is connected between
+20V and the lamps signals, LAMPl or LAMP2. These signals are
controlled by a MC75452 at J2, which is in turn controlled by LP1
and LP2. Refer to circuit diagrams CMI-10-03 and CMI-10-04.

8.28 - MUSIC KEYBOARD




ANALOGUE CONTROLS CMI-319

Wheel controls

Wheel 1 is a pitchbend controller. It is used to determine pitchbend
frames for MIDI. This control allows the musician to alter the pitch of
a note or chord by up to +/- 128 semitones. It is fitted with a spring
return, which always returns the control to the central position when
not being held. The central position corresponds to no pitch alteration.

Wheel 2 is a modulation wheel. It is not fitted with a spring return,
so will remain in the same position when released. Apart from this
difference, it is mechanically and electrically the same as the
pitchbend control, however the software demands much smaller
tolerances on the pitchbend.

Each wheel is connected to the shaft of a rotary pot. This pot is
connected between +12V and -12V. Duc to mechanical restrictions, the
wiper is only able to traverse a smaller range of voltages. An LF353
dual op-amp is used to adjust the output voltage to the range +5V to -
SV with 0V at the central position. This is achieved by using two
500K 10-turn trim-pots for each op-amp. The first trim-pot is
connected between +5V and -5V, and the wiper is connected to the +
input of the op-amp to provide offset adustment. When this voltage is
the same as that of the - input, the op-amp output is 0V. The other
trim-pot is used as a variable resistor between the output of the op-
amp and the - input to provide gain adjustment. This allows control of
the range of the output voltage. Two back-to-back diodes are
connected, to the output of the op-amp to provide a 0.6V dead-zone
around the central position. Finally, two IN914 diodes are connected
between the output signals MOD and PITCH and +5V to prevent
circuit damage if the trim-pots arc incorrectly adjusted.
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CMI-319 ANALOGUE CONTROLS

Adjusting the wheels
Incorrect adjustment of the pitchbend controller will result in the
following problems:

a) The CMI will be out of tune. This is due to the pitchbend
assuming a non-zero voltage when not being held.

b) The pitchbend will be unable to bend the sound up or down by
one whole octave. This is due to insufficient range on the
pitchbend.

¢) Turning the pitchbend appear to the CMI as being accompanied
by the turning of the other controls. This is due to the range of the
pitchbend output voltage, PITCH, exceeding the +5V and -5V
supplies, causing the 4051 multiplexer at I3 to become overloaded.

Similar problems will occur with wheel 2, except that this wheel is
often unused.

To adjust the wheels, follow these steps:
1) Remove the case of the keyboard. Refer to page 8.4.
2) Unscrew the control panel. Refer to page 8.6.

3) Activate diagnostics, and proceced to the main event loop. Refer to
8.18

4) Sect the range of each control to a small value. The pitchbend
range trim-pot is the second from the top, wheel 2 at the top.
Turn it anti-clockwise to reduce the range.

5) Set the central value to $80. The pitchbend centre adjust trim-pot
is the 4th from the top, wheel 2 3rd from the top. Turn it
clockwise to reduce the values.

6) Turn the range-adjust trim-pot clockwise to increase the range.
Adjust the centre-adjust trim-pot to make the range symmetrical
about $80. Repeat step (6) until the wheel just reaches the
endpoints of $0 and $FF. Overshoot will result in phantom
turning of other controls due to the 4051 at I3 becoming
overloaded. Finally, make sure that the centre is still $80.

7) Alternatively, you may use a digital voltage meter. Pin 2 of the
4051 at I3 is the output of the pitchbend. Pin 4 is the output of
wheel 2, They should go from -5.00V to +5.00V with the voltage
when the wheel is in the central position being 0.00V. In practice,
all three parameters can rarely be satisfied, however you should
try to achieve maximum possible accuracy.
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ANALOGUE CONTROLS CMI-319

External Connections

SO1 - 20-Way flat cable connector

Pin | Ground

3 +12V

4 Output of wheel 2

6 Output of pitchbend

7 -12V

9 -5V

11 Pulled low to light lamp 2
12 Pulled low to light lamp 1
13 State of switch 2

14 State of switch 1

15 Output of pot 3

16 +20V unregulated

17 -5V

18 +5V

19 Output of pot 2

20 Output of pot 1
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CMI-10-01 MUSIC KEYBOARD INTERFACE
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MUSIC KEYBOARD INTERFACE CMI-10-02
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CMI-10-03 MUSIC KEYBOARD INTERFACE
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MUSIC KEYBOARD INTERFACE CMI-10-04
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CMI1-11-01 KEYBOARD SWITCH MODULE
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KEYPAD / DISPLAY MODULE CMI-12-01
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CMI-14-01 SLAVE INTERFACE
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SIGNAL AND POWER WIRING
MC004-01
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SIGNAL AND POWER WIRING
MC004-01

PEDAL 2

PLoaL Y

P
]

_015. —

MUSIC KEYBOARD CONTROLL

CMI- 10

— $0 way

T

JAL Yo ¢
[Eexs i)
¥

SWITCH MODULE
3

CMI-1

SWITCH MODULE
n

cMI-1

SWITCH MODULE
b3

CMI-1

DISPLAY K/PAD

20 waY

rw )

11

04
HIN
o
L0

MUSIC KEYBOARD - 8.39




FIXING SCREWS ON MASTER KEYBOARD TOP COVER
DMC004C

HOLES MARMED A b~ #6a% SLLF TAP 3

B S YA 4BA LM HO wiTH
4ABA WASHES

C. 5= %6 ¥ % SULLF 1AP
D S ~4BA = > Cu up
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MASTER KEYBOARD COMPLETE

REF. No. PART No. DESCRIPTION \_ DMCO0048
1 Gco028 COVER MUSIC WOOD
2 G0027 PANEL MUSIC BASE
3 HO114 SCREW 6GX1/2% PAN
] HO127 SCREW UBAX3/4" CHD
5 10008 WASHER 4BA STAR
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2

MASTER KEYBOARD ASSEMBLY

DMCO004

MUSIC KEYBOARD - 8.45

REF. No.

DO N ke N =

PART No,

300/027
MCO015
G3405
G5407
300/418
G5426
MCMI319
G8089
HI1056
G5406
H0029
H0037?
300/025
G5165
MCMII12
G5142
D6738
D6710
D6729
D67217
D6728
Gs122
D6731
MCMN0
G5219
G6007
MC063
MCo7t
G5107
HO125
HO124
HO117
HO130
HO00)2
HO0201
Gs183
HO112
HO0008
H2020
300/419
G8091

DESCRIPTION

PANEL, BASE
KEYBOARD ASSLY
SWITCH, ILLUM.

GLOBE, 24V

COVER, END CHEEK
KNOB

P.C.B. ASSLY

WHEEL ASSLY, VARIABLE CONTROL
SCREW, CSK BLACK. M3 X 10
BEZEL, WHITE

WASHER, STAR, M3}
WASHER, FLAT, M3

END CHEEK, R/H
BEZEL, RED

CARD, L.E.D. DISPLAY
SPACER, 6BA X 1/4°
SOCKET, CANNON 7P
SOCKET, CANNON 5§
SOCKET, D MINI 255
SOCKET, D MINI 95
SOCKET, D MINI 9P
CLIP, CABLE

LUG, D MINI

CARD, CM! 10
CONNECTOR, LOOM
CABLE, PITCH WHEEL
CABLE, KEYBOARD ASSLY
CABLE, REAR PANEL
STANDOFF

SCREW, CHD, 6g X 1/4"
SCREW, CHD, 6BA X 1/4°
SCREW, CSK, 6BA X 1/4°
SCREW, CSK, 6BA X 3/16°
WASHER, STAR, 6BA
NUT, 6BA

FOOT, RUBBER

SCREW, CHD, 4BA X 3/8°
WASHER, STAR, 4BA
NUT, M3

CHASSIS, END CHEEK
WHEEL ASSLY, SPRING RETURN
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; SLAVE KEYBOARD ASSEMBLY
DMCO005

REF. No. PART No. DESCRIPTION

i G0030 COVER MUSIC SLAVE W0OD BEIGE
2 G0029 PANEL MUSIC SLAVE BASE BEIGE

3 55156 KEYBOARD MUSIC 73 KEYS

4 50105 STRIP CLAMP MUSIC K/SD.

S G0002 CHEEK SLAVE LH 8/K

6 G0003 CHEEK SLAVE RH B/K

7 MCOV4 SLAVE KEYBOARD INTERFACE CARD

8 MC019 CABLE MUSIC SLAVE K/BD INTERHAL

9 GS183 FOOT RUBBER

10 Gs122 CLIP CABLE

n HO122 SCHEW 6BAX3/U» CHD

12 HON? SCREW 6BAX1/4n CSK

n HO128 SCREW 6BAX1/4™ CHD

i) HO112 SCREW U4BAX3/8" CHD

15 HO' 14 SCREW SELF TAPPER NO6X1/2" SLOTIED PAN HEAD
16 HOO12 WASHER 6BA STAR

17 HO0OT WASHER UBA FLAT
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VISUAL DISPLAY UNIT —

Introduction . .

“The VDU supplicd with each serics 1l CMI is likely to be either a
Multitech or Thomas unit. Specifications and adjustment procedures
for both units arc as follows :

Specilications

Picturc tube 12" picture mcasured diagonally 90- degree
deflection angle

Phosphor Green (Ki38) or Amber (K 134)

Scanning Frequency HorizontalL 15625Hz - 15750Hz
Vertical 50 or 60Hz

Signal input Belling - Lee 5 pin

Signal output connector RCA

Input signal 1.0 - 2.0 Vp-p composite video

Vidco band width 18 MHz typical

Resolution 1000 lines

Powecr consumption 28W max. AC

Dimensions Approx. 381 x 279 x 315mm (WxHxD)

Weight Approx. 6.2g (13.6 1b)

Operation

Conncct cable from computer input jack.

Put the mode switch in higher position (75 ohm mode) if only onec
monitor is used, and in lower position (Hi Z mode) for driving several
monitors.

Switch power on to the YDU by pressing the POWER switch or by
turning the brightness control clockwise.

Adjust the BRIGHTNESS controls to obtain optimum display quality.

Recommendcd Procedures

Do not install the monitor in a location ncar heat sources such as
radiators or airducts, or in a place subject to direct sunlight, or
cxcessive dust or mechanical vibration or shock.

Allow adecquate air circulation to prevent internal heat build-up. Do
not place the monitor sct on soft surfaces (rugs, blankets, etc.) or near
matcrials (curtains, draperics) that may block the ventilation holes.

Save the original shipping carton and packing material, they will
comc in handy if you ever have to ship your monitor.

For maximum protection, repack your monitor as it was originally,
packed at the factory.

To kecp the monitor looking brand new, periodically clean it with a
soft cloth. Stubborn stains may be rcmoved with a cloth lightly
dampened with a mild detergent solution. Ncver use strong solvents
such as thinncr or benzinc or abrasive clecansers, since these will
damagc the cabinct. As a salcty precaution, always unplug the monitor
before clcaning it.

wd - RIS
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VISUAL DISPLAY UNIT

Picture Adjustment
The following adjustments are made using the controls on the (ront
or rear of the VDU.

If the picture is too bright or too dark,
adjust the BRIGHTNESS CONTROL.

If the picture contrast is too strong or too
weak, adjust the CONTRAST CONTROL.

If the picture is not stable in horizontal, ....-_-—-—
adjust the HORIZONTAL HOLD CONTROL. e P
R

If the picture moves up or down or rolls,
adjust the VERTICAL HOLD CONTROL.

If the height of the picture is not suitable,
adjust V-SIZE CONTROL.,

If the picture is not on the centre of the
screen, adjust H-PHASE CONTROL. MONITO

If a satisfactory display cannot be achieved by means of the above
adjustments, return the unit to Fairlight for repair or replacement.

GRAPHICS MONITOR - 9.3
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