


Rank Strand Limited PO Box 51 Great West Road Brentford Middlesex TW8 SHR Telephone 0] 568 9222 Telex 27976
: Cables Rankaudio Brentford

Rank Strand

Tempus M 24

MEMORY LIGHTING CONTROL

MAINTENANCE HANDBOOK

Registered in England No 68713 Reqistered Office |1 Hili Street London W1 X 8AE
A company within the Industria! Division of The Rank Organisation Limited







3
A

&
Rank Strand

M24MPP

Page 1 of 154

TEMPUS M24
MEMORY LIGHTING CONTROL

MAINTENANCE HANDBOOK

1.1
1.1.1
1.2
1.2.1
1.2.2
1.2.2.1
1.2.3
1.2.3.1
1.3

1.4
1.4.1

2.1

2.2
2.2.1
2.2.2
2.2.2.1
2.2.2.2
2.2.3
2.2.3.1
2.2.3.2
2.2.3.3

- 8308

CONTENTS

CHAPTER 1 - INTRODUCTION

GENERAL

Patch/Effects System
QONSTRUCTION

Control Console
Multiplex Interface Unit
Connections

M24Fx Patch/Effects Unit
Connections
SPECIFICATION

USING THE HANDBOOK

Glossary of Terms
CHAPTER 2 - SYSTEMS DESCRIPTION

INTRODUCTION

CONTROL CONSOLE

Power Supplies

Panel Board

Address Map

Panel Processor Program
Motherboard and Executive Processor
Address Map

Panel Communication Interface

Tape Interface

0 o U o W NN

W 00 ~ ~ B N e

Issue 1



Page 2

2.2.3.4
2.2.3.5
2.2.4
2.2.4.1
2.2.4.2
2.2.4.3
2.2.5
2.3
2.3.1
2.3.2
2.3.3
2.4
2.4.1
2.4.2
2.4.2.1
2.4.2.2
2.4.2.3
2.4.2.4
2.4.2.5

3.1
3.2
3.3
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.4
3.5
3.5.1

© 3.5.2

3.5.3

3.6
3.7

Issue 1

Analogue Inter face
Motherboard Processor Program
Panel/Motherboard Communication
Communication Format

Control Bytes

Sync Byte

Video Interface

MULTIPLEX INTERFACE UNIT
Channel Demultiplexer

Channel Multiplexer
Independent Operation

M24Fx PATCH/EFFECTS UNIT
Power Supplies

Ef fects Processor Board
Address Map

Patch Master Faders

Effects System

Sync Detector

Effects Processor Program

CHAPTER 3 - CONTROL PANEL BOARD

INTRODUCTION

THE MICROPROCESSOR

PANEL PROCESSOR ADDRESSES
Program PROM

External RAM

Wheel Interface

Interrupt Latch

Address Locations within the MPU
SERIAL COMMUNICATIONS INTERFACE
DISPLAY AND PUSH-BUTTON MATRICES
Display Matrix

Button Matrix

Display and Contact Scan

MASTER FADERS AND FADE DURATION CONTROLS
RESET CIRCUIT

M24M00

11

13
14
14
15
15
18
18
19
19
19
19
20
20
22
22
24
24

N oy WwWWwWwWwWwWwNy D

8308



M24M@d Page 3

CHAPTER 4 - WHEEL INTERFACE BOARD

4.1 INTRODUCTION 1
4,2 MOVEMENT DETECTOR 1
4.3 THE COUNT PROCESS 3
4.4 COUNT LIMIT DETECTION 3
4.5 MICROPROCESSOR READ ACTION 4
CHAPTER 5 - MOTHERBOARD
5.1 INTRODUCTION 1
5.2 THE MICROPROCESSOR 1
5.3 MOTHERBOARD PROCESSOR ADDRESSES 2
5.3.1 Kernel PROM Addresses 2
5.3.2 Paged PROM Addresses (Page @) 3
5.3.3 RAM Addresses 3
5.3.3.1 Memory Lock 4
5.3.3.2 Reset Write Inhibit 5
5.3.3.3 RAM Bus Buffers 5
5.3.3.4 Battery Circuit 6
5.3.4 Peripheral Interface Addresses 6
5.4 SYSTEM BUS INTERFACE 7
5.5 PERIPHERAL INTERFACE ADAPTER 9
5.6 PANEL. COMMUNICATION INTERFACE 19
5.6.1 Transmit/Receive Clock 19
5.7 ANATOGUE INTERFACE 11
5.7.1 Multiplexed Analogue Output 11
5.7.1.1 Reference Voltage 11
5.7.1.2 Sync Pulses 11
5.7.2 Analogue Input 12
5.7.2.1 Fader Full Reference Voltage 14
5.8 TAPE INTERFACE 14
5.8.1 Transmitter Circuit 14
5.8.2 Receiver Circuit 15
5.8.3 Audio Test Circuit 17
5.9 RESET CIRCUIT 18

8308 Issue 1



Page 4

601
6.2
6.3

7.1
7.1.1
7.1.2
7.2
7.3
7.4
7.4.1
7.5
7.5.1
7.6
7.6.1
7.6.2
7.7

8.1
8.2
6.2.1
8.2.2
8.2.3
8.2.4
8.2.5
8.3
8.3.1
8.3.2
8.3.3
8.3.4
8.4
8.4.1
8.5

Issue 1

CHAPTER 6 - POWER SUPPLY BOARD

INTRODUCTION
+15V AND -15V SUPPLIES
+5V SUPPLY

CHAPTER 7 - VIDEO INTERFACE

INTRODUCTION {

Principle of Operation
Video Signal

VIDEO INTERFACE ADDRESSES
VIDEO CLOCK GENERATOR
VIDEO SCAN

Character Line Synchronisation

VIDEO QUTPUT
Character Attributes

MPU ACCESS TO THE VIDEO SYSTEM
Loading Display Characters into the RAM

CRTC Initialisation
VIDEC MODULATOR BOARD

CHAPTER 8 - MULTIPLEX/DEMULTIPLEX BOARD

INTRODUCTION

MULTIPLEXED ANALOGUE INPUT
Channel Sync Pulses
Analogue Sampling

OQutput Enable

Dimmer Drive OQutputs

Frame Sync

MULTIPLEXED ANALOGUE OUTPUT
Analogue Inputs
Multiplexed Qutput

Output Disable

MUX OK Indicator

CHANNEL COUNTER

Card Enable

INDEPENDENT OPERATION

M24MB0

@ ~N oy e N

e
H =S

X O N NNy W Ny

=
(R O

8308



M24M@@

8.5.1
8.6
8.7
8.7.1

9.1

9.2

9.3
9.3.1
9.3.2
9.3.3
9.3.4
9.3.4.1
9.4
9.4.1
9.4.2
9.5
9.5.1
9.6
9.6.1
9.6.2
9.6.3
9.6.4
9.6.4.1
9.6.5
9.7
9.7.1
9.7.1.1
9.7.1.2
9.7.1.3
9.7.2
9.7.2.1
9.7.2.2
9.7.2.3
9.8

9.8

8308

Free-run Oscillator

POWER-UP INHIBIT

POWER SUPPLIES

Detailed Circuit Description

CHAPTER 9 - EFFECTS PROCESSOR BOARD

INTRODUCTION

THE MICROPROCESSOR
EFFECTS PROCESSOR ADDRESSES
Program PROM
Alpha-numeric Display
Peripheral Interface Adapters
Random Access Memory
Battery Circuit

PANEL INTERFACE

Button Matrix

Indicators

PATCH MASTER FADERS
Master Level Indicators
EFFECTS SYSTEM

Effects Master Fader
Chaser

Flash Generator
Sound-to-light Generator
Randam Flicker

Flash Buttons

SYNC DETECTOR

Normal Operation

Frame Sync Separator
Multiplex Detector

Sync Interrupt
Operation in Back-up Mode
Sync Generator

Local Frame Sync
Entering Back-up Mode
CHANNEL 'ON' DETECTOR
RESET CIRCUIT

Page 5

13
14
15
16

@\D\D@@\l\ld\d\mwh'&sbwwwl\)i—‘l—‘l—‘

T i o e = o =~
N B DWW D

Issue 1



Page 6

1.1
1¢.1.1
19.1.2

CHAPTER 10 - SERVICING AND MAINTENANCE

INTRODUCTION

Equipment Required
General Cautions

18.1.2.1 Power

10.1.2.2 Proms

10.1.2.3 Printed Circuit Boards

19.1.2.4 Handling (MOS Integrated Circuits
10.1.2.5 Food and Drink

19.1.2.6 Control Panels

18.2

10.2.1
19.2.2
10.2.3
18.2.4
10.2.5
10.2.6
10.2.7
19.3

18.3.1
190.3.2
10.3.3
10.4

10.4.2

INITIAL SETTING-UP

Panel Board (Ref. 1833)

Motherboard (Ref. 1832)

Wheel Interface Board (Ref. 1706)
Video Interface (Ref. 1834)

Console and M24Fx Power Supply Units
Multiplex/Demultiplex Board (Ref. 1828)
Effects Processor Board (Ref. 1857)
ROUTINE SERVICING

Weekly

Quarterly

Yearly

POWER SUPPLIES

Fuses

10.4.2.1 Control Console
10.4.2.2 Multiplex Interface Unit
10.4.2.3 M24Fx

10.5
19.5.1

REMOVAL AND REFITTING OF SUB-ASSEMBLIES
Control Console

19.5.1.1 Preliminary

19.5.1.2 Power Supply Unit
10.5.1.3 video Interface
10.5.1.4 Motherboard

19.5.1.5 Panel Board

190.5.1.6 Channel Control wheel

19.5.2
190.5.3

Issue 1

Multiplex Interface Unit
M24Fx

M24M0@0

W 0 ~ ~J O A bW WwWw NN NN

T ol i e S e R i i < S I R R N
AW WWWNNNNDN RS S8 S

8308



M24MP0

16.5.3.1 Preliminary

10.5.3.2 Power Supply Unit

10.5.3.3 Panel Board

18.6 TEST PROGRAMS

16.6.1 Power—-up Self Tests

10.6.2 Panel Tests

10.6.2.1 Test 1 - Display Test
10.6.2.2 Test 2 - Contact Test
10.6.2.3 Test 3 - Communication Test
10.6.2.4 Test 4 - Program Test
10.6.2.5 Test 5 — Select System Tests
18.6.3 System Tests

10.6.3.1 VDU Test (A)

10.6.3.2 VDU Test (B)

10.6.3.3 Master and Time Faders
10.6.3.4 Tape Interface

16.6.3.5 Program Checksum

10.6.3.6 Cue Store

10.6.3.7 Analogue Interface

10.6.4 Returning to Normal Operation

8308

Page 7

16
18
18
18
19
19
20
20
20
21
21
22
23
23
24
25
25
25
26
26

Issue 1




Page 8

7B26998
6A26904
6B24310
6A26932
7C26933
6C26865
6226940
6C28009

7826872
6A26850

7C28189

6A28128
6C28178

Issue 1

Issue
Issue
Issue
Issue
Issue
Issue
Issue

Issue

Issue

O O g wmw®wE N

@]

Issue D

Issue
Issue
Issue

=1

DRAWINGS

Desk Wiring Diagram

Panel Board, circuit diagram

wheel Interface, circuit diagram
Motherboard, circuit diagram (2 sheets)
Power Supply Unit, wiring diagram
Power Supply Board, circuit diagram
Video Interface, circuit diagram
Modulator Board, circuit diagram

Multiplex Interface Unit, wiring diagram
Mux/Demux Board, circuit diagram

M24Fx Wiring Diagram
Effects Processor Board, cct. dia. (2 shts)
Power Supply Board, circuit diagram

M24M09

Ref.1833
Ref.1706

- Ref.1832

Ref.1830
Ref.1834
Ref.1839

Ref.1828

Ref.1857

Ref.1863

8308



M24M@1

1.1

8308

Page 1 - 1

CHAPTER 1

INTRODUCTION

(GENERAL

Tempus M24 is a new, compact, memory lighting control system which
is intended for use in installations which would previously have
been served by a manual system. It offers many of the sophisticated
facilities previously available only on much more expensive systems
and has an added advantage in that it often may be incorporated in
an existing manual system with the minimum of rewiring.

The basic system consists of two units: a Control Console and a
24-way Multiplex Interface unit which produces the dimmer control
signals. Additional Multiplex Interface units may be added for
systems with more than 24 lighting channels.

In addition to producing dimmer control outputs, the Multiplex
Interface unit may accept inputs fram another 1lighting control
system, e.g. a Tempus or AMC desk. The contribution fram the second
system combines with the M24 output on a 'Highest-takes-precedence'’
basis and may be controlled by a MANUAL master on the M24 console

and recorded in the M24 memories.

The number of memories available depends on the number of lighting
channels, but this only affects full size, 6@-channel systems which
have 185 memories. Systems with fewer channels, i.e. 48, 36, 24 and

12, all have 199 memories, the maximum which can be selected on the

keypad.

M24 uses battery-maintained electronic memories which will retain
their data for at least a week if the system is not used. For
lorger term storage, the memories may be copied onto tape; most

domestic cassette recorders are suitable,

A normal addition to the basic system is the Video Interface, which

augments the desk indicators, etc. by producing a comprehensive
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'system status' display on a standard monochrome television (not
usually supplied by Rank Strand) or a video monitor. The inform—
ation shown includes the current output levels of all channels,
channels currently under control and fade progress.

Patch/Effects System

M24Fx, a simple, independently powered control system with an
electronic on/off memory, is available to act as a back-up to M24,
The unit includes a special effects system and it can also provide a
convenient means of controlling practical circuits and working
lights.

CONSTRUCTION

Control Console

The M24 Control Console is a desk-top unit with a removable 1id,
which houses the control panel and most of the system electronics.
It requires a mains supply of 226/240V or 116/128V a.c. single phase
(L. N. and E.), which connects via an I.E.C. 3-pin plug at the rear
of the desk. Other connections are as follows:

i) Data link to the Multiplex Interface unit(s). Two core .Smn2
cable with overall screen, fitted with 3-pin type XLR
connectors.

ii) Connection to a tape recorder (if required). A 5-pin 182° DIN

socket is provided adjacent to the Multiplexed Cutput'

connector at the rear of the desk.

iii) Output to Video Mimic. Systems provided with this optional
facility have an additional connector panel at the rear of the
desk. Two outputs are provided: a UHF signal to drive a
standard monochrame television set (VHF is available to
special order) and a camposite video output for use if a video
monitor is available. The television output appears on a
standard co-axial connector, and the video on a 75 Ohm BNC
connector .
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The Control Console houses two main printed circuit boards, the
Panel board (Ref. 1833) and the Motherboard (Ref. 1832). These are
mounted one behind the other at the rear of the control panel. The
Panel board carries the panel controls (with the exception of the
channel control wheel) and is responsible for scanning the push-
buttons and displays. The Motherboard is responsible for the
overall control of the system and for communication with the

Multiplex Interface units and the tape recorder.
Other printed circuit boards are as follows:

i) Power Supply board (Ref. 1836) - this forms part of the power
supply assembly in the base of the console.

ii) Wheel Interface (Ref. 1706) - this forms part of the channel
control wheel assembly on the right of the control panel.

iii) video Interface (Ref. 1834), when fitted - this is a plug-in
'daughter' board which connects directly onto the Motherboard.

iv) Modulator board (Ref. 1839), when fitted -~ this board forms
part of the Video connector panel at the rear of the console.

Multiplex Interface Unit

This is a small unit which may be placed in any convenient position.
Two types are available: one intended for use with Tempus dimmer
packs and control desks, and the other for use with other types of
equipment (e.g. Permus dimmers and AMC control desks). Each unit
provides control outputs for 24 dimmers. In installations with more
than 24 1lighting channels, the Multiplex Interface Units 1link
together, so that only a single connection is necessary from the
Control Console.

Issue 1
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Connections

Each Multiplex Interface unit requires a mains input of 220/248V or
110/120V a.c. single phase (L. N. and E.), which connects via an
I.E.C. 3-pin plug.

The data link from the Control Console connects to a three-pin XLR
plug. 1If more than one Interface unit is used, they link together
by connecting the Multiplex Output (EXTENSION O/P) socket on one
unit to the MULTIPLEX I/P plug on the next.

The units for use with Tempus dimmers and control desks are fitted
with four control cable tails, one for each group of six channels
(i.e. 1-6, 7-12, etc.). Each cable is fitted with the necessary
8-pin in-line plug for connection to a Tempus dimmer pack. The
control cable for the corresponding channels on the Tempus desk
plugs into an 8-pin chassis~-mounted socket above and to the left of
each cable outlet.

The other type of unit has two chassis-mounted 25-way miniature
D-type connectors; a socket labelled OUTPUT 1-24 and a plug labelled
INPUT 1-24 for connection to the dimmers and the manual desk
respectively.

M24Fx Patch/Effects Unit

The Tempus M24Fx Patch/Effects system is an optional addition to the
Tempus M24 Memory Lighting Control. It is designed to fulfil
several functions: it can act as a back-up to M24, providing simple
control facilities which permit continued operation in the unlikely
event of failure of the main console; it provides a suitable means
of controlling house-lights, orchestra-lights, etc., for which it
may be inconvenient to use the main conscle; and it includes an
effects system which may be wused for discotheques, 1light
entertainment, etc.
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M24Fx is a desk-top unit similar to the M24 Console. It requires a
mains input of 220/24@0V or 116/120V a.c. single phase (L. N. and E.
- the unit must be earthed), which connects via an I.E.C. 3-pin
plug. A suitable mains lead is provided, but this must be fitted
with a mains plug by the user.

There are normally also two data connections; to the M24 Console
(MEMORY SYSTEM) and to the Multiplex Interface units (DIMMER I/F).
Only the DIMMER I/F connection is necessary on systems where there
is no M24 console. Both data connections use 3-pin type XLR
connectors, a suitable cable 5 metres long being provided with both
M24Fx and the M24 console; longer (25 metre) cables are available if
required.

SPECIFICATION

Power input - 220V-24@V or 11@v-120V, 47-63Hz (specified at time
of order). Each unit requires a separate power
input.

WARNING: Rank Strand Tempus M24 lighting control equipment must be
properly earthed if it is to function correctly. IT IS
ESSENTIAL THAT EARTH BE AT THE SAME POTENTIAL AT ALL
POINTS IN THE SYSTEM. If this 1is not the case,
circulating currents may be generated in the signal earth
connections, leading to fluctuating light levels and, in
extreme cases, severe damage to the equipment.

In cases where the earth is provided via the supply
neutral, all units (i.e. Console, Manual Fader Wing,
Multiplex Interface units, Effects unit and dimmers)
should ideally be powered from the same source via
adequately rated three core (L. N. E.) cable. If this is
not possible, a single earth point must be chosen and all
the units earthed ONLY AT THIS POINT. The conductors used
must be able to carry any potential fault current.

If damage is caused as a result of failure to observe the
above recommendations, any warranty will be invalidated.
If in doubt, your local Rank Strand agent will be pleased
to advise.
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PERMISSIBLE ALTERNATIVES
Desk output - Multiplexed analogue link via 2-core screened cable.
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Dimmer drive outputs (from Multiplexed Interface unit).

- BV (Off) to -10V (Full) via 10k ohm and silicon
diode.

- Optionally @v (Off) to +18V (Full) via 1k ohm and
silicon diode. ‘

- Other control voltages are possible, within the
limits +/-15V.

Connection is via 4 x 2m long control cables, each
terminated in an 8-pin ‘Bleecon' plug to mate with
Tempus dimmer packs, or via a 25-way 'D' type socket.

Input from Manual Fader Desk or Wing.

- As for dimmer drive outputs.
Connection 1is via chassis-mounted 8-pin ‘Bleecon’

sockets to mate with Tempus desks, or via a 25-way 'D'
type plug.
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Control Channels.
- In increments of 12, fram 24 to 6@ maximum. One
Multiplex Interface unit is required for each 24
channels.

Operating Environment.

- Temperature, ﬁOC to 35°%. Maximum relative
humidity, 18% to 90% (non-condensing). '‘Office’
level cleanliness.

Processors - M6803: 8-bit data, l6-bit address.
M68B@9: 8-bit data, 16-bit address.
Cycle Time - Executive: typically 48ms.
Contact scan: typically l2ms.
Fade Processing Accuracy - 16-bit.
Recording Accuracy - 8-bit (256 step).
Qutput Accuracy - 8-bit (256 step).

Fast Access Memory.

- Low-power semiconductor, battery-maintained for a
minimum of one week.

- Number of memories available depends on number of
channels fitted. 60 channel systems have 185
memories, while smaller systems have 199.

Video Mimic Output.

- Modulated monochrome UHF (optionally VHF) 625/525
line, 5B/60Hz field with connection via co-axial
connector, and 1V positive camposite video with
connection via 75 olm BNC socket.

Tape Memory Storage

-~ Uses standard domestic audio recorder. 100nV rms
input/output on standard 5-pin DIN socket; mono or

stereo. :
Dimensions -~ Control Console

Width +  53fmm

Depth :  360mm

Height :  175mm

Clearance required at rear :  9%mm

Height including lid s 235mm

OR 19¢mm (depends on

position of 1lid).
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- Multiplex Interface Unit

width :  280mm
Depth :  75mm
Height 20@mm

Clearance required at front : 110mm
USING THE HANDBOOK

When using this handbook, the following conventions should be noted:

i) Whenever numbers are used, they are decimal (i.e. to base 18)
unless otherwise indicated. Those prefixed with a dollar ($)
sign are hexadecimal (base 16).

ii) Integrated circuits are identified by their component number,
prefixed with the letters IC (e.g. IC7). Where an integrated
circuit contains more than one logic element, the output pin
number of the element concerned is added as a suffix, e.q.
IC13/4. In the case of elements with two or more outputs,
e.g. bistables, one of the outputs is chosen for ident-

ification purposes, depending on the context.

iii) The term 'pin' is used to identify connections to integrated
circuits. Connections to printed circuit boards are referred
to as 'board terminal' or simply 'terminal'.

iv) Logic levels depend on whether the logic concerned is TTL or
CMOS. In the case of TTL, >2.4V equals logic 1 and <@.8V
logic @, while CMOS levels are >3.5V for logic 1 and <1.5V for
logic ¥, unless the rails to the device concerned determine
otherwise. Where a signal is low active, this is indicated in
the text and on the circuit diagrams.

Glossary of Terms

The following 1lists abbreviations and mnemonics used in the
handbook :

AP to AlS Address Bus lines (16 bits) - A2 is the least sig-
nificant bit. In the case of the 6803, A0 - A7 are
multiplexed on the Data/Address bus (D@/Ad - D7/A7) and

8308
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ACIA

AS (6803)

BA (68B09)

BS (68B@9)

CTs

D6 to D7

DMA/BREQ

EPROM

FIRQ (68B@9)

HALT

IRQ

LED

MRDY (68B@9)

Page 1 - 9

addresses are valid on the trailing edge of 'AS'. 1In
the case of the 69B09, addresses are valid on the
leading edge of 'Q'.

Asynchronous Communications Interface Adapter.

Address Strobe - see AG - AlS.

Bus Available.

Bus Status.

Clear to Send.

Data Bus lines (8 bits) - D@ is the least significant
bit. In the case of the 6883 these lines also carry
multiplexed address signals. For both processors data
is valid on the trailing edge of 'E'.

Direct Memory Access/Bus Request.

Phase 2 timing signal -~ Data is latched on the trailing
edge of 'E'. (See also 'Q' and 'AS').

Erasable Programmable Read only Memory.

Fast Interrupt Request.

Stop Processing

Interrupt Request.

Light Bmitting Diode.

Memory Ready for Transfer - When MRDY is low, 'E' may
be stretched, allowing the system to interface with
slow memories. The stretch is by integral multiples of

quarter clock cycles, up to a maximum of 16 micro-
seconds,
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Page 1 - 10

Issue 1

PROM

PIA

Q (68B09)

R/W

RESET/RST

Tx

M24M01

Non-maskable Interrupt.
Programmable Read only Memory.
Peripheral Interface Adapter.

Quadrature Timing Signal (which leads E) - Addresses
from the MPU are valid on the leading edge of 'Q°'.

Read or Write - This signal indicates the direction of
data transfer on the Data Bus and is low for Write., It
is valid on the rising edge of 'Q' on the 68B@9 and on

the trailing edge of 'AS' on the 6863.

Reset Signal - The RESET line is held low during the
initial power—on sequence to ensure logical start-up.

Randam Access Memory.
Request to Send.
Receiver circuit.

Transmitter circuit.
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CHAPTER 2

SYSTEMS DESCRIPTION

INTRODUCTION

This chapter describes the function of the various parts of the
system and how they interact. The printed circuit boards are only

covered in broad outline. For detailed circuit descriptions see
chapters 3 - 9.

CONTROL CONSOLE

The Control Console contains two main printed circuit boards: the
Motherboard (which carries the Executive processor) and the Panel
Board. Smaller boards form part of the Power Supply Unit (in the
base of the console) and the channel control wheel. Systems with a
Video Mimic have an additional board mounted directly on the Mother-
board and a small board carrying the video modulator attached to the
video output panel.

The Motherboard and the Panel Board each carry a self-contained
microprocessor system. These exchange data by means of a serial
link.

Power Supplies

The low voltage power supplies for the Control Console electronics
are taken from a single unit mounted in the base of the console.
This has outputs at +15V, +5V and -15V, and these are connected to
the Motherboard; the latter distributes the power to the other
boards as shown on Drawing No. 7B26998.

Panel Board

The Panel Board is mounted on the rear of the control panel and
carries the push-buttons, faders and displays. Its microprocessor
(M6803) is responsible for scanning the buttons and displays and
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also for reading the movement of the fader wheel. It cammunicates

with the Motherboard processor via a serial link.

The panel faders, although mounted on the Panel Board, are not
scanned by the Panel processor, but are connected directly to an
analogue-to-digital converter on the Motherboard.

Address Map

The Panel processor address map is shown in Fig. 2.2.1 and described
below:

i) Program PROM

The Panel Processor program is held in U.V. erasable PROM
(normally 2716) located at addresses $F80@ - SFFFF. Note that
addresses SEP@0 - SF7FF are reserved for future program

expansion.
ii) External RAM

Addresses $8000 - $87FF are reserved for a 2Z2Kbyte RAM
(6116LP-4); this is not normally fitted.

iii) wheel Interface

The channel control fader wheel is located at addresses
$4000 - SS5FFF; only address $40@P is normally used. Wwhen the
MPU reads fram this address the result is a twos complement
value representing the direction and extent of wheel movement
since the last read action.

iv) Interrupt Latch

The Panel Processor receives an Interrupt Request about every
1.5ms, fram a latch which is set by a signal which enables the
display drivers. When the MPU responds to this request, it
resets the latch by writing to one of addresses $2000 - $3FFF;
$2000 is normally used.
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SFFFF

SF80¢
SF7FF

SEG0Q
SDFFF

SAQ00
SOFFF

$8800
$87FF

$8060
S7FFF

$6000
$5FFF

S4000
$3FFF

$2000
S1FFF

$0100
SOOFF

$0080
$S@A7F

$0020
$O01F

$0014
$8013

$0010
SO0OF

$0008
$0007

$0004
$0003

$0000

8308
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Program PROM

Reserved for PROM expansion

Not Used

Do Not Use

External RAM (not normally used)
Not Used

Wheel Interface

Interrupt Latch

Not Used

Internal RAM

Not Used

Do Not Use

Serial Communications Interface
Timer (do not use)

Not Used

Parallel Interface Port

PANEL PROCESSOR ADDRESS MAP
Fig. 2.2.1
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V)

vi)

vii)

viii)

M24MB2

Internal RAM

Temporary data storage is provided by 128 bytes of randam
access memory (RAM) which forms part of the Panel Processor;
the addresses used are $@080 - SPOFF.

Serial Communications Interface

The Panel Processor communicates with the Motherboard
Processor via a serial link; this is controlled by a Sérial
Communications Interface, which forms part of the Panel
Processor, and an Asynchronous Communications Interface
Adapter (ACIA) on the Motherboard. Data is transmitted at
4800 baud and each data string consists of one Start bit,
eight Data bits and one Stop bit. The Serial Communications
Interface is located at addresses $0010 - $0013.

The communication protocol is described in section 2.2.4.
Timer

The Panel Processor includes a programmable timer, located at

addresses $@0@4 - SOPPF, which is not wused in this
application.

Parallel Interface Port

The Panel Processor incorporates an 8-bit parallel interface
port which is used to control the panel displays and
indicators, and to detect button actions. Two matrices, one
formed by the displays and indicators and the other by the
buttons, are scanned simultaneously, about once every 12ms.
The port registers are accessible via addresses $9000 - $0003.

2.2.2.2 Panel Processor Program

Issue 1

The Panel Processor program consists primarily of interrupt
routines, the interrupt requests being generated by the Serial
Communications Interface and the Interrupt Latch. On completion of
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2.2.3 Motherboard and Executive Processor

The Motherboard is fitted behind the Panel Board and its processor
(M68B@9) controls the overall operation of the M24 system. ‘The
board includes the Tape Interface and communicates with the Panel
Board and the Multiplex Interface units by means of serial 1links.
Five multiway connectors allow additional, 'daughter' boards - in
particular, the Video Interface - to be mounted directly onto the
Motherboard.

2.2.3.1 Address Map

The Motherboard Processor address map is shown in Fig. 2.2.3 and
described below:

i) Program PROM

The Motherboard Processor program is held in U.V. erasable
PROM (2764) located at addresses $AB@® ~ SDFFF (Paged PROM)
and $E@PP - SFFFF (Kernel PROM). 1In the case of addresses
$APPP - SDFFF, the PROM on the Motherboard is only one of
eight 'pages' selected by a page register (part of the PIA).
The other pages are not normally fitted, but if any optional
facility requires additional program, the necessary PROMs are
incorporated on the appropriate 'daughter' board.

ii) Peripheral Systems

Addresses $80@0@ - $BOFF are reserved for the various
peripheral systems as detailed in Fig. 2.2.4. Those located
on the Motherboard have addresses in the range $80@0-F, while
the Video Interface (when fitted) occupies addresses $8610-B.

iii) Random Access Memory

The RAM located at addresses $000@ — $3FFF provides not only
temporary storage for the Motherboard Processor, but also the
lighting cue memories. Because of this, it is provided with a
battery-maintained supply and may be protected by means of a
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SFFFF
Kernel PROM
SE0DG
SDFFF
Paged PROM
SAPGO
SOFFF
Not Used
$8100
S80FF
Peripheral Systems
$8000
S7FFF
Not Used
$4000
$3FFF
RAM (including cue memor ies)
SPo00

MOTHERBOARD PROCESSOR ADDRESS MAP

Fig. 2.2.3

memory lock system with a variable threshold. The lock is
controlled by the REC LOCK keyswitch on the control panel and
the threshold is set so that only the cue memories are
protected.

2.2.3.2 Panel Communication Interface

Issue 1

The Motherboard Processor cammunicates with the Panel Processor by
means of an Asynchronous Communications Interface Adapter (ACIA) at
addresses $80804-5. The latter transmits and receives serial data at
4800 baud, the necessary clock signals being produced by a clock
generator which also controls the Tape Interface. The data format
is one Start bit, eight Data bits and one Stop bit, and the

cammumnication protocol is as described in section 2.2.4.
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$8OFF

Reserved
$801C
$801B

Video Interface
$8018
$8017

Reserved
$8016
$SBOOF

Do Not Use
$800C
:gggﬁ A-D Converter
ggggg D-A Converter
$8007
$8006 Tape ACIA
ggggi Panel Communication ACIA
$8003

PIA
$8000

PERIPHERAL ADDRESS AREA
Fig. 2.2.4

Tape Interface

A second ACIA at addresses $8006-7 provides an interface with a
cassette tape recorder the provision of which permits long-term
storage of lighting cues. Data is transmitted and received in a
CUTS format at 1260 baud. The transmission rate is determined by
the clock generator mentioned in the previous section, while the
receive clock signals are derived from the incoming data by means of
an edge detector and a phase-locked-loop.

Analogue Interface
The Analogue Interface consists of a digital-to-analogue converter,

which generates the multiplexed signal transmitted to the Multiplex

Interface units, and an analogue-to-digital converter, which
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receives the multiplexed 'Manual Fader Wing' signal from the
Multiplexed Interface units and also the outputs from the four
faders on the Panel board.

Two types of analogue output are possible: a two-wire system where
the multiplexed analogue signal carries channel and frame sync
pulses; and a four-wire system where the sync pulses are transmitted
separately on a balanced line. In the latter case it is not
possible to receive a multiplexed input from a manual fader wing.

Channel 1level data is written, in digital form, to a latch at
addresses $8008-9 ($8008 is normally used). The latch outputs are
applied to a digital-to—analogue converter and the analogue channel-
level signal is routed to the output via a line driver circuit. The
write action also triggers a monostable which produces a negative-
going Channel Sync pulse; in the case of the two wire system, the
latter overrides the analogue channel-level signal. At the end of
each 'frame' of channels, a Frame Sync pulse is produced by the PIA.
The form and timing of the two-wire multiplexed analogue signal is
shown in Fig. 2.2.5; the four-wire signal is similar, but does not
have the negative-going sync pulses superimposed upon it, these
being transmitted separately.

as S0 SWUE 1008
[ I [
o5y Py CHNwr CHN N | ' . CHAN 2
[ 1 { 1 1 i —
- 1 1 ] i
1 t { i
! H ————— S l l . T - !
i e e T
» \ o _\ |
L i L |
"sv CHAN CHAN FRAE  INTER-  CHAN CHAN
SYNC SINC S FRAE  SINC SMC
PERIOD
WOT TO SCALE MULTIPLEXED ANALOGUE SICNAL
FI1G. 2.2.5
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The incoming 'Manual Fader Wing' signal from the Multiplex Interface
units is applied to an analogue data selector, the other inputs to
which are the four fader outputs from the Panel board (see section
2.2.2). The select inputs to this data selector are produced by the
PIA. The selected output is stored on a capacitor and this stored
level is applied to an analogue-to-digital converter controlled by
the Motherboard Processor. Wwhen the conversion process is started
by the MPU, the data selector is inhibited to prevent any change in
the stored level. The conversion then takes place automatically and
15us later the result is read by the MPU via addresses $800A or
$800B ($800A is normally used).

Motherboard Processor Program
a) Power—up

On power-up, the Motherboard Processor first carries out the
Power-up Self Tests and then initialises the RAM, ACIAs and PIA.
It then reads the system configuration switches, enables
interrupts and enters the background loop.

b) Background

When no other processing is being carried out, the Motherboard
MPU runs in 'background'. Depending on the state of a flag, it
will either run the 'Lighting System' background loop, or the
'System Tests' background loop.

The Lighting System background loop is responsible for updating
the Video Mimic display and for some of the Tape routines. The
System Tests background loop consults various flags which cause
the various System Tests to start or stop. All the tests run at
background level, and once System Test mode has been selected,
it is not possible to return to normal mode without switching
the system off.
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c¢) Interrupts

When an interrupt request is received, the Motherboard Processor
determines its source by polling the PIA and ACIAs. It then
clears the interrupt flag and enters the appropriate interrupt
routine,

Real-time interrupts cause an internal timer to be decremented;
this timer controls the routines which deal with fade and
channel processing, and with the preparation of mimic updates
for transmission to the front panel. All these routines are run
on a regular, cyclic basis.

Interrupts generated by the ACIAs cause the appropriate data
transfer routines to be carried out. Action routines may also
queued if appropriate.

When the interrupt handling is complete, the MPU checks to see
whether ‘'cycle' processing or an Action routine was in progress
when the interrupt occurred; if so, it returns to the
interrupted routine. If not it checks the Action Stack; if this
is empty it returns to background level. If, however, there are
actions awaiting, interrupts are enabled and the required Action
routines are then carried out, in turn, until the Action Stack
is empty. The MPU then returns to background level.

Panel/Motherboard Communication

Communication between the Motherboard and the Panel board is by
means of a serial link with a data transmission rate of 4808 Baud.
The Serial Communications Interface in the Panel processor and the
ACIA on the Motherboard are designed to operate independently of
their respective processors and function by generating interrupt
requests whenever they have received data or require data for
transmission.
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Communication Format

Data is normally transmitted as Address/Data two byte messages. The
Address byte is transmitted first and identifies the button, etc. or
display (depending on the direction of transfer) to which the
following Data byte refers. Address bytes may have values from $00
to $FD, while the values $FE and $FF have special meanings which are
described below. Data bytes may have any value from $00 to SFF.

The Data byte code varies depending on the control with which it is
associated, as follows:

i) Panel to Motherboard

Buttons and switches - $80 = On.
$0@ = Off.
Wheel - $80 to S$7F (twos complement).

Positive values represent upward
movement and negative downward.

ii) Motherboard to Panel

Numeric Displays - BCD code (1 or 2 displays/byte).

Mimic Lamps, etc. - $0@ to SFF, 1 bit/mimic.

Control Bytes

An Address byte with the value $FF indicates that the byte following
should be interpreted as a Control byte rather than a Data byte.
Control bytes may have values $0@ to $@F, S$FC, SFD and $FF.

The values $@@ to SOF are used to select address areas (pages).
Because Address bytes can have only 254 unique values, this is the
maximum number Of buttons/displays which can be identified by an
Address/Data pair. The use of sixteen address areas expands the
capacity of the system by sixteen times. This capability is not
normally used on M24.
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The remaining Control byte values have the following meanings:

SFC - Pause Transmission.
SFD - Continue Transmission.
SFF - Requests the current status of all buttons/

displays (as appropriate).

2.2.4.3 Sync Byte

2.2.5

8308

In order to ensure that Address and Data bytes are correctly
interpreted, the Panel and Motherboard communication systems are
synchronised by means of Address byte $FE. This has no Data byte
associated with it and is generated by the Motherboard Processor
every 30ms (approx). Whenever the Panel receives this byte, it
responds by transmitting the same value to the Motherboard, before
the next Address/Data pair. If the Panel does not respond
correctly, the Motherboard Processor will recognise that a Sync

error has occurred.

If the Panel receive system is not synchronised with the
Motherboard, the Sync byte will be interpreted as Data and the next
byte, correctly, as an Address. The two systems will thus be
re-synchronised. Similarly, if the Motherboard receive system is
not in synchronism with the Panel, the two systems will be
automatically re-synchronised when the Sync byte is transmitted.

To ensure that the displays remain correct and that the Motherboard
is aware of all Panel button actions, etc., whenever a Sync error is
detected the Motherboard transmits the Address/Data pair S$FF, SFF
(Request current status) and sends the correct state for all the
displays.

Video Interface

The Video Interface is an optional addition to the M24 system and is
carried on a small plug-in 'daughter' board. This connects directly
to the Motherboard via any one of five 'system bus' connectors.
External connections are made via a video connector panel fitted in
the rear extrusion of the desk, which incorporates a small board
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carrying a UHF (or, in some cases, VHF) modulator; the video mimic
may therefore be provided by either a standard monochrome television

or, for improved display quality, by a television monitor,

The video interface carries 2Kbytes of Video RAM, a Cathode Ray Tube
Controller (CRIC) and a Character Generator. Data loaded into the
Video RAM by the Motherboard Processor 1is retrieved on a cyclic
basis by the CRIC and converted into the video signals required by
the Video Mimic.

The CRTC (6545) is a programmable device which is initialised by the
Motherboard Processor each time the system is powered-up. The
screen format consists of 25 lines of 64 characters each, and each
character is formed in a 7 x 5 dot matrix. The scan rate is
adjusted to be compatible with 5@Hz or 6@Hz systems (625/525 line .
respectively) as required, at a basic dot rate of 9.84375MHz.

Each location in the Video RAM corresponds to a particular position
on the VDU screen. ‘The Motherboard Processor does not, however,
have direct access to the Video RAM, but must load the address of
the required screen location into a register in the CRIC. This
'update' address is multiplexed with the video scan addresses so
that, as the scan takes place, update and scan addresses alternate.
The Motherboard Processor then writes to the Video RAM via address
$8019, the write action being delayed, if necessary, by means of
MRDY (see glossary - chapter 1), until the update address location
1s next selected. The characters loaded into the RAM are in a
modified form of upper-case ASCII code (see Table 2.2.1).

Only six bits are necessary to represent the characté}:, the
remaining two bits (bits 6 and 7) being used to define the character
'Attribute', as follows:

Attribute

Normal Character
Flashing Character
Inverse Video Character
Dim Character

RS |§
HHRe S Ig
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Table 2.2.1
DB5
DB4
DB3 DB2 DBl DB®
g 0 o0 0 @ P (Space) )]
P 0 0 1 A Q ! 1
g 8 1 0 B R " 2
g 0 1 1 C S # 3
g 1 @ @ D T $ 4
g 1 ¢ 1 E U % 5
g 1 1 @ F v & 6
g 1 1 1 G W ! 7
1 8 0 0 H X ( 8
1 8 90 1 I Y ) 9
1 8 1 9 Jd Z * :
1 ¢ 1 1 K [ + 7
1 1 6 9 L \ ’ <
1 1 ¢ 1 M ] - =
1 1 1 N - . >
1 1 1 1 0 _ / ?

As each character is retrieved from the Video RAM by the CRIC, it is
applied to a Character Generator integrated circuit, which produces
dot signals. These, when displayed on the VDU screen, form the
character concerned. The dots are converted to serial form, given
the correct attribute and incorporated in a composite video waveform
which is applied to the monitor.

The Video Interface is located at addresses $8018 - $8¢1B in the
Motherboard Processor address map.
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2.3.1
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MULTIPLEX INTERFACE UNIT

Each Multiplex Interface unit contains a single Multiplex/Demulti-
plex board which generates the dimmer drive outputs for 24 lighting
channels and receives control inputs from the corresponding channels
on the Manual Fader Wing. Each unit is self-contained and independ-
ently powered.

Where several Multiplex Interface units are provided these 1link
together via 3-pin XLR connectors; only one connection is therefore
necessary from the Control Console. The Manual Fader Wing inputs
and dimmer drive outputs are either via 8-pin 'Bleecon' connectors
or 25-pin miniature D-type connectors.

Channel Demultiplexer

The channel demultiplexer is responsible for sampling the incoming
analogue multiplex signal from the Control Console and routing the
appropriate lighting channel levels to the dimmer drive outputs.

The analogue multiplex signal takes the form shown in Fig. 2.2.5.
The lighting channels levels are transmitted serially in numeric
order, one complete transmission (frame) of all the channels
controlled by the system occurring about every 56ms. At the end of
each frame, a channel counter is loaded with a preset value which
depends on the group of channels served by the board, i.e. on the
setting of the Channel Group Selector below the multiplex
connectors. When the next frame begins, the Channel Sync pulses
clock the counter and, when a particular counter state is
established, the board is enabled. 'This state is the same for all
the Multiplex Interface units, but because of the different preset
values it occurs at a different time in the frame in each unit.
Each unit is therefore enabled only when the levels of the channels
it serves are being received.

8308



M24MP2

2.3.2

2.3.3

2.4

2.4.1

Page 2 - 19

During the period when the board is enabled, the analogue level is
sampled and routed to the appropriate output circuit where it is

stored on a capacitor. The required output is selected by the
counter.

Channel Multiplexer

The Multiplex/Demultiplex board also includes a multiplexer which
receives its inputs from the channel control outputs of the Manual
Fader Wing. These inputs are selected by the counter in the same
way as for the demultiplexer. The multiplexed signal is routed to
the Control Conscle via a line driver circuit.

Independent Operation

The unit includes an oscillator which, in the absence of an analogue
multiplex signal from the control console, permits the control
signals from the Manual Fader Wing to be routed via the multiplexer
and the demultiplexer to the dimmer drive outputs. This permits the
Manual Fader Wing to be used if the M24 Control Console is
inoperative.

M24Fx PATCH/EFFECTS UNIT

The M24FX console contains one main printed circuit board (the
Effects Processor board) and one smaller board, which forms part of
the Power Supply unit.

Power Supplies

The low voltage supplies for the M24Fx electronics are taken from a
single unit mounted in the base of the console. This unit has
outputs at +15v, +5V and -15V and these are connected to the Effects
Processor board as shown in Drawing No. 7C28189.
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Ef fects Processor Board

This board is mounted on the rear of the control panel and carries
the push-buttons, switches, faders and displays. Its microprocessor
(M68B@9) is responsible for the overall operation of the Patch
system and also for generating the Chaser outputs for the Effects
system. With the exception of the Chaser, the Effects are not
microprocessor controlled, but are provided by dedicated circuits
camprising a Flash Generator, a Sound-to-light Generator and
mamentary Flash buttons.

The board also includes a sync detector/generator by means of which
the unit may act as a back-up to the M24 Console.

Address Map

The Effects Processor address map is shown in Fig. 2.4.1 and
described below:

i) Program PROM

The Effects Processor program is held in ultra-violet erasable
PROM (normally 2716) located at addresses $F88@ - SFFFF. Note
that addresses S$EQ0@ — SFIFF are reserved for future
expansion.

ii) Alpha-numeric Display

A four-digit latching alpha-numeric display (keypad display)
is located at addresses $8889 - $9FFF. This device is write-
only and only if fact occupies four addresses, one for each
digit; $8000-3 are normally used.

iii) Peripheral Interface Adapters
Two Peripheral Interface Adapters (PIAs) are provided at
addresses $4080 — $S5FFF and $600@ — STFFF respectively. The

first of these is used to scan the panel push-buttons and
indicators and to generate real-time interrupts, while the
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SFFFF

Program PROM
SF800
SF7FF

Reserved for PROM expansion
SE0PO
SDFFF

Not Used
SAQG@0
S9FFF

Do Not Use
$8004
$8003

Alpha-numeric Display
$8000
$TFFF

Do Not Use
$6004
$6003

PIA 2
$6000
$5FFF

Do Not Use
$4004
$4003

P1IA 1
$4000
$3FFF

Not Used
$2000
$S1FFF

Do Not Use
$0800
S@TFF

RAM (including Patch memories)
$0000

EFFECTS PROCESSOR ADDRESS MAP
Fig. 2.4.1

8308 Issue 1




Page 2 - 22 ' M24M@2

other provides the channel on/off and Chaser outputs. Other
lines on both devices are used in connection with the sync
detector/generator.

As in the case of the Alpha-numeric Display, the PIAs only
occupy four addresses each, $4000-3 and $6660-3 being normally
used.

iv)  Randam Access Memory

The RAM located at addresses $06000 — S$SO7FF provides not only
temporary storage for the Effects Processor, but also the
Patch memories. Because of this, it is provided with a
battery-maintained supply.

2.4.2.2 Patch Master Faders

The outputs fram each Patch Master fader is routed via the OFF
contact of the appropriate OFF/CHASE/FIASH switch to an analogue
switch controlled by the Port B outputs of PIA 2. As each chahnel
is scanned, the On/Off states for that channel in the eight patch
memories are retrieved from the RAM and determine whether the
canbination of the master fader and the effects should appear at the
output.

The eight Patch Master outputs and the multiplexed Manual Fader Wing
signal from the Multiplex Interface units are cambined together in a
Highest-takes-precedence circuit and routed via a 1line driver
circuit to the M24 Console.

2.4.2.3 Effects System
The automatic effects system camprises a Chaser, a Flash Generator

and a Sound-to-light Generator. In addition, a momentary action

Flash switch is associated with each of the Patch Master faders.
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Chaser

The chase signals are generated by the MPU in response to
interrupts produced, via PIA 2, by an adjustable rate pulse
generator. The chase outputs appear on Port B of PIA 2 and
these control eight analogue switches. Each of the latter
routes the output of the EFFECTS MASTER to the CHASE contact
of the corresponding OFF/CHASE/FLASH switch.

Flash Generator

This consists of an adjustable slope saw-tooth generator, the
output of which is compared with the setting of the MARK-SPACE
control. There are two camparators, producing non-inverted
and inverted flash signals for effects channels A, C and E,
and B and F respectively.

sound-to-light Generator

The Sound-to~-light Generator consists of an AGC circuit
feeding three filters, bass, middle and treble. The output of
each filter switches the EFFECTS MASTER output onto the
appropriate contact of the corresponding OFF/CHASE/FLASH
switch (Patch Masters F, G and H respectively).

The input to the Sound-to-light Generator may be taken from
either channel (left or right) of a stereo signal connected
via the DIN socket on the control panel. The system is
intended to be driven from the pre-amplifier stage of a tape
recorder, etc., and the input must not, under any
circumstances, exceed 5V peak-to-peak.

As an alternative to the audio input, the Sound-to-light
Generator may be driven from a Randan Flicker Generator
(position F on the L/R/F switch). This consists of four
oscillators operating at different frequencies, the outputs of
which interact to produce a pseudo-randam output.
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Sync Detector

In addition to providing patch and effects facilities, etc. M24Fx
can act as a back-up to M24, thus permitting continued operation in

the unlikely event of failure of the main console.

In normal operation, the multiplexed Manual Fader Wing signals from
the Multiplex Interface units are combined on a highest-takes-
precedence basis with the output of M24Fx and routed to the M24
Console, while the output from the M24 Console is routed to the
Multiplex Interface units via M24Fx without additional processing.
The timing of the operation is controlled by the sync pulses from
M24.

If for any reason the sync pulses from the M24 Console cease, a
relay will change over, routing the cambined Manual Fader Wing and
M24Fx signals to the Multiplex Interface units, and M24Fx will
generate sync pulses. These sync pulses will be superimposed on the
multiplexed analogue output or transmitted separately, depending on
whether the system in use is two-wire or four-wire.

Effects Processor Program

The Effects processor program consists mainly of interrupt and
action routines. Interrupt requests are generated by the two PIAs
in response to multiplex sync pulses, the M24 Frame Sync signal, the
Chase pulse generator output and Real Time Interrupt signals.
Action routines are initiated in response to panel button operations -

and are added to an Action Stack for processing between interrupts.

On power-up, the system is initialised and the PROM checksum and RAM
validation routines carried out. The MPU then enters the background
loop to output the appropriate message.
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_ INITIALISE CHAMNEL
POINTERS
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CHECKSUM IN CHASE
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The interrupt routines are as follows:

i)

ii)

iii)

iv)

Miltiplex Sync Pulses

In order to ensure that channel levels are output at the
correct rate, these interrupts are generated via the Fast
Interrupt Request (FIRQ) input of the MPU.

On receipt of a FIRQ, the MPU outputs the on/off states of the
next channel and, if necessary, reads the current overall
output for use in the LOAD OUTPUT action routine. The channel
pointers are then adjusted and, if the channel is the last one
in the frame (i.e. channel 60), the MPU outputs a Local Frame
Sync signal and resets the channel pointers before returning
to background or action level,

Frame Sync Pulse

On receipt of a frame sync IRQ, the MPU carries out a routine
to reset the channel pointers.

Chase IRQ

When an IRQ is received from the Chase pulse generator, a

routine to output the next step in the chase is carried out.

Real Time IRQ

On receipt of a Real Time IRQ, the MPU scans the contacts and
displays and, if appropriate, adds any new routines to the
Action Stack for processing at action level. If an action
routine is in progress, the MPU then returns to action level.
If not, the Action Running flag is set and the IRQ Mask
cleared, prior to testing the Action Stack; if this is empty,
the Action Running Flag is cleared and the MPU returns to
background level, but if not the MPU jumps to the next routine
on the stack.

8308



M24M03

3.1

3.2

Page 3 -1

CHAPTER 3

CONTROL PANEL BOARD (Ref.1833)

Drawing No. 6A26904

INTRODUCTION

This board is mounted immediately behind the M24 control panel and
carries the panel push-buttons and displays, and the Master Faders
and Fade Duration controls. The board connects to the Motherboard
via a 20-way ribbon cable.

In addition to the panel controls and displays, the board carries a
microprocessor (Panel MPU) and a 2Kbyte PROM. The MPU scans the
button contacts and the displays and communicates with the
Motherboard Processor via a serial link.

THE MICROPROCESSOR

The Panel MPU, ICll, is a Motorola MC6803 8-bit microcomputer. It
incorporates an 8-bit parallel interface port, which is used to scan
the push-buttons and the displays, and a serial communications
interface, which provides the link with the Motherboard Processor.
In addition, the MPU includes a programmable timer, which is not
used, and 128 bytes of random access memory (RAM).

Communication with the PROM and the channel control wheel is is by
means of an eight-bit address bus (A8 - Al5) and a multiplexed
Data/Address Bus (D@/A® - D7/A7). An Address Strobe ('AS') pulse
generated by the MPU permits the separation of the address signals
{(in latch ICl1l2), to produce address lines AP — A7. This gives a
total available address space (including those addresses internal to
the microprocessor, i.e. RAM, etc.) of 64Kbytes ($0008 — SFFFF).
Correct data timing is ensured by a Data Strobe pulse ('E').
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The MPU derives the strobe signals fram a 3.57945MHz crystal, XL,
the output of which is divided by four to give a strobe frequency of
B895kHz. The timing of the 'AS' and 'E' signals is shown in
Fig. 3.2.1.

PANEL PROCESSOR ADDRESSES

Address lines Al3 - Al5 are decoded by IC7 to produce enable signals
for the Program PROM (SE@@@ — SFFFF), External RAM ($8000 - S$9FFF),
Wheel Interface ($4000 - $S5FFF) and Interrupt Latch ($200@ - S$3FFF).
Note that the addresses between $600@ and S$OOFF are assigned to
locations within the MPU, the address bus being internally decoded.

Program PRCM

The Program PROM, ICl4, is a type 2716 2Kbyte EPROM located at
addresses $F806 to SFFFF. The device is selected by a low output
from pin 9 of decoder IC7 when Al3 - Al5 are all high, and its

output is enabled by the low output of NAND gate IC8/12 when R/W and
'E' are both high.
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It should be noted that the printed circuit board has been designed
to allow an 8Kbyte PROM (type 2764) to be fitted and that the pin
numbers shown on the circuit diagram apply to this device. The 2716
PROM is fitted with pin 1 in pin 3 of the dual-in-line socket.

External RAM

Provision is made for a type 6116LP-4 2Kbyte RAM (ICl1l3) at addresses
$800¢ - $87FF. The device is selected by a low output fram pin 5 of
decoder IC7 and, for MPU read actions, its outputs are enabled by
the output of NAND gate IC8/12 (see previous section). For write
actions, a Write Enable pulse is produced by NAND gate IC8/6, which
is enabled by 'E' and inverted R/W, except during Reset. IC1l3 is
not normally fitted.

wheel Interface

A fourteen pin DIL socket, SK1, is provided for connection to the
channel control fader wheel. The movement of the wheel may be read
via addresses $4800 —-S$S5FFF ($4008 is normally used). When this
takes place, a strobe pulse (STB) is generated by gating 'E' with
the inverted output fram pin 3 of IC7 in NAND gate IC8/8.

Interrupt Latch

Monostable IC4/7 is used as a latch and its output is applied to the
IRQ1 input (pin 5) of the MPU. The device is reset by a low output
from pin 2 of IC7, generated when the MPU accesses any address in
the range $2000 - $3FFF. Address $20P@ is normally used.

Address Iocations within the MPU

The Panel MPU incorporates 128 bytes of RAM (addresses $0080 -
S@PFF), a Serial Communications Interface ($S0010 - $PP13), a
programmable Timer (S804 - $PPPF) and an 8-bit parallel interface
port (SPPPP & $PPP2). The Timer is not used in this application and
its associated registers must not be accessed by the user.

Issue 1
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3.4 SERTAL COMMUNICATIONS INTERFACE

Addresses $0010 - $0013 provide access to a Serial Communications
Interface which is used to transfer data to and from the Motherboard
Processor. The Transmit output appears on MPU pin 12 (Port 2,
bit 4) and is routed via buffer IC3/6 to pin 2 of connector PL1,
while the Receive input is routed via PLl pin 3 and buffer IC3/4 to
pin 11 (port 2, bit 3) of the MPU. The transmission rate is
determined by a clock signal (Tx/Rx CLK) which is generated on the
Motherboard and routed via PL1 pin 1 and buffer IC3/2 to pin 10
(Port 2, bit 2) of the MPU.

The four Serial Communications Interface addresses provide access to
the following registers:

$0010 Rate and Mode Register (write only).
$0g11 Control and Status Register.

$0012 Receive Data Register (read only).
$PP13 Transmit Data Register (write only).

Note: The Serial Communications Interface port (Port 2) may also be
used as a parallel interface and addresses $00@1 and $0003
provide access to its associated Data and Data Direction
registers. The Data Register ($00@3) is not used in this
application, but the Data Direction Register ($0001) is
initialised so that lines # and 4 are outputs and lines 1
and 3 inputs.

3.5 DISPIAY AND PUSH-BUTTON MATRICES

The 8-bit parallel interface port (Port 1) is used to control the
panel displays and indicators and to detect button actions. Each
time the equipment is switched on, the individual lines of the port
are programmed by the MPU so that bits #-6 will function as outputs
and bit 7 as an input. This is done by means of a Data Direction
Register located at address $00@6. The port itself is accessible to
the MPU via a Data Register located at address $8002.

Issue 1 83048
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Display Matrix

The displays and indicators are wired as an eight-by-eight matrix.
The rows are connected to a shift register, IC1, which receives data
from Port 1, bit 6 and clock pulses fram Port 1, bit 1. The outputs
of IC1 are applied to darlington drivers (IC2/1@ - IC2/16 and VT11)
each of which provides the common return for one of the rows.

The columns of the display matrix are driven by PNP darlington
transistors VI3 - VT1@, which are themselves controlled by the
outputs of decoder IC5. The select inputs to the latter are from
bits 3-5 of MPU Port 1 and the device is enabled by the output
(DISP EN) of monostable IC4/9.

Button Matrix

The panel push-buttons are wired as an eight-by-five matrix. The
rows are selected by the outputs of decoder IC9, the binary inputs
to which are provided by a counter (IC14), clocked by the same
signal (MPU Port 1, bit 1) as shift register ICl.

The columns are scanned by means of data selector IC6, the select
inputs to which are bits 3-5 fram Port 1 of the MPU. The state of
the selected button matrix column appears on pin 3 of IC6 and is
applied to bit 7 of MPU Port 1. Each contact has an associated
diode to prevent interaction between the rows and columns which
could lead to false results when several buttons are operated at
once.

Because the select inputs to IC6 are the same signals as are used to
select the required column in the display matrix, selection of a
colum in the latter results in the simultaneous selection of the
corresponding column in the button matrix. This makes it possible
for the MPU to scan both matrices at the same time.

Issue 1
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Display and Contact Scan

On completion of each display and contact scan, monostable IC4/9 is
triggered by a positive-going output from Port 1, bit 2. The
resulting 1.5ms pulse (DISP EN) enables the display drivers and, on
its trailing edge, triggers monostable IC4/7. The inverted output
(pin 7) of the latter device is applied to pin 5 (IRQl) of the MPU,
generating an interrupt request.

The output of IC4/7 is also fed back via R29 to timing capacitor C9.
Once the device is triggered C9 cannot charge because of the low
pin 7 output and the monostable will therefore never time-out. It
thus functions as a flip-flop set by the back edge of DISP EN and

reset (on pin 3) by a low output fram pin 2 of IC7 (see section
3.3.4).

When the MPU responds to the interrupt request, it first writes to
address $2008 to reset IC4/7 and then enters a routine to read one
column of the button matrix and set-up the corresponding column of
the display.

At the start of the scan, the required column in the two matrices is
selected by means of MPU Port 1, bits 3-5 and counter IC1l@ is reset
by a high output on bit @#. At the same time, data for the first row
of the display matrix is output on bit 6.

Bit B of Port 1 is then set low, allowing IC16 to count, and bit 1
is set high. The latter acts as a clock pulse to IC1@8, thus
selecting the first row of the button matrix, and also shifts the
data on bit 6 into shift register ICl. The state of the selected
contact is now read via bit 7 and, when this has been done and the
information stored in the RAM, bit 1 is set low, ready for the next
clock pulse. The data for the next row of the display matrix is
then output on bit 6 and the process is repeated until all eight

rows have been scanned.
On completion of the above, shift register ICl will contain the

on/off states for all the display segments and indicators in the
selected column of the display matrix. The MPU now sets bit 2 of
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Port 1 high and this triggers monostable IC4/9. The latter device
produces a l1l.5ms DISP EN pulse which enables decoder IC5, thus
switching on the transistor (VT3 - VT18) which drives the selected
display column.

When IC4/9 has been triggered, the MPU returns to its normal
processing, but at the end of the DISP EN pulse, it is again
interrupted and the next column is scanned. The sequence repeats
continually for each column in turn, so that each button contact is
scanned about every l1l2ms and each display column is enabled for
1.5ms of this time. The frequency of this is such that the displays
appear to be constantly illuminated.

3.6 MASTER FADERS AND FADE DURATION CONTROLS

The Master Faders and Fade Duration controls are mounted on the
Control Panel Board, but are connected directly to the Motherboard
via connector PL1.

3.7 RESET CIRCUIT

The reset circuit is formed by transistors VIl and VI2, and their
associated camponents. The circuit has two functions: firstly, to
generate a reset pulse each time the equipment is switched on, thus
ensuring that the MPU enters its start-up procedure correctly, and
secordly, to inhibit processor operation if the voltage on the +5V
rail varies by more than the allowed tolerance.

As the +5V rail (routed from the Motherboard via connector PL1)
becames established at switch on, VI2 will initially switch on
because of the potential divider action of R7, R2, R3 and Rll. This
pulls the Reset line low. When the rail reaches +3.9V, zener diode
D2 conducts and the voltage on the base of VIl starts to rise until,
with about +4.5V on the rail, this transistor switches on. VT2 is
thus switched off and Cl begins to charge via R4. The Reset line

will therefore rise with a time constant Cl/R4.
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If the +5V rail falls below +4.5V, VIl turns off. This turns on
VT2, clamping the Reset line to @V. Also, the MPU may be reset by
means of a manual reset switch, SWl.

In order to ensure correct MPU operation, three of the Port 2 lines
must be held in the correct states during Reset. In addition to the
RST pin (MPU pin 6) therefore, the Reset signal is connected via
diodes to bits @ and 2 of Port 2 (pins 8 and 10) and bit 1 (pin 9)
is connected via a resistor to +5V.

The Reset signal is also applied to NAND gate I1C8/6, to prevent

write pulses to the External RAM, and to monostable IC4/9, to
inhibit the displays and indicators.
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CHAPTER 4

WHEEL INTERFACE BOARD (Ref. 1706)

Drawing No. 6B24310

4,1 INTRODUCTION

This board converts the movement of the fader wheel into a form
which can be read by a microprocessor. The wheel incorporates an
inner disc with 212 slots which move past two photo-sensor devices
as the wheel is operated. The extent of the movement is determined
by counting the number of slots which pass the sensors and the
direction by the phase relationship of the signals from the two
sensors. This information appears on the outputs of an eight-bit
latch in response to a strobe signal generated by the micro-
processor. When the latch contents are read, the count is reset to

zero, so that the output always represents the change in wheel
position since the last read action.

4,2 MOVEMENT DETECTOR

The two photo-sensor devices, SEN1 and SEN2, each consist of an LED
and a photo-transistor. Light generated by each LED is reflected
from the surface of the disc and detected by the corresponding
photo-transistor. The sensors and positioned so that the signals
which they produce are 99° out of phase with each other as shown in
Fig. 4.2.1.

The outputs from SEN1 and SEN2 are amplified by VI3 and VT2
respectively, and applied to input pins 4 and 13 of four-bit latch
IC7. The latch is clocked by a 5@kHz signal generated by an
oscillator formed by IC5/2 and 1IC5/4, and their associated
camponents.

The inverted outputs (pins 3 and 14) of these two latch bits are fed

back to transistors VI3 and VT2 to assist the switch action, while
the non-inverted outputs (pins 2 and 15) are applied to the
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remaining two latches on IC7 pins 5 and 12. As a result of the
latter, any change detected by the photo~transistors will appear
first on pin 2 or pin 15 (as appropriate) of IC7 and then, one clock
cycle later, on pin 7 or pin 14.

If there has been no change for the last two clock cycles, pins 2
and 7 will be in the same state and similarly pins 15 and 10 will be
the same. A difference between the states of pins 2 and 7, or
between pins 15 and 18 therefore indicates that the wheel has moved.

The four non-inverted outputs of IC7 are applied to the select
inputs (A, B, C and D) of a 4-line-to-16-line decoder, IC6. The
outputs of this device may be divided into three groups:

i) Those which appear for input states where A=C and B=D (binary
B, 5, 10 and 15), or where both A and C, and B ard D are
different (binary 3, 6, 9 and 12). The first four will appear
if the wheel is not moving and the others are invalid states.

ii) Those which appear if A or D are in a different state from the

other three inputs (binary 1, 7, 8 and 14). These appear if
the wheel is moved up.
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iii) Those which appear if B or C are in a different state from the
other three inputs (binary 2, 4, 11 and 13). These appear if
the wheel is moved down.

The outputs in the first group (IC6é pins 9, 6, 4, 3, 22, 21, 19 and
16) are connected together as a Wired-OR (NO CH) and, after
inversion, applied to the Carry-In input of a counter formed by 1C4
and IC2. Similarly, those in the second group (ICé pins 8, 2, 23
and 17) are connected together (DN) and applied to the Up/Down
inputs of IC4 and IC2. The counter is clocked by the inverted
output of the 5PkHz oscillator and thus changes state on the
opposite edge of the clock to latch IC7.

4.3 THE COUNT PROCESS

With the wheel stationary, the inputs to IC6 will be in one of the
four valid states given in group 1 above; i.e. binary #, 5, 10 or
15. Assuming, for the sake of illustration, that this state is
binary 15 (as at 'X' in Fig. 4.2.1), moving the wheel upwards will
cause TP1 to go low. On the next clock edge from IC5/4, therefore,
decoder input A will be set low, thus producing a low DN signal. At
the same time the NO CH signal goes high, enabling the counter. The
count action occurs half a clock cycle later. Note that for upward
movement of the wheel IC4 and IC2 count DOWN. The count process
continues as the wheel is moved, as shown in Fig. 4.3.1.

When the wheel is moved downwards the process is similar, but in
this case one of the unconnected outputs of IC6 is set low and no DN
signal is produced. The counter therefore counts UP. The sequence
of events is shown in Fig. 4.3.2.

4.4 COUNT LIMIT DETECTION

The most significant output of IC2 (pin 2) is applied to four
exclusive OR gates: IC1/3, ICl/4, IC1/18 and IC1/11. The four next
most significant counter outputs (IC2 pins 14, 11 and 6, and IC4
pin 2) respectively provide the second input to each of these gates.
The outputs of the four gates are combined via diodes and, via
1C5/12 and diode D5, connected to the NO CH line from ICé6.
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If the counter outputs reach a twos-complement value of +120
(81111000) or -120 (100PP111), all four gates produce high outputs.
The NO CH line is therefore pulled low via D5 and the counter is
inhibited. This 'count limit' prevents the false readings which
would result if the counter was allowed to overflow.

MICROPROCESSOR READ ACTION

The outputs of the counter provide the data inputs to an eight-bit
latch, IC3. This device has two other inputs, on pins 11 and 1,
which respectively latch the inputs from the counter and enable the
three—state outputs. The latch signal is also applied, via VT1, to
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the Preset Enable inputs of counters IC2 and IC4.

Because the

Preset inputs to the counters are connected via resistor R5 to +5V,
they will be set to a twos-complement value of -1.

Although separate latch and output-enable inputs inputs are
provided, the same signal is normally applied to both. A single
negative-going pulse will then latch the counter outputs, enable the

latch outputs and reset the counter.
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CHAPTER 5

MOTHERBOARD (Ref. 1832)

Drawing No. 6A26932 (2 Sheets)

5.1 INTRODUCTION

The Motherboard controls the overall operation of the M24 system.
It has five sockets for plug-in 'daughter' boards and cammunicates
with the Control Panel board via a serial link.

The board carries a microprocessor (Motherboard MPU); a Peripheral
Interface Adapter (PIA); an Asynchronous Communications Interface
Adapter (ACIA) for communication with the Control Panel board; a
second ACIA associated with a tape interface; a circuit which
transmits serial channel 1level data to the Multiplex Interface
units; and a multi-input Analogue-to-Digital converter which
receives the multiplexed 'Manual Fader Wing' signal fram the
Multiplex Interface units, and also converts the analogue outputs of
the control panel faders into digital form. The program is stored
in three 8Kbyte EPROMs (2764-4) and eight 2Kbyte RAMs provide
temporary and cue memory storage.

5.2 THE MICROPROCESSOR

The Motherboard MPU (IC23) is an MC68BA9 8-bit micro-processor. and
this communicates with the rest of the system by means of an 8-bit
Data Bus (D@ - D7) and a 16-bit Address Bus (A# - Al5). The total
available address space is 64Kbytes ($0000 - $FFFF), but this is
increased in practice by using a page register to select one of
eight pairs of B8Kbyte PROMs at addresses $A0@0 - SDFFF. On the
basic system, only one of these 16Kbyte pages is used, but where
additional facilities are provided, paged PROMs are incorporated on
the plug-in 'daughter' boards as necessary.
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Correct data timing is ensured by strobe pulses 'E' and 'Q', which
are derived by the MPU from an 8MHz crystal, XL2. The output of
this is divided by four to give a strobe frequency of 2MHz. The
timing of the 'E' and 'Q' signals is shown in Fig. 5.2.1. '

MOTHERBOARD PROCESSOR ADDRESSES

Motherboard MPU address lines Al3 - Al5 are decoded by IC36 to
produce enable signals for the Kernel PROM (SE@@@ - SFFFF), the
paged PROMs ($AG@0 - SDFFF) and the battery-maintained RAM
($0000 - $3FFF). In addition, wired-AND circuits produce signals
which select the peripheral systems ($800@ - $80FF) and, in
particular, the on-board peripherals ($8008 - $8@0F).

Kernel PROM Addresses

The output from pin 9 (SE@@@ — SFFFF) of IC36 selects PROM IC22. The
outputs of this device are enabled by NAND gate IC41/8, which
receives 'E', R/W and LDATA., The latter signal is normally held
high by a resistor (RN2), but may be set low to disable the Kernel
PROM when using the Test Console (comnected to the MC9 Test Port).

8308



M24M@5

5.3.2

5.3.3

Page 5 - 3

The signal from IC36 pin 9 is also used, via link LK5 and -NOR gate
IC57/6, to trigger monostable IC46/4. This device produces a 460ns
negative-going pulse which is routed via buffer IC11/8 to the MRDY
input (pin 36) of the Motherboard MPU, IC23. This stretches the MPU
cycle to allow for the slow EPROM devices. If a faster (200ns) PROM
is fitted, the Kernel PROM MRDY signal may be disabled by cutting
link LK5.

Paged PROM Addresses (Page 0)

The outputs from pins 6 and 7 of IC36 respectively enable PROMs IC29
(SA@G@ - SBFFF) and IC25 ($C@00 — SDFFF). The outputs of the
selected device are enabled by the output of inverter IC37/4, the
input to which is from a wired-AND circuit which receives the
inverted output of IC41/8 (see previous section) and the three Page
Register outputs (PR@ - PR2) from the PIA (IC21). Wwhen the MPU is
reading fram a Paged PROM address, the wired-AND will only be fully
enabled if all three Page Register outputs are low, i.e. if Page 0
is selected.

As in the case of the Kernel PROM, the Paged PROM chip select
signals from IC36 are routed via -NOR gate IC57/6 to trigger
monostable IC46/4 and thus generate a MRDY signal. If 200ns PROMs
are fitted, links ILK4 (IC25) and IK3 (IC29) may be cut to disable
the MRDY signal.

RAM Addresses

The outputs from pins 1 and 2 of IC36 (addresses $0008 - S1FFF and
$2000 - S3FFF respectively) are each used to enable one half of
decoder IC53. The select inputs to this device are address lines
All and Al2 and its outputs are applied to the Chip Select inputs of
the RAMs as follows: '
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IC53 pin Address Range RBM Selected
7 $0000 - S@TFF IC38
6 $0800 — SOFFF I1C42
5 $1908 - S17FF IC48
4 $1800 ~ S1FFF 1C54
9 $2000 - $27FF 1C39
10 $2800 - $2FFF 1C43
11 $3000 - $37FF 1C49
12 $3800 - S3FFF IC55

The outputs of the selected RAM are enabled, during read actions, by
the output of NAND gate 1C41/8, i.e. with R/W and 'E' both high -
see section 5.3.1. During write actions, a Write Enable pulse is
produced by NAND gate IC41/6. This gate is enabled by 'E', inverted
R/W and a wired-AND circuit formed by transistors VI3 and VT13, and
NAND gate IC41/12.

Memory Lock

In addition to the working stores required by the MPU, the RAMs
provide the long-term memories in which lighting states are
recorded. These may be protected against erasure by means of a
keyswitch (REC LOCK) on the control panel and are retained when the
system is not in use by a battery-maintained power supply.

When the REC LOCK Kkeyswitch is in the 'locked' position, line PA7
(MLOCK) of the PIA (IC2l1) is set high and this partially enables
NAND gate IC41/12. The second input to this gate is fram binary
comparator IC47. The latter compares a three bit 'lock-threshold’,
(PAD - PA2) fram lines PA3 - PA5 of the PIA, with address lines
Al@ - Al3. A fourth lock-threshold bit (IC47 pin 1) is always low.

If the MPU writes to a RAM address where the binary value of
Al® - Al3 is less than or equal to that of the four lock-threshold
bits, pin 5 of I1C47 is low and IC41/12 is inhibited. IC41/6 is
therefore enabled and the write action takes place regardless of the
state of the MLOCK signal. If, however, the address is such that
the value of Al@ - Al3 is greater than the lock-threshold, pin 5 of
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IC47 is high, partially enabling IC41/12. If MIOCK is also high
(memory locked), the latter gate is fully enabled and its low output
inhibits IC41/6, thus preventing the write action.

The lock-threshold may be set by the MPU to any one of eight
positions in the address map. The lowest position is at address
$0400, so that the MPU will always have at least 1Kbyte of working
RAM. A further 1lKbyte is added to this for each increase in
threshold value, up to a maximum of 8Kbytes. The threshold is set
by the MPU on power-up, its position depending on the number of
channels controlled by the system.

5.3.3.2 Reset Write Inhibit

In order to ensure that the RAM cannot be corrupted during power-up
and power—-down, transistor VI3 pulls down pin 3 of IC41/6 during
Reset, thus preventing the appearance of spurious Write Enable
pulses. On power-up, a second transistor (VT13), controlled by line
PA6 of the PIA, ensures that no RAM write actions take place until
the lock-threshold has been established and the system fully
initialised.

When the PIA is reset, all the lines of Port A are initially high,
so that Vrl3 is switched on, thus pulling down the pin 3 input of
IC41/6. This state will remain unchanged until the MPU has
initialised the PIA, a process which includes the setting the
correct lock-threshold.

5.3.3.3 RAM Bus Buffers

The RAM address and data signals are buffered from the rest of the
Motherboard in order to minimise the risk of discharging the
batteries too rapidly when the system is switched off or on.

The data lines from the MPU are routed to the RAMs via inverting
bi-directional buffers IC33. These are enabled by the inverted

output of -NAND gate IC40/11 whenever the MPU accesses one of the
RAM addresses. For read actions, the low output from IC41/8 (see
section 5.3.1) allows the buffers to drive the MPU bus, while for

8308 Issue 1




Page 5 - 6 M24M@5

5.3.3.4

5.3.4

Issue 1

write actions, IC4l1 pin 8 remains high and the buffers drive the RAM
data inputs. When the system is unpowered, the RAM data lines are
pulled low by resistors RN3.

The MPU address lines are also routed to the RAMs via buffers (IC32
and IC34). Note that 'E' and R/W are routed via IC34/9 and IC34/12
respectively. When the system is unpowered, the RAM address lines
(A9 - Al@) are pulled iow by resistors RN5, while the Chip Select,
Write Enable and Output Enable 1lines are pulled up to +VRAM
(battery-maintained +5V). '

Battery Circuit

The battery charging circuit is formed by VI1ll and its associated
resistors. With the system powered-up, VIll is switched on and
current flows fram the +5V rail to power the RAMs and, via resistor
R83, to charge the batteries. Wwhen the power is removed, VIll is
reverse biased and the batteries supply power to the RAMs via
Schottky diode D24.

Peripheral Interface Addresses

All peripheral systems are allocated addresses in the ramge
$8000 - S8OFF. A 'valid Peripheral Address' signal (VPA) is
produced by gating together MPU address line Al5 and inverted lines
A8 - Al4 in a wired-AND circuit formed by IC15, ICl6/2 and IC11/3.
This circuit may be inhibited by LDATA (via IC11/11) when using the
6809 Test Console.

Two further signals are derived fram the Address Bus in order to
select the area allocated to the on-board peripherals (PIA, ACIAs
and A-D and D-A converters). A second wired-AND circuit, formed by
I1Cl6/6, IC16/18, ICl6/4 and IC16/12, gates together inverted address
lines A4 - A7, producing a signal ($xx80 - $xx@F) which is high
whenever A4 - A7 are low. The latter signal is gated with VPA in
NAND gate ICl4/3, the output of which is low whenever the MPU
accesses the on-board peripheral address locations.
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The individual peripheral interfaces are selected by decoder IC3l.
This receives Al and A2 on its select inputs and is divided into two
sections. The first of these (1) is enabled by 'E' and the output
of NAND gate IC48/8. The latter gate produces a low output when A3
is high and $8000 - S80OF low. The second half (2) of IC3l is
enabled when A3 is low.

The outputs from pins 9 and 10 (2-0 and 2-1) of IC31 are connected
together and applied to the CS2 input of PIA IC2l. Similarly the
CS2 inputs of ACIAs IC28 and IC24 respectively receive the outputs
from pins 11 (2-2) and 12 (2-3) of 1C31. The PIA and ACIAs are all
enabled (on their CS@ and CS1 inputs respectively) by $xx00 - $xxOF
and VPA, so that the PIA is at addresses $8800-3, ACIA IC28 at
$8004-5 and ACIA IC24 at $80@6-7. The ACIA registers are selected
by AP and those in the PIA by A® and Al.

There is no provision for additional chip select signal on the A-D
and D-A circuits and the first half (1) of IC31 must therefore
produce fully decoded signals with 'E' timing. For this reason the
'on-board peripherals' signal ($8000 - $800F) is gated with A3 in
IC40/8 and applied to one enable input of IC31, and a second enable
is provided by 'E°'. The output from pin 7 of IC31 (addresses
$8008-9) selects the D-A converter and that on pin 6 (addresses
$800A-B) the A-D converter. Note that the latter signal is also
routed via -NOR gate IC 57/6 to monostable IC46/4, thus generating a
MRDY signal (see section 5.3.1).

5.4 SYSTEM BUS INTERFACE

The Motherboard carries five multiway sockets for the connection of
plug-in ‘daughter' boards, which are used to extend the facilities
offered by the basic system. The additional electronics carried by
these boards is accessible to the Motherboard MPU by means of a
System Bus which carries all the MPU address and data lines, and the
following control signals:
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Signal Input/Output Buffer Connector Pin
'E! Output IC10/18 17a
'Q Output IC18/16 18a
R/W Output IC16/14 8¢
VPA Output 1C16/12 24c

156.3kHz clock Output 1C18/3 13c
PR2 Output IC10/5 27a

PR1 Output IC10/7 27¢

PR Output IC18/9 26a
MRDY Input 1C208/6 19%a
FIRQ Input IC20/8 2la

IRQ Input IC20/18 2lc

NMI Input 1C20/12 20a
Reset Output-Input IC28/2-1C20/4 20c

Note: 1In the case of Reset, the signal generated on the Motherboard
is routed to the MPU via the System Bus. This both ensures
that devices on the daughter boards receive the Reset signal
and allows the Motherboard MPU to be reset by a signal
generated on a daughter board.

The Address Bus is routed via buffers IC18 (A@ - A7) and IC19
(A8 - Al5), and the Data Bus via bi-directional buffers IC17. The
latter are controlled by the output of -NOR gate IC56/8 which
produces a high output, enabling the bus drivers, for all MPU write
actions and for read actions at any of the on-board addresses. The
signals concerned are as follows:

IC56/8 pin Signal/Address Function
6 R/W All write actions
12 IC36 pin 1 ($S0@00@ - S1FFF) RAM
11 IC36 pin 2 ($200@ - S$3FFF) RAM
1 $8000 - S$S8OOF On~board peripherals
2/3 IC40/6 Paged PROM - page @
4/5 IC36 pin 9 (SE@PP - SFFFF) Kernel PROM
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In the case of the Paged PROM signal, NAND gate IC48/6 receives the
output of a -NOR gate, IC48/3, which in turn receives the pins 6 and
7 outputs of IC36 (addresses SAPW@ - SDFFF). 1C48/6 is only fully
enabled, however, if its pin 5 input (from the wired-AND described
in section 5.3.2) is high; i.e. if PROM Page @ is selected.

The data buffers may be disabled by LDATA when the 6889 Test Console
is in use, but the address and control output buffers are always

enabled. Note that all output signals are inverted on the bus.

5.5 PERIPHERAL INTERFACE ADAPTER

The peripheral lines of PIA IC21 are summarised in Table 5.5.1. The
functions of most of the signals are described in the relevant
sections of the text.

Table 5.5.1

PIA Line | Input/Output | Signal Title Function
PAO Output PRO
PAl Qutput PR1 PROM Page Select
PA2 OQutput FR2
PA3 Output PAG
PA4 Output PAl RAM Lock Threshold
PAS Output PA2
pPa6 Qutput Write Inh. Power-up Memory Protect
PA7 Output Mlock Memory Lock
cal - Not Used -
CA2 Output EOF End of Frame pulse

(see section 5.7)

PBO Input -
PB1 Input - System configuration
PB2 Input - switch inputs
PB3 Input -
PB4 Output - Configuration switch select
PBS Output PB5 J Configuration switch
PB6 Output PB6 and Analogue Input
PB7 Output PB7 select.
CBl Input 150Hz Real Time Clock
CB2 Output Audio Test Test Enable
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The system configuration switches are scanned on power-up by means
of outputs PB4 - PB7. There are four groups of four switches and
the relevant group is selected by setting the corresponding output
high. The switch settings may then be read via inputs PB@ - PB3.
Note that outputs PB5 - PB7 are also applied to the Analogue-to-
Digital converter circuit in order to select the required analogue
input (see section 5.7).

PANEL: COMMUNICATION INTERFACE

The Motherboard MPU communicates with the Panel MPU (see chapter 3)
by means of an Asynchronous Communications Interface Adapter (ACIA),
IC28. The information consists of serial data which is transmitted
at 4800 baud via separate transmit and receive circuits.

The Motherboard connects to the Control Panel board via connector
PL5. In addition to serial data, this carries analogue signals from
the panel Master Faders and Fade Duration controls and also power
supplies. The serial output from IC28 pin 6 (Tx Data) is routed via
buffer IC35/2 to terminal 3 of PL5, while data received from the
Panel MPU appears on terminal 2 of the connector and is routed via
buffer IC35/4 to pin 2 (Rx Data) of the ACIA.

Transmit/Receive Clock

The timing of the data transmitted and received via the serial link
is determined by clock signals derived from a 4.9152MHz master
oscillator. This is formed by crystal XLl, inverters IC13/2 and
I1C13/4, and their associated components. Its output (from IC13/4)
is inverted and applied to divider ICl2, the output of which (at
307.2kHz) provides the input to a second divider, IC9. The latter
device produces outputs at 153.6kHz, 76.8kHz, 38.4kHz, 19.2kHz,
4.8kHz and 15f0Hz. The 76.8kHz signal is applied to the Tx Clk and
Rx Clk inputs of IC28, while the 38.4kHz output is routed via buffer
IC35/6 and PL5 terminal 1 to the Serial Communications Interface on
the Control Panel Board. The ACIA and the Panel MPU respectively
divide these clock signals by 16 and 8 to produce the correct clock
rate for 4860 baud transmission.
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5.7 ANALOGUE INTERFACE

The Analogue Interface consists of a Digital-to-Analogue converter
(IC30), used to generate the multiplexed signal transmitted to the
Multiplex Interface units, and an Analogue-to-Digital converter
(IC26), which receives the multiplexed 'Manual Fader Wing' signal
from the Multiplex Interface units and also the outputs from the
four faders on the Control Panel board.

Two types of analogue output are possible: a two-wire system where
the multiplexed analogue signal carries channel and frame sync
pulses; and a four-wire system where the sync pulses are transmitted
separately, on a balanced line. In the latter case, it is not
possible to receive a multiplexed input from a manual fader wing.

5.7.1 Multiplexed Analogue Output

The multiplexed analogue output to the Multiplex Interface units is
produced by D-A converter IC3@, the output of which is fed via
current-to-voltage converter IC51 and a unity-gain drive circuit
consisting of Op~amp IC5@ and transistors VI8 and VI9. The digital
input to IC3@ is provided by latch IC27, which is clocked by the
pin 7 output of decoder IC3l each time the Motherboard MPU accesses
address $8008. The inputs to the latch are data bus bits D& - D7.

5.7.1.1 Reference Voltage

The reference voltage required by the D-A converter is derived from
a 5.1V zener diode, D19, via inverting amplifier IC45/14. Resistors
R58, R59 and R61 give a gain of slightly less than unity so that the
output of IC45/14 is about -4.9V. This voltage is applied to the
-Vref input of IC3@ via RV2, which permits the adjustment of the
full level analogue output.

5.7.1.2 Sync Pulses
Each time channel level data is loaded into IC27, the new channel is

marked by an 8us Sync Pulse. Monostable IC46/5 is cleared on the
front edge of the IC31 pin 7 output and then triggered on the back
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edge, producing an 8us positive-going output. This pulse is routed
via R66, R52 and VI7 to switch on transistor VIl@, thus pulling the
non~-inverting input (pin 3) of IC56 down to -4.9V. At the end of
the pulse VI'l@ switches off and the analogue channel level appears
at the output. Diode D28 and resistor R90 ensure that VI1@ switches
off fully when the sync pulse is not present.

Following the last channel in each frame, a frame sync pulse is
generated by the MPU on the CA2 line of PIA IC2l. This pulse is
slightly over 35us long and is applied to transistor VI'6, the
emitter of which is connected to the junction of R66 and R52. It
thus controls VI7 and VIl@ in a similar way to IC45/5, producing a
-5V sync pulse on the analogue output. Following the frame sync
pulse there is an interframe gap (analogue equals BV) of at least
1l6us before the next frame begins. 1In practice this interframe gap
will vary in length and it will rarely, if ever, be as short as
10us.

On systems using a four-wire analogue output link, terminal 4 of
connector PL4 is connected to @V and this pulls down the base of
VI7, thus preventing the sync pulses appearing on the analogue
output. The sync pulses are routed via line driver IC44/2 for use
under these circumstances, appearing in complementary form on
terminals 4 and 3 of connector PL3.

With the two—wire system in use, the output appearing on terminal 2
of connector PL3 takes the form shown in Fig. 5.7.1.1. The analogue
channel level varies between +5V (full level) and @V (zero), while
the sync pulses are negative-going to -5V.

Analogue Input

The multiplexed analogue ‘'Manual Fader Wing' signal from the
Multiplex Interface units is applied, via integrator R91-C2 and
potential divider R65-R64, to amplifier IC45/1. The gain of this
amplifier is adjustable by means of RV1 ('Man Full'). The output of
IC45/1 is applied to an analogue data selector, IC52, the other
inputs to which are the four fader outputs from the Control Panel
board (see chapter 3); an additional analogue input (ANL IN),
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provided for later expansion; #V; and a D-A Test signal. The select
inputs to IC52 are taken from lines PB5 - PB7 of PIA IC2l1 (see
section 5.5).

IC52 is used in conjunction with capacitor C40 and buffer IC45/8 to
form a sample-and-hold circuit which provides a stable input to A-D
converter IC26. When a conversion is started, pin 14 (Busy) of IC26
is set low and, via buffer I1C44/7, this inhibits IC52 so that the
level of the selected input is stored on C40. 1IC45/8 has a gain of
slightly greater than unity and a small offset is applied via R60 to
its inverting input to ensure that the faders are able to reach the
full and zero settings.

The output of IC45/8 is applied to pins 3 and 4 of IC26. When the
required analogue input has been selected, the conversion process is
started by a low output fram pin 6 of decoder IC31; this signal is
produced when the MPU accesses address $800A. 15us later the result
of the conversion may be read via the same address, by means of data
bus lines D@ - D7.
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Fader Full Reference Voltage
The reference voltage supply to the control panel faders is taken
from the junction of R58 and R59 (+4.9V - see section 5.7.1.1) via

unity gain buffer IC45/7.

TAPE INTERFACE

The Tape Interface is provided by ACIA IC24 and its associated
circuitry. The transmit clock applied to pin 4 of the ACIA is the
19.2kHz output from pin 5 of divider IC9 (see section 5.6.1); the
ACIA divides this by 16 internally to give a data rate of 1208 baud.
Data transmitted is converted into a CUTS format which uses two
tones, 2400Hz to represent 'l' and 1200Hz for '@'. At 1200 baud,
each bit consists of two cycles at 24@8PHz or one cycle at 1200Hz,
depending on the bit state.

Because the tape speeds of low-cost cassette recorders are not, in
general, very accurate, the receive clock must be derived from the
incoming signal. This is achieved by means of an edge detector, and
a phase-locked-loop operating in conjunction with a divider.

Transmitter Circuit

The Tx Data output of ACIA IC24 (at 1200 baud) is applied to the set
input (pin 9) of J-K bistable IC8/15 and, via IC3/3 which acts as an
inverter, to the J and K inputs of the same device. The output of
I1C8/15 is applied to the J and K inputs of a second bistable, IC8/2,
and both bistables are clocked at 4.8kHz by the pin 2 output of
divider IC9 (see section 5.6.1).

If the Tx Data signal is high (data = 1), pin 15 of IC8/15 is set
high and IC8/2 therefore divides the clock frequency by 2, giving an
output at 24@¥Hz. With Tx Data low (data = @), IC8/15 is enabled
and the two bistables then divide the clock by 4; the output is thus
at 120@9Hz. Typical waveforms are shown in Fig. 5.8.1.1.

The output from IC8/2 pin 2 is routed via a low-pass filter formed
by R9, C6 and R5 and appears on terminal 1 of connector PLl.
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5.8.2 Receiver Circuit

The incaming signal from the tape recorder appears on terminal 3 of
connector PL1 and is applied to a filter formed by amplifier IC6,
resistors R7 and R16, and capacitors C9 and Cl@d. The filter removes
mains hum and high frequency interference, and the gain of the
amplifier is determined by R7 and Rlf. The amplified and filtered
signal is applied to camparator IC7 which acts as a Schmitt trigger,
producing a rectangular waveform with the same form as that
generated by the transmitter circuit.

The output of IC7 is applied to a circuit formed by IC3/18, R6, C52
and IC3/4, which produces a short negative-going pulse for every
edge, positive- or negative-going, of the input waveform. These
pulses are inverted and applied to the reset input of counter
IC5/14. The latter device is clocked by a 38.4kHz signal from pin 6
of divider IC9 (see section 5.6.1) and is inhibited by the output of
IC2/3 when it reaches a count of 12.

If the incoming signal is at 24@0PHz (data = 1), IC5/14 will be reset
at a count of about 8 and pin 3 of IC2 will remain high. If,
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however, the incaming signal is at 120@Hz (data = @), a count of 12
will be reached about three quarters of the way through each
half-cycle and IC2/3 will produce a negative-going pulse.

The output of IC2/3 is applied to bistable IC1/1 which is clocked by
the inverted output of IC3/4. The output of ICl/1 is therefore set
low at the end of the first half-cycle of each data '@' and will
ramain low until the end of the first half-cycle of the next data
'1'. This signal is gated with the output of IC2/3 and applied to a
second bistable, IC1/12, which extends this low signal by a further
half-cycle (see Fig. 5.8.2.1) to ensure the correct timing of the
data applied to ACIA IC24.
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Because the ACIA internally divides the Rx Clk signal by 16, a clock
waveform at 16 times the data rate must be derived fram the incaming
signal. The output of IC2/3 is gated in IC2/1@ with the signal from
IC5/14 pin 14 and the resulting output is then gated (in IC2/11)
with the negative-going pulses from IC3/4. This produces an
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asymmetrical waveform, the positive-going edges of which appear at
reqular intervals, at a frequency corresponding to twice that which
represents data 'l' on the tape (i.e. about 4B800Hz - see
Fig. 5.B.2.2). This waveform is applied to one phase~comparator
input of phase-locked-loop IC4.
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The other phase-comparator input is derived from the voltage
controlled oscillator output (VCO - pin 4) of IC4, via divider
IC5/6. The VCO output frequency will be constantly adjusted to keep
the two input frequencies the same, but because of the divider this
output frequency will be at about 76.4kHz. The required Rx Clk
frequency (about 19.2kHz) is taken from pin 4 (Q1l) of IC5/6.

Audio Test Circuit

If the CB2 line of PIA IC21 is set low, the output of bistable IC8/2
is connected to the tape input via transistor VT12. This permits
the tape interface to be tested without the necessity of recording
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and playing-back a test signal. Under these circumstances the gain
of IC6 is determined by R28 and R18.

RESET CIRCUIT

The reset circuit is formmed by transistors VIl - VI5, and their
associated components. The circuit has two functions: firstly, to
generate a reset pulse each time the equipment is switched on, thus
ensuring that the MPU enters its start-up procedure correctly, and
secondly, to inhibit processor operation if the voltages on the +5V
and +15V rails vary by more than the allowed tolerance.

As the +5V rail becames established at switch on, the voltage at the
junction of C23, R37 and D17 will rise rapidly and VTS5 will switch
on; This pulls the Reset line low. When the rail reaches +3.6V, the
voltage on the base of VIS falls below #.7V, and this transistor
switches off. The Reset line is then pulled high by a 1K resistor
(RN2) .

In normal operation, the emitter of transistor VIl is close to the
+5V rail and the base of VI2 at about 1V; the latter transistor is
therefore on and VI4 and VI3 off. If either rail starts to fall,
the voltage on the base of VI2 will also fall until VT2 switches
off; VvI'4 and VI3 will then switch on, pulling down the Reset line
and inhibiting RAM write actions respectively. In addition, the MPU
may be reset by means of a manual reset switch, SW3, which pulls
down the base of VT2,

The Reset signal fram VT4 is routed to the MPU (IC23) and the PIA
(IC21) via the System Bus. This both ensures that devices on the
daughter boards receive the Reset signal and allows the Motherboard
MPU to be reset by a signal generated on a daughter board.
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CHAPTER 6

POWER SUPPLY BOARD (Ref. 183@)

Drawing No. 6C26865

INTRODUCTION

The Ref. 1830 power supply board generates the three regulated
supplies - +15V, +5V and -15V - required by the M24 Control Console.
A similar board (Ref. 1863) is used in the M24Fx unit - see Drawing
No. 6C28178.

The input to both types of board is a 17.5-6-17.5V a.c. supply
produced by a transformer on the power supply assembly — see Drawing
No. 7C26933 (M24) or 7C28189 (M24Fx). 1In each case, this input is
rectified and smoothed, and applied to three regulator circuits, one
for each output. Each regulator has its own rectifier and smoothing
capacitor.

+15V AND -15V SUPPLIES

The +15V and -15V supplies are respectively produced by integrated
circuit regulators REGl and REG2. REGl receives a rectified and
smoothed input from D3, D4 and C8, while the input to REG2 is
produced by D6, D7 and C7.

+5V SUPPLY

The +5V supply is produced by a switching regulator centred around
integrated circuit REG3. This device contains a current-controlled
oscillator; a temperature-compensated current-limiting circuit; a
temperature-compensated voltage reference; and a high-gain
differential comparator. These are used in conjunction with an
external power transistor, VT1l, and reservoir components TRX1 and
C5. Regulation is achieved by means of negative feedback via
potential divider R11/R4/R3, the output of which is compared with
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the voltage reference (1.3V - pin 8) in order to control the output
of the oscillator. ‘

Current limiting is provided by means of parallel resistors R5-R14.
If, when VIl is on, the voltage across these exceeds 330mV, the
internal oscillator will shut down, switching VT1 off.

If, under fault conditions, the output voltage should rise above
5.6V, zener diode D5 will conduct. This has a crowbar effect and
blows fuses FS1 ard FS2,

IMPORTANT NOTE: All voltage measurements on the console must be
made with reference to the @V output of the Power

Supply board; i.e. connector PLl1 pins 4 and 5.
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CHAPTER 7

VIDEO INTERFACE (Ref. 1834)

Drawing No. 6A26940

INTRODUCTION

The Video Interface board is an optional addition to the M24 Control
Console and may be fitted in any one of the five 'daughter' board
positions (SKT1 - SKT5) on the Motherboard. The board generates a
video mimic-display signal which may drive a video monitor directly,
or be converted into the form required by a monochrome television
set by means of a UHF or VHF modulator attached to the associated
connector panel.

The board carries a Cathode Ray Tube Controller (CRIC), 2Kbytes of
Video RAM and a Character Generator.

Principle of Operation

The purpose of the Video Interface is to convert binary data
supplied by the Motherboard MPU into a camposite video and sync
signal. This process is controlled by ICll, a CRT Controller device
which generates line and frame sync pulses and Video RAM address
signals. The latter control the storage of the display data by the
MPU and its retrieval as each scan occurs. The display information
(in ASCII code) is loaded into the Video RAM by means of a
Multiplexed Direct Memory Access process (DMA) process.

The data retrieved from the RAM is applied to a character generator
which produces a series of dot signals, line by line for each row of
characters. These dot signals are cambined with the Line and Frame
sync pulses to produce the Composite Video signal.
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Video Signal

The output of the board is a positive composite video signal with
the following parameters:

Impedance : 75 ohms
Sync voltage : WV
Black level s .3V
Dim white level : H.N
Peak White level s +l.0v

No. of lines 312 at SPHz, non-interlaced

or : 262 at 6@Hz, non-interlaced
Character Dot Rate :  9.84375MHz
Characters/Line : 64
Flyback blanking : 17.7us
Character format : 7 by 5 dot matrix
Lines/Character : 9
Character lines : 25

VIDEO INTERFACE ADDRESSES

Address lines A2 - A7 fram the Motherboard MPU are applied to a
wired-AND circuit formed by exclusive-OR gates IC6, IC5/3 and
IC5/11. The circuit also receives 'E' (via IC4/3), VPA (via IC4/6)
and R/W (via IC4/11). Links LK1 - LK6 permit any group of four
addresses in the VPA area (S$S8000 - S80FF) to be selected, those
normally used being $8018 - $801B (i.e. with IK1-3 and IK6 fitted
and LK4 and IK5 not fitted). The output of the wired-AND circuit
(CPREQ) selects the CRIC via timing circuitry which synchronises MPU
write actions to the video system. The MPU may not read from the
video system addresses.

VIDEO CLOCK GENERATOR

The clock pulses required by the Video system are generated by a
9.84375MHz oscillator formed by crystal XLl1l, inverters ICl17/2 and
IC17/4, and their associated components. The output of this
oscillator is applied to counter IC18 and, as DOT CLK, to character
generator IC13 (see section 7.4).
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IC18 divides the oscillator output by 7. Output D is applied to the
Load Enable input (pin 9) so that, with D low the next clock edge
will load the counter with 1010 ($A). It then counts up until D
again goes low when the cycle repeats.

The C output of IC18 (CRT/CPU) is an asymmetrical waveform which is
high for four DOT CLK pulses and low for three; it determines the
CRIC scan rate and controls the relative timing of RAM read and
write actions. The signal is also gated with the A and B outputs of
IC18 to produce two further timing signals, ADD IATCH and LDSR (see
Fig. 7.3.1).

VIDEO SCAN
The Cathode Ray Tube Controller (CRIC), ICll, generates Display

Enable (DE), vertical and horizontal sync (VS and HS) and Video RAM
address signals. The latter signals (MA@ - MAl1P) are used to scan
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the video RAM, IC12. Each RAM location consists of eight bits, six
of which (DBP - DB5) store the character to be displayed, while the
remaining two (DB6 and DB7) determine the character 'attribute'.

As the RAM is scanned, bits DB# - DB5 fram each location in turn are
applied to Character Generator IC13 and latched by the ADD IATCH
pulse fram IC15/6. The correct line of the character concerned is
selected by a line counter and the dots forming this line are taken
from an internal character ROM and loaded into a shift register on
the LDSR pulse fram IC15/8 (via inverter ICl7/6); both the 1line
counter and the shift register form part of the character generator.
The dot output appears in serial form on pin 11 of IC13 and is
routed via exclusive-OR gate IC5/8 to the video output circuit. The
timing of these actions is shown in Fig. 7.4.1.

Character Line Synchronisation

Both the character generator and the CRIC contain line counters,
that in the CRIC being used to synchronise the other to the display
scan. Outputs RA@, RAl and RA2 from IC11l are gated together in NOR
gate IC1/6 and the output of this is applied to transistor VT2 and
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to the Qutput Enable and, via inverter IC7/18, Clock Control inputs
of IC13. As a result, whenever RAP-2 are all low (i.e. during the
first and last lines of each row of characters - see Fig. 7.4.2) the
line counter in IC13 is inhibited and the character generator is
high impedance. At the same time, VI2 is conducting, pulling the
output down to @V.

During the last line of each character row (line 8), RA3 from ICll

will be high (see Fig. 7.4.2) and, via ICl17/12, this clears the

character generator line counter in preparation for the next row.

The IC13 line counter is clocked by the pin 1 output of latch
IC14/16. The latter receives the DE (Display Enable) signal from
the CRIC and is clocked by ADD LATCH (see Fig. 7.5.1).

CHARACTER ROV  CHARACTER ROV

LINE NUWBER 01 2 3 4 567 80 123 456 7 8
eaewsemor [ T DT T ! Tl
111 PIN 37 (RA1) T T ] ]

IC11 PIN 36 (RAZ)
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LINE COUNTER LINE COUNTER INHIBITED.

CLEARED CHARACTER GENERATOR
QUTPUT KIGH IMPEDANCE.
DISPLAY BLANKED.

LINE COUNTER WAVEFCRMS
FI1G. 7.4.2
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VIDEO OUTPUT

The output fram IC5/8 is applied, via diode D1, to emitter follower
VT1, which produces the video signal. When the Character Generator
output is at @V, or the output is blanked (either by VT2 or by a low
output from I1C14/10, via diode D4), Dl is back biased. The base of
VTl is then held at about 1V by R6 and R4, thus establishing a black
level of about 6.3V on the output. Note that the +5V supply to the
video output circuit is derived fram the +15V rail by R7 and D2.

Note: The Blanking signal is derived fram the DE output of the CRIC
via cascaded latches ICl4/16 and ICl4/18. These are clocked
by ADD IATCH and IDSR respectively and ensure that the
Blanking signal does not appear until the last character has
been output to the screen (see Fig. 7.5.1).

or el T
CRT/CPy 1 S S I R I T I R
ADD LATEH | — | —
Lose 1Tl [l | ] -]

IC14 PIN 4 (LINE CLECK) .

?I.IIE. COUNTER CLOCKED

1C14 PIN 10 (DISPLAY BLANKI ] |

CHARACTER LAST DISPLAY DISPLAY FIRST
CHARACTER BLANKED BLANKED CHARACTER

DISPLAY BLANK WAVEFDRMS
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The video line and frame sync pulses are produced by -NOR gate
1C3/3, the output of which controls an exclusive-OR gate (IC5/6) in
the video output circuit. The latter gate clamps the base of VI,
thus reducing the video output to #V.

While the VSYNC output (pin 48) of IC1l is low, monostable IC2/4 is
cleared and its pin 4 output is high. Under these circumstances,
line sync pulses are produced by routing HSYNC from pin 39 of ICl1
via inverter IC7/6 to -NOR gate IC.3/3. When VSYNC goes high at the
end of each frame, IC2/4 is no longer cleared and is triggered on
the leading edge of HSYNC, producing a 55us negative-going output.
This is applied to IC3/3 to produce the frame sync signal. When
IC2/4 times-out, the output of IC3/3 goes low for a short period
before the next HSYNC edge (see Fig. 7.5.2).

Character Attributes

Bits DB6 and DB7 from the Video RAM are applied to latches IC16/16
and IC16/15 respectively, both of which are clocked by ADD LATCH.
The resulting outputs are applied to a second pair of latches,
IC16/1@ and IC16/9, which are clocked by IDSR. This arrangement
ensures that the attribute is established on the video output at the

correct time, relative to the character dot output (see Fig. 7.4.1).
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When a dim character is to be output, DB6 and DB7 are both high and
NAND gate IC3/8 is fully enabled by the outputs of latches IC16/10
and ICl6/9. IC3/8 therefore produces a low output which is
connected, via diode D5 and resistor R8 to the output of IC5/8. The
result is similar to that produced by the Display Blank signal, but
because of D5 and R8 the output is not reduced as far as black
level.

Inverse characters are produced if DB6 is low and DB7 high. The
outputs fraom pin 1@ of IC16/18 and pin 8 of IC16/9 enable -NAND gate
IC1/12 and the output of the latter is applied to exclusive OR gate
IC5/8. The character generator output is then fed to transistor VT1
in inverted form.

Characters may be made to flash on and off by setting DB6 high and
DB7 low. The outputs from pin 11 of ICl6/18 and pin 9 of IC16/9
enable -NAND gate IC1/8 and this, in turn, partially enables IC3/6.
The second input to the latter gate is the BLINK CLK signal, derived
from VSYNC by counter IC1@. Whenever IC3/6 is fully enabled, its
low output pulls down the output of IC5/8 via diode D3.

MPU ACCESS TO THE VIDEO SYSTEM

Because the Video scan must be continuous, the Motherboard MPU may
only write to the video interface in the unused time between CRIC
read actions; the process is controlled by the CRT/CPU waveform from
counter IC18. When this signal is high, display address signals
fram the CRIC are applied to the RAM and the appropriate character
is read for display (inverted CRT/CPU is applied to pin 20 of ICl12
to control the RAM outputs). When CRT/CPU is low an 'update
address', taken from two registers within the CRIC, appears on
MAO-MA1@A and the RAM outputs are disabled; at the same time, Bus
buffers IC8 are enabled by CRT/CPU, giving the MPU access to both
the CRIC and the Video RAM.

The operation of the Motherboard Processor and the Video Interface
are not synchronised and the MPU must therefore wait until the
correct time in the CRIC cycle before performing a write action.
When the MPU writes to any of the four Video address locations
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($8018 - $801B), the combined output of the wired-AND circuit
described in section 7.2 becomes high (CPREQ). This signal
partially enables NAND gate IC4/8 and triggers monostable IC2/5
(4.5us); the positive-going output produced by the latter fully
enables IC4/8. The output of the gate drives the Bus MRDY line and
this causes the processor cycle to be stretched until the write
action is camplete.

The output fram the wired-AND circuit is also applied to the D and
Clear inputs of bistable 1C9/5. The latter is clocked by CRT/CPU
and on the next positive-going edge of this waveform it produces a
high output on pin 5, thus enabling NAND gate 1IC3/11 (see
Fig. 7.6.1). 1IC3/11 is already partially enabled by a high output
from IC9/8 and its output therefore goes low. This signal (Select)
is applied to the Chip Select input (CS - pin 25) of the CRIC and,
inverted by IC7/8, to AND gate IC15/12 which generates the RAM Write
Enable pulse.

e — T -
CRT/CPY o | cPy [ AT 1 w oo 1 U
il it e I - - "
CPeEs o |
- —
109/5 ] B
':
109/8 o i T __—L - -
| ]
I L
103/11 - SELECT | 1
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] ]
1045712 A4 HIGH)
1SRG e . _ L —' ; o
VIDEC SYSTEM WRITE UAVEFUR@
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Bistable IC9/8 is also clocked by CRT/CPU and on the next clock edge
its pin 8 output will be set low, terminating the Select signal by
inhibiting IC3/11 and clearing monostable IC2/5. The latter device
inhibits IC4/8, thus terminating the MRDY signal and allowing the
processor cycle to complete. When this takes place the Bus 'E'
signal will go high, setting CPREQ low and clearing IC9/5. On the
next positive-going edge of CRT/CPU, pin 8 of IC9/8 will be set
high, returning the system to its quiescent state.

Loading Display Characters into the RAM

As described in the previous section, an 'update address' appears on
the MAG-MAl1# lines of the CRIC during the low, CPU portion of the
CRT/CPU waveform. This address is taken from two registers (R18 and
R19) within the CRIC and these may be loaded by the MPU with the
address of any location in the Video RAM. The selected display
location may then be accessed by writing to Motherboard address
$8019.

When the Motherboard MPU writes to this address, the Select signal
is generated and the processor cycle stretched as described in the
previous section. In addition, Bus Al is high (Al=#) and this and
Select partially enable AND gate IC15/12. Wwhen LDSR from IC15/8
goes high (see Fig. 7.6.1), IC15/12 will become fully enabled and
the resulting output, inverted by IC17/18 and applied to pin 21 (WE
- Write Enable) of IC12, causes the information on the Data Bus to
be written into the selected RAM location.

In order to avoid the necessity of reloading the update address
registers each time a different Video RAM location is to be
accessed, the CRIC includes a facility which allows the update
address to be incremented automatically each time a RAM write action
takes place. Register R31 in the CRIC is a 'dummy' register which,
if accessed at the same time as the RAM, will cause this increment
action to occur. In order to use this facility, the MPU loads the
update registers and then sets the register pointer (address $801A)
to 31, before starting to write to the RAM. The Select signal,
applied to pin 25 of ICl1, ensures that the CRIC is accessed at the
same time as the Video RAM.
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CRIC Initialisation

Addresses $801A and $BP1B in the Motherboard address map are
assigned to the CRIC's internal registers. These are set-up during
system initialisation to produce the required screen format (see
section 2.2.5). The data stored in the registers is as follows:

Register @ = $5A
1 = $40
2 = $47
3 = $87
4 = $21 (50Hz) or $1B (6PHZz)
5 = $@06 (50Hz) or S$P4 (50Hz)
6 = $19
7 = $1C (50Hz) or $1A (6PHz)
8 = $88
9 = 508
ig _ ggg turn Cursor control OFF
12 = $00
13 = s01
14 = $00
15 = $00
16 = Not used
17 = Not used
ig _ Update Address Register
31 = Address update dummy register

Note: The required timing is selected by the System Configuration
Switches on the Motherboard.

VIDEO MODULATOR BOARD

Drawing No. 6C28009

The video modulator is mounted on a small printed circuit board
attached to the Video Connector Panel. The video input is routed to
the modulator via emitter follower VI1l. Note that the +5V supply is
taken fram the video output circuit on the Video Interface board

(see section 7.5).
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CHAPTER 8

MULTIPLEX/DEMULTIPLEX BOARD (Ref. 1828)

Drawing No. 6A26850

INTRODUCTION

Each Multiplex Interface unit contains a single Multiplex/
Demultiplex Board which generates the dimmer drive outputs for 24
channels and receives control inputs from the corresponding channels
on the Manual Fader Wing. The control inputs are multiplexed and
transmitted to the Control Console, while the multiplexed analogue
signal fram the Console is sampled to extract the levels for the
channels controlled by the board; these levels are stored on

capacitors. The levels are refreshed or updated approximately every
50ms.

MULTIPLEXED ANALOGUE INPUT

The incoming multiplexed analogue signal appears on terminal 4 of
connector PL1 and, terminated by capacitor C2 and resistors R58 and
R51, is applied to unity-gain buffer IC3/7. The signal takes the
form shown in Fig. 8.2.1. The analogue channel level varies between
+5V (full level) and @V (zero), while the sync pulses are negative—
going to =-5V.

Some eq_uipment may use an alternative, four-wire system which has
separate analogue and sync signals. 1In the latter case, the sync
signals appear on terminals 5 and 6 of PLl and are applied to Op-amp
IC3/8 which acts as a differential line receiver.

Channel Sync Pulses

The output of IC3/7 is applied, via diode D21, to IC3/8 which, in
the case of the two-wire system, acts as a simple inverting
amplifier with a gain of 2. The diode provides isolation from the
analogue signals when using the four wire system.
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The output of IC3/8 is routed via a third Op-amp, IC3/14, which has
positive feedback via R28, giving a Schmitt trigger action. The
output of the latter is applied, via C74, to -NOR gate IC18/18. The
capacitor provides a.c. coupling, thus allowing the signal to be
converted to the (MOS voltage levels required by the gate. Diodes
D18 and D11 ensure that the permissible input 1levels are not
exceeded.

The negative-going edges of the output from IC18/18 (i.e. the
trailing edges of the sync pulses) trigger monostable ICll/6, which
produces a 7us positive-going pulse on pin 6 (see Fig. 8.2.2). On
the trailing edge of the latter signal, ICll/9 is triggered and the
negative-going output (pin 9) of this monostable, routed via delay
circuit R44/C15 (3us) and Schmitt trigger ICl8/3, enables analogue
switch IC4/2.

Analogue Sampling

I1C3/7 also feeds Op—amp IC3/1 which, depending on whether the dimmer
drive outputs are to be positive- or negative-going, may be
configured as either inverting or non-inverting by means of 1link
LK2. In either case the gain of the device depends on the required
control voltage range and is set by resistors R48 and R34. The
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output of IC3/1 is routed via analogue switch IC4/4 (which is
enabled if a multiplexed analogue signal is being received) and
buffer 1C2/8 to the analogue input of IC4/2. When the latter device
is enabled, the output of IC2/8 is applied to capacitor Cl, which
therefore charges to the analogue level of the channel currently
being sampled (see Fig 8.2.2).

Output Enable

The output of Schmitt trigger IC1@/3 is also applied to the clock
input of a counter formed by IC7, IC8/1@, IC8/11, I1C9/1, IC15 and
IC16 (see section 8.4). This counter produces outputs which are
used to route the sampled analogue signal to the appropriate dimmer
drive circuit. The counter outputs change on the front edge of the
clock pulse.
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One of the outputs produced by the counter is a Card Enable signal
which is high for the transmission period of the 24 channels served
by the board. This is gated with the output of ICl11/9 (Disable) in
NAND gate IC8/3 and the output of the latter enables one half of
decoder IC6 (on pin 1). IC6 receives select inputs (C3 and C4) from
the counter and produces a low output on one of pins 4, 5, or 6.
These are each connected to the enable input of one of three
8-channel analogue demultiplexers which receive select signals
CO - C2 fram the counter. The analogue input to the demultiplexers
is from Op-amp IC2/4, the input to which is the analogue voltage
stored on CI1.

The Disable signal from IC11/9 inhibits NAND gate IC8/3 during the
sample period for each channel (see Fig. 8.2.2) and thus, via
decoder IC6, disables the selected demultiplexer. This ensures that
the voltage on Cl1 is not connected to the selected output until it
has attained a stable state.
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ol T T f'“—ll_—
103714 | b —IJ L
oo gl |
100730 i ) T
2eus
L . <= _ ,
105710 S b L Lo N R
105/9 B T 1L L
109/13 (EOF) *”1 {'m T
NOT T0 SCALE FRAME SYNC WAVEFORMS
FIC. 8.2.3

8308



Page 8 - 5

M24M08

3R 9l

WIXTHILINWIT INIDIYNY

H3BWNN 1INN

AI.
All

YIWKIA {¥2 39 «wJ

X31dI1NK30

TMrre

Issue 1

0 < 1INJYLI
1nd1na

IuVH4 :
L 13534 0! omg L
1 Avi30
R\ %2013 | Lo
(LN 3510d
TTTTUINAS 40
= - 3903 INON4
¥0133130
X31dILINH
= |
HIATHT NI
4300330 t > X31LLIH 01
b
o sngg
N39 351nd
%2013
BRELLE
SE
AVI30
1 r WS
- HNLY111I59 W < o
s - 3303 HIve
I . .1
. m (1°2°8
IN90TIYNY eI 133135 ELYENEL] 914 33)
31dHYS IINVHD [ ALIHYI0d N NI XNW

{X37dI170W N

JI 131337365)

HIXIVEILINW HOMS

8308



Page 8 - 6 M24M0A8

8.2.4

8.2.5

Issue 1

Dimmer Drive Outputs

During the Output Enable period (i.e. while IC8 pin 3 is low) the
output of IC2/14 is applied, via the selected analogue demulti-
plexer, to one of twenty four capacitors (Cl17 - C40). These each
provide the input to a unity gain Op-amp which, via a resistor and a
diode, feeds the dimmer drive line for the correspording channel.
The diodes allow the outputs of Tempus M24 to cambine on a Highest-
takes-precedence basis with those of other control systems, while
the resistor provides current limiting and high-voltage protection
in the event of a fault.

When IC8 pin 3 goes high, the analogue demultiplexer channel is
disabled and presents a high impedance to the capacitor. As the
input to the Op-amp is also high impedance, the capacitor retains
its charge until refreshed on the next frame of the multiplexed
analogue signal.

Frame Sync

At the end of each frame of channel level data, a Frame Sync pulse
with a duration of at least 35us appears on the multiplexed analogue
input. This is detected by means of monostable IC5/18 (22us), which
is triggered on the leading edge of every sync pulse by the output
of IC18/18. The output from pin 9 of IC5/1@ is applied to the clock
input of bistable IC9/13, the D input to which (pin 9) is the sync
signal from IC3/14 - via C74. On the trailing edge of the 22us
pulse from IC5/16, IC9/13 is clocked and its pin 13 output is set
low or high, depending on the state of its D input. In the case of
the Channel Sync pulses, IC3 pin 14 returns high after 8us and IC9
pin 13 is set high. When the longer Frame Sync pulse appears,
however, IC3 pin 14 is still low after 22us and pin 13 of IC9 is set
low.

The end of Frame (EOF) signal thus produced is used to reset the

channel counter as described in section 8.4, and to trigger
multiplex detector IC5/6 (see section 8.5).
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MULTIPLEXED ANALOGUE OUTPUT

Analogue Inputs

The control signals from the Manual Fader Wing are applied, via
potential dividers, to the inputs of three analogue multiplexer
devices: IC17, IC18 and IC19. These receive select signals C@-C2
from the counter (see section 8.4) and are each enabled by one
output from the second half of decoder IC6 (i.e. IC6 pins 12, 11 and
19). The latter device is enabled by NAND gate IC8/4, which is in
turn enabled by the Card Enable signal fram the counter and a
Power OK signal from IC18/11 (see section 8.7).

The selected control signal provides the input to Op—amp I1C2/1,
which has a gain of 11 to restore the signal to its original level.
The feedback path also includes two diodes, D2 and D3, which
compensate for the diodes in the outputs of the Manual Fader Wing.
which diode performs this function deperds on the polarity of the
control inputs, D3 being used in the case of negative—-going signals
and D2 for positive-going. An offset applied via resistor R12l
(negative) or R128 (positive) ensures that the appropriate diode
remains in forward conduction at all times.

During the period when the input selection is changing, the pin 3
input of IC2/1 is connected to @V, via analogue switch IC4/11, to
prevent spurious signals on the output. IC4/11 is controlled by the
pin 18 output of monostable IC5/19 (22us), which is triggered on the
front edge of each sync pulse by the output of IC19/10 (see section
8.2.5 - Frame Sync) .

Multiplexed Output

The output of IC2/1 feeds Op-amp IC1/6 which, depending on whether
the inputs from the Manual Fader Wing are positive- or negative-
going, may be configured as either inverting or non-inverting by
means of link LKl. IC1/6 controls FETs VT4 and, via transistor VI3,
VI5, and these drive the Multiplex Output line; the latter output is
fed back via R24 to the inverting input of the Op-amp.
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MULTIPLEXED ANALOGUE OUTPUT

Analogue Inputs

The control signals from the Manual Fader Wing are applied, via
potential dividers, to the inputs of three analogue multiplexer
devices: ICl7, IC18 and IC19. These receive select signals C#-C2
from the counter (see section 8.4) and are each enabled by one
output from the second half of decoder IC6 (i.e. IC6 pins 12, 11 and
19). The latter device is enabled by NAND gate IC8/4, which is in
turn enabled by the Card Enable signal fram the counter and a
Power OK signal from IC1@/11 (see section 8.7).

The selected control signal provides the input to Op-amp 1C2/1,
which has a gain of 11 to restore the signal to its original level.
The feedback path also includes two diodes, D2 and D3, which
campensate for the diodes in the outputs of the Manual Fader Wing.
which diode performs this function depends on the polarity of the
control inputs, D3 being used in the case of negative-going signals
and D2 for positive-going. An offset applied via resistor Rl121
(negative) or R120 (positive) ensures that the appropriate diode
remains in forward conduction at all times.

During the period when the input selection is changing, the pin 3
input of IC2/1 is connected to @V, via analogue switch IC4/11, to
prevent spurious signals on the output. IC4/11 is controlled by the
pin 10 output of monostable IC5/16 (22us), which is triggered on the
front edge of each sync pulse by the output of IC10/10 (see section
8.2.5 - Frame Sync).

Multiplexed Output

The output of IC2/1 feeds Op-amp IC1/6 which, depending on whether
the inputs from the Manual Fader Wing are positive- or negative-
going, may be configured as either inverting or non-inverting by
means of link LK1, 1ICl1/6 controls FETs VT4 and, via transistor VI3,
VI5, and these drive the Multiplex Output line; the latter output is
fed back via R24 to the inverting input of the Op-amp.
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In the inverting mode, the gain of ICl/6 is determined by resistors
R23 and R24, while in the non-inverting mode the Op—amp has unity
gain and R23 and R2 form a potential divider in its input. 1In
either case, R23 is chosen to give an output range of @V to +5V on
the source of V4.

Output Disable

The above describes the operation of the multiplexer during the
period when the board is enabled, i.e. while the 1levels of the
channels served by the board are being transmitted. During the
remainder of the frame, however, other boards may be transmitting
channel levels and both VT4 and VIS5 must be switched off to permit
the other boards to use the cammon multiplex output line.

The Card Enable signal from the counter is connected via diode D58
and transistor VI6é to the bases of two transistors, VIl and VT2.
While the channels served by the board are being scanned, Card
Enable is high, D58 is back-biased and both VIl and VT2 are off.
When Card Enable goes low, however, the bades of VIl and VI2 are
pulled down via D58 and VT6, and the transistors switch on. VT2
pulls up the base of VI3, thus switching off VI5, and VTl pulls up
the inverting input of ICl1/6, which thus produces a low output,
switching off VI4. VTI6 ensures the correct operation of the circuit
on both positive and negative versions of the board, its working
point being set by resistors R11 and R12.

Note: A second diode, D49, connected to the junction of D50 and VT6
is used to disable the output when no multiplexed input is
being received. See section 8.5.

MUX OK Indicator

The signal on the collector of VIl is also applied to a circuit
which controls the MUX OK indicator, LED2. This circuit is formed

by Op-amp IC2/7, =zener diode D55, transistor Vvrl3d and their
associated camponents.
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With VTl off (card enabled), the non-inverting input of IC2/7 is
pulled down via R118 and the @V output of the Op-amp rapidly
discharges C73 via D54. Under these circumstances VT13 remains off
and the LED is illuminated as a result of current flowing via R116.
If the card is not enabled, the input to IC2/7 is pulled high by
VT1l; D54 is then back-biased and C73 begins to charge via R117.

In order to turn on VT13, and thus by-pass LED2 switching it off,
the voltage on C73 must reach about 9.8V (#.7V greater than the
zener voltage of D55). With the unit operating normally, i.e.
receiving a multiplexed analogue signal, the frequency of the Card
Enable signals is such that this voltage will never be reached.
When the unit is in independent mode, however (see section 8.5), VTl
remains on and C73 will charge fully, thus switching on VT13 and
switching off the indicator.

CHANNEL COUNTER

The channel counter is formed by IC7, I1C8/16, I1C8/11, IC9/1 and IC15
(IC16, shown forming part of the counter on the circuit diagram, is
not normally fitted). It is divided into two sections. ICl5 counts
down from a preset value which depends on the particular group of
channels served by the board, as set on the Channel Group Selector,
SW1l; when a count of zero is reached, a Card Enable signal is

produced. The preset value is loaded by the End of Frame pulse fram
IC9/13.

The other half of the counter (IC7, etc.) performs a continual count
from @ to 24 at channel sync rate. Each time a count of 24 is
reached, IC7 is reset and IC15 receives a clock pulse.

The two halves of IC7 are cascaded to form a five-bit counter and
this receives clock pulses (on pin 1) from IC16/3 (see Fig. 8.2.2).
The pins 6 and 11 outputs of IC7 (C3 and C4) are gated together in
NAND gate IC8/1P@ so that, when a count of 24 (11008) is reached, a
preset input is applied, via -NOR gate IC8/11, to bistable IC9/1.

The high output produced on pin 1 of the latter resets IC7 and
clocks IC15.
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At the end of each channel data frame a low output appears on pin 13
of IC9/13 as described in section 8.2.5. This is routed via IC8/11
to the preset input of IC9/1 and thus holds IC7 reset until the
start of the next frame as shown in Fig. 8.4.1.
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Card Enable

The inverted output (pin 12) of IC9/13 is applied to the preset
enable (PE) input of counter IC15. When the End of Frame signal
appears, the binary code produced by Channel Group Selector SWl is
loaded into the counter and this then counts down by one each time

IC7 completes a count of 24 channels.

When IC15 reaches a count of zero pin 15 (=6) becomes high,
producing the Card Enable signal described in sections 8.2.3, 8.3.1
and 8.3.3; note that IC15 will be preset to zero if the Channel
Group Selector is set for channels 1-24. On receipt of the next
clock pulse fram IC9/1, all the counter outputs will be set high and
pin 15 will go low, terminating the Card Enable signal.

INDEPENDENT OPERATION

In order that the Manual Fader Wing should continue to function in
the unlikely event of an M24 Console failure, the board includes an
oscillator which is enabled if no Multiplexed Input signal is being
received. The channel control inputs are then multiplexed in the
normal way, but the multiplexed signal is routed directly to the
demultiplexer and reconverted to individual control signals.

In normal operation, the End of Frame signal fram IC9/13 pin 12
triggers monostable IC5/6, the output of which has a period of @.5s.
This is much longer than the interval between Frame Sync pulses
{about 50ms). and IC5/6 is therefore continually retriggered so that
its pin 6 output remains high and pin 7 low. Under these
circumstances the pin 6 output enables analogue switch IC4/4,
connecting the incaming analogue multiplex to the sample~and-hold
circuit (see section 8.2.2), and back-biases d'iode D49. At the same
time the output from pin 7 inhibits gate IC18/4 and analogue switch
IC4/9, and enables counter IC15 (see section 8.4).

If there is no Multiplexed Input signal, there will be no sync
pulses to trigger IC5/18 and, as a result, IC9/13 will receive no
clock pulses. The End of Frame signal will not then appear and
IC5/6 will not be triggered, so that pin 6 will remain low and pin 7
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high (should the multiplexed input be interrupted, this state will
became established when IC5/6 times-out, 0.5s after the last EOF
signal) . This results in the following:

i) Analogue switch IC4/4 will be inhibited and IC4/9 enabled,
connecting the multiplexed Manual Fader Wing control signals
to the sample—and-hold circuit.

ii) The bases of transistors VTl and VT2 will be pulled down via
D49 and VT6, thus inhibiting the multiplex output circuit (see
section 8.3.3).

iii) A Master Reset signal will be applied to IC1l5, causing the
outputs of this counter to be set low on receipt of the next

clock pulse. This also produces a high Card Enable signal.

iv) Gate ICl8/4 1is enabled, allowing the multiplex/demultiplex
circuits to free-run.

Free-run Oscillator

When IC18/4 is enabled by the pin 7 output of IC5/6, the initial
state of the free-run oscillator depends on whether IC11/6 is or has
recently been triggered. The pin 7 output of the latter monostable,
when low, pulls down the junction of R62 and C52 via D51, inhibiting
IC16/4. when IC1ll pin 7 returns high the capacitor will begin to
charge via R62 and, when the threshold of Schmitt trigger IC16/4 is
reached, the latter will be fully enabled and will produce a low
output. €52 will then discharge via R63 and D52 until the negative-
going threshold of IC1@/4 is reached, when the output of the latter
will return high.

The negative-going pulse thus produced is routed via -NOR gate
IC18/18 to the trigger input of ICl1/6. The 1latter therefore
produces a negative-going output on pin 7 and this rapidly
discharges C52 via D51. Wwhen IC11/6 times-out 7us later, C52 begins
to charge via R62 and the cycle repeats.
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Note that under these circumstances, monostable IC5/1@ is triggered
by the output of IC1@/18, but the high output of IC3/14 prevents the
appearance of the End of Frame signal. All other signals necessary
for the normal functioning of the unit are generated by the free-run
oscillator.

POWER-UP INHIBIT

when power is applied to the unit, capacitor C9 begins to charge via
R41 and, until the threshold of ICl8/11 is reached, the output of
the latter will be low. This temporarily sets the unit into
independent mode by clearing IC5/6 and disables the multiplexer
circuit by inhibiting gate IC8/4. Once C9 has charged to the
threshold of 1C1¢/11, the latter produces a high output and the unit
operates normally.
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POWER SUPPLIES

The power supplies required by the board are complicated by the
range of control voltage options and the limits imposed by the
devices used. In particular, it is necessary to ensure that the
supplies to the analogue multiplexers and demultiplexers are
appropr iate to the required control voltage range (i.e. positive- or
negative—-going), while retaining the supplies necessary for the
multiplex input and output circuits, which are the same in both
versions. These requirements are met as follows:

i) Positive and negative rails, VA+ and VA-, with a potential
difference of 32V are generated to supply the Op—amps. These
rails may be configured as +12V and -2@0V on the negative
version of the board, or +20V and -12V on the positive
version, by connecting the ¢V rail via link IK4 to either the
cathode or the anode respectively of a 7.5V zener diode (D16).

ii) Similarly, rails with a potential difference of 16.9V (Vdd and
Vss) are generated for the (MOS logic (including the analogue
multiplexers and demultiplexers). These rails may be
configured as +§.7V and -16.2V or as +16.2V and -0.7V for the
negative and positive versions respectively; this is achieved
by linking @V to the cathode or anode respectively of zener
diode D13, using link LK3.

Note: Rails Vc+ (0.7V less than Vdd) and Vc- (ﬂ.?\}' greater
than Vss) are used at various points in the circuit to
prevent voltages at the inputs of CMOS devices
exceeding the manufacturers ratings.

iii) A separate +12V rail is provided for the multiplex output

circuit. This is derived from the unregulated +25V supply by
means of zener diode Dl.
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Detailed Circuit Description

The incoming mains supply is applied to transformer T1, the output
of which is rectified by REC1 and, after smoothing, is applied to
two regulator circuits, formed by VT7, VI8 and VT9, and VT1@g, vril
and VT12 respectively. Only the positive regulator will be
described, the other being similar, though of the opposite polarity.

Power transistor VT9 is controlled by transistor VI8, the base of
which is connected to a 13V reference produced by 2zener diode D17.
D19, VvI7 and their associated components form a constant current
source for the zener diode. Feedback from the output to the emitter
of VI8 provides regulation, the resulting output being about 8.7V
less than the zener voltage of D17.

Zener diodes D17, D16 and D15 form a chain, by means of which the
required rails for the negative and positive versions of the board
are produced (D15 is the reference source for the negative
regulator). On the negative version, the junction of D17 and D16 is
connected to BV via LK4, so that the positive reference is 13V and
the negative reference 20.5V; this gives outputs of +12V (VA+) and
-20V (VA-). On the positive version the junction of D16 and D15 is
connected to BV, thus giving a 20.5V positive reference and a 13V
negative reference; the outputs are then +2@V (VA+) and -12V (VA-).

The CMOS rails (Vdd and Vss) are produced by a resistor and diode
chain across the outputs; this is formed by R9, D14, D13, D12 and
Rld. The Vc+ and Vc- rails are taken from the cathode and anode
respectively of zener diode D13 (15V), while D14 and D12 provide the
additional diode drops necessary to produce the Vdd and Vss rails.
On the negative version of the board the junction of D14 and D13
(Vct) is connected to OV via link IK3, while on the positive version
the junction of D13 and D12 (Vc-) is connected to V.
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CHAPTER 9

EFFECTS PROCESSOR BOARD (Ref. 1857)

Drawing No. 6A28128 (2 Sheets)

INTRODUCTION

This board is mounted immediately behind the M24Fx control panel and
is the heart of the Patch/Effects unit. It carries the panel
controls and displays; a microprocessor (Effects MPU); two
Peripheral Interface Adapters (PIAs); an Effects system consisting
of a Chaser, a Flash Generator and a Sound-to-light Generator; and
an interface with the M24 Console and the Multiplex Interface units.
The program is stored in a ZKbyte EPROM (2716-4) and a 2Kbyte RAM
provides temporary and cue memory storage.

THE MICROPROCESSOR

The Effects MPU (IC9) is an MC68B@9 8-bit micro-processor and this
camunicates with the rest of the system by means of an 8-bit Data
Bus (D@ - D7) and a 1l6-bit Address Bus (A8 - AlS). The total
available address space is 64Kbytes ($P000 - SFFFF).

Correct data timing is ensured by strobe pulses 'E' and 'Q', which
are derived by the MPU from an 8MHz crystal, XL1l. The output of
this is divided by four to give a strobe frequency of 2MHz. The
timing of the 'E' and 'Q' signals is shown in Fig. 9.2.1.

EFFECTS PROCESSOR ADDRESSES

Effects MPU address lines Al3 - Al5 are decoded by ICl@ to produce
enable signals for the Program PROM (SE0@@ - SFFFF), the Alpha-
numeric Display ($8000 - $9FFF), two Peripheral Interface Adapters

($4800 - SSFFF and $600@ - $7FFF) and Random Access Memory ($0000 -
$1FFF) .
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Program PROM

The Program PROM, ICl4, is a type 2716 2Kbyte EPROM located at
addresses $F800 to SFFFF. The device is selected by a low output
from pin 9 of decoder ICl1# when Al3 - AlS5 are all high, and its
output is enabled by the low output of NAND gate IC22/6 when R/W and
'E' are both high., A third input to this gate (LDATA) is normally
held high by a resistor (RN3), but may be set low to disable the
PROM when using the Test Console (connected to the MC9 Test Port).

The signal fram IC10 pin 9 is also used, via link LK3, to trigger
monostable IC5/4. This device produces a 4@@ns negative-going pulse
which is routed via buffer IC4/8 to the MRDY input (pin 36) of the
Effects MPU, IC9. This stretches the MPU cycle to allow for the
slow EPROM. If a faster (20@ns) PROM is fitted, the MRDY signal may
be disabled by cutting link LK3.

It should be noted that the printed circuit board has been designed

to allow an 8Kbyte PROM (type 2764) to be fitted, using addresses
$EO00 - SFFFF, and that the pin numbers shown on the circuit diagram
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apply to this device. The 2716 PROM is fitted with pin 1 in pin 3
of the dual-in-line socket.

Alpha-numeric Display

The keypad alpha-numeric display (DIS1) is located at addresses
$8000 — S9FFF (only $80@0-3 are normally used). The display is
selected by a low output from pin 5 of ICl@ whenever one of these
addresses is accessed and a write pulse (WR) is generated by NAND
gate IC22/12., The latter is enabled by 'E' and R/W except during
Reset. DIS1 has four internal display registers and these are
selected by AG and Al.

Peripheral Interface Adapters

The two Peripheral Interface Adapters (PIAs), ICl5 and IC19, are
selected by the pins 3 and 4 outputs respectively of decoder IC14.
The addresses concerned are $400@ - $S5FFF (IC15) and $6008 — $7FFF
(IC19), although only $4000-3 and $6000-3 are normally used. The
registers internal to each PIA are selected by A@ and Al.

Randam Access Memory

A type 6116LP-4 2Kbyte RAM (IC18) is located at addresses $0000 -
S1FFF (only addresses $0000 - S@7FF are normally used). The device
is selected by a low output from pin 1 of decoder IC1@, routed via
transistor VI6. For MPU read actions, the RAM data outputs are
enabled by the output of NAND gate IC22/6 (see section 9.3.1), while
for write actions, a Write Enable pulse is produced by NAND gate
1C22/12 as described in section 9.3.2.

In order to ensure that the RAM cannot become corrupted when the
system is not in use, and in particular during power—up and power-
down, the base of transistor VI6 is pulled down via R48 during Reset
and if there is no +5V logic supply. This prevents the appearance
of spurious Chip Select signals.
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Battery Circuit

The contents of the eight patch memories are retained when the
system is switched off by means of a battery-maintained supply
provided by a rechargable nickel-cadmium battery. The battery
charging circuit is formed by VI15 and its associated resistors.
With the system powered-up, VT15 is switched on and current flows
fram the +5V rail to power the RAMs and, via resistor R98, to charge
the batteries. When the power is removed, VI15 is reverse biased
and the batteries supply power to the RAMs via Schottky diode D94.

PANEL: INTERFACE

Button Matrix

The panel push-buttons and switches (with the exception of the
OFF/CHASE/FLASH switches, the AUDIO 'L/R/F' switch and the mamentary
Flash push-buttons) are wired as a seven by six matrix with the
seven rows connected to the outputs of decoder IC34 and the six
columns to lines PB@ — PB5 of PIA IC15. The required output of the
decoder is selected by lines PA# - PA2 of the PIA. Each time the
equipment is switched on, lines PB@ - PB5 are programmed by the MPU
as inputs and PA@ - PA2 as outputs.

To detect button actions, the MPU sets each column low in turn,
selecting the required output of IC34 by setting PA@® - PA2 into the
appropriate states, and then reads the result via PB# - PB5. Wwhere
a key is operated, the appropriate row will be low, while otherwise
the inputs are held high via resistors (RN1l). Each contact has an
associated diode to prevent interaction between the rows and columns
which could lead to false results when several buttons are operated
at once.

The contacts are normally scanned once every 1l2ms in response to a
'real time' interrupt request generated by monostable IC5/5.
Feedback via Rl3 and C9 causes this device to oscillate at the
required frequency and its pin 5 output is applied to input CBl of
the PIA.
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Indicators

Lines PA@ - PA2 of PIA ICl5 are also applied to two eight-bit
addressable latches, IC32 and IC33. The data inputs to these are
from PIA lines PA7 and PA6 respectively, and their outputs are
connected via darlington drivers (IC25 and IC26) to nine of the
panel indicator LEDs (SELECT indicators A-H and the ON indicator).
There are five spare outputs.

Because the address inputs to IC32 and IC33 are the same signals as
are used to select the required row in the button matrix, selection
of a row in the latter results in the simultaneous selection of two
of the indicator latches. This makes it possible for the MPU to
scan both the buttons and the indicators at the same time.

PATCH MASTER FADERS

The eight Patch Master faders, RV5 - RV12, receive a reference
supply from Op—amp IC2/7, the output of which is adjustable by means
of preset potentiometer RV16. The output of IC2/7 is nomélly set
to about 5.7V to compensate for the diodes in the outputs of the
faders (see below). For the same reason, the '8' end of each fader
is at about +0.2V, set by resistor R54.

The fader outputs are connected to the eight OFF/CHASE/FLASH
switches. Taking Patch Master A (RV5) as an example, the switch
output is routed via diode D19, while D20 provides an alternative
route to permit Highest-takes-precedence interaction with the
effects- when the switch is in the CHASE or FIASH positions. A 14k
resistor (RN5) ensures that if the cambined level is =zero, the
output will be @V; this particularly necessary because of the high
J'mpédance and capacitance presented by the analogue switches in the
Chase circuit when these are in the off state.

The resulting output is fed via analogue switch ICl1/2, which is
controlled by the PBO line of PIA IC19 - the other Port B lines of
this PIA control similar analogue switches in the other Patch master
outputs. As each lighting channel is scanned, the On/Off states for
that channel in the eight Patch Memories are retrieved from the RAM
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and written to Port B of the PIA. The eight analogue switches are
therefore each switched on or off as appropriate and, where the
switch is on, the cambined Patch Master and Effects level is routed
to the output.

The eight analogue switch outputs are each applied to a buffer
circuit - IC20/1 and its associated components in the case of Patch
Master A - forming part of a Highest-takes—precedence circuit which
produces the multiplexed output of the M24Fx unit. Again taking
Patch Master A as an example, diode D67 performs the Highest-takes-
precedence function, and diode D66 and a 47k resistor (RN7) prevent
saturation of the Op-amp when D67 is back-biassed. Capacitor C20
prevents instability under these circumstances.

A ninth input to the Highest-takes-precedence circuit is the
multiplexed Manual Fader Wing signal from the Multiplex Interface
units. This appears on terminal 3 of connector PL3 and is routed
via buffer I1C29/14, which forms part of a circuit similar to that
described above. The cambined multiplexed output is routed to the
M24 Console via a unity-gain drive circuit consisting of Op-amp IC35
and transistors VI18 and VT19.

Master Level Indicators

The signals at the inputs to the analogue switches are also each
applied to a camparator (IC24/2 in the case of Patch master A) which
drives the appropriate Master Level indicator. A potential divider
formed by R136 and R137 determines the level above which the LEDs
will light.

EFFECTS SYSTEM

The Effects System provides the means of generating automatic and
manually controlled 1lighting effects such as disco 1lighting,
flashing neon signs, lightning, etc. The system produces eight
effects outputs (A - H), each of which drives the lighting channels
assigned to the correspondingly labelled Patch Master fader.
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The eight effects channels may each receive their input from either
a Chaser or a Flash/Sound-to-light generator; three of them (F, G
and H) are associated with the Sound-to-light generator, and the
remainder (A - E) with the Flash generator. The effects outputs are
under the control of an EFFECTS MASTER fader.

Effects Master Fader

The EFFECTS MASTER fader, RV4, is connected between the +5.7V
reference supply and the +0.2V fader cammon. Its output is fed via
a unity gain buffer formed by IC2/8 and VI7, and provides the supply
for the output stages of the Chaser, the Flash Generator and the
Sound-to—-light Generator.

Chaser

The Chaser outputs are generated by the Effects MPU and appear on
lines PA@ - PA7 of PIA IC19. The latter each controls an analogue
switch which routes the output of the EFFECTS MASTER to the CHASE
contact of the appropriate OFF/CHASE/FLASH switch.

The chase rate is determined by a variable-rate pulse generator
connected to control line CAl of PIA IC19. Op—amp IC2/1, and its
associated components form a Miller integrator which produces a
sawtooth waveform, the slope of which may be adjusted by means of
the CHASE RATE control (RV1). This ramp is applied to the inverting
input of comparator IC1/2, the output of which controls transistor
VI5. With the output of IC1/2 high, VI5 is off and the output of
IC2/1 rises at a rate determined by capacitor C13 and resistors R4l,
R42, R43 and RV1. Wwhen a level of 'SV is reached, IC1l/2 changes
state, switching on VI5; this causes the output of IC2/1 to fall,
the slope now being primarily determined by C13 and R44. The output
of ICl/2 is a short, negative-going pulse, the frequency of which
depends on the setting of the CHASE RATE control, and this generates
an MPU interrupt request via the CAl line of the PIA.
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Flash Generator

The Flash Generator is formed by IC2/14 and ICl/1 and their
associated camponents. It is similar to the chase rate generator
described in the previous section, but in this case the output is
taken fram the Miller integrator (IC2/14). Comparators ICl/14 and
IC1/13 compare the ramp with the setting of the MARK-SPACE control
(RV2), respectively producing inverted and non-inverted flash
signals. These are applied to the FLASH contacts of the
OFF/CHASE/FLASH switches associated with Patch Masters B and D
(inverted) and A, C and E (non-inverted).

Sound-to-light Generator

The Sound-to-light generator is associated with Patch Masters F
(treble), G (middle) and H (bass) and is selected when any of the
corresponding OFF/CHASE/FLASH switches are in the FIASH position.
The audio input appears on terminals 3 (left) and 5 (right) of
connector SK1 and either channel or a randam flicker signal may be
selected by means of the 'L/R/F' switch, Sw4l.

The input signal is applied to pin 13 of amplifier IC3/14, the
output of which is a.c. coupled, via capacitor C38, to pin 9 of a
second -mplifier, IC3/8. The output of the latter is applied to the
three filter circuits and also to IC3/7, which detects the peaks of
the amplified signal and, via zener diode D86, controls the input

level by means of FET VI9. Diode D87 determines the level at which
the FET switches on.

The output from IC3/8 is applied to the three sensitivity controls;
RV15 (treble), RV14 (middle) and RV13 (bass). Each of these is
connected at the input of a filter circuit which covers the

appropriate range of frequencies, i.e. above 2,5kHz, 1206-250@Hz and
below 120Hz respectively.

Taking the treble filter as an example, the filter is formed by
Op—amp IC1l3/8 and its associated camponents and its output is
applied to a second Op-amp, IC13/7. The output of the latter is
routed via diode D88 to capacitor C45, which stores the positive
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peaks of the filtered waveform. The resulting signal drives
transistor VI'll which switches the output of the EFFECTS MASTER onto
the Sound-to-light contact of OFF/CHASE/FLASH switch SWl7.

Random Flicker

Schmitt triggers IC37 and their associated components ‘form four
oscillators with different frequencies, the outputs of which
interact to give, on the output of IC37/4, a signal which flashes
randomly. This is a.c. coupled via C37 to amplifier IC3/1 and the
output of the latter is connected to the 'F' contact of switch Sw4l.

Flash Buttons

The outputs fram the eight OFF/CHASE/FLASH switches (for example, at
the cathodes of diodes D19 and D20 in the case of Patch Master A)
may be connected directly to the fader reference voltage by means of
momentary action 'Flash' buttons (e.g. SW42). If required, link IK2
may be moved to position B/C to allow the assigned channels to be
switched to the current EFFECTS MASTER level.

SYNC DETECTOR

In addition to providing patch and effects facilities, etc. M24Fx
can act as a back-up to M24, thus permitting continued operation in
the unlikely event of failure of the main console.

In normal operation, the multiplexed Manual Fader Wing signals from
the Multiplex Interface units are combined on a highest—takes-
precedence basis with the output of M24Fx and routed to the M24
Console, while the output from the M24 Console is routed to the
Multiplex Interface units via M24Fx without additional processing.
The timing of the operation is controlled by the sync pulses from
M24.

If for any reason the sync pulses from the M24 Console cease, a
relay will change over, routing the camnbined Manual Fader Wing and
M24Fx signals to the Multiplex Interface units, and M24Fx will
generate sync pulses. These sync pulses will be superimposed on the
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multiplexed analogue output or transmitted separately, dependmg on
whether the system in use is two-wire or four-wire.

Normal Operation

The multiplexed analogue signal from M24 appears on terminal 4 of
connector PL2 and, terminated by capacitor C31 and resistors R18 and
R19, is applied to unity-gain buffer IC29/1. The signal takes the
form shown in Fig. 9.7.1. The analogue channel level varies between
+5V (full level) and OV (zero), while the sync pulses are negative-
going to -5V,

Note: Some equipment may use an alternative, four-wire system which
has separate analogue and sync signals. In the latter case,
the sync signals appear on terminals 5 and 6 of PL2 and are
applied to Op-amp IC29/7 which acts as a differential 1line
receiver,

The output of IC29/1 is applied, via diode D12, to IC29/7 which, in
the case of the two-wire system, acts as a simple inverting
amplifier with a gain of 2. The diode provides isolation from the
analogue signals when using the four wire system.

s >50Us >35U5 >10us
M D e
L T S CHAN N

CHAN CHAN 2
+5Y [ i

FULL il
v Al /e
2670
SYNC
-5y o .

SINC SYNC SN FRNE  SIKC SINC

PERIOD

NOT TO SCALE MULTIPLEXED ANALOGUE INPUT

FIG. 8.7.1
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The output of IC29/7 is routed via a third Op-amp, IC29/8, which has
positive feedback via R147, giving a Schmitt trigger action. The
output of the latter is applied, via capacitor C58 and buffers
1C37/1 and IC37/12, to bistable IC36/1 and monostables IC28/7,
I1C28/10 and IC27/9. C58 provides a.c. coupling, thus allowing the
signal to be converted to the voltage levels required by the MOS

logic; diode D96 ensures that the permissible input levels are not
exceeded.

Frame Sync Separator

At the end of each frame of channel level data, a frame sync pulse
with a duration of at least 35us appears on the multiplexed analogue
input. This is detected by means of monostable IC28/7 (20us), which
is triggered on the leading edge of every sync pulse by the output
of IC37/12. The output from pin 7 of IC28/7 is applied to the clock
input of bistable IC38/1, the D input to which (pin 5) is the sync
signal fram IC37/12. On the trailing edge of the 20us pulse fram
I1C28/7, IC38/1 is clocked and its pin 1 output is set low or high,
depending on the state of its D input. In the case of the Channel
Sync pulses, IC37/1 returns high after 8us and IC3@ pin 1 is set
high. When the longer Frame Sync pulse appears, however, IC37/12 is
still low after 20us and pin 1 of IC30 is set low.

The System Frame Sync signal thus produced is used to generate an
MPU interrupt request via line CAl of PIA IC15. In addition, the
pin 2 output of IC38/1 clocks a second bistable, IC38/13 (see next
section).

Multiplex Detector

Monostable 1IC27/9 has a period of 0.5s and is continually
retriggered by the M24 sync pulses from IC37/12. 1Its low pin 9
output is applied to the D input of bistable I1C38/13, which is
clocked by the inverted System Frame Sync pulse fram pin 2 of
IC38/1. The output of IC3@/13 has three functions:
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i)

ii)

It pulls down the pin 12 input of monostable IC28/16 via diode
D82. This allows the monostable to be triggered by the sync
pulses fram IC37/12, but prevents triggering by IC27/9 (see
section 9.7.2).

It inhibits NAND gate IC22/8, thus preventing the pulses from
IC28/10 appearing on the multiplexed output.

iii) It turns transistor VI1l4 off, thus de-energising relay RL and

making the following connections:

RL/1 Connects the multiplex input from M24 to terminal
2 of connector PL3 (output to Multiplex Interface
units, two-wire).

RL/2 Connects the multiplex input from M24 to terminal

2 of connector PL4 (output to Multiplex Interface

units, four-wire).
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RL/3, RL/4 Connect the four-wire sync signals fram M24 to
terminals 3 and 4 of connector PL4  (sync to
Multiplex Interface units).

9.7.1.3 Sync Interrupt

9.7.2

The M24 sync signals fram IC37/12 also trigger monostable IC28/18
(enabled by IC3@/13 via diode D82) and the Bus negative-going pulse
produced on pin 9 of this device is applied to line CBl of PIA IC19.
This generates a Fast Interrupt Request (FIRQ), in response to which
the MPU retrieves the On/Off states for the next channel from the
Patch Memories in the RAM, and writes these to Port B of ICl19 as
described in section 9.5.

Operation in Back-up Mode

If for any reason the M24 Console is inoperative or not connected,
M24Fx will generate the sync pulses necessary tO ensure correct
operation. The absence of M24 sync pulses means that IC27/9 pin 9
will be high, presetting bistable I1C30/13. 'The latter therefore
produces a high output on pin 13 which has the following effects:

i) Diode DB2 is back biassed, thus allowing I1C27/7 to clock
1C28/1@.

ii) NAND gate IC22/8 is enabled, thus allowing the pulses from
I1C28/18 to appear on the multiplexed output - see section
9.7.2.1.

iii) Relay RL is energised via transistor VT14, thus making the
following connections:

RL/1 Connects the output of the line driver (see
section 9.5) to terminal 2 of connector PL3

(output to Multiplex Interface units, two-wire).
RL/2 Connects the output of the 1line driver to

terminal 2 of connector PL4 (output to Multiplex

Interface units, four-wire).
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RL/3, RI/4 Connect the four-wire sync signals from diff-
erential line driver IC31 to terminals 3 and 4 of
connector PL4 (sync to Multiplex Interface
units). See section 9.7.2.1.

Sync Generator

Monostables IC28/10 and IC27/7 together form an oscillator which,
when enabled by a high output from pin 13 of IC38, produces an 8us
positive-going sync pulse on pin 10 of IC28 about every 108us.
These pulses are routed via NAND gate IC22/8 (enabled by IC38/13) to
differential line driver IC31 (four-wire) and transistor Vrl7. On
two—wire systems, VT17 controls a second transistor, VIlé6, which
connects the input of IC35 to -5V (produced from the -15V rail by
zener diode D37); this superimposes negative-going sync pulses on
the analogue multiplex produced by the Highest-takes—precedence
circuit (see section 9.5). In the case of the four-wire system,
terminal 4 of connector PL3 is connected to @V, thus preventing VT17
turning on and ensuring that VIlé remains off.

Local Frame Sync

The time constant of IC27/18@ (8us) is normally determined by
capacitor C26 and resistors R86, R8l1 and R93, transistor VTI13 being
switched on by a low output from line PA6 of PIA IC15. When the
last channel in the frame (channel sixty) has been processed, the
MPU sets line PA6 of PIA IC15 (Local Frame Sync) high. This
switches off transistor WVI13, increasing the time constant of
monostable IC27/18 to about 5@us (determined by C26 and R86). A
Frame Sync pulse is thus generated at the output when IC27/10 is
next triggered. At the end of this extended pulse {detected via
line PAS of PIA ICl15), the MPU returns PA6 to its normal low state
and then starts the next frame.
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Entering Back-up Mode

If the sync pulses fram the M24 Console stop during normal
operation, there will be a #.5s pause before IC27/9 times-out and
M24Fx takes over. At the end of this pause, IC30/13 will be preset,
enabling IC22/8, energising relay RL and enabling the oscillator
formed by IC27/10 and IC28/7. When the relay is energised, the sync
pulses fram IC27/18 and the output of the analogue line driver, will
be connected to the Multiplex Interface units. The frame will then
continue from the channel it had reached under M24 control, the sync
pulses now being generated by IC27/18, triggered by IC28/7.

When sixty channels have been processed, the MPU generates a Frame
Sync pulse as described in the previous section and then starts a
Note that although the M24 Console may not be
controlling as many as sixty channels, when in Back-up Mode M24Fx
always generates a frame of this size).

new frame.

Returning to Normal Mode
If sync pulses generated by the M24 Console start to appear when

M24Fx is operating in back-up mode, there will be an indeterminate
period of up to 1@@ms during which neither system has full control.
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The first sync pulse from M24 triggers IC27/9, thus removing the
preset input to IC38/13 and setting the D input (pin 9) of this
bistable low. 1IC28/7 is also triggered and this clocks IC38/1 so
that, on the first frame sync, pin 2 of the latter will be set high,
clocking IC30/13. This inhibits IC22/8, de—energises relay RL and
disables the sync oscillator (IC28/1@¢ and IC27/7). This first frame
sync pulse also interrupts the MPU via line CAl of PIA ICl5 and
normal operation, as described in section 9.7.1, cammences.

CHANNEL 'ON' DETECTOR

In order that the output levels of the lighting channels may be
determined for use when the IOAD OUTPUT button is operated, the
multiplexed analogue output to the Multiplex Interface units
(connector PL3 terminal 2) is applied to comparator IC8. The other
input to this device is held at about #.9V by potential divider
R62/R63 and its output is connected to line PA7 of PIA IC15.

RESET CIRCUIT

The reset circuit is formed by transistors VIl - VT4, and their
associated camponents. The circuit has two functions: firstly, to
generate a reset pulse each time the equipment is switched on, thus
ensuring that the MPU enters its start-up procedure correctly, and
secondly, to inhibit processor operation if the voltages on the +5V
and +15V rails vary by more than the allowed tolerance.

As the +5V rail becomes established at switch on, the voltage at the
junction of C1, Rll and D2 will rise rapidly and VT3 will switch on.
This pulls the Reset line low, lighting LED D22. When the rail
reaches +3.6V, the voltage on the base of VI3 falls below 8.7V, and
this transistor switches off. The Reset line is then pulled high by
resistor Rl.

In normal operation, the emitter of transistor VIl is close to the
+5V rail and the base of VI2 at about 1V; the latter transistor is
therefore on and VT4 off. If either rail starts to fall, the
voltage on the base of VI2 will also fall until VT2 switches off;
VT4 will then switch on, pulling down the Reset line. 1In addition,
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the MPU may be reset by means of a manual reset switch, SWl, which
pulls down the base of VT2. '

The Reset signal is routed to the MPU (IC9), both PIAs (IC15 and
IC19), the indicator latches (IC32 and IC33), the alpha—-numeric
display (DISl) and the real-time interrupt generator (IC5/5). In
addition, it inhibits NAND gate IC22/12 and pulls down the base of
transistor VI'6 (via diodes D65 and D64) to ensure that no spurious
RAM Write Enable or Chip Select signals are generated.
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CHAPTER 10

SERVICING AND MAINTENANCE

10.1 INTRODUCTION

This chapter provides details for the initial setting-up of the
equipment, routine maintenance, power checks and the methods for
removal and insertion of modules, camponents etc.

16.1.1 Equipment Required

The following equipment is required in order to maintain the system:

i) Multi-meter

The Multi-meter should have the following ranges and accuracy:

@ to 5V d.c. (1%)
@ to 15V d.c. (1%)
@ to 40V a.c. (2%)
- @ to 116/24 a.c. (5%)
g to 1lfmA (10%)
to 1oa (5%)

— ii) Oscilloscope

The oscilloscope should be a dual-trace type capable of
measuring signals of: '

g to 15V d.c.
g to 116/240V a.c.
Time-base switching <10ns to >3 secs.

iii) Solder Remover

This should be of the 'suction' type.
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iv) Soldering Iron

This should be of a temperature-controlled type, with a
maximum temperature not greater than 370 degrees Celsius.

General Cautions

10.1.2.1 Power

The System is powered from either a 118V or a 248V a.c. source.
THIS VOLTAGE CAN BE FATAL. whenever the power terminals are
exposed, the technician should be insulated from ground (preferably
using a rubber mat). Always disconnect the equipment from the mains
when removing or refitting sub—assemblies, only restoring the power
when it is essential to work with the system 'live'.

10.1.2.2 Proms

Erasable Programmable Read Only Memories (as used on the Motherboard
and the Panel board) must not be exposed to direct sunlight or to
ultra-violet 1light. Continuous exposure may destroy the program
content.

16.1.2.3 Printed Circuit Boards

Care must be exercised when removing or inserting the Printed
Circuit Boards to ensure that they do not bend, as this could cause
cracking of the circuit tracks. Never force a board into place.

10.1.2.4 Handling CMOS Integrated Circuits

Issue 1

CMOS DEVICES ARE DESTROYED BY STATIC ELECTRICITY. Wwhen handling
these integrated circuits, ensure that YOU and THE BENCH are at the
same potential. Failure to d6 so could result in damage to the IC.
A convenient method of achieving this is to use a copper ring which
fits one finger and arrange a flexible wire which incorporates a 1M@
resistor from the ring to the bench, the surface of which should be
earthed metal. THIS PROCEDURE MUST NOT BE ADOPTED WHEN THERE ARE
HAZARDOUS VOLTAGES PRESENT.
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Always ensure that integrated circuits remain in their wrapping
until you need them - never leave them un-earthed (the wrapping
'earths' all the pins, avoiding capacitatively induced voltage).
Under no circumstances should such devices be stored in polythene or
other high static containers.

10.1.2.5 Food and Drink

Food or drink should not be consumed in the immediate vicinity of
the equipment. Drinks, especially those containing sugar, could
cause irreparable damage, apart from the possibility of short-
circuiting the power supplies.

10.1.2.6 Control Panels

10.2

8308

The appearance of the system may be damaged by direct contact with
excessive heat such as a soldering iron or a cigarette. Care should
be exercised.

INITIAL SETTING-UP

The system is supplied configured to the requirements envisaged at
the time of purchase. However, circumstances may demand expansion
of the system or the addition of optional facilities,

Variation of the system parameters may be achieved by altering patch
links or by changing the settings of Dual-in-Line switches located
on the Motherboard. The Motherboard also carries preset
potentiometers which may require adjustment when a replacement board
is fitted. Note that links must be set BEFORE the boards are
inserted.

Configuration and adjustment procedures are detailed below for each
board.

Issué 1
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WARNING: Removing the cover fram any unit exposes connections at
mains voltage. Any measurements or adjustments which
require the system to be 'live'_ should only be carried out
by qualified electricians familiar with this type of

equipment.
Panel Board (Ref. 1833)

There are no links or configuration switches on the Panel board
which require setting-up before the equipment is used. It should be
noted, however, that the printed circuit board has been designed to
allow an B8Kbyte PROM (type 2764) to be fitted and that the pin
numbers shown on the circuit diagram apply to this device. The 2716
PROM usually provided is fitted with pin 1 in pin 3 of the dual-in-
line socket.

Motherboard (Ref. 1832)

Before inserting a replacement board, check that the following links
are in the correct positions:

1K1, LK2 - Not fitted in this application.
LK3 to LK5 - PROM Delay links. Normally fitted. May be
removed if the board has 20@ns PR(Ms.
| LK6 - Normally fitted in position A/B.
LK7 ' - Not fitted in this application.
LK8 - Normally fitted in position A/C.
LK9 - Not fitted in this application.

When the board has been installed, the analogue interface must be
set-up as follows:
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Monitor terminal 2 of connector PL4 (O/P DMX) on the Mother-
board, with reference to terminal 1 (@V), using an oscillo-
scope triggered fram pin 39 of PIA IC21 (Frame Sync).

Select channel 1 and set it to maximum level, ensuring that
the Memory master fader is also at full. Adjust potentiometer
RV2 until the analogue signal for the channel is at +5V.

Set channel 1 on the Manual Fader Wing to full, ensuring that
any master faders are also at full. Set the Memory master on
the M24 Console to zero and the Manual master to full.

Adjust potentiometer RV1 until the Video Mimic just displays
'F' for channel 1. Check the adjustment by lowering the
Manual master fader and then returning it to full.

Alternatively, the following method may be used if no Video Mimic is
provided:

i)

ii)

iii)

iv)

Disconnect the dimmer drive outputs from the Multiplex
Interface unit serving channels 1-24. Remove the cover from
the unit and monitor the multiplexed analogue signal on test
point TP5, with reference to TP6 (#V), using an accurate
oscilloscope. Trigger the oscilloscope from test point TP2
(EOF) .

Switch off the M24 Control Console, and set channel 1 on the
Manual Fader Wing to full, ensuring that any master faders are
also at full. Note the multiplexed analogue voltage for this
channel.

Switch on the M24 Control Console and set the Manual master
fader to 2zero and the Memory master fader to full. Set
channel 1 to full.

Adjust RV2 on the console Motherboard to obtain the same

multiplexed analogue voltage for channel 1 as before. 'This
may be checked by switching the Control Console off and on.
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V) Set the Memory master fader on the Control Console to zero and
the Manual master fader to full. Adjust RV1 on the console
Motherboard to obtain the same multiplexed analogue voltage as
before. This may be checked by lowering each master fader in
turn and adjusting the preset control so that there is no

change.

wheel Interface Board (Ref. 1706)

This board cannot be set-up until the wheel is fully assembled.

Using an oscilloscope set to 190nV per division and timebase set to
#.1lms per division, monitor TPlA, with reference to TP3. Rotate the
wheel slowly until the minimum voltage is found. As the wheel is
rotated, the voltage should switch between ‘'black' and ‘'white'’
levels; if the voltage remains constant over any part of the travel,
adjust RV1 until the voltage is approximately 4#0mv and then
relocate the minimum voltage point. This minimum voltage ('black’
level) should be between 208nV and 308nV. Moving the wheel slightly
should cause a change to approximately 682mV.

Monitor TPl, using a voltage range of 2V per division and a timebase
of 5ms per division. Rotate the wheel at a constant rate and adjust
RV1 slightly until a 1l:1 mark-space ratio is obtained.

Repeat the procedure for the second sensor, monitoring TP2A and TP2,
and adjusting RV2.

Examine TPl and TP2 simultaneously; the two signals should be 9g°
out of phase as shown in the diagram (Fig. 4.2.1) in Chapter 4.

Video Interface (Ref. 1834)

Before inserting a replacement board, check that the Board Address
Select links (LK1 to LK6) are fitted as follows:

LKl - LK3, IK6 : Fitted.

[Addresses $1808 - $180B
LK4, LK5 : Not fitted.
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Console and M24Fx Power Supply Units

The only adjustments which may be carried out on the Power supply
units are to select the required mains voltage, as shown on the
circuit diagrams (Drawings Nos. 7C26933 and 7C28189), and to choose
a replacement for resistor Rll. The latter component is selected
when the equipment is tested and will only need replacement if the
output tolerance of the +5V supply is exceeded (see Drawings Nos.

6C26865 and 6C28178).

Multiplex/Demultiplex Board (Ref. 1828)

Before a replacement board is fitted, links LK1, LK2, IK3 and LK4
must be checked to ensure that they are in the same positions as
those on the board removed. IK5 is not normally fitted. The links
are set during manufacture to conform with positive or negative
It is not recommended that these are
changed subsequently, as diodes D23 to D46 must be reversed to
change the polarity of the signal and R92 to R115 must be replaced
with resistors of the correct value

dimmer control signals.

(usually 10k@ for negative
control signals or 1lk@ for positive). In addition, capacitor C5 is
omitted for negative control signals and C6 for positive.

or the '+ve'

If some are in one position and some in the other

All four links must be in either the '-ve'

position.

Note:

severe damage will result.

Other possible adjustments are as follows:

i) Input and output control voltage rarges, i.e. -5V, =16V or
-15V (negative), or +5V, +1@V or +15V (positive).
done by selecting the appropriate values for resistors R48 and
R23, as given in the table on Drawing No. 6A26850. Both the
input and the output range must be the same.

This is

ii) Mains input voltage. This is changed by rewiring the mains
input terminals on the printed circuit board (see Drawing No.

7B26872) .
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It is not possible to convert a Tempus/Bleecon type unit to a

D-connector type or vice versa.

10.2.7 Effects Processor Board (Ref. 1857)

Before inserting a replacement board, check that the following links
are in the correct positions:

LK1 - Normally fitted in position A/C.

LK2 - Normally fitted in position A/B (see section
[G].6.5).

LK3 - PROM Delay link. Normally fitted. May be

removed if the board has a 2@8@ns PROM.

It should be noted that the printed circuit board has been designed
to allow an 8Kbyte PROM (type 2764) to be fitted and that the pin
numbers shown on the circuit diagram apply to this device. The 2716
PROM usually provided is fitted with pin 1 in pin 3 of the dual-in-
line socket.

when the board has been installed and the unit reassembled, it may
be necessary to set-up the Fader Reference. There are two ways of
doing this, but the first method may only be used if a Video Mimic
is provided:

i) Set the Manual master fader on the M24 Control Console to full
and the Memory master to zero. Select channel 1 on M24Fx and
set it On in any of the eight Patch Master memories. Set the
correspording master fader to full and the others to =zero,
ensuring that all the OFF/CHASE/FLASH switches are set to OFF.

ii) With M24Fx standing on its 1lid, remove the three screws
nearest the wide end of the left-hand end plate, slackening
the remaining screw. The end platé will then hinge down,
exposing the end of the Effects Processor board. The Fader
Reference potentiometer (RV16) is near the wide end of the
unit next to the red Reset button.,
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iii) Adjust RV16 until the Video Mimic Jjust displays 'F' for
channel 1. Check the adjustment by lowering the Patch Master
fader and operating the corresponding mamentary Flash button
and then returning the fader to full.

If, however, M24 is not provided with a Video Mimic, the following
method should be used.

i) Disconnect the dimmer drive outputs fram the Multiplex
Interface unit serving channels 1-24. Remove the cover from
the unit and monitor the multiplexed analogue signal on test
point TP5, with reference to TP6 (6V), using an accurate
oscilloscope. Trigger the oscilloscope from test point TP2
(ECF) .

ii)  Set the Manual master fader on the M24 Control Console to zero
and the Memory master fader to full. Set channel 1 to full
and note the multiplexed analogue voltage for this channel.

iii) Set the Manual master fader on the M24 Control Console to full
and the Memory master to zero. Select channel 1 on M24Fx and
set it On in any of the eight Patch Master memories. Set the
corresponding master fader to full and the others to zero,
ensuring that all the OFF/CHASE/FLASH switches are set to OFF.

iv)  Adjust RV16 on the M24Fx Effects Processor board to obtain the
same multiplexed analogue voltage for channel 1 as before.
This may be checked by lowering each master fader on the M24
Console in turn and adjusting RV16 on M24Fx so that there is
no change.

ROUTINE SERVICING

The following routine is recommended in order to maintain the
equipment in working order. The indicated servicing intervals are
given as a general guide and should be increased or decreased
according to how much the equipment is used.
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Weekly

Clean, using a lint-free anti-static cloth, the outer surfaces of
the M24 and M24Fx Control Consoles, the Video Mimic (including the
screen) , the Multiplex Interface Units and the Manual Fader Wing.

If a persistent mark cannot be removed this way, the use of a SMALL
AMOUNT of antistatic cleaner is recammended. Do not use any other |
type of cleaner as scratching, discoloration and loss of the non-
reflecting surface quality may result. Under no circumstances
should spray polishes be used near the panels as they may destroy
the slider faders.

Quarterly

Carry out the Weekly cleaning and check the following:
i) Security of interconnecting plugs and sockets.
ii) Cable insulation - replace damaged cables immediately.

iii) Run the Test Programs to ensure that all facilities are
functioning correctly.

Yearly

Carry out the Weekly/Quarterly maintenance and, in addition clean
the resistivg surfaces of the M24 Control Console fade duration
controls. Access to these is obtained as follows:

i) Switch off the mains supply to the console and unplug any
cables which are connected.,

ii) Carefully lever off the plastic fader knobs. Then fit the

plastic 1lid to the console to protect the front panel controls
and turn it over so that the bottom cover is facing upwards.
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iii) Remove the bottom cover, the Video Interface board, the Video
Output panel, the Motherboard and the Panel board as described
in section 16.5.1.

The Fade Duration controls may now be cleaned using a lightly
dampened cloth (water only). Then run the slider over the surfaces
several times, wiping away any dirt accumulations. Ensure that the
sur faces are dry before reassembling the console.

Notes: 1) Do not use anything but pure water as irreparable damage
to the slider surfaces could result.

2) The Master Faders and the M24Fx Patch Master Faders are
sealed and will not require cleaning.

POWER SUPPLIES

WARNING: Connections at mains voltage are exposed if the cover is
removed fram any unit. Any measurements or adjustments
which require the system to be 'live' should only be
carried out by qualified electricians familiar with this
type of equipment.

The M24 Console and M24Fx Power Supply units are fully described in
Chapter 6. No adjustments are possible, but in the event of a fault
the output voltages should be checked, measuring these at the multi-
pin connector on the appropriate unit, with the system in operation
- see Drawings Nos. 7C26933 (M24) and 7C28189 (M24Fx). All voltages
should be measured with respect to the 6V terminals on this
connector. '

There are also no adjustments possible on the Multiplex Interface
unit. The supply voltages may be checked, however, at various
points on the printed circuit board (see circuit diagram - Drawing
No. 6A26850). Always measure with respect to test point TP6 (6V).
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10.4.2 Fuses

16.4.2.1 Control Console

The mains input to the Control Console is protected by a 2A HRC fuse
(3.15a on 116V-120V versions) mounted on the rear of the bottam
cover, adjacent to the mains input plug. The only other fuses in
the Console are on the Power Supply board; these are quick-blow type
rated at 5A and are accessible after removing the bottom cover (see
section 10.5.1.1).

16.4.2.2 Multiplex Interface Unit

The mains input to the Multiplex Interface unit is protected by
106mA quick-blow fuse mounted in a holder which forms part of the
chassis mounted mains input plug. The holder should be carefully
levered out using a small screwdriver or other suitable implement.

10.4.2.3 M24Fx

The mains input to the M24Fx unit is protected by a 2A HRC fuse
(3.15A on 110-1206V versions) mounted on the connector panel in the
rear extrusion, adjacent to the mains input plug. The only other
fuses in the unit are on the Power Supply board; these are
quick-blow type rated at 5A and are accessible after removing the
bottam cover (see section 10.5.3.1).

18.5 REMOVAL AND REFITTING OF SUB-ASSEMBLIES

The following details the removal and replacement of the various
parts of the system.

WARNING: Connections at mains voltage are exposed if the cover is
removed fram any unit. Disconnect the system fram the
mains before cammencing work. Apart fram the dangers of
electricity at mains voltage, camponents could be damaged
if removed or fitted with the system in operation.
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Control Console

10.5.1.1 Preliminary

i) Before removing any part of the console all cables should be
disconnected and the plastic 1lid fitted. If the Panel board
is to be removed, the fader knobs must be carefully levered
off before fitting the 1lid.

ii) Turn the console over so that the bottom is facing upwards and
the rear extrusion towards you.

iii) Using a 'Posidrive' No 1 screwdriver, remove the eight screws
around the edge of the bottom cover and lift it away to one
side.

iv)  The power supply chassis is fitted to the cover and connected
to the Motherboard by a cable assembly. The cable assembly
and the earth bond (the separate green/yellow wire) should be
unplugged from the power supply unit. When removing the earth
bond, do not pull the wire; the connector is of a special type
which can only be removed by pulling the plastic shroud.

10.5.1.2 Power Supply Unit

The Power Supply unit is fitted inside the bottom cover of the
console and secured by six screws. Complete replacement units are
available from Rank Strand.

19.5.1.3 Video Interface

The Video Interface board is connected to one of the five multipin
connectors at the right hand end of the Motherboard and is secured
by a screw passing through a small bracket at the wide end of the
board and a plastic retaining clip at the narrow end. Remove the
board carefully, taking care not to damage the wiring to the
Modulator board. Finally remove the output connector.
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The Video Output panel may now be removed fram the rear extrusion;

it is secured by two screws. Take care not to damage components on
the Modulator board or the Motherboard.

Replacement is the reverse of removal, but the following should be

noted:

1)

ii)

iii)

when replacing the Video Output panel take care not to damage
components on the Modulator board or the Motherboard. Note
that the bottom edge of the panel (i.e. the uppermost edge
with the console inverted) engages in a slot in the rear
extrusion.

Ensure that the output connector is replaced correctly. The
socket marked 'l' mates with the terminal nearest the edge of
the Video Interface board.

Ensure that the narrow end of the Video Interface board
engages in the plastic retaining clip.

14.5.1.4 Motherboard

Issue 1

i)

ii)

iii)

Remove the bottom cover of the console, the Video Interface
board and the Video Output panel as described in the preceding
sections. It is not essential that the Video Output panel be

removed, but removing the Motherboard is easier if this is
done.

Disconnect the multiplex, tape and Panel board connectors from
the Motherboard. 4

Release the six clips securing the Motherboard to the Panel
board and lift the board off the supporting pillars.

Replacement is the reverse of the above, but the following must be

noted:
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Ensure that all connectors are replaced correctly. The Panel
board connector has small arrows on both plug and socket to
indicate terminal 1.

The cable fram the Multiplex Output connector on the rear of
the console connects to the plug marked 'PL4' on the Mother-
board (the adjacent connector marked 'PL3' is only used on
equipment using the four wire multiplex system).

Lay the cables so that they will not be damaged or sandwiched
between the two boards when the bottam cover is replaced.

16.5.1.5 Panel Board

i)

ii)

iii)

Remove the bottom cover of the console, the Video Interface
board and the Video Output panel as described in the preceding
sections. The Motherboard may also be removed if required, or
alternatively the Panel board and Motherboard may be removed
as a camplete assembly.

Disconnect the REC LOCK keyswitch and channel control wheel
connectors from the Panel board. Disconnect the multiplex and
tape connectors from the Motherboard if this has not already
been done. Remove the Multiplex/Tape panel from the rear

extrusion.

Remove the six screws holding the Panel board in place. Note
that five of these are fitted with clear spacers to ensure
that the screw heads are readily accessible with the
Motherboard in position. Lift the Panel board out of the
console.

Replacement is the reverse of the above. Ensure that the ribbon
cable fram the channel control wheel does not prevent free movement
of the wheel.
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16.5.1.6 Channel Control Wheel

18.5.2

Disconnect the ribbon cable fram the connector on the Panel board.
Use an M3 nut runner to remove the two nuts holding the wheel
assembly in place. The complete wheel assembly is available as a
spare from Rank Strand and their agents.

Multiplex Interface Unit

With the exception of the mains input connector, the multiplex
connectors and, on the Tempus type unit, the Manual Fader Wing input
connectors and the dimmer drive output cables, all the camponents of
the Multiplex Interface unit are assembled on a single printed
circuit board.

The board is accessible after removing the top half of the unit
(secured by four screws) and, if required, disconnecting the earth
bond from this cover. DISCONNECT THE UNIT FROM THE MAINS BEFORE
REMOVING THE COVER.

The board is held in place by six screws (eight on units with 'D'
connectors). First disconnect the front panel 'molex' connectors,
taking careful note of their ©positions to ensure correct
replacement. Then remove the fixing screws and carefully lift the
board out, taking care not to damage the two indicators which
protrude through the front panel. Finally slacken the screws in the
terminal block behind the mains transformer and disconnect the mains
wiring, again- taking careful note of the positions of the wires.

Replacement is the reverse of the above. Make sure that the mains
wiring is secured by the clip provided.

180.5.3 M24Fx

18.5.3.1 Preliminary

Issue 1

i) Before removing any part of the unit all cables should be
disconnected and the plastic 1id fitted. If the Panel board
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is to be taken out, the fader and rotary control knobs must be
removed before fitting the lid. ‘

Each rotary control knob has a coloured plastic cover which
should be carefully levered off to expose the securing collet.
Unscrewing this, using a suitable tool, releases the knob.
The fader knobs are a push fit and may be levered off, taking
care not to damage the surface of the panel.

Turn the console over so that the bottom is facing upwards and

the rear extrusion towards you.

Using a 'Posidrive' No 1 screwdriver, remove the eight screws
around the extreme edge of the bottom cover. Note that two of
the screws pass through the rubber feet; except on very early
equipment, these will be those at back (wider end) of the
unit. Raise the cover to obtain access to the power supply
wiring.

The power supply chassis forms part of the cover and is
connected to the rest of the unit by two cable assemblies,
mains and low voltage. The low voltage cable assembly and the
earth bond (the separate green/yellow wire) should be
unplugged from the power supply unit. When removing the earth
bond, do not pull the wire; the connector is of a special type
which can only be removed by pulling the plastic shroud.

The cover may then be lifted to one side, taking care not to
damage the mains wiring. If, however, there is insufficient
working space available, the mains wiring may be disconnected
at the screw terminal block on the power supply unit. Note
the position of the wiring to ensure correct replacement.

Refitting is the reverse of the above. Ensure that all wiring and
connectors are replaced correctly and that the cables are not
trapped when the cover is replaced.
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10.5.3.2 Power Supply Unit

The Power Supply unit forms part of the bottom cover of the console.
Complete replacement cover assemblies are available fram Rank
Strand.

18.5.3.3 Panel Board
i) Remove the bottom cover of the console as described above.

ii) Disconnect the multiplex connectors fram the Panel board,
noting their positions to ensure correct replacement.

iii) Remove the eight screws fitted with grip washers which hold
the Panel board in place. The eighteen screws securing the
panel faders (those with plastic washers or, on some
equipment, no washers at all) should not be removed. Lift the
Panel board out of the console.

Replacement is the reverse of the above. The following should be
noted, however:

i) The four-pin multiplex socket from the Multiplex Output
connector on the rear of the unit normally connects to the
centre of the three plugs on the Panel board (the other four-
pin connector is only used on equipment using the four wire
multiplex system).

iil) Lay the cables so that they will not be damaged when the
bottom cover is replaced.

10.6 TEST PROGRAMS

To assist in diagnosing faults, M24 has a number of test facilities,
some of which operate automatically each time the system is switched
on. These tests are comprehensive and cover most parts of the
system. It should be remembered, however, that the tests can only
indicate where to start and are no substitute for normal service
procedures.
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Power—up Self Tests

When the equipment is connected to the mains supply, four test
procedures are carried out and the results are shown in the desk
display windows and on the Video Mimic (if provided). If no fault
is found, the desk windows will momentarily display dashes and then
clear, and the top line of the Video Mimic will appear as follows:

M24 VERSION ** OUTPUT SELF TEST OK

The version number and 'SELF TEST OK' messages will disappear after
about B8 seconds, leaving only the display heading. 1In addition to
this, the 'MUX OK' indicators on the Multiplex Interface units
should light. If any of these do not occur refer to Table 5.2.1 in
the Operator's Handbook, which lists potential fault conditions and
checks which should be carried out by the user. The checks listed
only cover the most easily rectifiable faults and are intended to
eliminate the obvious.

Panel Tests

The operator—initiated tests are of two types, covering the Panel
board and the Motherboard. In both cases, test mode is selected by
operating the NMI button on the Panel board. The latter is located
above the FADE button and, when the board is in situ, is accessible
through "a small hole in the panel; use a matchstick or a grub
screwdriver to operate the button. Panel Test 1 is selected
automatically on entering test mode.

The various tests are selected from the keypad and start immediately
the number is entered. The current test may be stopped by pressing
CL (Clear) or, if the next test in numerical order is required, by
pressing '+1°',

Note: 1In the case of test 2 it is necessary to press the CL key

twice to stop the test, because the first operation tests the
button contact. This is also true of the '+1' button.
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10.6.2.1 Test 1 - Display Test

When test 1 is selected, all of the displays and mimics flash at
about once per second, in order that any which are inoperative may
easily be seen. Note that, except for one on the keypad display,
the decimal points in the windows are not used and will not light.

10.6.2.2 Test 2 — Contact Test

Selecting test 2 clears all of the displays. If any of the panel
buttons are now operated, a corresponding code (see Table 16.6.2.1)
will appear in the keypad and ACTIVE MEMORY windows.

Notes: 1) The codes for the REC LOCK keyswitch and the blackout
switch will remain in the windows until the switch is
returned to the off position or until another contact is
operated. All other codes appear only while the
appropriate button is held down.

2) The CL and '+1' buttons may each only be tested once. A
second operation of CL terminates the test, while a
second operation of '+1' selects test 3.

3) 1If the wheel is operated, the LEVEL window will count up
or down as appropriate. The count will remain displayed
while contacts are tested, but will be cleared by CL or
'+1', Note that the count will change much more rapidly
than when the system is in normal operational mode, a
count from @1 to 99 corresponding to a wheel movement of
about a third of the exposed section.

14.6.2.3 Test 3 - Communication Test

Issue 1

This tests the serial link between the Panel board and the Mother-
board in the control desk. When it is selected, the Panel processor
counts the sync bytes received from the Motherboard and this is
displayed in the keypad and ACTIVE MEMORY windows. The count should
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increase in value about once per second; if this is not the case, a
Motherboard fault is most likely.

10.6.2.4 Test 4 - Program Test

When this test is selected, the Panel PROM checksum is checked
continually and the result displayed. If the checksum is correct,
00 appears in the keypad and ACTIVE MEMORY windows, while an error
is indicated by a random pattern on the displays and indicators.
Because the test is carried out continually, intermittent faults
will cause a changing pattern to appear.

16.6.2.5 Test 5 - Select System Tests

Panel test 5 selects 'System Test' mode for testing the desk

Motherboard.
Table 16.6.2.1
Panel Contact Numbers
Contact Contact Contact Contact
Number Number
[%]%] a 17 CUE
g1 1 18 CHANNEL
a2 2 19 ~ (shift)
a3 3 20 LINK
04 4 21 THRU
@5 5 22 @
g6 6 23 RETURN
a7 7 24 FADE
g8 8 25 SEQUENCE
@9 9 26 MANUAL
10 + 27 USE TIME
11 - 28 BLACKOUT
12 . 29 RECORD BLIND
13 F 30 RECORD TOTAL
14 CLEAR 31 RECORD ENABLE
15 +1 32 FLASH OUT
16 MEMORY 33 FIASH FULL
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System Tests

WARNINGS: 1) System Test 6 (Cue Store) will destroy the contents
of the memories. Save important lighting cues on
tape before starting this test.

2) System Test 7 (Analog Interface) will cause the
luminaires controlled by the system to flash.

System Test mode is selected by entering Panel Test mode as
described in section 10.6.2 above and then selecting test 5. On
selection, the Video Mimic (sometimes referred to as the VDU) shows
the following:

M24 SYSTEM TESTS

- VDU TEST (A)

-~ VDU TEST (B)

- MASTER & TIME FADERS

TAPE INTERFACE

- PROGRAM CHECKSUM

- CUE STORE (CLEARS MEMORY!)

— ANAIOG INTERFACE (FLASHES LIGHTS!)

~SNoardbs WM
|

TO RESUME NORMAL OPERATION, TURN SYSTEM OFF
AND ON AGAIN

ENTER TEST NUMBER FOLLOWED BY +1

This shows the tests available. If there is no Video Mimic, the
tests may still be selected, but reference will have to be made to
this handbook” for the list.

The tests are selected by entering the required number on the
keypad, followed by '+1' to start the selected test. If a number
higher than 7 is selected when '+l1' is pressed, the error number
'199' will appear in the ACTIVE MEMORY window and the Video Mimic
will display the message 'ILLEGAL TEST NUMBER - PRESS CLEAR'.

Once a test is running it may be stopped by pressing CL (Clear).

Note that some tests will continue until the end of the current
pass, which may take 2 to 3 seconds.
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Certain tests may produce error messages on the Video Mimic. These
are all presented in the same format; five headings with a series of
numbers under each, as follows:

ERROR SUBTEST ADDRESS GOOD DATA BAD DATA

The precise meanings of the numbers associated with each error are
described below in the individual test descriptions. When inter-
preting the results of a test, the terms 'GOOD DATA' and 'BAD DATA'
should not be taken too literally.

16.6.3.1 VDU Test (A)

Sub-test 1

This test writes 25 lines of 64 characters (the camplete character
set) to the Video Mimic screen. Each line appears as follows.

@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\] A_ 1"4S%&" () *+,-./8123456789; ;<=>7?

Each line has a different attribute, starting with normal and
followed by ‘flashing', ‘'inverse', and 'dim', this sequence
repeating every four lines.

Sub-test 2

If, having run sub-test 1, the '+1' key is operated, each character
in the set will be written, in turn, to the whole screen, starting
in the top left-hand corner. Each camplete pass has a different
attribute, in the same order as above. This test takes several
minutes to complete.

10.6.3.2 VDU Test (B)

8308

Sub~test 1

This test is similar to VDU Test (A), sub-test 1, but the characters
are written one at a time, starting in the bottom right-hand corner.
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Sub-test 2

As VWU Test (A) - sub-test 1, but when the screen is full the test
repeats, starting with the next character in the set and the next
attribute.

Video faults will show-up as anamalies in the otherwise regular
patterns appearing on the display.

If no Video Mimic is provided, the above tests may still be selected
and run, although they are of no practical use. The number of the
selected test is shown in the keypad window and this may be cleared
- stopping the test if it is in progress - by pressing the CL key.

16.6.3.3 Master and Time Faders

Issue 1

when this test is selected, the Video Mimic produces the following
display:
M24 SYSTEM TESTS

3 ~ MASTER & TIME FADERS
75 F 22

The numbers shown represent the current settings of the four desk
faders; i.e., from left to right, the MANUAL master fader, MPMORY
master fader, the up fade-duration control (4) and the down
fade-duration control (¥). As the faders are moved from zero to
full and vice versa, the numbers should change smoothly, without any
jumps or hesitations.,

The settings of the faders are also displayed in the LEVEL window on
the desk, so that the test may be carried out on systems which do
not have a Video Mimic. When the test is first selected, the level
of the MANUAL master fader is displayed. Pressing '+1' will then
select the MEMORY master fader and subsequent operations select the
'4' and '@ ' controls, followed by a repeat of the sequence.

8308



M24MOA Page 10 - 25

10.6.3.4 Tape Interface

The Video Mimic produces the following display when this test is
selected:

M24 SYSTEM TESTS

4 - TAPE INTERFACE PASS @1

Every time the Tape Interface tests are campleted they restart fram
the beginning and the 'pass' number is incremented (the ‘'pass'’
number also appears in the LEVEL window on the desk). If a fault is
found, an error message (see Table 10.6.3.1) will be displayed on
the Video Mimic and an error code in the ACTIVE MEMORY window on the
desk. Should the same fault(s) be found on each pass (as is most
likely) the test will continue until the Video screen is full, when
it will stop, this condition being indicated by the 'Tape' indicator
on the desk flashing. The screen may then be cleared and the test
resumed by pressing '+1°'.

10.6.3.5 Program Checksum

This is a test for program errors. It operates in a similar way to
test 4. The checksum is calculated separately for each PROM and
campared with the correct value stored in the 'Kernel' PROM.

10.6.3.6 Cue Store

WARNING: The Cue Store test destroys the contents of the memories.
Save important lighting cues on tape before selecting this
test.

This test is similar to the previous two, but can only be carried
out if the REC LOCK keyswitch is in the horizontal, enabled
position. Only the Cue memory is tested (addresses $1008 to $3FFF
on standard systems), the various working stores, etc. being checked
on power-up. If, however, bit 5 of system configuration switch SWl
is set, the test assumes that expansion memory is fitted, and will
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attempt to test up to $7FFF, producing error messages for the non-
existent RAM. '

If the memory test is terminated normally (by pressing CLEAR while
the test is running), it will automatically clear the Cue memory
before returning to test selection mode.

19.6.3.7 Analogue Interface

19.6.4

Issue 1

WARNING: This test will cause the luminaires controlled by the
system to flash. To prevent this, remove the MULTIPLEX
O/P connector at the rear of the desk or switch off the
power to the dimmers before selecting the test.

This tests the circuits which transmit to and receive fram the
Multiplex Interface unit(s), and also the panel fader analogue-

to-digital converter. The test is similar to the previous three.

Returning to Normal Operation

On completion of the operator-initiated tests, the system should be
returned to normal operation by momentarily switching off the mains
supply.
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Table 16.6.3.1

ERROR NUMBERS

Error Meaning Notes

41 Tape ACIA Tx timeout ADDRESS = $8006 (ACIA status register)
(failed to go ready) 0D DATA = 98
BAD DATA = ACIA status

42 Tape ACIA Rx timeout ADDRESS = $8086 (ACIA status register)
GOOD DATA = @9
BAD DATA = ACIA status

43 Tape ACIA Status Error| ADDRESS = $8006 (ACIA status register)
GOOD DATA = 90
BAD DATA = ACIA status

44 Tape ACIA Data Error ADDRESS = $8007 (ACIA data register)
GOOD DATA = Data transmitted
BAD DATA Data received

it

51 Kernel PROM checksum ADDRESS = $SE@PO (base address of PROM)
error GOOD DATA = checksum expected
BAD DATA = actual checksum

52 Page @ PRCM checksum ADIRESS = $AQPO (base address of PR(M)
error GOOD DATA = checksum expected
BAD DATA = actual checksum

53 Page @ PRCM checksum BDDRESS = $CP08 (base address of PROM)
error GOOD DATA = checksum expected
BAD [DATA actual checksum

60 Cue memory test - -
REC LOCK keyswitch
in 'locked' position
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Table 16.6.3.1 (cont.)}

ERROR NUMBERS
Error Meaning Notes
61 Memory test failed on BDDRESS = failing location
simple write/verify @O0D DATA = data written to memory
of entire memory BAD DATA = data read back fram memory
62 Memory failed on ADDRESS = failing location
writing low order @QOD DATA = data written to memory
address byte of BAD DATA = data read back from memory
location into that
location.
63 Address line failure ADDRESS = failing location
GOOD DATA = data written to memory
BAD DATA = data read back fraom memory
64 Data line failure. ADDRESS = failing location
GOOD DATA = data written to memory
BAD DATA = data read back fram memory
65 Pattern written to ADDRESS = failing location
memory failed to 0D DATA = data written to memory
verify BAD DATA = data read back fram memory
66 Imnediate write/verify | ADIRESS = failing location
of two consecutive @00D DATA = data written to memory
locations failed. BAD DATA = data read back from memory
70 Analog 8V on input 6 ADDRESS = $800A (A/D converter)
of multiplexer too QOOD DATA = 00
high BAD DATA = data read from A/D
converter
71 Mux output low when ADDRESS = $806A

SFF written to D/A
converter

GOOD DATA = $FF

BAD DATA = data read fram A/D
converter
Note: Although the good data is

shown as $FF, the test will accept
down to $CP to allow for the range of
adjustment on the Mux output.
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Table 18.6.3.1 (cont.)

16 - 29

ERROR NUMBERS
Error Meaning Notes
72 Mux output out of ADDRESS = $800A (A/D converter)
range when $08 written { GOOD DATA = $00
to D/A converter BAD DATA = data read fram A/D
converter
Note: Although the good data is
shown as $60, the naminal value read
back from the A/D converter will be
about $88, because of the potential
divider feeding input 7 of the
multiplexer. The test allows for
this and also +/-$20 on this value to
allow for tolerances.
73 Analog ramp failure. ADDRESS = $800A (A/D converter)
A 15 step ramp from (00D DATA = data written to D/A
$19 to $FP is output conver ter
and checked. One of BAD DATA = data read from A/D
the levels came back converter
as less than the Note: The BAD DATA value will be
previous level. affected as noted above.
74 sync level too high ADDRESS = $880A (A/D converter)
GOOD DATA = 08
BAD DATA = data read fram A/D
converter
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