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1 1NTRODUCTION

The NICAM-3 Signallilng Comblner (CD4S/17) ls a 4U unsupported card
with an A-wldth front panal, which Is used In conjunction with a
NICAM—3 2~channel Coder (CD2M/17 or equlivalent) and one or more
NICAM—3 Decoders (CDAM/33) each wlth a NICAM-3 Signalllng Splltter
(CD45/18). Such a network provides two major facllitles:

I}y Two RS232C serlal character streams, Input to the Comblner, are
avallable as outputs from every Splltter on the network. One
straam, designated MAIN, will be used to distribute Radio Data
(RDS) update Information via the natlona!l NICAM-3 network. The
other stream, designated AUXILIARY, |Is avallable for any other

future requirement, as vyet unspecifled. The Inputs have
similar characterlistics, but the MAIN input Is awarded a hlgher
priority.

V) A 24-blt parallel input, deslignated Transmltter Control
(TXCTRL). A 16-blt fleld of this Input accepts 16 "static"
swltehing functions (e.g. mono/stereo) which appear at a

corresponding 16-blt output port of any splltter or group of
splitters on the natwork, to whilch the data |Is addressed.
Addressing will ultimately be controlled via the remalning 8
Input bits, but earlier versions of the Combiner send all
TXCTRL data to the same address as set up via the front panel.

The Combiner |Is deslgned around the ADZE 2 general purpose

microcomputer module, which s fully descrlbed In D.D.H,B.
§.267(85).

2 SPECIFICATION

Max imum supply voltage: +5.25V
NomInal supply voltage: +5V
MIinimum supply voltage: +4.8YV

Nomlinal supply current: 0.75A

Maln serlal (DCE) port:
Electrical characteristics:
To EIA std. R$232C

Inter face connectlons:
Data Input (TXD)
Data output (RXD)
Handshake output (DSR)}
Signal ground

Baud rate (Input and ocutput):
300,800,1200,2400,4800,2600

-1 -
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baud, set frem front panel

Data format:
8 blts, 1 stop bit, no parity

Flow control:
Both DSR and X-ON/X-QFF (DC1/DC3)
are output.

AUXILITARY (DCE) port:
As maln port.

TXCTRL port:
Inter face connections:
Data optocoupler common anode
Data Inputs (16 off)
Address optocoupler common ancde
Address Inputs (8 off)

Input toad (common anode to any data bit):
LED (1.4V drop) wlth series 2k2 reslistance

Nominal data input current (loglc “"0"):
1.6mA

May imum data Input current:
20mA

NICAM-3 Interface port:
Interface connections:
Strobe Input optocoupler anode
Strebe Input
Data output common ground
Data output open collectors (8 off)

Stroboe Input load (anode to input):
LED (1.5V drop) wlth serles 470R reslstance

Nominal strobe Input current (loglc "0"):
SmA

Maximum strobe input current:
15mA

Max imum data output loglc "1" voltage

+30V
Max imum data output logic "0" current
40mA
Dimenslons: 41 hlgh BMM unsupported card wlth

A-width front panel.

Welght: Approx 350g
Connector: 112—way eadge connector

-2 _
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See D3K26737A4 for plinout detalls.

3 QPERATIOQN
3.1 Power Supplles

The unlt requlres a single supply of 5V nomlnal. The voltage on
the c¢ard must not fall below 4.75V, because, gulte apart from this
belng the lower IImlt at whlch operation of many of the 1iCs s
guaranteed, the non-volatlle RAM devlice, I(IC7, will dlsable RAM
access below thils voltage.

3.2 gerial lnputs

The MAIN and AUXILIARY serial Input ports are normally connected to
female 25-way D type connectors fixed to the parent cardfranme.
These should be wlred as DCE ports, with suggested connectlons as
follows:

Safety ground
TXD Input
RXD output
{Connect to 5)
(Connect to 4)
DSR output
Signal ground

N O RN =

Data sources should be set to 8 blts, no parity. Flow control may
be Implemented In elther of two ways:; when the Combiner needs to
stop the Incoming flow, It drops the DSR output and sends an X-0OFF
character to RXD. When It Is able to accept data again, It ralses
DSR and sends an X-ON character. Either protocol may be used 1to
control the data source. In order to avold potential lockout
condldions with X-ON/X-OFF handshakling, the Combiner sends an X-ON
every 5 seconds |f no Incoming data |Is detected.

3.3 XCTRL

The 16-bit TXCTRL data input Is optically lIsoclated from the main
clrecult. The anodes of the 16 data couplers are connected together
and should ba fed from a +5V reference supply; each coupler Input
should then bhe connected to OV to send a loglc "O". or left
floatlng to send a loglc "1". This arrangement facllitates the use
of open—col lector drivers. Data Inputs have Indlvildual
current-IImlt reslistors, whose values are approprilate for a &V
supply. Additional serles reslstors should be used wlth hlgher

- 3 -
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Input reference voltages.

3.4 NICAM-3 Data Port

The NICAM-3 data port connects dlrectly to the slignaillng port of
the NI|CAM-3 Coder. The open-collector strobe pulse from the coder
enters via an optocoupler similar to those used for the TXCTRL
Inputs menticoned above, except that +the coupler Is a speclal
hlgh-speed type, and the Internal pullup resistor has a lower
value, The 8-bit parallel data output Is buffered by hlgh-voltage
open-collector drivers, whose pull-up resistors are provided by the
MICAM-3 Coder.

3.5 AUL tput

The open—-collector FAULT output s normally low (on). It Is driven
hligh (off) If the equipment detects a serlous error condition (i.e.
whenever the front panel FAULT LED Indicates a fault - descrlbed
later). Thls polarlty ensures that a fault is signalled as a
result of power fallure.

3.6 Non-volatlle memory

Because there are many options affecting the characteristics of the
Combliner, these are set up Interactlvely via the front panel (as
descrlbed In the next sectlon) and stored in nen-volatlile memory.
Thls memory |Is protected in three ways. A loglec clrecult prevents
writing to memory when the power rail drops below 4.75V, at which

point an Internal lithlum battery cuts In to preserve the memory.
Wlth power applled, the memory Is electrically wrlte-protected at
all tlmes except when the PROGRAM key |s depressed. Furthermore,
two coples of the system control data are malintained In

non-volatile memory, both protected by 16-blt ¢yclic redundancy
check codes.

3.7 D I nd [

The front panel contalns 4 LEDs, 4 pushbutton KkKeys and a
4—character alphanumer|c¢ display, The latter device has 4
functlons; during normal (non-Interactlive) operation, It displays
the ldent code assigned tc the comblner. |If the unit detects a
serloys error, a code appears on the dlisplay accompanlied by an
Indlcation on the FAULT LED and the FAULT slignalling cutput; this
takes priority over any other display., Less serlous errors result

- 4 -



D.%& E.D., Handbook A.1026(87) f Page X
Issue 1, 3 August 1987

in a display code and a WARNING LED indlcation. Flnally, the
display operates wlth the keys below It during setup and review of
the various system optlons described below., All the programmed
display messages are summarised In Appendlx A.

3.7.1 CPU Normal LED
The green CPU Normal LED reflects the state of the "watchdog tlmer"
which resets the system In the event of a soft malfunction or

power-up. The LED should normally glow continuously; flashing
indicates a probable hardware error.

3.7.2 Status Display

puring normal (non-interactlve) operation, the alphanumerlc display
shows the ldent code of the combliner.

3.7.3 Selecting A System Control Item
Use the SELECT key to select one of the system control ltems. Each
time the Key I|s pressed, the next item name Is dlisplavyed, If the

key Is held dewn, the display wlll <cycle through the Items
autcomatically unttil the key is released.

3.7.4 Examining The ltem Setting

Once an ltem Is selected, If no further keys are pressed, the

Combiner willil dlsplay a three-word explanatlon of the [tem code
followed by the setting currently programmed for the Item. This Is
displayed for a short time, then the Comblner wlll revert to Its

normal (non-linteractive) operatlon.

3.7.5 Examinlng Several Iltem Settings

SELECT may be pressed at any stage durlng the above sequence In
order to select the next menu item In the sequence. Furthermore,
the 3-word explanatlion may be bypassed or aborted by pressing the
REVIEW key. Thus the settings of all ltems in the menu may be
examined by altornately pressing SELECT and REVIEW.
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3.7.6 Reviewing Alternative Settings

When the current setting of an ltem Is dlsplayed (accompanlied by an
Indlcatlon on the CURRENT LED), alternative settings may be seen by
pressing the REVIEW key. Llke SELECT, this ¢ycles through all the
options and repeats automatically If held down.

3.7.7 Changlng The Current Settlng

When a setting has been selected with the REVIEW key, the PROGRAM
key {coloured red) may be pressed to store that settling
permanently. PROGRAM should be held down until the CURRENT LED
indlcates that the setting Is now the current one. This Is
nacessary because the non-volatlle system control memory can be
altered only when PROGRAM Is pressed, and the programmlng opearatlon

Involves copying a large bleock of data to that memory. The
Comb Iiner checks that the data has been copled successfully; 1f not,
the display will Indicate REPT accompanied by the WARMNING LED, and

the preogramming cperatlion should be repeated.

When any |ltem setting has been displayed for a short time wlthout
any Keys pressed, the Combliner will exlt Its menu mode and revert
to the background status dlisplay.

3.7.8 System Control Items In Detall

3.7.8.1 Serlal Baud Rates (BR 1, BR 2) — These ltems determlne the
data rates of the Maln (RDS) and Auxiliary serlal ports
respectively. In both cases, the transmlt and recelve rates are
jdentical. All "standard" speeds (blnary sequence) are supported
from 300 to 9600 baud.

3.7.8.2 LED Characterlistics (LEDS) — Different users have
different vliews about LED Indtcatlions. Some pecople prefer red LEDs
which are normally off, others want green LEDs which are normally
on. Thls equlpment provides a cholce via the LEDS setting. A
varlety of "normally off" c¢olour comblnatlons for the 3 LEDs |Is
avallable, In additlon to all red, yellow or green "normally on"
optlons,

3.7.8.3 Status Display (SDPY) — Three optlons are avallable
controliing the dlsplay of fault and warnlng wmessages. The
Instantaneous (INST) option means that every dlsplayed message
remalns only for the duration of the offending condltlon (strictly

-8 —
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for a short time after the condltlen clears). The HOLD optlen
"freezes" any fault or warnlng signal wuntil the CLEAR key Is
pressed. The third optlon, FHWI, "“freezes" fault signals but

displays warning messages on an Instantaneous basis.

3.7.8.4 Combiner ident (IDNT) - Thls ltem controls the Combiner
Ident Code whlch Is sent In every TXCTRL packet. The ident code Is
used to ldentlify the "service" accompanied by the signalling data,
and every Splitter (CD4S/18) attached to the network is set up to
accept only a subset of the ident code 1{lst. Thls provides a
measure of protection agalnst incorrect service routing wlthin the
netwerk. The selected lident code Is displayed continuously durlng
normal (nhon—interactive) operation, 1t has no affect on the serlal
data channels.

3.7.8.5 Splltter Address (ADRS) - This item controls the Splttter
Address Code whlch Is sent In every TXCTRL packet. It provides a
means of controlling the number of Spllitters (CD45/18) which will
accept data from a given combiner; each Splitter Is set up to
accept only a subset of the address code Ilst, The addressing
facillity dlffers from +the Ident code faclllty In that splitters
slmply ignore data contalning a "non-actionable" address, whereas
they wlil raise a fault condition on recelving an Invalld ldent
code.

4 CIRCUIT DESCRIPTICN

(Notatlon throughout: IC7p9 means IC7 pin 9. All addresses and
data representatlions are stated In hexadeclmal radlx unless
otherwise Indlcated. WNumerlcal ranges are stated uslng the PASCAL
convention e,g. 0..3 means 0,1,2,3),.

4.1 DZE 2 mput d

The ADZE 2 module, whlch forms the hardware basls of thls design,
ls fully descrlbed In D,D.H.B. No. 6.267 (85). The 40-way maln
interface plug (PLB) Iis connected to a sImllar 40-way plug via a
short ribbon cable, which may be dlsconnected to Isolate the ADIE 2
module for testing (power suppiy connectlons are made vla permanent
PCB tracks). Modiflcations to the ADZE 2 are as follows:
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1) XL1 ls a 9.83MHz crystal (30pF parallel resonant) tc faclllitate
divlsion down to the standard serlal baud rates.

(1) I1C5 |s a ZB80B-CPU, to run at the hlgher clock frequency.

I11) IC6 Is a 16k x 8 EPROM, 250ns address access, e€.4g. Intel
27128-25,

lv) IC7 Is an 8k x 8 low-power statlic RAM, 200ns address access,
e.g. Hitachl HMB6264LP-15, wlth Dallas "SmartSocket"” DS1213
providing battery backup and protection lcglc.

v) IC8 Is an 8k x 8 static RAM, 200ns address access, e.g.
Hitachli HMB264P-15 or HMB264LP-15.

vi) LK3 and LK1 are "standard" ADZE 2 memory configuratlon headers
for IC6 and 1C8 (see DSK25411A3). LK2 Is specially wired to
provide write protection swltching, see DB0155AZ2.

vil) LK4 Is wired with pins 4 and 5 connected, to provide a watchdog
run time of 0.85 sec.

4.2 FEront Panel

The front panel CPU Normal LED, pushbutton keys and alphanumeric
dlsplay follow standard "ADZE 2" practlce (see DSK25412A3). The
remaining 3 LEDs are two-colour, common c¢athode devices whose
cathodes are connected conventicnally to blts 0,1 and 2 of the ADZE
2 LED drive port. The ancdes are swltched by TR1 and TR2 under the
control of bits 4 and 5 of the LED port. The arrangement allows
any comblnaticn of the LEDs to be IIt with the same colour, red
(TR2 on), green (TR1 on) or yellow (both transistors on}, by means
of a single control byte written to the LED port.

4.3 Counter—timer

IC20 Is a 7Z80B-CTC, providing 4 countar—-timer channels derlved from
the 4.9152MHz system clock. It Is conflgured as the hlghest
priorlity device In the Interrupt daisy-chaln (IEl |s <¢onnected to
+5Y, and IE0 feeds the next device In the chain}), and mapped to
port addresses CO0..C3. Mode 2 780 Interrupts are fully supported.
Hardware reset |s accompllshed by the system watchdog timer.
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Channel 0, which has the highest interrupt prilority, Is externally
triggered by the NICAM strobe pulse Input (CLK/TRGO pin). When
Initlalised In timer mode by the software, It interrupts the CPU
shortly after each strobe pulse, to Indlicate that a new byte of
NICAM data |s requlred.

Channels 1 and 2 are used to generate baud rate clocks for the two
DART channels. They are Inltlalised by the software to operate In
cycllc counter mode, generating c¢lock pulses at the zero-count
pins, which feed the DART, I1C21, The pulse frequency Is 16 times
the baud rate, No Interrupts are requested by these channels,

Channel 3 Is used wlthout external connectlions, as a real-time
clock reference for such things as timing the menu displays. It Is
Inltlallsed by the software to Interrupt the CPU avery 10msec.

4,4 RBS232 Communicatlions

IC21, a I80B-DART (Duat Asynchronous Recelver-Transmltter),
Inter faces the CPU to the two bldirectional serlal ports. 1C29 and
1C30 convert batween "TTL" loglc levels and "RS$232" voltages; they
each contaln 4 inverting buffers (2 send, 2 recelve) powered by an
internal voltage converter.

The Z80B-DART provides a subset of the more famlliar Z80-~S10
functions. In thls application It uses port addresses AQ..A3 and
mode 2 Interrupts, takling second prilorlty to I1C20 (IEI comes from
IEQ of 1C20; IEO is the end of the dalsy-chaln). Hardware reset Is
accompllshed by the system watchdog timer. Input and output
handshake pins (CTS and DTR) are both connected to the RS232
drlvers for each channel, although only DTR Is actually used.

4.5 TXCTRL data lnput

The 16-blt TXCTRL data 1Input |is buffered and isolated by
optocouplers 1C36..1C43, These are dual couplers, speclfled for
1.8mA Input current, The reslstors R23..R28 set the current to
thls value wlth 5V applied across the floating Input terminals.
R17..R19 pull the open collector coupler outputs to +5V,

IC23 and 1C24 are "standard" ADZE 2 parallel Input ports mapped to
addresses 0 (low byte) and 20 (hligh byte) respectively. Data
changes on these inputs are sensed by software poliing.
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4.6 TXCTRL address lInputt

Optocoupiers 1C32,.1C35 and input port fC22 tnterface the 8-bit
TXCTRL address Input to the CPU at port address 40. This port is
ignored by the current software.

4.7 NICAM-3 Strobe Pulse lnput

Becausse the NICAM strobe pulse is of short duratlion (700ns), Its
optocoupler 1C31 is a speclal high-speed type, specified for 5mA
Input current (hence the low value of R20, for 5V Input).

4.8 NICAM-3 Data Qutput

1IC26, a "standard” ADZIE 2 paraflel output port at address 60,
Interfaces the output data to the NICAM-3 Coder via the
hlgh-voltage open-collector drivers 1C28 and (C27. The drilver
outputs should normally be pulled up to 45V externally.

4.9 Fault signalllng output

IC25 provides an 8-bit paraliel output port at address 80, Blt 0O
of this port carrles the fault detsctlon output, which Is presented
to the host equlipment through high-voitage open-collector driver
1c27.

5 SOFTWARE DESCRIPTION

5.1 inctlonall

This sectlon descrlbes what the system does, In terms of Inputs,
processing and outputs.

5.1.1 Serlal Data Inputs

The presence of valld data at elther of the serial Inputs generates
an interrupt, and subsequently the system reads the data and places
[t In a ctrcular queue (huffer) assoclated with that port. Data |s
removed from a queue whenever |t Is posslible to transmlt It to the

NICAM Interface. |If a queue approaches full occupancy, then the
comblner attempts to stop the input by sending an X—OFF character
to the port, and dropplng the DSR handshake line. |If this falls to
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halt the Input (l.e. the data source dees not respond to the
handshake slgnal) and the queue subsequently becomes full, then a
fault condltion Is signalled and further Incomlng data is {gnored.
wWhen the queue |Is nearly empty, the Comblner sends an X-ON
character and ralses DSR to slignal to the source that It Is ready
to accept further data.

If a gueue remalns empty, the Comblner sends an X-ON character at
regular (5 second) Intervals, to prevent any sustalned "lock-out"
condltion from occcurrtng. The queue lengths are minlmal (16 bytes)
to prevent the build-up of an unduly large time delay due to data
"In translt”.

5.1.2 Packet Structure

Every 3ms a strobe pulse from the NICAM-3 Coder triggers channel 3
of the Z80-CTC, which subsequently Interrupts the CPU requesting
the next byte of NICAM data. Thls must be generated during the
time window between 0.1ms and 2.9ms after the strobe pulse.

The output to the NICAM-3 Coder comprlses a contlnuous stream of
bytes, whlich are generated in groups of between 3 and 9 bytes
referred to as "packets". Each packet comprises between 1 and 7
data bytes, followed by a 2-byte "header" ("footer"?) contalnlng
the packet type, data length and protection code (checksum). There
are 3 types of packet;

1) MAIN (type 0). This type of packet contalns between 1 and 7
bytes of data from the maln serlal Input port. Consecutive
serlal packets contaln consecutlve bytes from the serlal data
stream,

il) AUX (type 1). This Is slimllar to a MAIN packet, but contains
data from the auxillary serlal Input port.

lI1) TXCTL (type 2). This contalns the comblner Ildent code and
splltter address code as set up via the front panel, followed
by a 16-blt TXCTRL word (sent high byte first). A type 2
packet thus has a flxed data length of 4 bytes. The ldent and
destination codes are numbered In the same sequence as the
ltems In the menu |Jlsts, starting at O for BHO1 and ALLS
respectlively.

The formats of the packet data and header are summarlised In
Appendix B.
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5.1.3 Packet Sequence

The NICAM-3 output Is continuous, Itn that packets are always
generated even when no new data |s avallable. The packet sequence
Is controlled by a set of rules based on the Importance of the 3
data sources.

TXCTRL data has the highest pricrity of all, because 1t controls
real-time transmitter swltchlng, for example at programme
Juncttons. The overall delay through a combiner/NICAM-3/spilitter
network In response to a change of TXCTRL settings must be less
than 50msec, To achleve this, the TXCTRL Input |Is sampled after
every NICAM-3 strobe pulse to see whether |t has changed since the
jast TXCTL packet was sent. If It has, then the system sends a new
TXCTL packet as soon as possible. This Is usually after completlon
of the packet currently being sent, aithough If this 1Is a serial
data packet, It may be terminated lmnedlately by appending a header
(l.e. the length of a serlal packet may be "trimmed"” while the
packet Is under construction — a benefit of placing the "header"
after the data). If the TACTRL data does not change, then a timer
is used to force a TXCTL packet to be sent regularly {(once per
second), so that a remote splitter switched on from cold wlll
capture the data within a short time.

If a TACTL packet is not required, the maln and auxlllary data
gueues are examlned to see whether any data Is walting. Maln data
takes prilority over auxlltlary data, uniess there are more than 7
bytes In the auxiliary queue and less than 7 In the maln queue. I f
any data |s queued, then a serial packet |Is started. It Is
terminated when the relevant queue |s empty, or when 7 bytes of
data have been sent {or TXCTRL data changes as descrlbed above}),

| f the preceding checks produce no packet data, then TACTL packets
are sent contalning the current TXCTRL settings.

5.1.4 NV RAM Management

The characteristice of the Comblner are controiled by the vaiues of
a number of "system control varlables" held in the maln (volatlle)
RAM, When any of these varlables |s changed, a Cycll¢c Redundancy
Check Code word |Is computed and stored wlth the system control
block, allowlng the Integrity of the block to be continuously
checked. Such c¢hecking occurs during normal operation of the
Comblner, and any fallure will cause the program to *“crash" In a
controlled manner, allowlng the system watchdog timer to reset the
CPU.,
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Whenever the varlables are changed, two coples of the new worklng
data block are made tn the non-volatile RAM. These provide the
Inttlal settings of the worklng RAM varliables followlng a system
reset for whatever reason. The malntenance of 2 coples Improves
the chance of recovery from a fallure occurring, for example,
during the process of copylng data into the non-volatlle RAM,

5.1.5 Interactive Mode

The system tests the SELECT Kkey contlinuously during normal
cperation, enterling Its Interactive (menu) mede If It |Is pressed.

Menu operatlons proceed In "background" mode, |.s. they are fully
interruptible, and data processing continues under Interrupt
control. .

A full descriptlon of the Interactlive mode has already been glven
(Operation sectlion). The duration of each displayed message Is
controlled by the soft tlmer c¢hannels drlven by CTC channe! 3.

5.2 Deslgn gverview

The Comblner software system may be spllt into 2 subsystems; the
handling of real-time events which c¢ause Interrupts, and the
"background" tasks, Including interactive (menu) operation, which
are Interruptible. Befeore these subsystems c¢an be used, varlous
inltlalisation tasks are parformed, which are described below under
the heading "module descriptions”.

5.2.1 Interrupt—driven Software

When an event generates an Interrupt request, and the CPU responds
by enterlng the assoclated handler, further Intarrupts are disabled
untl !l the handler has finished executing and returned control to
the background process. Thils single—lave! Interrupt approach
greatly simplifies the software deslgn, although It does constraln
the maximum time taken by Interrupt handlers of low prilority, to
guarantee that a high priorlty event receives contrel withln an
acceptable tlme. The followlng table summarlses the response of
the system to each interrupt-generating event, In descending order
of prilority.

Event Response
NICAM strobe pulse Output the next byte of packet
data to the NICAM-3 Coder. This

interrupt handler doss all the
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Clock tick (10ms)

Maln serlal port
special recelve
condltion

Maln sarlal port
recelved character
avallable

Aux serial port
speclal recelve
condltlon

Aux serilal port
recelved character
avallable

The soft timer varlables are 16-bIt Integers which may be
zero and read (vla

dedicated
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declsion-making and computatlion
needed to generate the contlnuous
packet stream.

Increment all the soft timer
varlables.

Read and discard the offendlng
character, reset the S.R.C.
detector.

Read the character, add |t

to the maln gueue. Thls handler
Is also responslble for flow
control and overflow deteclion
and slignalling.

As for maln port

As for main port

Iinterrupts) for such purposes as dlsplay duration timing.

The serlal port spaeclal
Input framing error

or overrun,

recelve condltion (S.R.C.) arlses

Page xIx

set to
procedures which locally disable

from an
and should not normally occur.

Received characters are buffered withln the Z80-DART to a depth of

3 characters, to
granted.

5.2.2

The "background" program contlnuously wrltes the combliner
code to the alphanumeric dlisplay,
varlablies’ CRC, and reads the state of the SELECT key.

allow for

Interruptlible Software

checks the system

a delay before Interrupt service Is

ldent

control
If the CRC

check falls, It dlsables Interrupts and halts the CPU to force a
system reset. |f SELECT Is pressed, the menu driver Is entered,
allowing the operator to Inspect and/or change the system control
settings. The menu drilver returns control to the background

program when no
time.

panel keys have been pressed for a preset
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5.3 din ringinl
5.3.1 Programming Tools

The flrmware for the Combliner was developed under the VAX/VMS and
CP/M operating systems, using PASCAL and 280 Assembly Language.
The front panel menu drivers were developed using the Whitesmiths
natlve PASCAL compller under VAX/VMS, and tested with a slmulated
front panel on a VT100 termlinat. The remalning software was
subsequentiy written under VAX/VMS and complled/assembled under
CP/M, using the Dlgltal Research PASCAL/MT+ complier and Microsoft
M80 Macro Assembler. The meodules were |linked under CP/M by the
Digltal Research LINKMT Iinker. Initlal testing In the Comblner
hardware was carried out under the ADZIE Interactive Monltor (AIM)
wlth the pregram In RAM, before transfer to stand-alone ROM code.

The proportion of Assembly Language code has been kept to a
minimum, but Assembly Language has always been used in preference
to "non-standard" PASCAL extenslons. PASCAL and Assembly code are
always |In separate modules, without recourse to the INLINE feature
of PASCAL/MT+.

5.3.2 Module Conventlons

5.3.2.1 Procedure And Function Arguments — The conventlon adopted

for all inter-module procedure calls Is that used by PASCAL/MT+.
This conventlon |Is relaxed for intra-module assembly language
calls.

Arguments are passed as 16-blt words on the stack. |In the case of

B-bit arguments, the high byte Is set toc zero. A 16-blt absolute
address Is used to pass arguments by reference. PASCAL calls push
the arguments onto the stack In the order In whlch they are wriltten
{(leftmost flrst), followed by the return address.

Called procedures are responslblie for remocving the return address
and all arguments from the stack. A functlon returns |Its value as
a 16-blt word at the top of the stack.

5.3.2.2 Use Of 1180 Reglsters — Registers aro not generally
preserved across procedure calls. All the general registers are
avallable for use by a procedure, but interruptible procedures must
not use IX,1Y, or the alternate register set slnce these are not
preserved across Interrupts. Ccde generated by PASCAL/MT+ uses
only the AF, HL, DE and BC registers,
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5.3.2.3 Interrupt Status — In general, background code runs with
interrupts enabled, Interrupt handlers run with Interrupts disabled
and enable Interrupts on completion. Code |Is not generally

re—entrant; the exception Is the preocedures which report faults and
warnlings con the alphanumerlic display. These may be called by both
background and Interrupt service coda, and should therefore be
modified wtth caution.

5.4 Environment

5.4.1 Memory Addresses

Address Range . Memory Type Access
Q000 .. 3FFF Program EPROM Read Only
8000 .. 9FFF Non-volatlle RAM Fead Oniy (ncrmal}
Read/Write (PROGRAM kay
pressed)
CO00 .. DFFF RAM Read/Wrlte

5.4.2 1/0 Port Addrasses

Address 1/0 Descriptlon

00 | Tx Control Data, low byte

20 | Tx Control Data, hligh byte

40 | Tx Control Address

60 0 Signalllng byte to NICAM-3 coder

80 0 Fault Indlcatlon (low bit only}

AOD DART channel 0 data

Al DART channel 0 control

A2 - DART channel 1 data

A3 DART channel 1 control

Cco CTC channel 0

C1 CTC channel 1

c2 CTC channel 2

C3 CTC channel 3

EC 0 Alpha display character O (rightmost)
E1 0 Alpha dlisplay character 1

E2 0 Alpha display character 2

E3 0 Alpha dlsplay character 3 (leftmost)
F4 ! Front panel switch states

F8 0 Front panel LED drlves

FF 0 Watchdeg timer reset
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5.5 Prodram $ynopsis

The detalls In this section are Intended mainly to help you to find
your way round the actual code, by summarising the functlions of all
the gliobally accessible procedures. Detalls are wvalid for all
modules last revised before i2-Jun-1887.

Program modules and component procedures are descrlbed here In
alphanumeric order. Embedded procedure calls are named only |f the
name appears In the cross-reference llist (].e. It Is separately
descrlbed here). Every program module Iis defined by two flles; one
contains the actual source code ("Implementation module"), the
other contalns a set of deflnlitions ("definltlon module") for this
‘code, suitable for automatic Incliuslon In those other modules whlch
use the code.

5.5.1 Meodule L ist
Modules shoutd be linked In the following order:

CMKKNL
CMI0
CMNVR
CMINTSRY
COMB INER
CMPANEL
CMMENU
CMTEXT
CMVAR
B4L{B
PASLIB
AFTLIB

All object modules sourced in Assembly Language should be renamed
to conform wlth the .ERL flle extenslion reqguired by LINKMT. PASLIB
s the searchabla PASCAL/MT+ run-time support Illbrary, which should
be sufflxed /S 1In the lInk llst to force extractlon of requlred
modules only. Relocatlon bases are 0000 for program code, CDCO for
data.

5.5.2 Procedure Cross-reference

{(This 1Ist contains only globally accesslble procedures and
functlcns)

Procedure Module
CALCRC CMNVR
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5.5 Program Synopsls

The detalls In this section are Intended malnly to help you to flind
your way round the actual code, by summarlising the functlons of all
the globally accesslible procedures. Detalls are wvalld for all
modules last revised before 12—-Jun-1987,

Program modules and component procedures are described here In
alphanumeric order. Embedded procedure calls are named only If the
name appears In the cross—-reference list (l.¢. it 1s separately
descr lbed here). Every program module Iis deflned by two flles; one
contalns the actual source code ("Implementatlon moduie"), the
other contalns a set of definltlicens ("dsfinltion module") for this
code, sultable for automatlc Inclusion in those other moduies whlch
use the code.

5.5.1 Module List

Modules should be linked In the following order:

CMKHNL
CMI0
CMNVR
CMINTSRYV
COMB I NER
CMPANEL
CMMENU
CMTEXT
CMVAR
B4L1B
PASLIB
AFTLIB

All obJect modules sourced In Assembly Language should be renamed
to conform with the .ERL flle extension requlred by LINKMT. PASLIB
is the searchable PASCAL/MT+ run-time support Ilbrary, which should
be suffixed /S In the link list to force sxtractlon of requlred
modules only. Relocatlon bases are 0000 for program code, CQ00 for
data.

5.5.2 Procedure Cross—reference

(This lfist contalns only globally accesslble procedures and
functlons)

Brocedure Modute
CALCRC CMNVR
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CHKCRC
CLEAR
CLRDEB
CMMA TN
COPY
CRASH
CTCIO
CTC13
DISINT
DPYCHR
DPYCURR
DPYNORM
ENINT
EXPLAIN
FAULT
FOCOFF
FOCON
HEAD
HSOFF
HSON
INIT
LEDDRY
NEXTITEM
PICKITEM
PICKSETTING
PROG
PRGDEB
QINIT
RES INT
REVDED
REVIEW
RXO0

RX1
SELDEB
SELECT
SETBR1
SETBR2
SETZERO
SPECO
SPEC1
STROBE
TEXTDEF INE
TICK
TIMER
TOQA
TOGM
TXCTLH
TXCTLL
WARN

CMNVR
CMI10
CMPANEL
COMB INER
CMNVR
CMNVR
CMKNL
CMKNL
CHMKNL
CMIO
CMPANEL
CMPANEL
CMKKNL
CMMENU
CMPANEL
CMKNL
CMKNL
CMKNL
CMKNL
CMKNL
CMKNL
CMIO
CMMENU
CMMENU
CMMENU
CMI10
CMPANEL
CMINTSRY
CMKNL
CMPANEL
CMI10
CMKNL
CMKNL
CMPANEL
CMI10
CMKNL
CMKNL
CMINTSRY
CMKNL
CMKNL
CMINTSRV
CHMTEXT
CMINTSRV
CMINTSRV
CMINTSRV
CMINTSRV
CMKKNL
CMKKNL
CMPANEL
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§.5.3 Entry Polnts

Event Entry polnt
Reset CMKNL (bheginning of module)

NICAM strobe pulse CTCIO
Clock tick {10ms) CTCI3
Maln serial S.R.C. SPECO
Main serlal recelve RXO0O

Aux serlal S.R.C. SPEC1

Aux serlal recelve RX1

5.5.4 Module CMINTSRY (PASCAL/MT+ Source)

This module contalns Interrupt service routines whlch are mostly
called by the interrupt entry code In module CMKNL. Assoclated
general purpose procedures are also In this module |If they share
data wlth the service rocutines or they are sensltive to the CPU
status.

5.5.4,1 QINIT -~ Set Input and output polnters of both serlal! data
gueues to zero (l.e, dgueues empty). Set packet control pointers
to Indlcate ready to start new packet. Set soft tlmers for TXCTRL
packet, main X-ON and aux X-ON repeaters to zero.

5.5.4.2 SETZERQO - Dlsable Interrupts. Set one of the 4 software
timer wvarlables to zero, as specifled by the argument. Reset
interrupts.

5.5.4.,3 STROBE - Thils functlon returns the next byte to be sent to
NICAM. IF ready to start a new packet THEN declde what type of
packet It should be and set up as much of |t as possible In the
array NEWPKT. . (If welther serilal queue 1is empty and the X-ON
repeater has tlmed out, then send X-ON and reset the repeat timer).
ELSE IF a serlal packet |s belng sent AND there |Is no reason to
terminate It THEN extend the current packet. ELSE IF a serijal
packet 1s belng sent AND It must be termlinated THEN generate and
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store the header bytes, Return the next byte from the current
packet and step the polnter to the folleowlng byte.

5.5.4.4 TICK — Increment each of the 4 software timer varlables,

5.5.4.5 TIMER (Function) - Disable Interrupts. Read and return
the value of the software tlmer variable specifled by the argument,.
Reset Interrupts.

5.5.4.6 TOoQA — [F aux -serlal queue Is not full THEN (store
argument data In aux qgueue, Increment Input pointer wlth
wrapround. |IF queus occupancy Is now at criltical level THEN «call
HSOFF.) ELSE IF no fault |s being displayed THEN dlsplay fault
status message "AOFL" (call FAULT). Reset the aux X-ON repeat
timer .,

5.5.4.7 TOGM - IF maln serlal queus Is not full THEN (store
argument data In maln queue. Increment input pointer wlith
wrapround. |F queue occupancy Is now at critical level THEN call
HSOFF.) ELSE I|IF no fault |s belng displayed THEN display fault
status message "MOFL" (call FAULT). Reset the main X-ON repeat
timer.

5.5.5 Modyle CMIQ (MACRO-80 Source)

This module contalns procedures which access the front pansl
components.

5.5.5.1 CLEAR (Functlon) - Read the front panel switch port,
Return the state of the CLEAR button as a hoolean value.

5.5.5.2 ODPYCHR — Use the character posltion argument to select an
alphanumer|lc character output port. Output the ASCI| character
argument to this port.

- 20 -



D.& E.D. Handbook A.1026(87) ol Page xxvl
issue 1, 3 August 1987

5.5.5.3 LEDDRY - Combine the 4 argument values to form a byts
controlllng the LED coclour and the state of the 3 front panel LEDs.
Output this byte to the LED port.

5.5.5.4 SELECT (Functlon) - Read the front panel swltch port.
Return the state of the SELECT button as a boolean value.

5.5.5.5 REVIEW (Functlon) - Read the front panel swltch port.
Return the state of the REVIEW bhutton as a boolean value.

5.5.5.6 PROG (Functlon) - Read the front panel switch port.
Return the state of the PROGRAM button as a boolean value.

5.5.6 Module CMKNL (MACRO-80 Source)

This module contains the code assoclated with system reset, device
Inltlailsatlon and Interrupt entries. Entry on sgystem roeset
Initiallses the stack polnter and Jumps to CMMAIN. Interrupt entry
polnts are included In thls descriptlon.

§.5.6.1 CTCI0O (CTC Ch O Interrupt) - Save context, Call STROBE.
Output the returned data byte to NICAM. Reset timer channel to
trigger on next strobs pulse. Restore context. Re—enable
‘Interrupts.

5.5.6.2 CTCI3 (CTC Ch 3 Interrupt) - Save context. Call TICK. |IF
Integrity pattern Is OK THEN reset watchdog timer. Restore
context. Re-enable Interrupts.

5.5.6.3 DISINT — Record Interrupt status. Dlsable interrupts.

5.5,.6.4 ENINT - Enable Interrupts.
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5.5.6.5 FOCOFF — Swltch off the Fault open collector output

5.5.6.6 FOCON — Swltch on the Fault open collector output

5.5.6.7 HEAD — Recover 3 arguments., Combine channel (second arg)
wlth data length (third arg). Compute 16-blt sum over thls
composlite and existing data In packet (start address flrst arg,
length third arg). Comblne high byte of sum wlth channel/length
composlte to glve flrst header byte; store In packet after existing
data. Store low byte of sum as second header byte after first
header byte.

5.5.6.8 HSOFF - Send X-OFF character (DC3) to maln or aux serlal
transmitter as determined by argument. Set corresponding DTR !lIne
to Inactlve (not ready) state.

5.5.6.9 HSON — Send X-ON character (DC1) to main or aux serial
transmitter as determined by argument. Set corresponding DTR |lne
to actlve (ready) state.

5.5.6.10 INIT - Store integrlty check pattern In RAM, Inltlalise
I-reglster and set Interrupt mode 2. Set CTC chan 0 to Interrupt
to CTCI0 50usec after the next NICAM strobe pulse. Set CTC chan 3
to Interrupt to CTCIi3 every 10msec. Inltlallse DART channels. Seat
up DART channel O to interrupt to BRX0 or SPECO on recelved
character, special recelive conditlon (e.g. overrun) respectlvely.
Set up DART channel 1 slimllarly (RX1, SPEC1). Enable Interrupts.

5.5,6.11 RESINT — Restore Interrupt status prior to tast DISINT
call.

5.5.6.12 RX0 (DART Channel O Character Recelved Interrupt) - Save
context. Input the character. Call TOOQM with character as
argument. Restore context. Re-enable Interrupts.
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5.5.6.13 RX1 (DART Channel 1 Character Recelved Interrupt) - Save
context. Input the <character. call TOQA wlth <character as
argument., Restore context. Re-enable Interrupts.

5.5.6.14 SETBR1 - Dlsable Interrupts. Set DART channel 1 baud
rate according to the Integer argument. Enable interrupts.

5.5.6.15 SETBR2 ~ Disable Interrupts. Set DART <channel 2 baud
rate according tc the Integer argument. Enable interrupts.

5.5.6.16 SPECO (DART Chan O Speclal Recelve Interrupt) — Save
context. Reset interrupting condltion. Read and dlscard the
character. Restore context. Re-enable interrupts

5.5.6.17 SPEC1 (DART Chan 1 Speclal Recelve Interrupt) - Save
context. Reset Interrupting conditlon. Read and dliscard the
character. Restore context. Re-enable Interrupts

5.5.6.18 TACTLH - Read and return TX Control data hlgh byte.

5.5.6.19 TXCTLL - Read and return TX Control data low byte.

5.5.7 Module CMMENU (PASCAL/MT+ Source)

Thls module c¢ontalns the procedures whlich Interact with the
operator for system control setting.

5.5.7.1 EXPLAIN — DlIsplay a 3-word explanatlion of the currently
actlve system control Jltem, Each word |s displayed for the same
predetermined time, Abort the procedure if the SELECT or REVIEW
button |s pressed (call SELDEB and REVDEB).
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Calls SETZERO and TIMER (Channel DWELL) to control dlsplay timing,
DPYNORM to display each word.

5.5.7.2 NEXTITEM - Increment the g¢global varlable ITEM, which
points to the current system control ltem under review. |[F end of
list |s reached THEN wrap to start.

5.5.7.3 PICKITEM - Allow the operator to choose an ltem . to
examine, Each tlme he pushes the SELECT button (call SELDEB),
display the next |tem. if he bholds the button down, start
autorepeating Items, increasing the autorepeat speed to a
predetermined maximum. ExIt when SELECT has been released for a
predetermlined tlme, or |If the REVIEW button I|s pressed (call
REVDEB) .

DPYNORM Is called to display the item text. SETZERO and TIMER
(uslng channel DWELL) are called to control display timing.

5.5.7.4 PICKSETTING — Allow the operator to review possible
settings for the current Iltem. Each time he pushes the REVIEW
button (call REVDEB), display the next setting text. Calls DPYNORM
or DPYCURR accordlng to non—-current/current setting betng
displayed. |If operator holds the button down, start autorepeating
settings, Increasing the autorepeat speed to a predetermlned
maximum. |F he presses PROGRAM (call PRGDEB), THEN (Change the
system control setting to match the currently dlsplayed setting.
Call CALCRC. Copy working data to both NV RAM areas (call COPY).
Check the copy CRCs. (call CHKCRC). |If an error exlsts then call
WARN wlth message 'REPT'. Call DPYCURR to re—-display the satting
as current). ExIt when REVIEW and PROGRAM have been released for a
predetermined time, or SELECT button Is pressed (call SELDEB).

SETZERO and TIMER (using channe! DWELL) are <calied to controi
display timing. :

5.5.8 Module CMNVR (MACRO-80 Scurce)

This module contains the procedures whlch generate and check
REDCODE CRCs and move data between working RAM and NV RAM.
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5.5.8.1 CALCRC - Compute slize of data area. Compute REDCODE over
working data, store It after data (In global variable WKGCRC).

5.5.8.2 CHKCRC (Function) - Compute slze of data area. Select
start address according to the argument, Compute REDCODE over the
area. Compare with stored REDCODE after data. Return TRUE If
codes agree, FALSE otherwlse.

5.5.8.3 COPY - Compute slze of data area. Select source and
destinatlon start addresses according to the two arguments, Copy
data and REDCODE from source to destinatlon.

5.5.8.4 CRASH - Disable interrupts, halt CPU.

5.5.9 Module CMPANEL (PASCAL/MT+ Source)

This module contains procedures which allow the front panel to be
accessed at a hlgher level than the primitlve procedures In module
CMI0.

5.5.9.1 CLRDEB (Fupction) — Calil CLEAR repeatedly until the same
value has been returned a predetermlned number of times. Return
thls value. .

5.5.9.2 DPYCURR - IF fauit or warning flag !s set THEN walt a
predetermined tlme or untll CLEAR |Is pressed (call CLRCEB) as
approprlate, clearing the flag. (Calls SETZERO and TIMER using
channel ALERT). Call FOCON. Set LEDs to Indicate CURRENT status
(call LEDDRY) and dlsplay the argument message (call DPYCHR).

5.5.9.3 DPYNORM — IF fault or warning flag Is set THEN walt a
predetermined tlme or wuntll CLEAR |Is pressed (call CLRDEB) as
approprlate, clearing the flag. (Calls SETZERC and TIMER using
channel ALERT). Call FOCON. Set LEDs to Indicate NORMAL status
(call LEDDRV) and dlsplay the argument message (call DPYCHR).
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5.5.9.4 FAULT - Set the front panel LEDs to Iindicate a fault (call
LEDDRV). Dlsplay the argument message (call DPYCHR). Call FOCQFF.
Set fault flag.

5.5.9.5 PRGDEB (Functlon) — Call PROG repeatedly untll the same
value has been returned a predetermlined number of tlimes. Return
this value.

5.5.9.6 BEVDEB (Function) -~ Call REVIEW repeatedly untll the same
value has been returned a predetermined number of times. Beturn
this value.

5.5.9.7 SELDEB (Function) - Call SELECT repeated!y unt!l the same
value has been returned a predetermined number of times. Return
this value.

5.5.9.8 WARN - IF fault flag Is not set THEN (Set the front panel
LEDs to Indicate a warning (call LEDDRV). Dlsplay the argument
message (call DPYCHR). Call FOCON. Set warning flag).

5.5.10 Module CMTEXT (PASCAL/MT+ Source)

This module deflines all text assoclated wlth the operator menu.

5.6.10.1 TEXTDEFINE - Set up all the text and class flolds for the
menu optlons, explanations and setting optlons.

5.5.11 Module COMBINER (PASCAL/MT+ Source)

This module functions as the "maln program”. It will eventually
perform routine "background" tasks (e.g. system testing), and
control operator access. All other system activity s Initiated by
Iinterrupts,
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5.5.11.1 CMMAIN — Clear fault and warning fiags. |{F working data
is not valld (call CHKCRC) AND one of the non-volatile coples Is OK
THEN call COPY to load the NV data, ELSE Inltlalise all the workling
data and text arrays to default settings (call TEXTDEFINE). Call!
QINIT. Call INIT., <Call SETBR1 and SETBR2 to Inttliallse the serial
port baud rates. Then enter a "forever" loop whilch calls DPYNORM
(displaylng the source ldent code for this comblner), CHKCRC (If
thls fails, call CRASH) and SELDEB In turn, until SELDEB returns
TRUE slignlfyling operator Intervention. Call PICKITEM, EXPLAIN and
PICKSETTING to allow operator to Inspect and/or change a system
control ltem, then resume the "forever”™ loop.

6 MAINTENANCE

IMPORTANT NOTE - The ADZE 2 module must be tsolated for testing by
the removal of the rlbbon Jjumper between PLB and PLE. (Thls
Isolates everything except the power supply to the ADZE 2 module}.
The module may then be tested In accordance wlth D.D.H.B. No.

6.267(85). Note that the power consumption wlll be higher than
normal, because the custom half of the PCB Is stlil connected to
the supply. :

The remalnder of thls section describes testing of the rear half of
tha Comblner card, assuming a correctly functloning ADZE 2 module.

6.1 Test d

Stablllised power supply, 5V limited to 1A

Dual-trace Osclliloscope, 25MHz bandwldth

Slgnature analyser, Hewlett Packard 5004A or simlilar
Test ]Jligs to DSK26739A3

Throughout the test seguence the front panel dlsplay ‘> ' Is a
prompt Inviting the operator to press PROGRAM to continue wlth the
next test.

6.2 Power connection

6.2.a Plug the unit into the test Jlg and switch on the supply.
Measure the current consumption.
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6.2.b Current should be In the range 600..,800mA

6.2.¢ |If less, check the dlstrlbutlon of both +5¥ and ground to
all ICs. If more, look for short clrcults between +5V and ground,
or slgns of overheating.

6.3 PROM. RAM and alphanumeric dlsplgy
6.3.a Remove P4602 and replace wilith P4604 (IC8).

Upon switch-on the green CPU LED on the front panel should flash
continuously with a period of about 1 sec.  Press PROGRAM and hold
down for ane second. A checksum test wlil be carrled out on the
PRCM followed by a full read/wrlite test on the RAM.

The test sequence willl only start If these Inftial tests have been
passed.
6.3.b

(1 The CPU LED should stay ON

(i) The alphanumarlc dlisplay should read:-

'00C0°" for 2 sec.
then tREERKY for 2 sec, followed by "> !

G.3.c

if the CPU LED continues to flash, check:-
n that LK1-LK3 are correctly conflgured.

(11) the wiring from LK2 to S4.

ARED] that 1C6-1C8 are correctiy Inserted Into thelr
sockets.

(Ihv) the redcode of 1C6. ( Thls should be 1E8B ).
If the CPU LED stays on but reverts back to flashing' once the

prompt |Is dlsplayed, then suspect 1C20 and the 40-way rlbbon
connector between PLB and PLE.
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If the alphanumerlc display s wrong c¢heck that |t has been
Inserted Into Its holder correctly. |If the display Is blank ( and
hot ) it Is Ilkely to be wrongly orlentated,

6.4 Front Panel Pushbuttons

6.4.a Press PROGRAM to continue.
Press each pushbutton In turn (startling from the top) when prompted

by the dlsplay. For example in the flrst Instance the display wil]
read 'PRES' ‘CLR ’.

6.4.b As each button Is pressed the dlsplay should read ‘CK °
before Inviting you to press the next button. When all buttons
have been tested the ">’ prompt should be displayed.

6.4.¢ |If there Is no response when a button Is pressed check that
the swltch has been Inserted Into the PCB the correct way round.
Note that a dlsplay showing *????' means that the wrong button has
been pressed.

6.5 n ED

6.5.a Press PROGRAM to contlinue.

6.5.b The LEDs should |Ight sequentlally from top to bottom; first
with the colour RED, followed by YELLOW, and flnally GREEN. The
alphanumertc dlsplay should display the name of the current colour.

6.5.¢ |If two or more LEDs Ilght simultaneously c¢heck for solder
br ldges on both PCBs especlalily in the vicInlty of PLC and 2SK1,

If the colour of any LED does not match the current colour shown in
the dlisplay check:—

() the orientatlon of the LED

(il) the values of R1-R5 on PCB no.2.

— 29 —



D.& E.D. Handbook A.1026(87) Page xxxv
Issue 1, 3 August 1987

6.6 lcam Dat tput

6.6.a Press PROGRAM to contlnue

6.6.b The LEDs marked DO - D7 on the test Jig should Ilight In
sequence starting with DO.

6.6.c If one or more outputs fall, check that WRREQ pulses reach
1IC25 pi11 and 1€26 p11, and that these ICs are beling enabled (pin
1). Check also 1C27 and 1C28.

Note that these outputs are open-collector outputs wlth pull-up
reslstors Inslde the test jig.

6.7 Fault output

6.7.a Press PROGRAM to contlinue

6.7.0 Followlng the name of the test, the red FAULT LED on the
test Jlg should |Ilight for approx. 3 sec.., Durling thils time the
front panel display should read 'F ON'. The LED should then go out
with the message 'FOFF’ displayed for a further 3 sec.,.

6.7.¢c If the FAULT output Is not toggled suspect IC25 or |[C27.
Check that WRREQ pulses reach 1C25 pi1 and that enable pulses reach
pl.

Note that this ocutput 1is alsc open-coliector with I1ts pull-up
resistor within the test Jig.

6.8 Transmitter address ipput (8-blt)

6.8.a Press PROGRAM to contlnue.

6.8.b Each address blt wlll be toggled in turn, and If all elight
blts are recelved correctly then 'OK' should be dlsplayed.
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Since the NICAM data output blits are used as a source of dumnny
addresses, the LEDs labelled D0O-D7 on the test JIg will show a
burst of activity durlng the test,

6.8.c¢ If 'FAIL’ |s dlsplayed check that |[C32-1C35 <carry +5V on
plns 1,4 and 8. In this condltion not all of the LEDs DO-D7 are
llkely to be on. The LED whilch was last to come on corresponds to
the falled address blt, and so Indicates which of 1C32~1C35 should
be checked flrst. Interrupt the power suppy to remove the FAIL
condition, Check that during thls test there are RDREQ pulises on
icC22 p19 and enable pulses on p1.

6.9 Transmltter Contro! data fnpyt (16-bit)

6.9.a Press PROGRAM to continue.

6.9.b Each data blt will be toggled in turn and |If all slxteen
bits are correctly recalved then 'OK' should be displayed.

Since the NICAM data output bits are used as a source of dummy TX
control data (flrst Inputing to one B8-bit port and then the other)
the LEDs labelled DO-D7 on the test Jlg will agaln show a burst of
actlvity during the test.

6.9.¢ |If 'FAIL' Is dlsplayed check that |1C36-1C43 carry +5V on
plns 1,4,and 8., Again, the state of the LEDs DQO-D7 Indlcates which
of these ICs should be checked flrst. Note that dummy data |Is
Input to the low byte first (assoclated wlth 1C368-1C39) followed by
the high byte (1C40-1C43).

Interrupt the power suppl!y to remove the FAIL condltlon and check
that during thls test there are RDREQ pulses on pln 19 of [C23 and
IC24 and that enable pulses reach pln 1.

6.10 Hard handshake outputs
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6.10.a2 Press PROGRAM to continue.

6.10.b The MAIN hard handshake LED on the test [Jlg should [Ight
for approx. 2 secs. then swltch off for a further 2 secs., Its
current status should be described In the front panel display.

The AUX hard handshake LED wll] then be tested In the same way.

6.10.c¢ If the LEDs do not respond check that the TTL level changes
on 1C21 pi6 (MAIN) or IC21 p25 (AUX). Suspect 1C29 (MAIN) or I1C30
{AUX).

6.11 ri dat hanneg |

6.11.a Press PROGRAM to contlnue.

6.11.b

Matn channel:
The dlspliay should read 'OK’,

Press PROGRAM

Aux . channel:
The display should read ‘OK'.

The end of the test sequence Is marked by a flashing ‘END' message
in the dlisplay. If It Is reguired to return to the beglinning of
the sequence, thls can be done by presslng CLEAR.

6.11.c¢ If 'FAIL" s displayed, restart  the seqguence by
Interrupting the power supply and check that during thls test a
burst of RS232 data reaches PLA2 (MAIN) or PLAB (AUX) whllst the
front pane! dlsplay Is blank. This should appear simultanecusly on
IC29 p2 (MAIN) or IC30 p2 (AUX). Check that IC21 is recelving
positive going tlming pulses from the CTC on plns 13,14, and 27.
These should be ©O.2microsec. +/— 0.05mlcrosec. wide wlth a
repetlition rate of 6.5microsec. +/—- 1mlcrosec..

This completes the Test Procedure. Replace P4604 with P4602.
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6.12 Software malntenange

You should read and understand the entlre section on software, and
study the program mcdules themselves before attempting any software
mod|flcatlions ~ despite its physlcal size, thls Is not a trivial
system!

The master files are held on the same magtape volume as the DSR
master for thls handbook. The version history of each moduie must
be updated with full detalls of any permanent changes, as must the

descriptions In this handbook. Also remember that every source
module has a correponding definition module which must be kept In
agreemant.
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APPENDIX A

DISPLAY MESSAGES

Status message (displayed during normal operation):
XAXX ident code of thls combiner
(see menu IDNT optlons)

Fault messages (accompanled by open c¢ollector signal):

NVR Non-Volatile RAM (unable to recover correct
settings — defaults usad)
MOFL Malin queue OverFLow (RDS source did ncot respond

to handshake — some sorlal data lost)
AOFL Aux queue OverFlLow

Warning messages:
REPT REPeaT (when uslng the PROGRAM key, settings
were not copled successfully to
non—volatile RAM — try again}

Menu mmessages:

Select (Explanation) Review/Program

BR 1 RDS BAUD RATE 300/ 600/1200/2400/4800/9600

BR 2 AUX BAUD RATE 300/ 600/1200/2400/4800/9600

LEDS COLS FROM TOP RRG+/RYG+/RGG+/YYG+/YGG+/
RRR-/YYY~/GGG—

(+ means actlve on,
— active off)

SDPY MESS DISP TIME INST/FHWI/HOLD
(FHWI= Faults Hold,
Warnings Inst)

IDNT SRCE IDNT CODE BHO1/BH02/BH03/BH04/BH0OS/BHO&/
BHO7/BHO8/BHO9/BH10/BH11/NH12/
BH13/BH14/BH15/BH16/BH17/BH18/
BH19/BH20/BH21/BH22/BH23/BH24/
GEN1/GEN2/GEN3/GEN4

DEST CTRL ADRS CODE ALLS/ALLT/ENGD/WALS/SCOT/ULST/GW
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APPENDIX B

PACKET FORMAT

Byte 1 <Packet data>

Byte N <Packet data-

Byte N+1 Blts 7..5 <Checksum bits 10..8>
Blts 4..3 <Packet type>
Blts 2..0 <Data length, N>

Byte N+2 <Checksum bits 7..0>

Notes:

1} Checksum Is the blnary sum of the N data bytes and byte N+1,
wlith the checksum fleld of the latter set to zero.

I1Y Main Serlal Data packets (type 0) have data length N In the
range 1..7. Data from consecutlve maln serial packets
constltute a transparent stream of bytes.

iF1) Auxillary Serial Data packets (type 1) are slmllar to Main
serial packets.

iv) Transmltter Control Data packets (type 2) have N=4 and a
fixed data byte format:

Byte 1 <Comb iner ldent Code>
Byte 2 <Splltter Address Codex
Byte 3 <TXCTRL data hligh byte>
Byte 4 <TXCTRL data low byte>

Ident and Address codes start at zero, and are numbered In
the same sequence as the options dlsplayed In the setup menu,
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v) Packet type 3 iIs not used.
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Address
Software, 16
Splitter, 7

ADRS, 7

ADZE, 1, 7

AlM, 15

Arguments, 15
Assemb |y Language, 15

Baud Rates, 1, 6

CLEAR, 7

Codes, Unlt, 1

Connactions
NICAM-3 data, 2
Serlal data, 1, 3

Transmitter Control, 2 to 3

Connector, 2

CP/M, 15

CRC Software, 12
Cross-reference, 17
CTC, 8

Current, 1

DART, 9
Delay
Transmltter Control, 12
Dimensions, 2
Display messages, 5, 34

Edge connector, 2

FHWI, 7

Flow Control
Description, 3
Optilons, 2

HOLD, 7

IDNT, 7
INST, &

LEDS, &
Linker, 15
L INKMT, 15
LK1, 8

INDEX
LK2, 8
LK3, 8
LK4, 8

Page

Messageé, Display, 5, 34

Modl|ficatlons, 33

NICAM-3 Data
Connections, 2
Output clrcult,
Strobe clrcuit,

Packet Format, 35
Parlty, 2
PASCAL, 15
PROGRAM, &

Radlo data, 1
RDs, 1
Re-entrancy, 16
Reglsters, 15
REPT, 6

REVIEW, 5

Rlbbon Jumper, 7,
Rs232C, 1

SDPY, ©

SELECT, 5

Serlal Data
Circult, 9
Connectlons, 1,
Speeds, 1, &

SmartSocket, 8

10
10

27

3

Speeds, serlal data,

Splitter, 7

Transmltter Control

Connections, 2 to 3

Delay, 12
Description, 1

Unit Codes, 1

Update Format, RDS,

VMS, 15
VYoltage, 1
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VT100, 15 Watchdog, 5
Welght, 2

- 38 —



= | T T T - =
i AN .
pas
] . SUPPLY .
: v ov IC CIRCT
AL FERE ACh TPE COMNEC TIONS
3 , +sv] oV [-5v|
11 1514 N E .
< KKid Kile e Ls08 w7 =
; - 10, " - 116 1532 | 7 -
i A SA lest points -
[
. =xlock clock 4
: Ic3 IC4 o, 5 : "5""” ground PLB (see.hote)
ML T4 MCA0AD nnnn:»ua“ r[) ? 2
1ol 10
KCla CK an K aq 12 N +5Y g -——1
13 t
i 2 Ro Rg 8 R10| R | fmiz . —4-ov
" 0] 1k | | B
s i )
4 Il il N
751 WY 5
RESET %
@ e
WAIT 7
? RI6
22k . port group decoder &
. — 7
C€PU normal Y7
= COo— 9
ov +5V TV 62 o7 —
LED o 3% 2 e 3% 22 e 1c12 ysl2 AQ=BF oy
autpul port I T I T1 ar( 2 " = 80— 9F IH)
L [ {8 Lsus v
| i o Memory address L0 | l 1 ' B /—1A vaf2 £0—1F E port
. & decoder Han BT oo | 10k | LKz | lLkt As a3 Lo —sF 13, > group
| LED 2 16100 o b A9 A | | | I 20- 3F 1. [ decodes
outputs{ s 6 apn 1C5  aepPd | |5
v2 LS139 i L 1 volts 00=1F ooty
ot P a2 A1, TBOB CPULPPT Hay ki . ;
o el 3 ais P das DA
L] 35 A5 3
o . [ Asp 4 & 5
| o EN D4 FYJELEm Foy
5 T ct-/ 1P a3 las
' . 03 Slos A2/32 P address buffer
& av [H 19| g ey ETI 1 ‘, .
i < osf” LI ST Aol A0 8 At -
, I g saich ICt1a I A3 8
input por
: ' 4 £ W oy a2 a2
‘ T sl o7 A 20
st E] . 6o AD{ A1 A7 A2 AL AS A5 A7 3h A9 IO A0| M1 Mg A3 AL AS AS A7 AB AS AID AQQ A1 A2 A AL AS AG AT A8 A9 AKD T
2o il 4 o5 m‘ AQ —
m ¢ 5 o oy 8| 7] 6| 5| & 3] 75| 2] ] 228 27 23 1 6| s| o] alas| | m| 2l [ 27| 23] 0] ol 8] 7] | S| ] ales|ee| @] 2| w{ae] o) 22
swilch < G T ' 5 = AQ Al A7 A} AL A5 AG A) AB A3 AID AQ Al AZ A3 AL AS AG A7 AB AS ANG AT AD M A AD AL AS AB A7 AB AS AID —
nputs — 1c7 1cs
T
- ov
j;=_ Lt 1 & 718N 0000-TFFF 5565FLNS  BOOO-BFFF 5565PL/1S €000 ~FFFF
# k] = [ F
PR T g o 9 oo Do 01 07 03 D& 05 D6 01 E5 GE Do D1 b2 03 04 D5 06 07 €5 GE Do o1 07 03 D4 D5 06 D7 C5 G
P i rm [ L EEEERERNE IEEECEEEEE V[ 2] 1 1] 16 17 18] 19] 20] 22| 1&] 70| 1[esy
. ¥ %, D0 D1 02 03 D4 5 X D70 Ll_'r DO O D2 DI D4 DS D6 O7, Llj N[0 0} 02 DI D4 05 D6 07/
I
P | IC19 av o - ov
SKA NM232C0
. D— . ]
o 1) 1 —QQ ]
< v -
RS232
| i 5 2 1
= -
| o
| 2 o7
o 06
y 05
0L
o
, | IC16a o1
wiite-only gate |1 3 mem AD &
FC—FF_ 1 bEl WA
® iciob vzPo | & e
F8-FB 16|, Ls139 y[0 ., lcib
data =
Eod [ o 1 ; E] o
internal 5 bl w2~
| port deceder g % b
] ; [ 0rICI6e ICH 'r:o“"”ﬁ €1k
¥ 13 e om ul, s
Fié Y5 g
i FO-F3 ; et T . . 1 =
T Y c iC16d
e EC-EF iFi a2 Al i 13
\ port LN EB-EB 1 ys Al A3 1
group
decodes | s EL-E7 Wy Nz ’ 2
! by EO-E3 Yo
| 1] G v 10 )
ov E0 —FF decode ! Y
| 32 WAREQ . WRAEQ 25
:f ADREQ RDREQ
34 Al a1
L 2% A0 AQ z
4 R 18
wR
a0 13
‘ ] IOREQ iy
I3 :
| SCALE = © | | \ ' | ' .
‘ | 1 1 1 1 1 ] A S | I i 1 | L | ! Parts list -DE015L AL
THIRD ANOLE .
| | PROJECTION ORIGINAL o 3 g CDh4s/
; pnase szt |, (ADAPTABLE 280 HALF 17
| E}@ comel] - 55 ‘ ) ‘ CARD (A0ZE) MK 1D NICAM DATA COMBIMER
: =4 i g X == CIRCUIT
Bﬂc =) O ™~ .- omn | 1L DESIGNS DEPARTMENT
oo =G| ) = —D60153A1.
" ey o= Bo ween = .
| 1) | s o7 04 Comamn ET) N X SZ 1 arrp| T Sheet | of 2 sheets

L ' . . L ’ i . . g . ? p - 9 - v a AdY Fmem L




- h =
"w Interfoce to
B ADZE-1 module s .
PLE =
tll A cx'.s— PLA
1 5
i ' mr RS2IIC 4g —s=w AS232 High aut  Nole All PLA pins are connected
J Interfoce on bath sides of the board
§ s 3 (e.g. PLANT=PLA/IT CAW
5 \ . Data PLAZ27= PLA/ 27 CAW)
L ~ Pari DEC A0-BF e ; u 12 m H/S (Solt)
#5V +5V +5y 15 L
" % ; : :
7 |13 12 |15 24 33 |34]35 21 |8 |32 |36 |5 |20 24 F == H/S (Hard)
el T ok 5 L E B E = 3 B 8
° —_— 1 @ RS232 Low oul
Reset Nrewet W lrxca 3 © axoal
et L b ] Txoa 2 7
9 16 TJ“.;A R 1) = Signaol earth
Port DEC CO-OF crs RS232C
36 ol icz0 €21 16 Interdage s >
Al cst 7808 9 27 808 oTRAf
i 20102 SR e OART "
21 | 8 1 2 L
A0 S0 19 RXD8 Data
< 8
[OTG i % xoafs L s —mmm H/S (Solt)
1 ht 15 1
:;' RO e L] ol ov—— g s L .
a IEL 25 1
PLE CLUTRG oTR 5 3 -
- . 32 3z Do 01 Dz 03 D4 0S 06 07 5 : oy At
el - 0 ez P83 W& |5 1€30 i
40 NMZ32CD
0 Eislribuled decoupli i av NE i i
= B 2 5 8 8 &8 5 3 o e @ Signal earth
C22 cn
_______ e
. 100 L
\ 57 ‘copoaotors all 1000
‘ 1
| I
1y
} Chassis- IC ref Type Sieplycanges’
+5v [ ov [+sv |
|
13 HCPLZEIO a £l |
1caz-1c43  [werzmmn | 8 [ s
3 3 3 8 35 & 2 2 @8 8 3 3 8 35
w 2 - F U U A I LI A A 3 | |7 |8 |3 e iz e T
L Y8 Y7 Y6 15 Y& 13 V2 |Fj_ YB Y7 Y6 Y5 ¥& ¥3 ¥i Y a TD 20 30 40 SO 60 70 8O 10 20 3040 50 60 70 B0 |20
ae= i 1 1
K] & 1Ic22 - 1l ic23 i—1 & Ic24 o 1c25 cukfa—"euk icz6 ‘
_l fost LS54 13 LSS541 's LS54 g 153N ) L5377 o
7 I-slale gales 53 3I-stale gales 2 3-slate gales 9 Lalches —1& Lalches
ey AR A7 A6 AS AL AJ A2 Al AB AT A6 AS AL AJ AZ Al AB AT _AB _AS A4 A A2 AN 1Q 10 2C 30 _¢0 50 60 70 a4 av
< . s |8 [7]6 |5 [« |2 ]2 afe |26 5]« p |2 s (s 206 |s [« |0 |2 Lz = [s J6 [o [rz [1s |16 |ra
™ Port DEC 80-9F -
1
D Port DEC 60-7F Sam
o Port DEC 40-5F = 8y S B LI N I T L
: w Pori DEC 00-1F s pal et
a 14 i 1ce7 Ic2%
Por DEC 70-3F == . . 7 7407 1407 |1 e
] ROREQ . L . EE
; o av
- 5V 45y 8 |10 12 2 [4 |6 |8 |0 |2 F“z-"
A-t4--t+t1-1=-F 111" A-++4 +4-F+ --h o7
4 | 7 |l rie [y [ L e
2 ) o et e |1p—»—>—l—b—0—>— | = —9—9—0—¢—0—4d | 6
P = ! Bxik | axtk |, axik ] 3 - 05
- b e e it b = — L 1Ll || = == =]=|~++q - - 15
3 plo-isolators =0
iy 2 7[5 |7 [s [7 6 [7 |6 7 ls b [s [r s |7 |8 LA 3 L A 7_|§ 1zcapacitars S p3 (- MICAM data out
- 5 AlLioon =
L P, 02
- €33 Jces T
ic3z || 1c33]| 1034 || 1c3s 1c36 || 1c37 || 1cas || 1c39 1c40 || 1car || 1cezf]ices - - — e O
AL g |100n  [10Dn 19
, . s=m00
Distnbuted decoupling
EER RO M2 D K3 ED A03EE30 A TER ] P 3 HIHD (1 per device) 70
= _I.__ Signal earth
! .
Oplo-isolalor r’ ov
5 6
‘ —amm Fault oulput -
‘ > 2 Si ] th
. €32 P [ (S5O [RPEH o (et (5 Rt IR Y S L e . s ignal ear
| ‘ Ll |r i e B G =
‘°°-|:“ 8| 2630 | Ry R, | R ! r2s! ov
lb= Gl: :ll I: i
2 (2 2k, | 122k N 20
0 () S (e P e e b - Y- = L
- R20
470
=l = 3' H B - 2 o Sl b B [ B PLA
‘gg I8 B B 5) 5 a o o
ag o8
Ot Za 8 bit datain 16 bit data in
(¥ I
‘ SCALE - 0 &
| NG T N TS AN AN (R NN SO S IS, SO S NS (M Parts List 0§0186As
THIRD ANGLE
‘ PROJECTION FR“:;:‘“A'- 3 CD45S /17
) € sze |, s 9 3 y NICAM DATA COMBINER
44 - Tam:
a R CIRCUIT
=] g ' p oes |DAN DESIGN & EQUIPMENT DEPAR TMENT
The o vpac st proparry L e thig "
BB o Copanrnd | | 5 TCD_|ART D 60 15 3 A1
may not e o+ draciosed b0 a8 == aJ Y. N 3 e — "1 mm unwess .
Ward porty @ sy $orm whmut the wien [T one decimal piscs  — = O3mm othroease CKkD
psmIN i et e g ?l<=m ST ~ | v : twn decimal pisces —  * OFmm  statea APPD | T Sheet 2 of 7 sheets
. i J -~ sawLID LesaTA




SCALE:-

SKIi
On ADZE

2
ALY

0
o

i

Fault

Warning

Current

Clear

Select

Review

Program

| | |

(o

D\ #»

&

System
normal

1k

TR1
BCY 7

R2

Warning

S1 =T

-0 G

sz—l—

-0 O

53—L

O ©
B4 e

W1

A -

O i O0—

w2

Note: pushbuttons are
‘Push to make’

$4a & S4b are ganged

1n 12 (13

5 18 |7 |6

ND1
Litronix DL2416
ASC11 -Driven display

Current

Sl

THIRD ANGLE
PROJECTION

g

ORIGINAL
FRAME SIZE

277mm x 400mm

DS/A3/1

This drnwmg/spemfcanon i1s the property
of the British Broadcasting Corporation and
may not be reproduced or disclosed to a
third party in any form without the written
permission of the Corporation.

CHANGE

NICAM 3 DATA
COMBINER /SPLITTER

CD4S/17 &18

BOARD NO2

1SS

All dimensions in millimetres unless otherwise

DRN.

DESIGN & EQUIPMENT DEPT.

stated Normal tolerances :

TCD.

AR.T.

no decimal place — =1 mm
one decimal place —

unless
= 03 mm otherwise

CKD.

two decimal places —

= 01 mm stated |

APPD

D60170A3

ALF Swal g




w ] it !
1] @ \D
W | g
| {
I
DN
L DESCRIPTION ¢ | BBC REF. OR DRG. No
DRAWING NUNBERS
citcuiT (Z SHEETS)PB. N D60 153 A)
PALTS LIST DeéolsSt A4
ASSEMBLY & UILING D&6olISSAZ
DETAILS Deolse AZ
P.8 MASTERS NI(PHsTo . PLoT) D 6O 157 A3S
P.B. DRILLING N D6&ols8 AS
ENHRANCED comMmf Lo<. NS D3SK2Z2&6157A3
P.B8. masTER N2 2 (PHoTe -PLoT) DEO306A3S
ENHANCED coMP Loc. N°Z D3SKZ6Z235A3
P.8. DR WLING NT2Z D&eDISTRAD
FReNT PANEL LECEND DéoleAZ
CIRCUIT P.B. N2 D&ol70AB
FURTHEL INFol£MATIoN ReEQUILED Fell MANUFACTU L
UNIT WIRING INFofMATIoN EAlO 140
UNIT ASSEMBLY INFOLZAATION En o484
sPec ED/cD4S/17
) |d4| coPING PLATE | 4V OBZ6LSD3
SLoT PoSITIoNS ALE S,9,&2ZS MobIFIED  BY
£.D WofUSHoPS BEFORE I1S5uf Tio <oNTEACTOA D&OISGAZ DET,
2| ) | |<HI/6a4A FEoNT PANEL 0326613
MmoiEIe D BY <coNTEA<TOR TO - D&oISCAZ DET,
3|1 HANDLE
ENGRAVED By CoNTRACToR To:.- DEOISCAZT
4 | )| 4| THuMBScREW OBZGEEC
s
S | | |4 EALTHING WASHER OdooBIO
=
E_ [ [¥+|NyLoN Bush cacloZX
2 s
> e
5 [le |2 MOUNTING BLoch o3515%0
(=5 (=8
=5 |1
gj 12| | |4 |[PONTED BoALD N2 D&6oIS7AR
a.c To sfec. ED/PB/co43/17/1 /P TH. 0608693
O
£ 13
5 |44 | 1 | [ PRINTED BoARD N?Z Dé6o3o6A3S
o8 To 3Pec. EP/e&/<c43/17 418 /T 0611358
o E [45
ol 2 | /6
P 25 [/7 |3 | & [SuimeH SPoT <&K B121-S-H-c-7527 -2 o6lo377
gﬁ’g /8 | ) |# |swmeH DPDT 8K B225-5-H-<-7527 -3 0612398
—r ° /D :
= 258 E [Zo |1 | % |lent EMITTING DIGDE GRCEN Dl 465653
—D- 53 (@ [3 [ W |LIGHT EMTTING DioDE TLi-coloul c<@%D5 |p2-4 0608930
= - : (22| { |A [DisPLAY FILTER 25X 35 MADE FROM ITEM23
P 22 2377 | [+ | PoLARISED DISPLAY FILTER RS, N!586-548 061146
3 Z4 | ) [ s [ALPHANUMERIC DISPLAY LITRONIX DL Z416 05235749
DRN.| T, |DESIGN & EQUIPMENT DEPT
sl a+—D60154 A4 -
NICAM DATA COMBINER cko.| :
PARTS LIST APPD| HEAL | SHEET | oF & SHEETS

E S/PLA4/

A& F Royal Lta




CHANGE

DESCRIPTION

CCT
REF.

B B C REF, OR DRG. No.

SPACER , ROUND Smn M2.5 cLEAR

CZ6746S

SPACER , CLoUND INSULATING Smm Lé. TAPPEDMLS

0325677

CABLE ASSEMNBLY D& IsoAS

OGlOS02Z

L €. SocdET, “TEANSMISS|ON ¥ PoLE

© 445453

1.C.SochET , TeANSMISSIoN 14 PoLl

o4d4s 4]

IL.C. SechET, TERANSMISS IoN & Pol £

o4 704X

T.c.SocMET, TEANSMISSION 20 Pol &

0435423

1.¢c. SOCUET, —TRANIMISSIoN 26 Pol £

o 44 504-3

I. & SocKET, TE£ANSMISS)oN 40 PolE

od445488

SNAP-OFF SoclHéT STCY 2oWAY HALWIN Doi-997-0]

0608543

— N g (NN~

%ok o || )% | %

NoN VOLITILE RAM SecHeET DsSI1213

o0&l453

¥

DiL PIN HEADEL '3 FPIN

o044, 94e>

dcasting Corporation and may na

reproduced or disclosed to a third party in any form
without the written permission of the Corporation.

CAPACITORS

47,F 2S5V _ELECT

fcZo

O375406%

looaF SoV CcCELAMIC Flicm

jee—1c1 1C22+

{c 44

o246 48

33 pF 1600V SINGLE PLATE 1c4

{cs

o4Z2820

loopF &3Y P <.B. MOUNTING

1€3

044668

320pF 125V P.<c.B, MOUNTING

1c2

o 4So lod

—-—-—NE_‘}-—
£ (%% k¥

BB0,F Sov MULTILAYEL

{4

o382838%K

60pF MAX , 250V VARIABLE

4]

0333683

NicAMm DATA cComBINER

DRN.| T.H,

DESIGN £ EQUIPMENT DEPT,

TPD.
CKD.

APPD| A (

cb4s/17

PARTS LIST

D60154 A4

SHEET 2 oF & SHEETS

AAF Royal Lig



S3.

i

CHANGE

No.
OFF

DESCRIPTIDN

CET
e, | BB C REF. OR DRG. No.

RESISToLS

22 2% O-4W

1T

CODEBD76

2204 2% © AW

IRS

009D oeLdS

330 2% o©-9a4W

IRD

coo9noe3 |l

l-ok a 2'/0 -4 W

2R|,2/2,IR3, |R8, {R1O, 1R | |KIZ1RI2T

OO DORZ

12K 2°/p © 4 W

ke

CoVd|eZ

7-SKe 2o/ © -4\

{R4

02280Z7

12K & 2% ©-4W

fre

0228043

ISk 2% o-4Ww

IRZ

oD% 370

Z2Ka 2% o-4all

1R16

0228078

Bx l'oKa S.l.&.. RESISToR NETwWwoZWK {£1S &1

1R13

04279580

4 X22Ka S.).L.

RESISToL NETWolLK

{R21-{1826

0428192

4 %XIZo A SIL REsSIsTok MNeTWorK

1R13

1R 14-

o4Zgl4|

1820

0093 o4 KX

Z R3I—

24S

oo DHoIS

e e 4

W% B ok 3| 2| 2| e 3 |k e

IOKL 2% O-4W

00 D224

TEANSISTOES

ZNS>o6

172

ol22809

B 0D

(TR

Ol Z282

the”ro
and

¥\ %

By

Zrei

oZ2798

ailon

Cg;or

1ca

4
ting

cas

L4

wi

s

itishu;ro

reproduced or disclosed to a third party in any form
without the written permission of the Corporation.

i U

EeC

—_—

IR/PLA4/ 1

co4s /17
PARTS LIST

DRAN.

TH

DESIGN & EQUIPMENT DEPT,

TPD.

CKD.

APPD,

AKC

D60154 A4

SHEET 3 oFf & SHEETS

A&F Royal LId



4|
5 1
¥ 0
s w| 0
w 4
R i[5
of |
2 |
Tt | oft DESCRIPTION G| BB C REF. OR DRG. No.
INTECRATED CIRCVITS
- CAUTIoN STATIC SENSITIVE DEVICES
- HANDLE WiTe <ARE
126
J27| | | % | DIc74LSO08N fIcil o7g362Z-
128| 2 | # | DIc74LSI38N 11ciZ  {ICi3 ol£4S2¢
129| 2 | % | DIC74LSI3ON {I1cio |lici4 oI71392 ¢
130 | | #& | DIC74LS 14N 1ci ol886oF
/31| 1 [ | Dic74L824SN 11€9 OIDLEOR
732 | 1| |3 | Dic 74 LS 273N 1Icq7 ©I19 11S]
1323 | | #| DIc74LS 32N o ' cie ©178843
/24| S| 4| DIC 74LSS4IN §ICis 1IC18 1122 1123 1IC24% oSogold
13s5]| | | | DIc 74LS74 AN 11¢Z oI8212 X
136 2| # | SSD/mC 74 HC 440 IIC3 114 OSL1 265
(37| [ || Z808— cfU iIcS OSIHSAS
1386| | | | 2808 - DaRT 1Iczi 05285757
/39| | | | ZBos-cTL 1120 0506213
/40 | 3 |4 |NM232¢p RS 2327 CONVELTER 1119, 11czs |lIc30 osz3o70
141 | 2 | % | DIC74LS 37N 11¢.2s |11¢26 o182
/42 | L | & | DI 740N 1r<27 1128 o 153427
43| | | W |HCPL 2430  ©OPTO |1SoLATok {1<31 O502188
/44 (12, | 4¢ | HCPL 2731 OPTe ISOLAToR 11c22 - |11C43 ososS443
/45| 1 |4 SsB/27128H ~250NS 11€6 O0Slb36e
%4¢ | 2 | % | DIc Tc ss¢sP/is 1Ic7 |{IC8 osz2¢230
/47 '
/48
/49
/S0
s/
CRAYSTALS
\ /é% | | | 9-83MHz: INTEAFACE QUARTZ DEVICES HCIR-U o 4858¢|
y / :
=0 § < 154
552 (1S3
>, 55 156
EEE 157
By €7 PLUGS
fos IS8 | Z | # | SINGLE RoW , 3& PIN SHAoUDLESS HEADER o4s57321—
525 [/S9]| 2 [k | FIxeED LDc. 40 WAY e ivsThs
R L5 (/6O
cle8 |6/
£ ,89 SocUETS
D55 |83 1 W [¢ PoLE RiaNT ANGLE MoLéx Typeé A38-coBx% od4s4oLZ
_‘"g‘j; 64 | | |d |36 PoLE HARWIN M20 - 98%-36-05 0609047
s o (o3
R &
52 3 T
25 & E ‘_@s
22 /‘9
| /70
DRN.| T 1., |DESIeN &EQUIFMRENT DEPT,
BC <43 /17 —— =
. PARTS LIST ) D60154 A4
R PLiAs APPD| AR | sueET 4 oF & SHEETS

A&F Royal Ltd



wi
h  Broad

o
s
tis

PARTS LIST

\D
o)
(¥9)
o| |
Z —
< —
I jl
Q-
@«
TEM | AR DESCRIPTION G | BB C REF. OR DRG. No.
]
1172
173
174
175
176
SCRENS
177 | 8 Ml-Sx 6L PAN HD, MS. ZN. PL .
178 4 MES%xSLa. cSK HD, Mg, ZN.PL.
179 | Z MZ-Sy¥ Jolsg csK HD. M5, ZN. PL.
/80| 2 MIX 6 L. INST. HD MS.CR. PL.
18/ | 2 M3IYIo L, INST.HD, M.S,.cL. PL.
/182
/8%
/8¢
8BS
/86
/87
/88
NUTS
789 | 2 M21-5, ME¥, FuLL, A.S. ZN. PL .,
/%0 | 4 M3, HEX, FuLL. M.8. TN- FL.
/9/
/92
/53
194
/58
WASHERS
/96 |10 Mm2<s PeAalv MS. ZN. PL.
/197 | 4 M3 SHU, FlooF. A.S. ZN. fi.
/198
/99
200
E_ [zol AR [#+|WIRE _PUFI/3M WHITE ozZo\SZ4
L2 [2oZ A/ [¥+ | WIRE PUFI/3m BLUE 020147X
§ 5 |ze3 | WIRE Inn B.T.c.
€ £ (204 |n/t WICE ©-6mmB.T.C .
£9 |205] | [a|FoAm PAcK : ©0342743
o £
i
E o
w5
e @
v E
g 8 .
G c . -
Eg L3 Uenotes 1ems supplléd fo The confracfor on |m.bodirmnft_ loan
5 3 *=F_Donores 1ems suppliad 10 The conifractor on embodlmeni Ioun,
DE TEqUITING SPacIal COSTIng oF_ Supply aclion by B.B.C. . |
_.‘3’ . “@%  Denoles componanis supplied and {lifed by B.B.C, on flﬂ.i ;
gg U DenoTes ¢oddd plug I unite supplied and Tlifed by . i ]
23 T BB O W e i PR v
@ . Dénoles Tfems supplled um:l flfrd by B B c on lnstulmlon “b:
DRN. | =T M. DESJGM S EQUIFMENT DEFPT.
co4s/17 , s

D60154 A4

o

APPDI A | sSyeeT s oF & SHEETS

A& F Rovyal LId




SHT |i1ss | DETAILS ofFf cHANSE SHT (1S3 DeTAILY aF <cHANGE

[ 2 |ITEm 1T DEscRIPTIeN REVISED.
ITEM 1B /M N WAS O&ioc 3RS
TH, Zi-11 -8BG

iis drawing/specilication is the properlty ol the
Brilish Broadcasting Corporalion and may not be

reproduced or disclosed to a third parly in any form
wilhoul the wrilten permission of lhe Corporalion.

DeSlen & EQUIPMENT DEPACTMENT

CobE CD4S/IT 2I-11-8¢ | D601 54 A 4

PACTS LIST CcHANGE RECORD |SSyuLi— 2 SHEET & oF & SHEETS

GT
)
@

w
—~
w
o)
=
I




181)127)

SELECT O

ReviEw ™ @@ [HE
pROGaAMG @ [ Hf

T
cp4s/17 '
NICAM DATA COMBINER

2]
o1

FIX ITEM Z2Z WITH
SUITABLE ADHES|VE.

=

N.B

—_—

seE noTea\d

SHAKE—PROOF WASHER

- T0 BE FITTED BETWEEN THUMBSCREW & FRONT

OF PANEL.

@0 OO @

REDUCE TO
B WAY IN &
PLACES,

_LINK TAGS ON ITEM 39 AS SHOWN

- USING ITEM SO. WIRE 10KQ RESISTOR

ACROSS TAGS OF |LKZ,

@@ REDUCE TO & WAY 1N &
_PLME‘S. TRIM OFF PINS THAT

Do NOT HAVE MATING HoLL.

®-
q

[ H

24 |45

d

[

—Ec—m-’: I" H'I ;\B]]"I - oo iezo ¢ '
e —s = - {:J\-J ' et -__:l
1l - [ fe6 | O
|= ice 17 Ico ] it
| = |
] ze 4 | 1c28 ¢ zcz%u' q
5 ‘\szuo:: Te 9 - 1 I -d:‘ 18 "
| | /WIY' IN 2 PLACES ICS ! ' s
I rezs  { |1e4Z| [1es3| e - -
= ez ¢ [, H
| Ics 1c40| |1cat’| | @@
" |
' { <is Lol & 1cz24 4 o] [roa] |
Lo | || - o
1(—} ) Ie36 Ic37 | %
[h, ZaR =y e
L E | Y
lwz(n) Tl.—_LI . @ ; Icgz' K_-;_g' i ‘ W B\}
LTS s L@ T =1
% |'_{'_f . © ;/—‘3 O | ) © JﬂL I
@@ SEE SKETCH'A
jove ®e Joeece
. NOTES:

SKETCH 'A’

5.0

o

N,

10.L€S NOT SHOWN ARE FITTED DIRESTLY 1
INTO BOARD WITH OUT L. SOCKETS,

ORIENTATED AS SHOWN:

[

ASSEMBLY TO BE IN ACCORDANCE WITH
EA10484 NOTES 1,7, ¥

2. COMPONENTS TO BE WIRED TO PRINTED
BOARD IN ACCORDANCE WITH EA10140
NOTES 1,7, 9216

3. Lc.s. SHOWN NUMBERED To HAVE
LC. SOCKETS FITTED(ITEM NS 35-4s)
4. Ic. N°7 TOBE FITTED INTO ITEMS 43 fL4¢
5. MAXIMUM SOLDERING TIME OF 2DJ- 284 260%-5 SECONDS
6. ITEM 164 TO BE FITTED TO WIRING SIDE oF BOARD 2
7 81-s4 (P8.N22) CoRNERLINE Te INDICATE Piy MRRKED ' : 3
8, DI—D4(P.B.NZ) -| D | corNER LINE T2 INDICATE FLAT on DroDE

D.DIMENSION ‘X' TO BE Bmm(DISTANCE BETWEEN BACK

" FACE oF DIODES A PB. N%2)
CIRCUIT — DéoIs3Al

fan

=16

400mm x 574mm

CHANGE
I8 —11-86&

2| z¢-nu-sé

0
T " | l | ; ; | : . ; ; '51'0 PARTS LIST:- Deois4A4
THIRD ANGLE
PROJECTION ORIGINAL
FRAME SIZE ;

CD4S/17 ASSEMBLY & WIRING

Al dimensions in millimetres unless otherwiss atoted [DRN | T W

DESIGN 8 EQUIPMENT DEPT.

[ Normal tolarances

This drawing/specification is tha property
BBO of the Briush Broadcasting Corporstian snd placa [Tco

may not be reproduced or disclosed to & R e = oAl mmh“ ‘

third party in any form without the walten 7] e i oned [pite = Z03mm CKD !
BMMI18LA2/2| permission of the Corporation wn|— 1 NS 1 e Secimalplases = =O0VeN Siated APPO m

S&H LTD L5084




CD45/17

ISSUE NOE2
PTH BOARD 01 3456/883

Original
Frame Size BBC

VM552A3 277mm *»400mm DS/A3

CHANGE ISS.

5 —/-86 2

[

1ES

Ri2

Icis

( ) 1c1s
GND WATCHDOG SE
™ LK4
AX1
™a ! =]
2 imla
GNO =
KA
SV -
Loz «
Log H
W7
s3] =
%
SWa 0 IC10
=74 T 5
ICi1
o
8]
Dao
Fa
zC
€8 TCi4
E4 i -
€0
= i
RO
Al
AO « 2 3 g @ 6 cig ]
GNO e}
MD
o o1 -
g:’ ;"I_Er & 8w q =
zH ‘ TR =
a@ s ot e D: —F
(et} o I:I
h]
I, LU=
¥z L - ey

Issue no. of this drawing
must be the same as the
photo-master issue,

ro 1 [] @)
9 o
Re7 8
1631
- g 120 1=
D R
130
Ic2t
N
40
oV av § 94 18 3
RO WR [I D |:| |
WO RO |
Sv 10 ‘
oV sV f{o=3] ices =7
D1 Do
m e
s D4 E 4 K —l
07 D5
A0 OV D
A2 Al
A4 A3
00 av IC2S C43 [1C42 ca4]
40 20 g__‘_ﬁj
B0 50 |
CO AQ0 -
WT M1 d b
IN RS |:| c4t[  J1c40 c42]
N O R = et
groy e
b (o -] | Icz8 c40]
Ros RiS | K
|:| o] IS o8]
S |
=
Ri7 [ Y o==] 11:31 c3s]

This drawing, specification is the property of
the Britsh Broadcasiing Corporation and
mav not be reproduced or disclosed to a
third party 1n any form without the written
permission of the Corparation.

[Jee2

ple=r]

1[:3: 12

34 =3

01 3456789

BBC © 1986

SCALE:-1:1

ENHANCED COPY OF
COMP LOC. PHOTO PLOT

CD45/17
FB. N1

DRN. TCD. CKD. APPD.

T, ARC

DESIeN & EQUIPMENT DEPT.

DSK285157A3




RTIE—

SCALE

A

CDh45/17
BOARD 2
ISSUE NOZ2
PTH BOARD

JE‘HLEE 2R3 R4 RS
201
£
2TRL n
N.B oy e
2 SKI ITEM 164 ON i W
PARTS LIST To RE
FITTED To WIRING
' 5IDE OF BOARD. L 20t
i e
i
N U
<
~[%
gl
<+ <C
DClgﬂ'
L U oM
ISSUE NO2L &8
P
LAY 4
01 34539867
BBC ©) 1986 '

ra

AT 4

PAY
"

Original E

Frame Size

VM552A3 | 277mm »400mm C
CHANGE

Issue no. of this drawin
must be the same as t
photo-master issue.

This drawing specification is the prop
the Brnish Broadcasung Corporatiol
may not be reproduced or disclosec
third party in any lorm withoul the w
permissian of the Corporation

ENHANCED COPY C
COMP LOC. PHOTO PL

CD4LS/17
PB.NS2

DRN. [ TCD. [ ckp. [ Al

T, i

DESI|IGN & EQUIPMENT DEP

DS 2@ 351

J




| | o B,

. o ‘ , s - ' VM552A3 | 277mm x400mm | DS
- | ' - _ . : CHANGE

24 —lo =86

CD45/17
BOARD 2
ISSUE NOZ2

5
PTH BOARD *
R R TG R4 S
2ot
| e
)
1
2TRL
N.B okl =
2 SKI ITEM 1é4 oN =
PARTS LIST To BE
FITTED To WIRING
" 5IDE OF BOARD. L) 204
B
] . Issue no. of this drawing
B & must be the same as th
N photo-master issue.
i
N U This drawing specification is the propert
~ the Brntish Broadcasting Corporation
“[BDCI:K; may nol be reproduced or disclosed !
< third party 1n any form without the wr
C]C];ﬂ permission ol the Co‘rpo:atxon
| om :
o .
ISSUE NOCa== ENHANCED COPY OF
COMP LOC. PHOTO PLC
PR AN
N/ LY

01 3459867 - CO4L5/717
B | PB.N°Z2

DRN. | TCD. [ cxD. [ APy
T.H. HK

DESIGN &6 EQUIPMENT DEPT

B __|pskas23s

D———— e

BBC © 1986

4




L%
Pin " Pin Pu
?n. no - ns
L4 £ |, Chossis earth 2. Signal earth 29, 16-bik dake DT
é; E 2. Soft handsheke ofp i 2. NicaMm strobe in 4o, g ) DL
D% é R Aol 1/F 22. Opts - 150, Common 4. ’ ’ " bs
: | 4. Ford fand.snake O/F “: 12 N.C. 4. ) S -
4z @ 5. Rs232 hggh o/p >r11 14, b= 43. *¢ . - b3
Eg [’U 6. RS.232 low ofp pe N . Ly, Ot - ¢ BY
%% : | Sljnal carth j 16, Fault owt s, : 4 )
@' 8. Softhandshake off | =T, S.'fjnai ecrtEn g, ¢ g - b
: 2. Daw /P A |L8. S k1. Opt. 1so. commen .
; 0. Harel nondshace ofp F;} 2% +SV 48, B-bit coolress in N7
Eﬁ . S:Bna.f earth ) 2 -~ S\ 44, * f - DG
3 1z, NICAM dlata our DT |3 IG-BiE dake in DIS  [So. R - D
E} iz - : - DPe  [ga, ¢ : oDt |Si. ’ : "Dy
£ ' T -0 DS jzz SN 7 T - S ; D3
; i 5. SR e S < TS I - A ' ' b2
éj e, - - - I + bl 5% X : "D
2_132 | ‘ T DTz - - Dblo |Ss. : ; et
=2 18 : . . =7 . ; ¢ 39 |56 ©pke. (ol Eamese
g, . J° - b@ zg - g - BB ST oV
- V\Jl'ﬂlr\g side (S connecled > component sicde .
0
) AT 1 L L L ! I 1 1 1 1 ! ! 1
eduS/ 17 NICAM DATA
B :; COMRBINER
‘é- i CONNECTTOR  PIN-0UT
gl 9 DRN. IPMD b & ED
~ TCD.
_ CKD. Dsx., 267317 AY
osiaa |5 e g APPD | AN

RAPIDOS 4028/86 (12/36)




e e e i £ o i iy

! . N - - X )

+ | ( " 2
x| %] X \‘Z X[\ }Xz\ % \‘Z\ X, \‘Z x| % % =y %
7)) = -:XZ:_J— '_:_ S—J— | ®a| Lg-}— L: IF ,,: Pl - gzq— 53‘3
Al al 3| 5| al a| 4| a| 4] 4| 4| s| a| 4| 4| < 3

Clo x |6
| I
I
L
— 1
|
1
L T
I 1
|
1
1
|

L

- k\
Ln >
Ny -~1-l N\ i [:[ <l ! Q D
I 0 =
a S 34
y 1d
< Ly s
E - SO S S S S S S S S O O O O O
>
3 A C
L & |
= £ 7N -
\ J J
" 3 A ) )
v S NN AN AN AN AN AN AN AN AN AN N AN NNy
v Y n & G o Q _‘:j_ oL ﬂ- l_n‘_ = =82 = ™~ < § /?:% » . g =y :ﬂl ':17 ~ ,ﬁ ™M ) M N ~ T T g = = wn
- ~ ~ ——— ~ 3 &
3 2 S 3 S Reesm —
o — S )
<z LoNi <% . 2 iy
‘c?“ gf 9 5 < et - AL i 3 iy
>3 E E Q { a : o n _Y_ '_n }‘_‘ 0o,
£ I I 3 l— ) s 2 B E £ 0 ~
p £ > R a. 3 o | g 3
0y 8 Q 10 = ABSY 5
SCALE:= % | L R TR SR SN NN SN S D N el
THIRD ANGLE ORIGINAL "
PROJECTION . FRAME SIZE  |ui T=ST. Box ForR NICAM DA A SPLITT=E
9
.g # 277mm x 400mm | Z|%
¢ 2 —
oy p p N S Q l',:u All dié'nens;‘?nsinlrm:limetre: unless otherwise | DRN. hNb het = ED
i i ification is the : :
of t;e rﬂar\::l:':; Biﬁ:iica:h]ng Corporap:mn and ~ n::t:t:c G D:::a " ernnc_u::1 - i TCD. » . A -
a r d — | - = m uniess 4 )
] ?;n?:i ’;‘:;‘?fnr:g:xf:iournr::dwﬁn;]::':c:::ewr,t:m: one gaecimal place - = 03 mm otherwisel CKD. | _T_‘_\’ S K 1.07 L L
DS/A3/1 permission of the Caorporation. g v bis Cecimdlplicas < 'S Olmm  ueed | APPD bN_D

- S &H L7ZC8A




LEDs X &
(GreeN)

lloxX §

% HARD H/s

oV

oV
=
TS0 <\
+5SV
—+SV

=

“0-:\..

7 ” i REAR S SR ;;
< }* = i ;
3 < : =
ey u \ | c
& —>H+ I
' t
B ale rL A\Akr\r W A LAl alal f;f\’; Qf;ﬂ;i\g;.f;i\ % rr:s
Ng oo 2 Mo tla S %o o - P 33 FTovnann, o L,
N ’E‘ = = b N
o é 3 3 -
T v EENS - = i L
vl 3 | 2 £0 | = &
= T w 2 E 0 R E
x I &, B 3 - - .
T I S0 L3 5 03
g £ 5§ : i Foa
I g 0 i = i
L \C \C Z
SCALE— | | | | |
THIRD ANGLE :
PRk it Ebi TEST BoxX For ANICAM DATA  COMEBINER.,

@O

277mm x 4CO0mm

CHANGE

This drawing/specification 1s the property
B‘BQ of the Brinish Broadeasting Carporation and
may not be reproduced or disclosed to a
third party in any form without the written

DS/A3/1 |Pe™Mission af the Corporation.

7= =¥

no decimal place
one decimal place
two decimal places

SS

All dimensions in millimetres uniess otherwise
Naormal tolerances :

uniess

otherwise

stated |

DRN. | BB | DS ED
TED; - ”
— 7% S e
CKD. I‘_\‘;'/\ = 1> fAS
APPD DD

S & H L7308A



