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1.

2.

INTRODUCTION

The CD3L/58 is the decoder for the next generation of NICAM equipment.

The components that make up this unit are: UN26/99, UN26/100, C09/13

(2 off) and PS4/51. The CD3L/58 may be a sub-unit of two different 6U

coded units - a PA1/146 which holds two complete CD3L/58's or a PAl/145
which holds a CD3L/58 and a CD2L/41 6 channel MKII NICAM coder.

The CD3L/58 receives a 2048 kbit/s HDB3 encoded bitstream and produces
six channels of audio, with corresponding signalling bits. The audio
outputs are available in digital and analogue form. The analogue versions
are duplicated with comparator monitoring between them to check for
device failures. The digital versions (also duplicated) conform to the
AES/EBU specification AES3-1985.

Along with the audio outputs there are eight signalling bits associated
with each channel pair and one signalling bit at the 2048 kbit/s level.

In the event of a systematic fault there is error flagging for the
compiete system to facilitate remote change-over. A continuous seif-
checking procedure runs as a background task and flags any systematic
errors.

SPECIFICATION
Performance Data:
For connection data see D62190A1

Inputs: 2048 kbit/s HDB3 into 75 Q at nominally 4.7V p-p
bipolar. *10% on BNC socket (SKC)
Mains power 240V AC +10%-15% on XLRLNE connector SKU

Power Outputs: The output from the PSU is avaitable on a 15 way D type
socket (SKB)
Maximum available current is +5 V @ 1 A and 118 V¥
200 mA each

Audio Outputs: There are 18 analogue outputs in total:

(i) 6 (one per channetl) main outputs.

(i1) 6 (one per channel) external comparator-
monitor reference outputs

(iii) 6 (one per channel) quality monitor outputs

The analogue outputs are electronically balanced. The output impedance is
45 +j5 Q. There is short circuit protection on these outputs. They are
1ink selectable for cosited/alternate sampling.

Above Circuits fitted on 56 way Varicon connector (SKD)
(iv) 6 digital audio outputs. 3*2048 kbit/s

AES/EBU stereo channels (duplicated to allow
A/B checks) fitted to 6 XLR plugs (PLA-PLF)

D.&.E.D H.B A.1048(89)
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Digital Outputs:

(1) 3 groups of signalling channel cutputs (at the 676
kbit/s level) each comprising:

8 parallel bits data (open collector)

1 strobe pulse (5 - 10 us) (open collector)

1 common anode supply (15 Q resistor to +5 V)
1 signal earth

(11) 1 signalling channel (at the 2048 kbit/s level)
comprising:

1 data bit {open collector)
1 strobe pulse (5 - 10 us) {(open collector)
1 common anode supply (15 Q2 resistor to +5 V)

fitted to 37 way D type socket {SKA)

(iti) 2048 kHz buffered clock output (at TTL signal
level) fitted to BNC socket {SKE)

Monitoring outputs:

(i) 12 executive outputs: 2 * 6 channel fault
indications (open collector)

(ii) 6 bit error rate greater than preset outputs
{open collector)

(ifi) 1 'Digit fault' output (open collector)

(iv) 1 'Comparator Fail' output (open collector)

(v) 1 HDB3/2048 lock output (open collector)

(vi) 1 'any one' error-rate output (open collector)

fitted to 25 way D type socket (SKB)
Displays:

(i) 3 error rate displays

(i1) 6 comparator 'ok' LEDs (green)

(1i1) 6 'mute active' LEDs (red)

(iv) 1 2048 lock LED (green)

(v) 3 676 Tock LEDs

{(vi) 16 status LEDs showing copy of above monitoring
outputs

Mechanical Data:
PA1/146 (2 off CD3L/58)
Chassis: 6U Eurocard Subframe (19 inch rackmount)
400 mm deep
Weight: 15 kg equipped with all plugins.

Installation data:

Power requirements: 240 V AC @ less than 100 VA
Chassis extender: CH4/15

Before the unit is put into use, there are several links and switches to
adjust depending on operating conditions. The maximum bit error rate
that will be accepted before an error is reported must be set. Cosited
or interleaved sampling schemes are link selectable. The settings of
these items is covered in Sections 3. and 4. below.
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3. OPERATION

3.1. Power Supplies

The unit is mains powered from socket U via an LNE type mains connector.

3.2. HDB3 Input

The 2048 kHz HDB3 input goes into BNC socket C where it is terminated in
75 Q.

3.3. Sampling Scheme

Before operation, the sampling scheme must be specified. There are two
links on the UN26/100 for specifying the scheme for the main and reserve
outputs. When the link is in the upper position the scheme is cosited,
when in the lower position the scheme is alternate. The top link (LKI)
affects the main outputs and the bottom link (LK2) the reserve outputs.

3.4. Comparator Links

The audio outputs from the system are duplicated and there is a
comparator checking each pair of supposedly identical outputs. The CPU
monitors the signals from the comparator to allow fault monitoring. The
comparators for the first three channels are situated on the left hand
C09/13 and those for the remaining three channels are on the right hand
card. For normal operation, the Tinks should be set up as follows:

Left-Hand card:

LK162, 262, 362: REMOVED
LK161, 261, 361: Position A
LK164, 163, 142

141, 264, 263,

242, 241, 364,

363, 342, 341: Position A

Right-Hand card:

LK162, 262, 362: REMOVED
LK161, 261, 361: Position A
LK164, 163, 142

141, 264, 263,

242, 241, 364,

363, 342, 341: Position B

4. LINE-UP PROCEDURES

There are few operator controls on MKI1 NICAM, but before a decoder is
commissioned its input bit error tolerance must be set,

4,1, Error Thresholds

There is a facility for setting the maximum error rate that is considered
acceptable for each channel and for each channel pair. If the threshold
for an individual channel is exceeded the channel is flagged as failed.
If the threshold for a channel pair is exceeded, a Bit Error Rate (BER)
warning is flagged. There are nine switches on the front of UN26/99 for
setting these parameters. Valid settings are between 2 and 7. Values 0
and 1 will never cause an error to be flagged, values 8 and 9 will cause
a permanent fault to be reported.
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The channel fails are 'slugged' so that a high error rate must exist for
greater than 1s before the channel is failed. The BER outputs are not
slugged in this way as they are only used as warnings, meaning that a
short loss of bitstream will cause a warning but the channel will not be
de-commissioned. The switches should be set up so that the particular
bitstream must deteriorate considerably before a fault is reported.

If a 1ink shows a very high bit error rate this should be investigated
rather than setting a low tolerance for the link. The allocation of the
switches is as follows:

CHAN.1 max error rate
CHAN.2 max error rate
CHAN.3 max error rate
CHAN.4 max error rate
CHAN.5 max error rate
CHAN.6 max error rate
X max error rate
Y max error rate
Z max error rate

TOP:

oopQoooooonQ

5. CIRCUIT DESCRIPTION

The hardware of the MKII NICAM decoder is described graphically on
D63598A1 and can be broken down in blocks as follows:

Power Supply

Clock and Data recovery
2048 Locking
Sequencer

676 Locking

System RAM

Gate Array block

CPU block

Executive outputs
Error counting system
Signalling bits

DAC block

Muting systems
Analogue outputs
Audio comparators
AES/EBU outputs

OO0 000000000000 00

L I Power Supply

The power supply for the CD3L/58 is a switch mode unit the PS4/51 which
provides +b V at up to 10 A and 18 V at up to 1.5 A each subject to a
maximum loading of 75 W. A commercial module is used which is modified
by removing R57 and R58 - if this is not done, the 18 V supplies will be
low (nominally %15 V).
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The unit is protected by a 3.15 A mains fuse and all supplies are output
current limited. The power is distributed within the crate via the upper
connector on the backplane. The digital and analogue grounds are joined
by a tink inside the actual power supply.

Supply Pin No.

+18 V

-18 V
0 V(A)

+5 v 2
0 V(D) 3

o oo e L ™
WA

— 0 b
N O

A1l supplies are short circuit proof. The 5 V adjustment inside the
actual PSU is factory set; it can be adjusted with a trimmer having first
removed the PSU covers. See section 6.1. for details.

5.2. Clock and Data Recovery

This portion of the circuitry is located on the UN26/99. Refer to the
circuit D62630A1 and block diagram D63603A3. The HDB3 input is a 3-level
signal, with positive and negative excursions which are symmetrical about
0 volts. The peak-to peak amplitude is 4.74 volts. The amplitude of
this incoming signal is monitored by means of the peak-to-peak rectifier,
D5, D7, and the DC output of this rectifier is fed to the inverting input
terminal of the voltage comparator U9. The other input of the comparator
is a reference voltage, and hysteresis is provided by the feedback
network D6 and R16. Thus, when the input signal level is below a pre-set
threshold, the output of the comparator U9 is high (and flags a fault).
This output is fed via an open collector transistor to socket SKB. When
the input level reaches a satisfactory value, the output of the
comparator goes low.

The incoming data waveform is sliced at the half-amplitude points by two
comparators (within the dual package, U8) one of which deals with the
positive part of the waveform, and one of which handles the negative part
of the waveform. The reference levels for the comparators are provided
by two rectifiers, which each provide DC of half the peak pulse
amplitude. The slicing level of the comparators is in this way made
adaptive to variations in incoming signal level, and is always at half-
peak amplitude.

Half-amplitude is determined by R4, R9. The rectifiers are of the
"infinite impedance" type, comprising an emitter-follower, with
capacitive load C5/C6, as rectifier, followed by a complementary emitter-
follower, so as to give first-order cancellation of Vbe potentials. The
comparator outputs are two unipolar data streams, corresponding to the
positive and negative parts respectively, of the HDB3 waveform; this is
the format required by the following code-converter.

The HDB3 code contains a relatively high component of clock frequency:
2048 kHz. The CK output of the code-converter chip U10 supplies logic-
level clock, but it is intermittent (depending on transmitted words) and
has any jitter present on the incoming signal. The clock component is
made continuous by a (low-Q) resonant circuit, L4, C11, which rings at
the clock frequency. This resonant circuit is excited by the switched
current source Q4/Q5, the current being determined by R13. The amplitude
modulated sinewave across L4, C11, is coupled via C10, and the phase-
shift network R51, C64 to the comparator U9, which slices the continuous
sinewave at its zero crossings to provide a first continuous TTL clock.
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This first recovered clock jitters in sympathy with the incoming data,
and is therefore suitable for clocking the incoming data into the code
converter U10, at pin 5; and for clocking data into the buffer store
within U1 (U1, pin B).

Data is clocked out of the FIFO buffer store Ul at a constant rate which
is controlled by the crystal XL1, and by circuitry internal to the
CS61600 chip, Ul. The crystal oscillator actually operates at 4 times
2048 kHz, and the stable 8192 kHz waveform which i1s now frequency locked
to the incoming data rate is 'squared up' by the CMOS inverter U6 to
provide logic level system clock at U6 pin 4. A matching network on the
input to U6 ensures the loading on the crystal is purely resistive.

The jitter reduction provided by Ul, enables the system to operate from
digital bearers such as provided by British Telecom which have jitter
characteristics complying to CCITT G823.

5.3. 2048 Locking

Locking to the NICAM data stream at the 2048 kbit/s level is performed on
the UN26/99. Refer to diagram D63602A3 for the block diagram. The
circuitry comprises of: U33, 34 shift registers, U30 DETECTOR PAL, U27
MONITOR PAL, U32 MONITOR PROM, U29 latch and U28 'AND' gate.

Each of the 2048 frames starts with a frame alignment word. The frame
alignment word (FAW) is one of the two 7-bit patterns defined in the
NICAM 3 specification as FAWO and FAW1 and alternates between FAWO and
FAW1 every frame (see DSK21831A2). Assuming the decoder is out of lock
at the 2048 level, the 2048 bit shift register (U33,U34) and two 7 bit
shift registers (U29 and one inside the DETECTOR PAL - U30) are used to
"take a snapshot" of two 7-bit words of the incoming bitsream which are
spaced by 2048 bits. The DETECTOR PAL looks at these two words and
pulses its /DDET (double detect) output when they are FAWs of different

type.

The /DDET output loads the sequencer counter (see section 5.4.) with 0000
000D 0010 0100. This ensures that the sequencer is 'locked' to the 2048
bitstream - i.e the sequencer count of zero will coincide with the
beginning of a 2048 frame. After that the DETECTOR PAL switches into
"single detect" mode. Now it only looks at one of the 7-bit words and
pulses the /SDET (single detect) output when the internal 7 bit shift
register contains a FAW of the expected type. (There is a flip-flop in
the DETECTOR PAL that dictates the type of the frame alignment word
expected for the next frame. This flip-flop is clocked every 1 ms by the
/EOC (End of count) signal from the sequencer.) /DDET is now disabled
for as l1ong as the system stays in lock.

The aim of the 2048 locking system is to synchronise the sequencer to the
incoming bitstream so that the sequencer is in state zero when the first
bit of the 2048 frame arrives. The /DDET pulse sets the seguencer to a
certain state. The sequencer will then provide a pulse (/EOC) every 1 ms
which is expected to coincide with /SDET output pulse of the DETECTOR
PAL. The MONITOR PAL (U27) and MONITOR PROM (U32) check that the pulses
coincide at Teast 'n' times out of 't' before deciding that the system is
in lock. Otherwise the PROM would issue a relock pulse to the DETECTOR
PAL (U30) and the locking cycle would start again. Once in lock, the DO
of the PROM goes low and the PROM enters "in lock mode" where it would
take 'm' "bad frames" out of 'k' to issue a relock pulse to the DETECTOR
PAL, thus re-enabling /DDET generation.

Parameters m, n, t and k are determind by the software that creates the
MONITOR-PROM. At present, n=4, t =5, m =7, and k = 9.
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DETECTOR _PAL (U30)

This PAL is used to detect occurences of frame words in the NICAM 3
bitstream. The PAL has access to the bitstream in two 7-bit windows

2048 bits apart (register S (U29) - external and register P - implemented
inside the PAL). After being cleared by the CLR line from the MONITOR
PROM when a reload is needed, the PAL waits for valid frame words of the
opposite sense in shift registers P and S. Once they are detected /DDET
outputs a pulse, SNGL is set and OLDF takes the sense of the FAW in

P register (SNGL and OLDF are signals generated and used inside the PAL),

From now on the PAL looks for a FAW in the P register of the opposite
sense to OLDF. The sense of OLDF is toggled by the /EOC signal from the
seqguencer, so each time the sequencer count ‘overflows' and resets to
zero, the DETECTOR PAL will look for FAWs of the opposite sense.

Whenever it finds one, it will pulse /SDET and the MONITOR PAL will check
that a FAW appears at the same time as /EQC to confirm the 2048 kbit/s
Tock.

MONITOR PAL (U27)

This monitors good/bad frames of the 2048 kbit/s stream. The outputs of
Q0 to Q8 represent the last nine frames: Q = 0 means that a frame
alignment word of the correct sense arrived when expected (i.e the frame
was "good")}. For example, Q8 - QD = 0001 000ODO means that last five
frames were "good", the frame before that was "bad" and the rest of the
nine frames were "good".

The PAL has two Jogically independent parts: a 9-bit shift register and a
1-bit latch. The 9-bit shift register clocks whenever /EOC goes low and
is fed with a zero if /SDET and /EOC and are Tow together (ie a FAW
arrived when expected), or a 1 otherwise. The /CLR line is used to set
the 9 outputs to the state 100011111 on the next positive clock edge
whenever a 'relock' is sent from the monitor PROM. The 1-bit latch is
used internally to decide whether the PAL is looking for /SDET and /EQC
low together (in lock) or /DDET pulses (out of lock). When /DDET is used
to force a lock, the state of the shift register output is set to
010011111.

5.4. Sequencer

The seguencer is the central control unit that controls the activity of
the decoder signal processing hardware by driving the system address and
system control busses. It can be thought of as a 'hardware CPU’' where
the instructions it executes are the outputs of the five resident PROMS
and the program counter is the output from the sequencer counter chain.
This operation is fairly straightforward as the ‘program' is linear code
with no breaks or jumps (except during relocking). The sequencer issues
instructions at the same rate as the incoming 2048 kbit/s bitstream i.e
one instruction per 488 ns. The 488 ns intervals are called sequencer
slots. The seguencer executes 6144 commands (each taking 488 ns) before
the sequence starts repeating. The sequence is repeated at the same rate
as the 676 level frame duration - 3ms.

The sequencer is the main digital part of the system; it controls most of
the digital components and resides on the UN26/100. Some of the
components of this circuit are counters U2, 3, 4, 5 and and gate Ul. The
count of the sequencer is designed to start at the beginning of the 2048
data frame.

The count is clocked at 8.192 MHz giving a total of 6144 states in the
3 ms frame. PROM U10 advances the sequencer count by 0, 2048 or 4096
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states depending on the state of AZ and A3 which come from the CPU and is
used for delay fixing through the decoder. When the system is locking to
the incoming bitstream the counter 1is preset to 0000 0000 0010 0100 when

/DDET is received. Once in lock the counter is reset to zero every 3 ms

by the output of ICla.

The rest of the sequencer circuitry consists of:
64k PROMs U11l, 26, 34, 43, 57 and latches U36, 44, 58.

The counter chain addresses the five sequencer PROMs three of whose
contents are Tatched. The outputs from these latches form the
instructions that control the processing. Because these instructions
follow a 3 ms pattern it js possible to use signature analysis where the
start and stop signals are taken from the reset signal to the CPU and the
clock is taken from the 2.048 MHz pin. The addresses and data can be
checked this way. A list of expected signatures is given in Appendix 1.

The digital processing in the decoder is carried out by executing the
instructions supplied by the sequencer. It issues instructions at 488 ns
intervals. The sequencer has no read/write memory thus almost all
instructions involve the use of the system RAM.

The are several types of sequencer commands and these are summarised as
follows:

A locked word to RAM The sequencer provides the output enables
(P Slot) for the buffer in the 676 locking circuitry
and supplies the destipation RAM address
(which depends on the sample and channel
numbers). Housekeeping words are similarly
loaded into the system RAM.

B Gate array command The sequencer provides the correct signals
for the gate array and a system RAM address.
This address 15 where to read a compressed
sample from or write an uncompressed sample
to depending on the gate array command.

C Output sample to DAC The sequencer provides a series of signals
which clock the DAC Interface PAL and enahle
the correct mode for the associated
serialisers. The sequencer also provides at
the correct point a system RAM address from
which the output sample is read.

D £80 CPU timeslot The sequencer has a number of timeslots which
allow the £80 processor access to the system
RAM. If the CPU tries to use the RAM outside
of these 'windows', it will be forced by
hardware into a WAIT state until the next CPU
slot is active.

These commands are mutually exclusive; some have to happen at fixed slots
(1ocked word to RAM} and some at a fixed rate (Output sample to DAC) but
the others can be 'slotted in' where they will fit. The sequencer PROM
generation software allows for ‘prioritising' in this manner.

Another output from the sequencer triggers a monostable which provides
the pulse to clock out the 2048 signalling bit data. Other functions are
also controlled by the sequencer - for instance the 676 locking system
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uses several lines to control the READ/WRITE COUNTER PALS. See section
5.4. for detajls of these slots (type R, W and Q).
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5.5. 676 Locking

The 676 locking process is performed on the UN26/100. Refer to diagram
63599A1. The 676 Tocking system consists of: RECEIVE REGISTER PAL (U68),
2 kbyte RAM (U49), WRITE COUNTER PAL (U60), three READ COUNTER PALs (U47,
48, 61), SUB-CONTROLLER PAL (U67), six DESERIALISER PALs (Ue9, 70, 71,
72, 73, 74), a 3 to 8 line decoder (U62) and some output buffers (U63,
64, 65).

The 2048 frame consists of an FAW, signalling bits, spare bits (also
called justification bits) and the data to convey six audio channels
(see DSK21831A2). The three justification bits immediately following the
signalling bit are allocated to cure the variable delay problem present
in the MKI system (see later in this section). Once the sequencer is
locked to the 2048 frame, it "knows" the assignment of each incoming bit
and therefore can separate the bits that belong to each audio channel.
The audio channel bits have a frame structure and each channel makes a
338 kbit/s frame. One 338 frame lasts 3 ms. However, two channels are
combined by interleaving their bits so that channel B bits follow
corresponding channel A bits to form a 676 kbit/s frame (see fig 1 on
DSK21831A2). The 2048 frame contains bits for three 676 frames.

The NICAM 3 specification does not restrict the 676 frame to start in any
particular place relative to 2048. Thus the beginnings of the three 676
frames can be delayed relative to each other by any amount. The aim of
the 676 locking system is to delay each of the three 676 channel pairs so
that to the rest of the signal processing hardware they appear to have
their frames starting at a predetermined count of the sequencer.

The 676 locking system receives its relock command from the CPU (pins 2,
3, 4 of U6). The Z80 CPU monitors the number of parity errors per
channel pair per frame. If this number is higher than a certain
threshold, the CPU will issue RELOCK commands for those channel pairs
that contain the large number of parity errors. A RELOCK is also issued
if 2048 lock is lost. The 6-bit shift register (Receive register

PAL U68) converts the incoming 2048 bits into 6-bit words where bit 0
corresponds to audio channel 1 and so on. Once a 6-bit word has arrived
it is written to the RAM (U49) at the address provided by the "write
counter" (U60).

The SUBCONTROLLER PAL puts itself and the deserialisers inte the relock
state when it receives a RELOCK signal from the CPU. Each channel pair
is relocked independently. The DESERIALISER PALs have two modes of
operation. The /OPMODE signal determines whether the PAL will search for
a FAW (pin 4 high - out of lock) or will deserialise the audio data

{(pin 4 low - in lock). Another input CHA {pin 5) tells the PAL to look
for A or B channel FAWs. The WRITE COUNTER PAL puts successive 6-hit
words into consecutive RAM addresses and the READ COUNTER PALs take out
the data again but with an addressing offset to time align the 676
channel pairs.

The offset is arranged as follows:-
When a 676 channel pair is out of lock the two associated DESERIALISER

PALs search for FAWs of the correct sense and 'freeze' the outputs of the
relevant READ COUNTER PAL when the FAWs are found.
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The START signal (pin 5 of U67) is issued by the sequencer when it
expects the deserialisers to have complete frame alignment words. If the
channel pair is in lock the START pulse is ignored. If the channel pair
is not in lock and the 676 FAWs are not detected, the START is also
ignored. If the channel pair is in lock and the FAWs have been detected
(thus 'freezing' the read counter), the START pulse will 'un-freeze' the
counter and the next word read after the START pulse will be the FAW.
Therefore START determines where in the sequence the FAW is read. The
676 frames have FAWs towards the end of the frame thus START is issued
towards the end of the sequence.

Consider the three channel pairs together. Once locked the deserialisers
output 10/9 bit words to the system RAM under the sequencer control. The
output buffers (U63, 64, 65) "untwist" the sample words only, leaving the
housekeeping words unchanged, (i.e the system RAM receives sample words
with bits arranged in order from 1sb to msb and sign bit). The sample
words are stored left justified which means that the sign bit of a sample
corresponds to the most significant bit of the data bus.

SUB-CONTROLLER PAL (U67)

When out of lock the SUBCONTROLLER PAL monitors the state of the
deserialisers. When a pair of deserialisers signals (via D9 of their
common bus) the receipt of frame alignment words, the subcontroller stops
the corresponding read counter and changes the mode of the deserialisers
from FAW detect to deserialise. The read counter is released when the
subcontroller receives a /START pulse from the sequencer.

This device consists of three identical blocks - one for each channel
pair. Consider the relock sequence for block X:

The CPU instructs the CH1/CH2 676 locking system to go into relock mode
by issuing a /RELOCKX (U67 pin 3 pulses low). The PAL instructs the CH1
and CH2 deserialisers to go into detect mode (In this mode the
deserialisers look for FAWs instead of deserialising). The SUBCONTROLLER
PAL monitors the state of bit 9 of the deserialisers' bus on pin 6. The
deserfaliser for channel 2 will output a Tow level on D9 when both CH1
and CH2 deserialisers simultaneously detect FAWs. The /IDENTX input to
the PAL (pin 7) signals when CH2 data is on the bus. Once the FAWs for
CH1/CHZ are detected, the PAL issues a /STOPX signal to the READ COUNTER
PAL for CH1/CHZ2 (U47) and changes the mode of the deserialisers for
CH1/CHZ to deserialise. When the /START pulse is received from the
sequencer, the PAL allows the READ COUNTER PAL to start counting again.

DE-SERIALISER PAL (U89, 70, 71, 72, 73, 74)

This PAL performs two functions depending on the state of the /OPMODE
input (pin 4). The two modes of operation are :

De-serialising: (/OPMODE is low). In this mode the PAL is a 10 bit shift
register with shift epable, clear and tri-state output.

Detecting FAWs: (/OPMODE is high). In this mode the lower 7 bits of the
shift register are the same as above. However, in this mede Q7, Q8 and
Q9 have special functions:
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Q7 becomes active {low) when Q0 - Q6 contain FAWO, Q8 becomes active
(low) when Q0 - Q6 contain FAW1 and Q9 becomes active (low) when Q0 -
Q6 contain FAWO and the /DFAWO (pin 7) input is active (low), or when
Q0 - Q6 contain FAW1 and the /DFAW1 (pin 6) input is active (low),
provided /DFEN (pin 9) 1s active. Thus when the deserialiser PAL is
used for channel B of a channel pair, the Q9 output signifies that chA
and chB de-serialisers have FAWs of same sense. (DFAW0 and DFAW1 are
taken from Q7 and Q8 of the chA de-serialiser).

RECEIVE REGISTER PAL (U68)

This device has two independent blocks:

1 A Serial-to-parallel converter. A six bit shift register reads the
2048 input bitstream when the clock is enabled by /CKEN (pin 5). The
sequencer controls /CKEN and ensures that the shift register reads
only the 676 level bits of the 2048 bitstream, thus ignoring all the
2048 level housekeeping bits. Once the shift register is full the
sequencer Joads the 6-bit word to the 2 kbyte RAM by driving /OE
(pin 13). Thus the 8 bit RAM word is allocated as follows: bit 0 -
channel 1, bit 1 - channel 2 etc. (bit 6 and bit 7 are not used).

2 A 2048 signalling bit latch. This latch is clocked by the sequencer
(using the /SIGEN input - pin 8) and stores the 2048 level signalling
bit (SIGOUT - pin 14).

COUNTER PAL (U47, 48, 60, 61)

This PAL is a 10 bit modulo- 1014 'up' counter with tri-state outputs and
a /STOP input. Internally it is a 'down' counter, but since the outputs
are complemented it 'looks' 1ike an 'up' counter. The counter counts up
to 1012 then goes to 1023, missing 11 states, and then back to zero.

When /STOP input is low the count is halted, when the /STOP 1ine goes
high again the count continues from where it stopped. This PAL is used
for two purposes - write and read address count generation. When used as
a write counter the PAL addresses the RAM and writes the 6-bit words from
the RECEIVER REGISTER PAL. When used as a read counter, the PAL reads
the 2 bit wide samples for a particular channel pair from the RAM and
feeds them to the respective two DESERIALISER PALs. Therefore for the
676 locking system there are four counter PALs configured as one write
counter and three read counters.

Sequencer Control Of 676 Locking

The sequencer allocates various slots to the 676 locking mechanism. The
following is an explanation of these slots:

W slots: The six-bit word from the RECEIVE PAL (IC62) is written
to the Tocking RAM at the address supplied by the write
counter (IC57). The counter is then incremented. The
six bits correspond to six channels; they are the six
676 level bits in the 2048 frame that arrived just
before the write slot.

Rx slots: Deserijalisers for channel 1 and 2 are loaded with one
bit each from the locking RAM - address supplied by the
read counter X (IC58}.

Ry slots: Deserialisers for channel 3 and 4 are loaded yith one
bit each from the locking RAM - address supplied by the
read counter Y (IC59).
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Rz slots: Deserialisers for channel 5 and 6 are lpaded with one
bit each from the locking RAM - address supplied by the
read counter Z (IC60).

Q slots: The six DESERIALISER PALs share a common output bus.
During a Q slot, one of the PALs has its output enabled
and places data onto the bus. A Q slot is used for two
different purposes depending on whether the system is
locked or not.

During 676 locking, the two deserialisers for a channel
pair use bits 7, 8, and 9 of their common bus to
communicate with each other and the SUB-CONTROLLER PAL.
Consider the locking process for channels 1 and 2:

The next slot after deserialiser 1 was loaded
with the last bit in the frame alignment word
it reports via the output bus (bit 7 or 8) to
the deserialiser 2 that it received a frame
alignment word and the sense of that word,
(i.e bit 7 Tow = FAWO , bit 8 Tow = FAWl).

If the deserialiser 2 also has a frame
alignment word of the same sense then the at
the next slot it reports to the SUBCONTROLLER
PAL (bit 9 of the bus) that channel pair X
detected frame alignment words in both
channels.

To summarise, during locking the two Q slots following
the deserialiser pair load are used to enable frame
check signalling between the left and right
deserialisers and between right deserialiser and the
subcontroller,

Once a channel pair is locked most of the Q slots for
that channel pair are redundant. However the slots that
coincide with a P slot (see later) enable the
deserialiser to output its data (10 bit sample word or 9
bit housekeeping word) through the buffers to the system
RAM (IC25, 26).

P slots: The buffers to the system bus open when a deserialiser
writes a word to the system RAM. The sequencer produces
a P slot when a deserialiser has a 9/10 bit word ready
and a deserialisers' output (Q slot) is enabled.

Each W slot will be followed by three R slots - one for each channel. An
R slot does not necessarily read the data written at the preceding write
slot. The delay between writing a bit from the RECEIVE REGISTER PAL and
reading it back to the deserialisers is called the locking delay. In
fact all the 676 locking system does is to adjust the delay for each
channel pair so that the rest of the decoder sees the three 676 frames
starting at the beginning of the sequencer sequence.

Slot types R and W both use the locking RAM address bus and are thus
mutually exclusive. However, since the RAM data and address buses are
separate from the deserialiser common output bus, slot types P and Q can
happen at the same times as each other or during an R or W slot. R, W
and Q slots do not use the system RAM and can happen at any point without
conflicting with the sequencer commands detailed in section 5.4.
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CODEC DELAY

The 676 locking mechanism delays the channel pairs so that the 676 frames
start at the same time. A 676 frame lasts 3 ms so a channel pair may be
delayed by any amount up to this time. Coder and decoder digital
processing takes 6 ms each and the digital oversampling filter in the
decoder (SAA 7220) introduces about 800 us delay. An additional delay of
1 msec occurs in the 2048 locking giving a total codec (MKII equipment)
delay of between 13.8 and 16.8 msec.

This variation in delay is not satisfactory when two transmitters radiate
to the same service area. The codec delay can be fixed at 13.8 ms by
using some of the otherwise unused justification bits in the NICAM 3
bitstream to mark one of the three 2048 frames within a 676 frame (see
DSK 21831A2). This is achieved in the MKII equipment as follows:

The MKII coder multiplexes the three 676 frames into the 2048
frame in such a way that they start in the same place - at the
beginning of one of the 2048 frames. The decoder always locks
its sequencer so that the beginning of the segquence coincides
with the beginning of a 2048 frame. Thus there are three
possible locked states:

A The sequence starts at the beginning of the 2D48 frame in which
the 676 frames start.

B The sequence starts at the beginning of the 2048 frame after
the one in which the 676 frames start.

C The sequence starts at the beginning of the 2048 frame before
the one in which the 676 frames start.

In case A there is no additional delay due to the 676 locking circuitry,
but in cases B and C an extra delay of 1 or 2 ms is added.

Clearly, to fix the delay every third 2048 frame should be "marked" so
that the sequencer can then be "told" which 2048 frame should coincide
with the beginning of the sequence. The three justification bits
immediately following the 2048 signalling bit are used to "mark" the 2048
frames.

The three justification bits are all ones for one frame and then all
zeros for the next two 2048 frames (in the MKII coder only). The CPU of
the decoder reads the marked bits during the sequencer cycle - i.e three
2D48 frames. (The bits are shifted into a shift register - U48 on the
UN26/100 - under sequencer control and then read in, in parallel form by
the CPU).

On the basis of the marked bits, the CPU can decide if the sequencer
'phasing' needs to be adjusted. The CPU can advance the sequencer by
2048 or 4096 states simply by changing the state of the A, and A, Tlines
of the DELAY FIX PROM (U10 on the UN26/100). This PROM alters the top
two bits of the sequencer 13 bit address and so can advance the sequencer
without disturbing the 2048 level lock. The 676 lock is disturbed

(a relock command for all three channel pairs will be issued by the CPU)
and therefore the above described procedure will disturb the audio
output. The CPU checks all the relocking bits are consistent (ie. 6 bits
must be in error out of 9) before undertaking this process. The MKII
NICAM codec delay is thus fixed at 13.8 ms plus a small delay in the
analogue anti-alias input filters (about 350 pus).
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PARALLEL PROCESSING

There are three processing stages which can be regarded as "pipeline”
stages. A 3 ms frame goes through each stage in turn in the decoding
process. However there is only one central control element, the
sequencer, which issues one command at a time. Therefore the pipelining
is achieved not by parallel processing but by time multiplexing (or
jnterleaving).

Within the sequencer is a 3 state counter that is clocked at the end of
the 6144 sequence. The counter maps the logical page of the system RAM to
the physical one. For example, the CPU and Gate-array always address page
2, samples from the locking system are read into page O and the DAC is
joaded with the samples from page 1. The above page numbers refer to
logical pages.

This page adjust counter makes sure that the logical to physical page
mapping is such that the 96 samples (one 338 frame) for each of the six
channels progresses through the pipeline stages in the correct order.

The Gate-Array, DAC and the locking mechanism are controiled by the
sequencer whereas the CPU executes the instructions in its program PROM
quite independently of the sequencer, except when it wants to use the
system RAM at the same time as the sequencer. In this case, the CPU is
made to wait for RAM access until the next CPU slot. Any CPU instruction
that doesn't need the system RAM causes no conflict.

5.6. System RAM

The system RAM is resident on the UN26/100 and consists of two 8 kbyte
RAM chips (U15 and U30) which gives both 16 and 8 bit word access
capability.

The system RAM address is 13 bits wide. Here is the breakdown:

physical channel no. channel workspace
page no.
bit: 12 11 10 9 8 76543210

(e.g. address 0100100000000 corresponds to page one and channel one.)

The area that would be occupied by channel 0 is used as a general
workspace to store the signalling bits for ail 6 channels as follows:

sample 0 space (1s byte) : Signaltling word for ch.l and 2
sample 0 space (ms byte) ¢ Signailing word for ch.3 and 4
sample 1 space (1s byte) : Signalling word for ch.5 and 6

The signalling word is 8-bits wide. The four least significant bits are
the signaliing bits for the odd channel number and the four most
significant bits are for the even channel number. The 256 byte blocks of
channel workspace for channels 1 to 6 are allocated to the six NICAM
channels divided as follows:
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Bytes Usage

0 - 95 : not yet processed samples
100 - 131 : 32 parity bits, 1sb of each word
140 - 142 : three range codes
145 - 149 : parity bits arranged in words
150 - 156 : housekeeping words
160 - 255 : processed samples

(Channel space for channel 7 is not used.)

For the CPU to access the system RAM bit 15 of the address must be set,
bit 14 is "don't care". Bit 0 enables access to the RAM by 8-bit wide
words: if bit 0 is zero the lower portion of the 16-bit RAM word is
accessed; if bit zero is 1 the high byte i1s accessed. This enables Z80's
16-bit 1o0ad instructions to be executed on the system RAM.

The other components associated with the system RAM are the BUS-CONTROL
PAL and the MISC PAL.

BUS-CONTROL PAL (U37)

This PAL controls access to the system RAM and the direction of the
buffers that couple the CPU data bus to the gate array. The address to
the RAM is provided by the CPU or the sequencer. The address is held by
latches Ui4 and U29 which take their input from 2-input multiplexers Ul2,
13, 27 and 28. When the CPU accesses the RAM this PAL controls whether
access is to the high or low byte RAM chip.

MISC_PAL (U35)

This PAL controls the virtual to physical page mapping and CPU wait
states. The RAM is split into four physical pages each of 2048 16 bit
words. Physical pages 0 to 2 are allocated to pipeline stages 1 - 3 and
the mapping is switched every 3 ms. Page 3 is a general purpose page and
is not switched. The sequencer is responsible for changing the
allocation of pages to pipeline stages every 3 ms in such a way that
pages propagate through the pipeline.

The mapping between physical and logical pages is as shown in the
following table.

Usage Physical page Function performed
t t+3 t+6 ms

Locking system read

(logical page 0) page 0 | page 1 page 2 Samples (unprocessed)
fed to RAM

CPU and G-A

(logical page 2) page 2 page 0 pagel Samples processed and
put back in RAM

DAC

(logical page 1) page 1 page 2 page O Samples read from RAM
to DAC
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The sequencer PROM generating software assigns page 0 to locking system
reads etc. A PAL is then used to map the logical page number according
to the 3 ms interval. The MISC PAL (U35) has an internal 0 to 2 counter
which is clocked at the end of every 3 ms frame. The logical to physical
page mapping is changed every 3 ms (at the beginning of the 6144 count
sequence) according to the table. Page 3 1is not switched and is used as
scratch pad for storing bit error information.

When the CPU wishes to access the system RAM this PAL either grants the
request, or if the sequencer {which has priority) is using it, the CPU is
put into a wait state until the RAM 15 available,

5.7. Gate-array Block

The gate array block consists of a custom VLSI chip (gate-array) and a
PAL. The actual gate array is used in both the coder and decoder and has
an input pin to determine whether it is used to compress (coder) or
expand (decoder) the input data. In the decoder the Gate-Array expands
10-bit samples into 14-bit samples and checks the parity. The PARITY
DISPENSER PAL (U39), is used to convert parity words from the parallel
format (the way they are stored in the system RAM) to serial (as required
by the gate array).

The sequencer loads a parity word (first parity word is pl-p7, then p8-
pl4 etc. - see DSK21831A2) into the DISPENSER PAL at the correct slot so
that the word is loaded by the time the gate-array requires a parity bit
contained in that word. The PARITY DISPENSER PAL monitors the gate array
commands issued by the sequencer and loads the word from the lTower-byte
of the system data bus when the sequencer issues an ARS (assess range of
sample) gate-array command.

The ARS command does not affect the decompressing sequence of the gate-
array (it is normally a command used for 14 to 10 bit encoding). The
DISPENSER PAL will then supply a parity bit at the time when the gate-
array executes the WPAR (initialise parity bit ) command by monitoring
the gate-array commands.

PARITY DISPENSER PAL (U39)

The PARITY DISPENSER PAL is a parallel to serial converter. It monitors
the gate array commands issued by the sequencer and parallel loads from
the system bus when the sequencer issues an ARS command. The gate array
in decode mode ignores the ARS command but the PARITY DISPENSER PAL gets
loaded with the next parity word. (The sequencer instructs the RAM to
output the next parity word at the same time as it issues the ARS
command). The PAL then monitors the gate array commands for WPAR.
During this command the gate-array expects a parity bit for the next
three samples to be present on its parity bus (pin 34) and the PARITY
DISPENSER PAL provides that parity bit and then shifts in preparation for
the next WPAR.
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5.8. CPU Block

The CPU block is resident on UN26/99 with some 1/0 hardware on UN26/100.
The main components are:

Z80 CPU (U40), 6116 RAM (U37), 27128 PROM (U41).

The CPU is responsible for the processing not done by the sequencer. The
various roles it performs can be described:

Calculation of error rates.

Fixing delay of decoder.

Controlling muting.

Forcing channel relocks.

Providing system diagnostics with fault reporting.
Extraction of signalling bits

QReOOOO

A reset is forced by the sequencer every 3 ms to prevent Tock-up, and as
a further protection the CPU must reset a monostable (U26 on the
UN26/100) every 3 ms otherwise it will 'time-out' forcing all fault
outputs bad. The CPU running program is stored in U41 and the private
RAM for the CPU is U37 (both on the UN26/100). The system RAM U15, 30
(UN26/99) 1is shared by both the CPU and the sequencer and although the
sequencer has priority if there 1s any contention, the CPU has certain
slots where it can make use of this resource.

The CPU works independentiy of the rest of the hardware except when it
accesses the system RAM. The sequencer allocates siots to the CPU and
when the CPU wishes to access system RAM it is put into a 'wait’' state by
the sequencer until the next CPU slot. This process is transparent to
the CPU program - the only drawback is that a system RAM access may have
some wait states inserted by the sequencer. To minimise the time CPU
wastes in the 'wait' state, all the data that does not need to be shared
with the rest of the hardware resides in the private RAM. The CPU's
memory map is as follows:

0000 - 3FFFH CPU PROM (27128 occupies 16 kbytes)
4000H - 7FFFH CPU private RAM (6116 occupies only 2 kbytes)
8000H - FFFFH System RAM (occupies 16 kbytes)

The system RAM as seen by the CPU is as follows:

page channel channel workspace | switch

bit: 13 12 1110 9 87654321 0

Bits 1 to 13 correspond to bits 0 - 12 of the actual system RAM chips.

The word size for the system RAM is 16 bits. Apart from the CPU all the
functional blocks transfer a word at a time. The CPU transfers 8 bits at
a time.

For the CPU to access system RAM bit 15 of the address must be set;

bit 14 is "don't care". Bit 0 enables access to the RAM by 8-bit wide
words: if bit O is zero the lower portion of the 16-bit RAM word is
accessed; if bit zero is 1 the high byte is accessed. This enables Z80's
16-bit load instructions to be executed on the system RAM.
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UN26/99 OUTPUTS

1/0 ALLOCATION

Z80 port address (HEX)

SIGX
SIGY

SIGZ
GEN_PORT1
GEN_PORT3
GEN_PORT4
OK_KICK
MISC_OP1
MISC_OP2

SIGNALLING BITS OF CHAN. 1 AND 2 (U55)
SIGNALLING BITS OF CHAN. 3 AND 4 (U46)
SIGNALLING BITS OF CHAN. 5 AND 6 (U47)
STROBE,CLEAR ERROR PAL ERROR RATE BLANKING (U35)

ERROR RATE DISPLAY CH.1 & 2 LSN, 3 & 4 MSN (ND3 and ND2)

ERROR RATE DISPLAY CH.5 & 6 LSN (ND1)
TRIGGER FOR GOOD SELF-TEST (U26)

COPY OF CH FAIL ON FRONT PANEL LEDs (U42)
COPY OF XS_ERROR ON FRONT PANEL LEDs (U36)

UN26/100 QUTPUTS

GEN_PORT2
ERROR_XS

CH_FAIL

UN26/99 INPUTS

MUTING, RELOCK AND DELAY FIX CONTROL (U6)

BIT 0 & 1 = CHl OR CH2 XSERROR, BIT 2 & 3 = CH3 OR 4,

BIT 4 & 5 = CH5 OR 6. BIT6 = ANY CH.FAIL,
BIT 7 = ANY COMP. FAIL (U19)

BIT 0 = CH1 FAIL, 1 = CH2, etc, BIT 6 = ANY DIG
FAULT, BIT 7 = /2048 LOCK (U17,18)

SELECTABLE SWITCHES:

CH_FL_1
CH FL 2
CH FL_3
CH_FL_4
CH_FL 5
CH_FL_6
XS_ERR X
XS_ERR Y
XS_ERR_Z

LSN = ERROR RATE TO REPORT FAIL OF CH.1 (U54)

LSN = ERROR RATE TO REPORT FAIL OF CH.2 (U54)

LSN = ERROR RATE TO REPORT FAIL OF CH.3 (U53)
LSN = ERROR RATE TO REPORT FAIL OF CH.4 (U53)
LSN = ERROR RATE TO REPORT FAIL OF CH.5 (U50)
LSN = ERROR RATE TO REPORT FAIL OF CH.6 (U50)
LSN = EXCESS ERROR ON CH.1 & 2 (U52)
LSN = EXCESS ERROR ON CH.3 & 4 (U52)
LSN = EXCESS ERROR ON CH.5 & 6 (U51)

UN26/99 OTHER INPUTS

LOCK_READ
COMP_READ
JUSTREAD_PORT

BIT 0 = /2048 LOCK 1, 2, 3 = 676 LOCK (U51)
6 LSB'S = 6 INPUTS FROM COMPARATOR (U43)
JUSTIFICATION BITS READ FOR DELAY FIXING (U48)

00
01
02
03
05
06
07
0B
0A

04
08

09

02
03
04
05
06
07
08
09
0A

0B
0C/0D
00/01
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bh.9. Executive Qutputs

There are 23 executive outputs from the crate, these appear on socket 8
which is a 25 way D type (see D62190Al). A1l the signals are output by
the CPU except one (/HDB3 ok). They are all open collector outputs,
where the open circuit condition indicates a fault.

The various fault indications are:

1) Individual channel fails: (CHnFAILA and CHnFAILB when 'n' is the
channel number)

This error indication is set if any channel is not reliable. Each output
is duplicated to ease equipment change-over switching when a fault is
reported. If the system cannot Tock onto a channel pair it is set as
failed (failure at 2048 level results in ail channels being flagged as
bad). There are nine decimal switches on the front of the unit and the
top six of these set the maximum permissibie error rate that will be
accepted for each channel (see below).

If this rate is exceeded the channel wiil be flagged as in error.

Because error rates are only calculated between 1 in 107 and 1 in 10°,
the switch values outside this range are accounted for as follows: Values
0, 1 and 2 never cause an error to be flagged. Values 8 and 9 always
flag an error. Each channel has a duplicated audio output with a
comparator which moniters the two identical output halves and triggers a
channel failure if a difference is found. Also, if the system testing
finds an error, all channels will be failed. There is a 'watchdog' that
the CPU must write to every 3 ms; if this doesn't happen all channels
will be faiijed.

2) Channel pair bit error rate failures: (CHnBER where 'n' is the
channel number)

There are six of these outputs, two for each channel pair. They are
triggered if the error rate for a channel pair is higher than the
threshold set on one of the hottom three decimal switches.

The allocation of the switches is as follows:

TOP: CHAN.1 max error rate
CHAN.Z max error rate
CHAN.3 max error rate
CHAN.4 max error rate
CHAN.S max error rate
CHAN.6 max error rate
X max error rate (CHAN.1/2)
Y max error rate (CHAN.3/4)
Z max error rate {CHAN.5/6)

3) Comparator failure

These signals are produced on the C09/13s and passed to the UN26/99. If
any of the comparators are in error then there are LEDs on the C09/13
that signal this. When a comparator fails the relevant channel is
flagged as faulty as indicated by a LED on the front of the UNZ26/99,
(see below).
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4) System testing failure

This output becomes active when the internal self-test procedure shows up
a fault. The digital fault LEDs on the front panel of the UN26/99
indicate the fault and all channels are flagged as bad.

5) Bitstream failures

If lock is lost at 2048 level then all channels are flagged as bad. If
lock is lost at the 676 level then the relevant channels are flagged as
bad.

The information contained in the executive outputs is also displayed on
the LEDs on the front panel of the UN26/99. The allocation looking from
the front is:

2048 lock @ ® Any comp fail
Dig fault @ @ Any channel fail
CH.1 fail ® ® X BER error
CH.2 fail ® ® X BER error
CH.3 fail ® ® Y BER error
CH.4 fail ® ® Y BER error
CH.5 fail ® ® Z BER error
CH.6 fail ® © Z BER error

5.10. Error Counting System

The system must be capable of detecting errors in the bitstream. This is
done by parity checking. The NICAM format states that each parity bit
protects the five msb's of three samples. There are therefore 32 parity
bits for each 3 ms frame (96 samples). If one of these parity bits is in
error then three samples are flagged as bad.

The gate-array checks the parity bits of the incoming audio data. During
the RSP command execution it outputs the parity good/bad flag together
with the decompressed sample that the parity bit protects onto the system
data bus. The ERRCOUNT PAL (U40 on the UN26/100) monitors the gate-array
commands and increments an internal B8-bit counter when the RSP command
produces a parity bad result. After processing each channel, the error
count is written to system RAM.

At the end of each frame therefore the system RAM contains six cumulative
values from which individual channel error counts can be calculated. The
CPU must then perform some arithmetic to convert these values into error
rates.

ERRCOUNT PAL (U40)

This PAL counts the number of parity errors as flagged by the gate-array
during one frame of processing of the six channels. It is an 8-bit
counter which is clocked when the gate array executes the RSP command
(read stored parity and sample) and the parity flag indicates an error.
The counter is cleared at the beginning of each 3 ms frame. The output
of the counter is connected to the Tow byte of the system bus and is tri-
state,
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After processing the samples for each channel in the gate-array, the
seqguencer reads the state of the counter into the system RAM. (The PAL
menitors the gate-array commands and enables its tri-state outputs when a
WRAN gate-array command and RAM write are issued by the sequencer. The
gate-array will not get upset by the WRAN command which loads the range
code register with a value that will be overwritten before the next
samples are processed). Thus at the end of the six channels worth of
processing by the gate-array the system RAM will contain the six states
of the error counter - the cumulative count after each channel.

These values are kept in page 3 of the system RAM and are actually 3
times the number of errors since the gate array executes an RSP
instruction, once for each of the three samples covered by one parity
bit. In other words, one bit in error causes the error counter to
increment the count by 3. The CPU now has epough information to work out
individual channel errors per frame:

(Say the cumulative counts are C1, €2, C3, C4, C5, C6 then :

El = C1/3

E2 = (C2-C1)/3
E3 = (C3-C2)/3
E4 = (C4-C3)/3
E5 = (C5-C4)/3
E6 = (C6-C5)/3

where En is number of parity errors, for channel n, detected during the
3ms frame). The CPU works out the errors detected during the previous
frame at the beginning of a 3 ms frame using a software routine called
ERRCOUNT. Division by 3 is done using an assembler generated table.

5.11. Signalling Bits

2048 LEVEL SIGNALLING

The RECEIVE REGISTER PAL has a latch which is used to capture the 2048
level signailing bit. This signalling bit occurs once every 1 ms and can
therefore be used to send low data rate information. It is not utilised
at present. The sequencer issues a pulse when the 2048 signalling bit is
being received. The PAL latches it and makes it available on pin 14
until the next signalling bit arrives. This output is connected to PLla
28 on the UN26/100. The trailing edge of a monostable pulse, triggered
from the clock which latched the 2048 data bit, provides the associated
strobe pulse (PL2c 26 on the UN26/99). Both signals appear on SKA (see
D62190A1 for pinout).

676 LEVEL SIGNALLING

The NICAM bitstream has capacity for carrying signalling data together
with the audio. With each channel there are four signalling bits sent
every 3 ms, These bits are grouped into 8-bit bytes carrying the data for
two channels with an associated strobe pulse indicating valid data.

These bits are used for remote switching of transmitters and to convey
RDS (Radio Data System) information. The CPU extracts these bits from
the system RAM where the sequencer has placed them and sends them,
together with the strobe pulse, to open collector output buffers. (US55,
uag, u47, and Q7, Q6, and Q9 on the UN26/989). All signalling outputs are
open collector type. All these signals and associated supply/common
connections appear on SKA (see D62190A1 for pinout).
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5.12. DAC Block

The DAC block is resident on UN26/100 with the actual DACs on the two
C09/13 cards. The DAC block consists of 18 XOR gates (U20, 21, 23, 24,
51, 52, 52, 54), 6 16-bit negative clock triggered parallel load shift
registers (U25, 32, 42, 55, 66, 75), interface PALs (U41, 50), digital
filters (U76, 77, 78, 84, 85, 86}, serial I/0 shift registers (U8B0, 81,
88,83), latches, (U79, 87) and buffers (U22, 82, 83, 90).

From here the data goes to the analogue cards for conversion. The DAC
chipset used is the Phillips SAA7220/TDA1541 combination. These use IZ%$S
as their data protocol which i1s a serial format consisting of four
signals: data, data clock, word select and an error flag. These signals
are generated by the DAC block. The data is converted from parallel to
serial by a 74L.5674 16 bit shift register which is loaded with a 14-bit
sample word from the system bus under sequencer control. The XOR gates
translate from NICAM sign and magnitude format to the two's complement
format accepted by the filter.

The 16 bit shift registers convert from the parallel format of the sample
word to the serial format expected by the filter chips. The INTERFACE
PAL is used to provide the timing for the DAC block and to latch error
flags. The error flag is stored in the system RAM together with the
sample it refers to. The DAC interface PAL latches the state of the
error flag for the duration of the sample output to the filter.

The latched flag js supplied to the filter on pin 4 (EFAB) and will cause
interpolation if the current sample is in error. There is a muting
facility so that when the CPU decides that the number of parity errors in
a frame is too high (threshold is set in the software) it can smoothly
switch the audio output off; see muting systems section. The data clock
and word select are sequencer generated.

DAC INTERFACE PAL (U41,50)

This PAL provides DAC interface functions. It consists of two parts:

0 Serijaliser control.
¢ Error latching.

Serialiser control is according to the following table:

inputs outputs
So S1 If0 Ifl Ser 1 Ser 2 Ser 3 Mode Action
1 0 0 0 0 1 1 1 load serialiser 1
1 0 1 0 1 0 1 1 load serialiser 2
1 0 0 1 1 1 0 1 load serialiser 3
1 1 X X 1 1 1 0 idle
0 1 X X 0 0 0 0 clock out data

The inputs in the above table are supplied by the sequencer. The error
latching part of the PAL loads the ERR 'n' latch inside the PAL with the
state of the PB input, (pin 4) when the serialiser 'n' is loaded with the
next sample word. This bit is then used as the error flag to the
interpolator.
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COSITED/INTERLEAVED SAMPLING

The NICAM transmission specifies an interleaved sampling process which
means corresponding left and right audio samples in the digital domain
represent analogue values taken half a sample period apart in time. The
digitai filter and DAC in the CD3L/58 are designed for use in compact
disc players employing co-sited sampling which produces no time
difference.

It thus is necessary to delay the right channel audio data by half a
sample period to achieve correct timing. The digital filter IC outputs a
bitstream of serial left and right samples at four times the original
sampling rate. Each sample is 16 bits long and there are two of them, so
one half period of the original sample rate corresponds to (16 x 2 x 4)/2
= 64 bit periods at this 'over sampled' rate. The CD3L/58 can be
selected to work with either interleaved or co-sited signals using links
LK1 {(main) and LK2 (reserve) on the UN26/100. This works as follows:

From the shift registers the data line passes through a selectable
delay network that has the effect of delaying right channel
samples by haif a sampling period if alternate sampling is
required; co-sited sampling passes the data straight through.

Describing channel 1:

The data (DABD) emerges from U76 and is passed to
both the octal latch (U79) and dual 64-bit shift
register (U8B0). If co-sited mode is selected, the
/CLR 1ine on the latch is held low which causes the
three-state buffer (U82) to pass the DABD signal
straight through.

When interleaved mode is selected, the /CLR line is
held high. WSBD (which flags whether the next
sample is for the left or right channel) is latched
by U79. When this result is low, U82 is enabled
and passes data through as for the co-sited case
(1eft channel). When WSBD is latched high, U83 is
enabled causing the delayed version of the data to
be passed through {right channel).

5.13. Muting Systems

When the error rate exceeds on in 10%, the CPU will mute the audio
outputs. The oversampling digital filter ICs on the UN26/100 have a MUTE
input pin (/MUSB pin 23) which the CPU takes low causing an exponential
mute over about 30 msec. Because of the pipelining in the processing of
the audio samples, (see section 5.4.), the CPU 'knows' it must mute
almost 3 ms before the corrupt audio samples will reach the DAC. The
digital muting is thus not fast enough and is augmented by analogue
muting on the C09/13 cards.

The control Togic is derived from an 'OR' of /2048 lock and /Mute n
(where 'n' is X, Y or Z); there is a time constant in this function to
disallow multiple mute-unmute commands occurring in a short space of
time.

This mute function is provided by the MUTE PAL which is resident on the
C09/13. The attenuation is performed as a logarithmic function of time,
so as not to cause objectionable 'thuds' or 'clicks'. The attenuation is
provided by a complimentary pair of JFETs in shunt with the audio signal
path.
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When on, these provide a symmetrical resistance of about 25 © and have
virtually infinite resistance when off. The complementary gate switching
waveforms are provided by an operational amplifier with a gain of 2, in
tandem with a unity gain inverter,

Thus, when the MUTE logic line is high (+5 V) the 'n' channel FET gate is
at -10 Vv and the 'p' channel FET gate is at +10 V,and thus both FETs are
off. When the MUTE Tine {s active (low), both FET gates are at zero
potential and both FETs are on, giving an attenuation of about 50 dB.

At the start and end of the mute period, the envelope of the audio signal
follows exponential transitions with a time constant CR.~1lms.

5.14. Analogue Outputs

Refer to diagram D63600A2 for the block diagram of the analogue stages
used in the decoder. There are two identical cards. The input signals
to each DAC are serial data (DABD), data clock (CLBD), Left/Right channel
ident (WSBD) and system clock (XSYS). Each DAC package is a dual channe)
device. Those packages on the card in to the left-hand slot of the crate
handle the six main channels in pairs; one pair per package. The
uppermost chip (U703) handles channels 1-2; the middle one (U706)
channels 3-4; and the bottom one (U709) channels 5-6.

Similariy, the card in the right-hand slot of the crate is associated
with the six (identical) reference channels.

Comparison of the audio outputs from the main and reference signal paths
forms the basis of DAC and analogue circuit fault indication: if there
are no malfunctions, then the main and reference audio outputs are
jdentical and the comparator outputs are zero.

The six comparators are split; three to each card. Links prepare the
card for the particular crate slot. There are also six quality-check
outputs, which are separately buffered versions of the main outputs. In
the following circujt description, component references are given as, for
example, UX0l, where X refers to the channel number. See circuit
D62640A1.

DC OFFSET INTEGERATOR

The DC offset is controlled by an auto-zero servo loop, comprising an
integrator, (UX01 b), and a current source (QX01, QX04) which balances
the current sink within the DAC. The non-inverting input of UX01l b is
connected to zero-potential reference. Any difference in voltage between
the reference and TPX03 creates an error output from the integrator,
which modifies the current in the grounded-base current source QX04.
This in turn influences the gate-source potential of QX01, and so
controls the magnitude of the current source into the summing-junction
UX0la, pin 2. The DC offset at TPX03 4s thus dynamically controlled to
zero, with 1imits of accuracy set by the input offset voltage of UX0l b
(£3 mv).

A low offset voltage on the output is needed to prevent clicks during
muting when the audio is shorted to O V.
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J17 DE-EMPHASIS AND LOW PASS FILTER

The J17 network comprises RX03, RX04, CX01, CX02. The low-pass filter
comprises RX05, the combination of RX06, RX07, RX08 and RX09, coils LX01,
LX02 and capacitors CX03, CX04, CX05. The filter has a Gaussian response
to the -6 dB point, so as to achieve a flat group-delay in the audio
pass-band and a corresponding transient step response with very small
overshoot. The -3 dB cut-off frequency is nominally 40 kHz, and the
stop-band attenuation at four fold over sampling fregquency, (128 kHz)
exceeds 40 dB.

LINE DRIVERS

Each driver has a balanced output stage which provides a sending end
source impedance equivalent to 45 Q in series with 100 pH. This is
optimum for driving un-terminated twisted pairs. The output stage can
also drive into 600 . LX03 is a common mode filter which prevents RF
being fed back from the Tine.

Protection against accidental mis-connection or short circuits is
provided by the positive temperature coefficient reststors (self re-
setting fuses) RX14 and RX15 in conjunction with diode clamps and
relatively low voltage shunt-regulated supplies.

DAC_CHECKING

To enable checking of the DACs under dynamic conditions, the audio
outputs are duplicated. A reference output is provided by full
replication of the main audio chain: DAC, J17 de-emphasis, low-pass
filter, and line driver. The comparators recognise a disparity between
the main and reference outputs, indicative of a fault. Fault recognition
outputs a flag to the monitoring system.

BALUNS AND PRECISION RECTIFICATION

The comparators reguire uni-directijonal signal inputs and these are
obtained from precision full wave rectifiers fed with unbalanced audio
signals. The unbalanced audio signals are derived by balance-to-
unbalance converters which are fed from the balanced main and auxiliary
output lines.

Refer to circuit D62640A1. The precision rectifier (UX63 and associated
components) is fed from a balanced to unbalanced converter (UX61 or
UX62). During negative half-cycles at TPX61/2, the first section of UX63
functions as a unity gain inverting amplifier. During positive half-
cycles, the amplifier is disabled by reason of DX73/4, and the section of
the waveform at TPX61/2 is fed directly to the voltage follower section
of UX63 via RX65 and RX67.

B.15. Audio Comparators

The comparators are based on a self bajancing bridge circuit, which
monitors the main and auxiliary channel levels., The bridge is made up of
four resistors; one of these is variable and comprises an Operational
Transconductance Amplifier (OTA) configured as a current controlled
resistor, whose resistance is determined by the current Iabc jnto pin 16
of the package (UX64).
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The other half of the dual OTA package functions as a conventional
differential amplifier used as a balance sensing amplifier, with its
differential inputs (pins 2 and 4) connected to the output of the bridge.
The balance error output of this amplifier is fed back to control the
current controlled resistor, thereby forming a servo loop which maintains
bridge balance.

The balance condition of the bridge (any bridge) is independent of the
energising signal level. This is a crucial feature, because in this
application, we have to make comparisons of dynamic programme material.

When the main and auxiljary programme channel levels are identical, the
variable resistor arm of the bridge has a particular ohmic value for
bridge balance in that condition. This resistor value corresponds to a
particular control current 1 which in turn corresponds to a particular
{nominally zero)} error vo1ta89coutput from the balance sensing amplifier.

In the event that there is a disparity in the output levels of the main
and auxiliary audio channels, the bridge automatically re-balances, but
it will have a new and different ohmic value current controlled
resistance. Hence, there will be a different control I value, and a
different (non zero) error voltage output from the balaﬁgg sensing
amplifier. This error voltage is fed to a window discriminator UX65.
When the error voltage exceeds a pre-set threshold (1.36 V set by RX85-6-
7-8 pins 4/10 of UX65) a "fail" logic flag is output from U712 and the
green LED (DX78) is extinguished.

Testing and setting-up is facilitated by two 1inks, LKX61 and LKX62.
When LKX61 is in position B, the bridge is energised from one source
(simulating identical main and auxiliary levels). When LKX62 is made, a
controlled error (imbalance) is introduced, and this can be used to test
the fail detection circuits.

5.16. AES/EBU Outputs

As well as providing six channels of analogue audio, the CD3L/58 also
provides digital audio AES/EBU outputs at 32 kHz rate. The six XLR
connectors on the back panel (PLA-PLF) carry two sets of three AES feeds
(channels 1/2, 3/4 and 5/6). There are two sets to enable external
comparator monitoring for checking system performance. If one of the
feeds fails then an external automatic monitoring system should be used
to switch to a spare decoder.

The Philips SAA 7220 ICs, (U76-78 and UB4-86), provide an output on the
DOBM line, (pin 14), which is close in format to an AES/EBU signal.
Minor changes to the bitstream convert the channel status data from
consumer to professional format. The circuit is based to do this around
two PALs, a buffer and a transformer providing a balanced earth free
output as required.

EBU 1 PAL

This PAL takes the digital output from the SAA7220 and detects framing
patterns. Because they are a bi-phase violation this is fairly
straightforward.

The preambles are:
B: 11101000 - left sample, block start

M: 11100010 - Teft sample
W: 111060100 - right sample
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The PAL contains a counter that is incremented every time a left channel
sub-frame {1s detected and reset when a block sync occurs (every 192
frames). There is a look-up table inside EBU_1 that equates frame number
to channel status bit.

If the incoming bit is different to the 'computed' value then the channel
status bit for that frame is inverted. This also means that the parity
bit must be inverted also. This inversion 1s controlled by EBU_ 2.

The 'C' bits set are: bits 0, 2, 3, 4, 6, and 7 of byte 0.
All other bits are zero, except the checksum which is 03.
This pattern of 'C' bits corresponds to:

PROFESSIONAL FORMAT
NORMAL AUDIO MODE

J17 PRE-EMPHASIS APPLIED
SAMPLING FREQUENCY LOCKED
32 KHZ SAMPLING

EBU 2 PAL

This PAL inverts the 'C' and 'P' bits in the outgoing bi-phase encoded
bitstream under control from the EBU_1 PAL. In bi-phase coding,
transistions in the output waveform always occur at bit cell boundaries
and, if the output bit cell represents a logic 'l', there is an extra
transistion in the centre of the bit cell. Inverting the output signal
during either half (but not both) of a bit cell period will invert the
sense of the bit carried within the cell by adding or removing a central
transistion.

The PAL contains an half-bit cell counter that is incremented at 4096
kHz. The data rate is 2048 kHz and it is Bi-Phase encoded. An AES sub-
frame contains 32 bits (4 framing, 24 audio data V, U, C, P bits) giving
64 half-bit cells (0 to 63). To invert the C and P bits half-bit cells
61 and 62 are inverted, corresponding to the last half of the 'C' bit and
the first half of the 'P' bit.

MAINTAINANCE

ROUTINE MAINTAINANCE

No routine maintainance or line up procedures are reguired for this
equipment.
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FAULT FINDING

As detajled in Section 5., there are 16 main blocks in the MKII NICAM
decoder circuitry. These are:

w N O M R W N

_ e e e e e e
h g B W N = O

Block

Power Supply

Clock and Data Recovery
2048 Locking
Sequencer

676 Locking

System RAM

Gate Array Block

CPU Block

Executive Outputs
Error Counting System
Signalling Bits

DAC Block

Muting Systems
Analogue Outputs
Audio Comparators
AES/EBU Outputs

Sited On

PS4/51

UN26/99

UN26/99

UN26/100

UN26/100

UN26/100

UN26/100

UN26/99

UN26/100 and UN26/100
UN26/100

UN26/99 and UN26/100
UN26/100 and C09/13
€09/13

C09/13

C09/13

UN26/99 and UN26/100

The above block numbers are the same as the subsection numbers in both
this section and the CIRCUIT DESCRIPTION section. They are also used on
the overall block diagram D63598Al.

Items required for maintainance are:

SN N aW N =

o

CH4/15 Extender board

Dual Trace Osciltloscope (50 Mhz or better)
Variable Frequency Oscillator (range 2048 kHz 1 1 kHz)

Frequency Counter (> 10 MHz)

GE5P/9 NICAM Test Signal Generator

HP5006A Signature Analyser

Low Distortion 1 kHz Oscillator and Distortion Measuring

Equipment

Coder (for companding noise test only)
14 kHz Notch Filter (for companding nojse test only)

(See Appendix 3)

For many of the tests, Network Bitstream can be used instead of the
GE4P/9. For tests of the analogue parts of the equipment, the GE4P/9
must be fitted with EPROMs producing an output which corresponds to the
'new' line-up levels (+14.8 dBu at 2 kHz = maximum coding range).
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The last two items of equipment should not be needed for any on site
tests - suspect units should be returned to base maintainance centres.

In general, if a crate is not functioning, try to identify the area at
fault by card replacement {(remembering to de-power the crate before
replacing sub-units).

The sequencer is responsible for most of the digital processing in the
system and a fault in this part may manifest itself as a difficulty in
any of the following sections. The CPU block can also produce
'widespread' faults by issuing erroneous relock signals or forcing mutes
due to problems in the error counting system. There are several other
minor dependencies but, in general, the blocks can be tested for correct
operation in the order given above; eg, once the 2048 locking has been
proved to work, the seguencer can be tested and so on.

The following sub sections give a brief description of tests which
confirm correct operation of each block and Appendix 1 at the end of this
document contains 1ists of expected signatures analysis results at
various points in the circuit when using the GE4P/9 NICAM TEST SIGNAL
GENERATOR.

6.1. Power Supply

If the supply rails within the equipment are incorrect, the power supply
can be loaded on the bench with about 7 A at +5 V and 0.8 A at +18 V.,
Under these conditions, the 5 V line should be somewhat above 5 V to
allow for voltage drops across the motherboard but should not exceed 5.25
V. The x18 V rails should be between 17.5 V and 19 V each., If the t18 YV
rails are low then check R57 and R58 have been removed from the power
supply board. Faulty switch mode supplies should not be repaired but
sent back to the manufacturer for repair.

6.2. Clock and Data Recovery

HDB3 DATA INPUTS

With the UN26/99 on an extender and all other cards in the rack, check
the HDB3 data input stage level comparator as follows:

Apply a standard Tevel (4.74 V) HDB3 signal to the input via
a 75 Q variable attenuator. Monitor the output of U9 pin 7
and check it goes high (> 3 V) when 10 dB of attenuation is
put in the signal path. Then increase the input lTevel and
check the comparator output has gone low again by the time
only 3 dB attenuation is present. There should be at least
1 dB of hysteresis in the switching level.

DATA SLICING

With the same setup as above, use a dual trace oscilloscope to monitor
the DC tevel at pin 10 of U8 on one trace and the signal at pin 9 on the
other. The DC level should be half the pulse amplitude. Check also for
the other polarity pulses at pins 4 and 5 of U8. Pins 7 and 12 should
pulse with data at TTL levels.
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CLOCK RECOVERY

Again as above, look at the 2 MHz signal at TP1 (connect the earth of the
oscilloscope probe directly to the earthy end of R47). A low amplitude
sinewave should be present - check L4 is set to maximise the Tevel,

Check also the recovered clock at pin 12 of U3. This should be a TTL
level 2 MHz square wave (1:1 ratio) with 1ittle data dependant jitter.

To check the locking range of the decoder needs a variable freguency
oscillator and a frequency counter. Set the oscillator to produce a
nominal 2048 kHz square wave at 4.7 V pk » pk and connect to the HDB3
input. (The /HDB3 ok output should fail indicating a rogue non HDB3
signal). Use the 2 channel oscilloscope, view U9 pin 12 on one trace
(recovered clock) and Ul pin 10 on the other (de-jittered clock).
Measure the input frequency range over which the traces stay in lock -
jt shouid be at least 100 Hz but not greater than 2200 Hz referred to
exactly 2D48 kHz. The crystal may be faulty if this range cannot be
achieved by adjustment of VC1 (if fitted).

6.3, 2048 Locking

With no HDB3 connected to the crate, an 8 MHz clock should be at U29 pin
11 and U27, U30 pin 1. These should also be 2 MHz at U31 pin 10 and 4
MHz at U3l pin 9. At this stage, the top LED (D1) on the UN26/100 should
be out and U32 pin 10 (on the UN26/99) should pulse with 3 ms mark and 1
mns space. U31 pin 8 should have a 2048 kHz signal with a 3:1
mark/space ratjo. If all these are correct, check there is a stable
negative going pulse train on U28 pin 9; if this is not present the
sequencer is not working properly - see next section.

The /SDET line (U27 pin 3) should only have activity on it when an input
is connected. /DDET (U27 pin 7) should be high. With an input present,
check that a relock pulse from U32 pin 10 causes a later pulse on U27 pin
7; if not, then Frame Alignment Words are not being detected and the
shift register circuitry should be checked. The MONITOR PROM (U32) or
the PALs (U27, U3D) could also be faulty - check their Redcodes. Check
also the 2048 lock LED driver - U8 pin 9 (UN26/100) is low to light the
LED.

6.4. Sequencer

With the UN26/1D0 on an extender and no input signal to the crate, look
at the outputs of the four counter chips U2, 3, 4 and 5, Depending on
the 'weighting' of the bit, the outputs on pins 11 - 14 should be square
waves at a sub multiple of the input clock frequency (pins 12, 13 of U2
will not have a 1:1 mark/space ratio). Pin 1 on U2 - 5 should pulse low
every 3 ms. The /EOC signal fed back to the 2048 locking signal comes
from PROM U43 and latch U44.

A reset pulse for the Z80A CPU is generated every 3 ms (active low) by
U34 and U36. An unstable sequencer count can be caused by the CPU
randomly changing the address lines of the Delay Fixing PROM (U10) - if
necessary, remove the CPU to confirm this is the problem.
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SIGNATURE ANALYSIS

Signature analysis can be used to test the sequencer action. The
addressing sequence of the PROMs Ull, 26, 34, 43 and 57 will always be
the same after a CPU reset if the delay fixing does not affect the count.
Use an HP5006A signature analyser set and connect as follows:

ANALYSER LINE CONNECT _TO NOTE
GND PL1 32c -
CLK PL2 19c (-ve edge)
START PL2 16¢ (-ve edge)
STOP PLZ 16¢C (-ve edge)
QUAL - Not Used

The open circuit signature should be OP7C. The signatures expected at
the inputs and outputs of the sequencer PROMs and associated Tatches can
be found in Appendix 1.

6.5. 676 Locking

Before checking this part of the circuitry, both the 2048 locking system
and the sequencer must be working properly.

First, check the RECEIVE REGISTER PAL (U68 on UN26/100). Connect a
GE4P/9 to the input of the crate, selecting the high frequency sweep as
'main' waveform and 'all 1's' as the 'secondary'. With all channels
selected to 'main’', pins 20 (CH1), 15 (CH2), 16 (CH3), 17 (CH4), 18 (CH5)
and 19 (CH6) of U68 should show activity. Then, for each channel in
turn, select the 'secondary’ waveform and confirm that the corresponding
output goes and stays logic high while the other outputs are unaffected,

Next check that the deserialisers (U69 - U74) are being correctly
selected by connecting the signature analyser as above and verifying the
signatures, listed in Appendix 1, at the inputs and outputs of U62. To
confirm that the 676 frame alignment words are being detected correctly,
select 'silence' on all six channels and check pins 6 and 7 of the
deserialisers both have six positive going pulse per 3 ms.

These pins should become permanently high if 'all 1's' is selected on all
channels. The CPU should be issuing relock pulses for any channels not
in lock on pins 2 (X channel pair), 3 (Y channel pair and/or 4(Z channel
pair). Other signals to check are:

A The START pulse from the sequencer (U67 pin 5 pulse low for every

3 ms)
B Pin 1 of U69 - 74 (8 MHz clock)
C Pin 1 of U47, 48, 60 and 61 (~ 340 kHz pulses)
D Pin 7 of UG8 (2048 kHz squarewave)
E Pin 5 of UG8 (2048 kHz 3:1 mark/space ratio)

For a channel pair that is not locked, Pin 2 of U47 (X channel pair), U48
(7tchannel pair) and/or U61 (Z channel pair) should pulse when a FAKW is
detected.

Check also the Redcodes of the PALs (see Appendix 2).
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6.6. System RAM

Check that on U15 and U30 pins 27 (/WE), 20 (/CE) and 22 (/OE) have
activity. These signals are derived from the BUS CONTROL PAL (U37) which
should have activity on pins 2 - 7 and an 8 MHz clock on pin 1. check
the page switching operation by confirming that U35 (MISC PAL) pins 17
and 16 count in sequence 10, 01, 11 repeating every 9 ms. This cycle is
clocked by a signal on pin 4 which pulses low every 3 ms. The address
latches (U14, U29) and U37 can be checked by signature analysis. Connect
the analyser as in 6.4. above, but also select QUAL active high going and
connect it to U28 pin 1. The open circuit signature should be 77AH. The
required signatures are listed in Appendix 1.

6.7. Gate Array Block

This block 1s tested using signature analysis. Connect the analyser as
in section 6.4, above and feed the crate with an HDB3 signal from a
GE4P/9 set to 333.33 Hz at +12.8 dBu. Confirm the system is locked (D1 -
D4 on the UN26/100 are all on) and then check the signatures for U38 and
U39 agree with those in Appendix 1.

6.8. CPU Block
LOCAL EPROM/RAM

The CPU performs a quick self test on power up. If an error in the EPROM
or local RAM is found, the displays will read XFO where X = A for the
EPROM (U41 on UN26/99) or X = B for the RAM (U37 on UN26/99). Check
these by substitution if necessary.

MUTE/RELOCK

With no bitstream present, the CPU should be producing positive going
relock pulses at about 18 ms intervals and the audio should be muted.
Check the correct signals appear on the output pins of U6 on the UN26/100
(pins 15, 6, 16 pulsing high and pins 5, 19 and 2 static low level). The
strobe pulse for U6 comes from U44 pin 11 (low pulse every 3 ms).

SIGNALLING/DISPLAY STROBES

The signalling bit drivers and the alpha numeric displays are strobed by
signals from U44 on the UN26/99 (some via inverters in U38). Check there
are no short circuits on the inputs or outputs of U44 if invalid
signalling display activity happens. The 16 front panel green LEDS on
the UN26/99 and the executive fault outputs are strobed by signals from
U45 on the UN26/99.
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OTHER I1/0 STROBES

UN26/99
u3s : pin 12 :strobe pulse, pulses when new 676 level
signalling bits are output. (3 ms time
period)
: pin 19 :clears the error counting PAL. (3 ms
time period)
: pin 9 :blanks X display
: pin 15 :blanks Y display
: pin 6 :blanks Z display
(these signals should become active when
the channel has not received any errors
for 2.5 min.)
U3 : pin 11 soutputs LED values
uqz pin 11 ;outputs LED values
usz2 : pins 1, 15 :inputs switch values
us4 pins 1, 15 :inputs switch values
usl : pins 1, 15 :inputs switch values
us3 pins 1, 15 sinputs switch values
usg pins 1, 15 vinputs switch values
u4g pin 8 tinputs justification bits
u43 pins 1, 19 :inputs comparator fail inputs
UN26/100
Uiz pin 2 :strobe for executive outputs
vig : pin 2 :strobe for executive outputs
uig pin 2 :strobe for warning outputs

The time-out for the system is enabled if monostable U26 is not ‘kicked:®
every 3 ms. Check that U44 pin 7 has negative going pulses and that
these reach U26 pin 9. If the CPU has 'crashed', these pulses will not
appear.

6.9, Executive Qutputs

The green LEDs on the UN26/99 should mimic the state of the executive
outputs according to the map in section 5.9. (LED on = fault output low
ie, no fault). Set all the UN26/99 switches to '6' and confirm the 2048
and 676 lock indications are on when a bitstream is connected.

The error rate displays should read '7' or be blanked. (If the error
counting circuitry is not working properly, the CPU will be issuing 676
relocks and mutes (the 676 lock LEDs will be flickering but too fast to
see)., Under these conditions, it will be impossible to test the channe!
fail outputs, though the BER outputs can still be checked).

vary the settings of the lTowest three switches on the UN26/99 and check
the corresponding BER outputs and UN26/99 LEDs switch correctly (eg,
switch set to 0, 1, 2 or 3 should not fail if display reads '4'). Use
the GE4P/9 error rate control to vary the point at which the switches
activate the outputs to check all the switch bits are active.
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If there is a problem here, check the CPU is correctly reading the
switches by looking at the contents of the 4 LSBs of the data bus when
U51 or U2 are gating data onto it (pin 15 low). The CPU also must re-
trigger monostable U26 b regularly or the CLR 1ine on the BER/FAULT
output drives (U17, 18 and 19 on the UN26/100) will be activated.

The fault outputs can be checked as above if the error counting circuitry
(section 6.10.), the 676 locking circuitry (section 6.5.) and the audio
outputs/comparators {sections 6.14.and 6.15.) are all working. 1In this
case the CPU reads the switch data via US0, U53, or US54 as appropriate.
To check the fault reporting tests the audio comparators outputs
correctly, switch off and remove one of the audio cards. When the crate
is re-powered, all six channels should report failure.

6.10. Error Counting System

Check the ERRCOUNT PAL is being correctly accessed by signature analysis.
Set up the analyser as per section 6.4. and confirm the signatures given
in Appendix 1 are correct. If the alpha numeric displays indicate
invalid data but the signatures are correct, the CPU is not reading the
ERRCOUNT PAL correctly - see CPU and the System Ram sections (6.8. and
6.6. respectively).

6.11. Signalling Bits

The quickest way to check the signalling bits are working correctly is to
connect a RDS DATA SPLITTER (CD4S/18) and Network bitstream to the crate
and check for readable RDS messages. If this method is not possible,
check with an oscilloscope that the CPU is loading the signalling bit
drivers (U55, U468 and U47) - strobe pulses (active high) should appear on
pin 2. If the alpha numeric displays on the UN26/99 are working
correctly, there is unlikely to be any fault on the CPU data bus - Ub5,
U46, or U47 may be at fault. It is also possible (though the background
self test would find a fault) that the system RAM has an error.

6.12. DAC Block
DAC INTERFACE PALS

Check the DAC INTERFACE PALS (U41, 50 on UN26/100) are being correctly
accessed by signature analysis. Set up the analyser as per section 6.4.
and confirm the signatures given in Appendix 1 are correct. Any errors
here should be traced back to the sequencer or a faulty PAL.

SERTALISERS

Confirm the serialiser are working correctly by connecting the GE4P/9 set
to 'going' waveform for all channels to the HDB3 input. With an
oscilloscope, examine the waveform on pin 6 of the 74LS674s (U25, 32, 42,
55 and 75). It should have a 16 pus time period and the first half should
clearly show the bit activity of the 'going' signal. Remove the
bitstream and check the activity disappears on all the 74LS674s.

COSITED/INTERLEAVED SELECTIONS

It will not be possible to do this test if the audio outputs are not
present. With the GE4P/9 plugged in and set to produce 10 kHz at +5 dBu,
monitor two relevant audio outputs (ie, CH1, 2 or CH3, 4 etc). With the
1inks (LK1, LK2 on UN26/100) set to the cosited position (upper), the two
audio outputs should be in phase.
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Moving the 1inks to the lower position should delay the right channel

audio output by 15 ps. A fault here should be traced to the delay
circuitry, U79 - 83 (main) or U87 - 90 and U22 (reserve).

INTERPOLATORS

The following signals should be present on the Interpolator ICs (U76, 77,
78, 85 and 86):

Pin 1 (WSAB) 32 kHz square wave
Pin 11 (XIN) 8 MHz square wave
Pin 2 (CLAB) 2 MHz square wave
Pin 18 (WSBD) 128 kHz square wave
Pin 9 (X575) 4 MHz square wave
Pin 16 (CLBD) 2 Mhz square wave

Pin 22, 23 (/ATSB, /MUSB) Active Low mute signal
A suspect Interpolator should be checked by substitution.

6.13. Muting Systems

The CPU block issues the mute commands to the MUTE PAL (U717) on the
C09/13 and also to the Interpolators as above. The MUTE PAL will also
turn off the audio outputs if 2048 lock is lost. If the C09/13 appears
to be muting incorrectly check the signals from the CPU and 2048 LOCKING
sections are reaching the MUTE PAL correctly as follows:

Pin 1 8192 kHz 8 MHz squarewave clock

Pin 23 MUTE X Active low mute signal from CPU block
Pin 14 MUTE Y Active lTow mute signal from CPU block
Pin 11 MUTE 2Z Active low mute signal from CPU block
Pin 2 /2048 lock Active low lock indicator

Pin 13 /RESET CPU RESET 1ine from the sequencer

(Note the /RESET signal is only used to count 3 ms intervals - not to
reset the PAL). If these signals are correct and the mute outputs (pins
6, 7, and 8) are low, the PAL is faulty.

To check the analogue muting circuitry, proceed as follows:

De-power the crate and unplug the C09/13s. Check the source - drain
resistance of each FET pair (Qx02, QX03 where X is the channel number)
with an Ohm-meter - it should be less than 50 Ohms.

Unplug the MUTE PAL (U717) from the suspect card and put the card (on an
extender) back into the rack. Check that with the GE4P/9 connected (set
to 1 kHz tone at +8 dBu) that audio appears at the outputs - if not, see
the next section. Apply a TTL level square wave at about 100 Hz to pin
6, 7 or 8 of U717's socket and check the resulting waveform at pins 1 and
7 of U714 (if using pin 6 U717), U715 (pin 7 U717) or U716 (pin 8 U717)
as appropriate. This should be a 10 V pk - pk square wave with a rise or
fall time to the 63% point of about 1 ms.

Check that the audio output envelope is a similar waveform with an
attenuation of at least 40 dB in the 'on' periods. With digital silence
selected on the GE4P/9 and the TTL square wave removed, use a digital
voltmeter to check the DC offset at TPX03 (X = channel number). This
should be Tess than +3 mV - if more, the DC auto zero integrator (UXO1l b,
QX04, QX01 and associated components) or the DAC chip itself is suspect.
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6.14. Analogue Outputs

DC OFFSET INTEGRATOR

This is checked by the method at the end of section 6.13. above.
J17 DE-EMPHASIS AND LOW PASS FILTER

The J17 de-emphasis network is best checked by injecting a variable
frequency sinewave into TPXO1 (X = channel number) via a J17 emphasis
network. (30 kQ resistor, 1200 pF and 10 nF capacitors all in parallel -
connect network between source and TPX01l). With the crate locked to
digital silence from a GE4P/9 (and the offset within 1imits as per the
section above), measure the frequency response at TPX03 into high
impedance - this should be within 0.1 dB from 100 Hz to 5 kHz and
between -0,15 and -0.3 dB at 10 kHz., Any error is probably due to wrong
value components.

LINE DRIVERS

These are fairly simple buffers which have line driving capability. RX12
sets the DC line-to-1ine voltage which should be tess than 1 mV. The
distortion can be checked by injecting a 1 kHz Tow distortion sinewave
into TPX01 via a J17 emphasis network as above. At +8 dBm across the
output the distortion should be less than 0.01% (80 dB separation).

BALUNS AND PRECISION RECTIFIERS

These checks can be performed on the cards in the crate or separately on
the bench. For in crate tests, the audio gain will need to have been set
correctly - see later. For on bench tests, apply power and +8 dBu tone
to the card as follows:

+5 ¥ PL1 29¢
0V PL1 30c
+18 V PL1 2¢
-18 ¥ PL1 4c
oV PL1 5¢
Tone PL2 22a/c (CH1), 24a/c (CH2) or 26a/c (CH3)

(For on bench tests, couple the centre pins of LKX63 and LKX64 to the 'B'
pins of LKX42 and LKX41 respectively).

Check the level at the output of the bal-uns (UX61 or UX62) is 8 #0.3
dBu. Check also with a DVM the mean DC potential at TPX63 and TPX64 -
it should be 1,75 V 100 mV.

GAI

To set the gain, connect the GE4P/9 NICAM TEST SIGNAL GENERATOR to the
crate and set its output to '416.66 Hz at +8 dB'. (The PROMs in the
generator should be for the revised line-up level - maximum coding range
= +14.8 dBu at 2 kHz).
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Set each of the gain-set potentiometers RX07 on the left hand C09/13 so
that, when terminated in 600 ohms, the main audio outputs are at +8 dBm.
The gains on the right hand card can be set similarly, but a better
method is first to check the alignment of the audio comparators (see next
section) and then to set the gains on the right hand C09/13 so that the
corresponding comparator outputs are 0 +200 mV.

FREQUENCY RESPONSE

Use the GE4P/9 to check that the audio outputs when loaded with 600 Q
have a frequency response which is accurate to 0.1 dB (up to 10 kHz) and
js within the range +0.3, -0.5 dB above 10 kHz.

If the response is outside these 1imits, check the J17 de-emphasis
network as above.

COMPANDING AND_ QUANTISATION NOISE

Unless audible 'distortion on the 'gong' tone from the GE4P/9 is present,
this check is not needed. The test requires a coder and a 14 kHz source
and notch filter. (The standard method of using a 40 Hz tone and a high
pass filter cannot exercise all the data bits at the low frequency due to
J17 emphasis). A circuit for a simple notch filter is given in
DSK27215A1 and setting up instructions for this filter are given in
Appendix 3.

Using a & channel NICAM coder (2 channel equipment may not have a good
enough performance), feed a 14 kHz tone at +8 dBu into the coder and
measure the weighted noise level at the output of the decoder.

The theoretical weighted noise levels are:

Input tone level (dBu) Noise out (dB4w)
+8 38
+1 44
-5 50
-11 56
-17 62

The measured figures should be within 3 dB of these figures.
A suspect DAC can be checked by substitution,

6.15. Audio Comparators

Set LKX61 to position 'B' and leave LKX61 open circuit. With no audio
present, adjust RX73 for zero DC at TPX65. Using the GE4P/9 by injecting
a tone into TPX0l1, (as described in the J17 DE-EMPHASIS subsection
above), produce +10 - +13 dBu at 1 - 2 kHz from all outputs.

Use RX81 to set the voltage at TPX65 to zero again. Drop the tone level
by 20 dB or so and check TPX65 is still at zero volts. Minor sequential
adjustments to RX73 and RX81 can be made untjl TPX65 remains at 0 +200 mV
for all signal levels (including no signal).

Alternatively, with a DC coupled oscilloscope connected to TPX65, adjust
RX73 for no DC and RX81 for minimum response to audio content.
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To check the other half of the circuit, temporarily couple the centre
pins of LKX63 and LKX64 to both the 'A' and 'B' pins of LKX41 and LKX42
respectively (this connects the two balanced inputs in parallel). With
LKX61 in the 'A' position, check that TPX65 remains at 0 300 mV for all
signal levels (including no signal). The green LED DX78 should be on.
Set the tone level to +4 - +6 dBu at any frequency and check that DX78
goes out when LKX61 is made. (LKX61 made simulates a 1 dB imbalance in
comparator input levels). Remember to remove LKX61 again.

6.16. AES/EBU Outputs

These are best checked by using an MNB/12 Digital Audio Monitor (DAM).
The DAM should lock to the signal and produce the same audio as is
present at the analogue outputs. If the digital outputs do not work (and
the analogue ones do), then the EBU PALs and output drivers are suspect
(Ul1 - 25, U56 on UN26/99).
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7.

APPENDICES

APPENDIX 1

This is a List of expected signatures at various points in the circuits. The
section number given refers to the associated part of the MAINTAINANCE section

in the
6-4D

handbook.

Sequencer

The signatures expected are:

INPUT U1l u26 u34 u4s us7
PINS
2 U4pP0 U4pP0 U4P0 U4P0 U4P0
23 U03F Uo3F UO3F Uo3F UO3F
21 4671 4671 4671 4671 4671
24 A9H9 A9HS ASH9 A9H9 ASH9
25 HE6BA HE6B8A HE6BA H68A HE6BA
3 38A2 38A2 38A2 38A2 38A2
4 53CA 53CA 53CA 53CA 53CA
5 0920 0920 0920 0920 0920
6 42C6 42C6 42C6 42C6 42C6
7 U4p8 u4re U4r8 U4p8 u4rg
8 CAE9 CA69 CA69 CA69 CA69
9 53FP 53FP 53FP 53FP 53FP
10 U452 U452 U4s2 u4s2 U4b2
QUTPUT
PINS
19 POF7 38PF 4U78 PF80 9957
18 AOP9 9097 41u2 FO4P 832A
17 U785 48P6 690F 8P18 8C17
16 3PPA 4PC3 3P33 U625 AHFU
15 6820 8725 80C3 AF4A 9P2A
13 89C4 601V 485F 86CF 836C
12 H41A HA32 873F €791 SH67
11 11HO 0u36 H9U7 7HAU FO4P
QUTPUT us8 u44 u36
PINS
2 45PH U640 APUA
19 F8H3 6961 ASCU
5 4FFH F70F 3HFO
16 SUA1 U254 965U
6 4653 5063 491U
15 48U3 4A18 ZH68
) 47U5 528P F39P
12 6961 €791 XXXX

XXXX = UNSTABLE
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605.

6.6.

676 Locking

Expected Signatures for U62:

ouTPUT signature
PINS
14 A001
13 4A18
12 AF4A
11 5U63
10 €791
9 528P
INPUT
PINS
1 47U5
2 48U3
3 4653

System RAM

The following signatures should be present:

device pin no. signature
uli4 3 3268
ui4 18 3P63
Ui4 4 568U
Uuli4 17 8UCH
Ul4 7 P49C
ul4 14 5A49
ul4 8 P174
Ul4 13 3793
u29 3 1255
u29 18 P6IF
u29 4 5080
uz9 17 XXXX
uz29 7 XXXX
u29 14 294A
Uz29 8 oo2u
uz29 13 H5FC
U3z 4 u7c7
u37 6 H259
U3z 12 UAGU
U37 15 4pP01
u37 16 39AF
U3z 17 OHH8
u37 18 8HF2
u3z 19 7A75
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6.7.

6.10.

6.12.

Gate Array

The signatures taken should be:

u3s PIN SIGNATURE
23 A9CU
24 APUA
25 3HFO
27 AH35
28 F10H
29 1530
U39
9 AH35
10 F10H
11 1530
Error Counting System
Expected Signatures at U40:
pin signature
2 AH35
3 F10H
4 1530
6 3HFO
9 A244
10 2HP3
11 2H68
13, 14 243p
DAC Interface PALs
Signatures expected on U41, U5S0
pin signature
2 AH35
3 F10H
) 491U
7 4FFH
12 4764
13 €379
18 868H
19 3P5H
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APPENDIX 2
A List of programmable devices and their REDCODES
UN26/99
IC No. Type Name Redcode P/F No.
(*16 bit checksum)
u14 EPE00 EBU_1_PAL B234 F1041A
U15 EP600 EBU_2 PAL 8071 F1042A
u1e EP600 EBU_1_PAL B234 F1041A
u17 EP600 EBU 2 PAL 8071 F1042A
U18 EP600 EBU_1 PAL B234 F1041A
u19 EP600 EBU 2 PAL 8071 F1042A
uza EP600 EBU 1 PAL B234 F1041A
uz21 EP600 EBU_2_PAL 8071 F1042A
u22 EP600 EBU_1_PAL B234 F1041A
u23 EP600 EBU_2 PAL 8071 F1042A
uz4 EP600 EBU 2 PAL 8071 F1042A
uz2s EP600 EBU_1_PAL B234 F1041A
uz7 PAL 20X10 MONITOR_PAL 6EDO F1048A
u3o PAL 20X10  DETECTOR_PAL 6934 F1047A
U3z 2716 MONITOR_PAL A469 P5313A
U4l 27128 CPU_PROM A984 P5326A
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UN26/100
IC No. Type Name Redcode P/F No.
(*16 bit checksum)
u10 TBP18S030  DELAY_FIX_PROM 2CC7 P5314A
u11 2764 SEQ1_PROM 5DFF P5319A
uz6 2764 SEQ2_PROM E]ie P5318A
V34 2764 SEQ3_PROM 6C5E P5317A
u3s PAL 16R4 MISC_PAL 4A7A * F1049A
usz PAL 16R6 BUS_CONTROL_PAL 5BDC * F1051A
u3s PAL 20X8 PARITY_DISP_PAL 74D6 * F1057A
u4o0 PAL 20X8 ERR_COUNT PAL 83C8 * F1058A
U4l PAL 16R4 DAC_INTERFACE_PAL 5546 * F1059A
u43 2764 SEQ4 PROM B288 P5316A
U4z PAL 20X10  COUNTER_PAL 9DBA * F1054A
u4s PAL 20X10  COUNTER_PAL 9DBA * F1054A
uso PAL 16R4 DAC_INTERFACE_PAL 5546 * F1059A
us7 2764 SEQS PROM 9E17 P5315A
U60 PAL 20X10 COUNTER_PAL 9D8A * F1054A
U61 PAL 20X10  COUNTER_PAL 9D8A * F1054A
ue7 PAL 20X10  SUB_CONTROLLER_PAL 8488 * F1050A
ues PAL 20X8 RECEIVE_REG_PAL 5468 * F1052A
ue9 PAL 20X10  DE-SERIALISER PAL 6F19 * F1053A
uz7o PAL 20X10 DE-SERIALISER_PAL 6F19 * F1053A
u71 PAL 20X10  DE-SERTALISER_PAL 6F19 * F1053A
u72 PAL 20X10  DE-SERIALISER_PAL 6F19 * F1053A
u73 PAL 20X10 DE-SERIALISER-PAL 6F19 * F1053A
U74 PAL 20X10  DE-SERIALISER PAL 6F19 * F1053A
C09/13
IC No. Type Name Redcode P/F No.
(*16 bit checksum)
U717 EP600 MUTE_PAL 4F9B * F1060A
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APPENDIX 3
NOTCH FILTER
(CIRCUIT - DSK27215A1)
Setting Up

The tone source should have a good short-term stability, eg. 1 Hz at a nomipal
14 kHz.

Absolute frequency is not critical, and may have a tolerance of 1100 Hz.

A spectrum analyser is useful for measuring the 14 kHz level at the output of
the notch filter.

1 Set C1 and R1 mid-range.
2 Adjust L1 adjuster and R2 for best null of 14 kHz.
3 Adjust Cl1 and R1 for best null at 14 kHz, which should be at least -65 dB

relative to the incoming tone level.

Cl and R1 may require re-adjustment at the different tone levels to
achieve this. In general, if the companding noise specification is met,
there is no need to re-trim C1 and R1. If, however, the noise level
appears higher than it should be, then re-check the notch tuning.
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C307, Cc3L7, CRALDS, Cho), 507, Cchba?
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55 | L | 180PF b5, RECTANGULAL, POLYSTYEZENE S 71005 ~O4-50025
L) C10™,C203,Ca303. CLod, C50D Chbod
56 | b |#|b20,F b3V, RECTANGULAR  PUYSTYRENE S2100S5 —Ok5c112 )
T
(L) C104, C204, CR04, Cholk, C50k, 6oL I |
|
57 | b |#470pF, 63V, RECTANGUIAR , POLY STYRENE SZ1ooS5 — O4+50120
(6)CT119, € 720,739, C740, €752, €760 i
' |
58 | & [F|InF, bV, RECTANGULARL, POLY STYRENE S21005 — O45020x |
(L) C105 CZ0S , C205, Cho5, 505, CLOS i
|
59 | L K|6-2nF 63V, RECTANGULAR, FELY STYRENE S2lcos — Or50399 |
(L) €152, € 262, € B2, Cron., 567, C&62 |
I
to | b |%l10nF, 63V, REcTANGULAR | POLYSTYRENE SZ271006 - O6OL 14D |
(&) c1o7, €201, €301, Chol, €501, Lbod "

61 2 ¥ 10nF, 100V RECTAN GUILAL, POLYESTER S271035 — OLL5208
(2) C1o8, C1ul. €208, C241 308, <34y cuos, !
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62 |42 ¥k |100n F, 100V, MMIATURE | LAVER , RS.11Lr = 4O2 | I — 062 759X
() E755, 706, EI07, E706,e708), £, f i
CI111 . €712\ c71  C7h €715, €716, ;
ETNY, TR, Eis 2k ERAT ERIR, |
cI29 €730, €731, C22, CI3D, C 734, | |
CTDS, 7B, €737, €738, 745, € 74b, I I
1
|
I

4T, CPB 749 €750, 675], £ 752, |
TG TS 755, EF758, €75 758

&3 |3 [ 1uF 1cov, MminiaTirE LAvER, R.S 1My - L3O I - 0627607

3 aiel, 2561, €361 I I

Ll |2 |¥|Z2-2 4 F 100V, MINIATURE | LAYER, R.S. M4 - L4 — C2 761X
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ra | aFF DESCRIPTION 2EF. BB C REF, OR DRG. No.
THERMISToRS
TO |18 W P.T.c. 11omA | B.5.7151- 300 - 0629 ULl
(18)R114 R115, R14hp R150 R21l, R215, R2.45), i
R250, RBP4 RH15, R34p B350, RUll, L1115 :
Esil., R515, Rbll- RL1S :
71 |12 [¥| PTc. - RAYCHEM 21091 : —OL29 4T i
(12) R161, R1b2, R 163, Ribh, RZL1, R262 R2L™S5, R2bl, ?
R261, R362, R2L 2 BRDLL- :
(SUTABLE ALTEZNATIVE MDD WEST @59) |
72 ‘
|
‘!
73 |
I

DICXDES

75 |36 ¥ | VSKI1BO , SCHOT TKY

(3L D1o7, Dics, D102, 2110, 2145, D1kb, D1k-7,

[ DILE, D207, P2O8, D2p9, D210, D245, D2,
| D247, D246, D37, P2OH D309 D10, DS, !
D3U4b D347 DI Dho7, Dhod, Do) Du10,! '
D507, P5pd, D509, D510, Pbo?, P8, Dé02, |
DL1O. :

|
|
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(1) D719

77 |1 |# vz 1M — O 7327
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D272 DAILS, DAL, D71, P372 ;
|
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L D63, Pild, D167, D16R, DIEF, D178,
DI73 DA77k, D175, D176, D177, D207,
D202, D2o3 Dlok, DIOS , D206, DZL ],
D262, D24 D2l DI, D267, PZ63
DIZbL  DALT, D2LB,P2LY, P70, DZTD,
DA T, P27s5, DALTL, D277, P30T, D 502
D3InD, PIok, DI3c5, D3chL, D41, D347,
D2, DDy DL, DILZ, DD, PI6h,
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No. | OFF DESCRIPTION STl B88C REF. OR DRG. Mo,

D5ok-, D505, D506, Phol, Phbol T ho™
Dbot.. DEOS, Dot P707, P710 , D777
DIk, D715, DII/, D720, P721 D72,
D724 D730 D732, D73,

| D111, D211, D317, D17, D571, D1 ‘
8o | 3 k| LED GREEN, MINIATURE. , HLMP 15653 T OoI7BETs
(B 778, PR7s D278, |

81 | 2 PE[INSDL-TE , ZENER —O530227,
([9) P7o1, D702, D703, P 708, D769, D 712,
D773, Db, DT7I7

.i
N
1
1
|

82 | 3 |*|lsD, 25D, MINIATURE | HLMP 1 D01 - o178386K
(3) D729 2731, D733 =
l ' l

I
83 ! 4 ¥l 1N o6
| | ey D725, D726, D7272. 728 =S5
P [ !
84 ! I F i
| l INDUCToRS, |
| [ A ! |
185 | 6 [¥l|22mH, Torko 181LY - 93 | f - CL27636
| ) L10Z, L2002, L2302, LIFOZ, L5202 |, LLO2 - i
| | l |
86 |6 ¥i3a,.H, Toko 181LY- D3> | — 06149283
| (b)l1o1, L2071, Lol Liot, L5041, Lot |
| | i
87 12 |l¥iBrc TvPE 2MLS /101 — 0627625,
~., | | (D L1, LAy d, L20D 241, LB30D, L3341, LoD,
' | LSoD, LoD | | I
| !
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3 !
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83 E(93 |6 ¥ 112 - N cuavnEL Fer - OIS 94
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(b) @104, Q 204, @ 204, D L0y, QR504, Q Lol
T A,

CAUTICN, SED % . T Avop DAMAGE  FRom

STATIC. CHARGES GREAT cags SHoULD BE
TAKEN \HEN HAND N Ge THESSE D EVICES,
25 |18 ¥ | TLo72ce, —0194@‘;
(18) U102, U141, U202 U241, U302 UBL ], UkoD ;
V502, Ubo , U714k L7715, U716 |

- Uiol, UZol, udol, ukol,Uso1, JboT ! ‘
26 | & % i E =l S ) - O124-819

&) U163 vz2L3, URLS
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i

| i
|

|

SIOIBPRZTS |

l
97 13 %[ LM319N !
! | I(3) V15,0265 L3Ls i |
| F . | !
28 1 1 Ikl Lic7915+ ~REGULATOR -I15 V. | i = O 19 P13
] | P laryur f .
l .‘ | | !
29 | 3 |%[tM79 15Ac= - RecuL o — 5y ! i — O198850
Il | @vro1, uvoq, o707 | |
| | | ; i !
1co) || | !
| 11 | I
| ] | :
113 % LM7SLo5ACE , BEGULATER - SV | — 050659 7
| (D v702,0705 U708 | !
!
102 | 1 [XILICT7815T, Requiator +15v | —O1T 74931 |
5 3 I (HU710 [ I [
3 2 f !
52 o3|t ElINngtoske — 05302231 |
g 3 : (B)U1e1, U162 0261, U262 U361, U360 |
gy ;
b= 10| 2 | ¥|LM13700m = 053024 |
3 - [3) V16h U2Ll. U364 - i’
o @
E» |05 |1 |¥|sep/mic76s08n ' — 0171684 !
225 (NU7712. 7[
2 5 & [loc |3 [ Taisnia Jnz - 0530253 |
9‘; v U (3) U703, UTa6, U759 |
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i : 5 (19711 |&| EP oo = g5 3aoax
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ITER | Mo, DESCRIPTION % | BBC REF. OR DRG. Ne.
Mo. | OFF 3
io?
110 | 2 #HHEADER, BLWAY, BERG Sck 75160-1071- 36 “O457 322!
111 | 3 |8|LINK, 2 PiN_ MADE By conTRACTOR FEROM 1TEM 110 ]
(a) Liktbg teaes | 362 :
112 |15 |OILINK, 3 PN, MADE By conTRACTOR FROM | T A 110
15) L 741, LIK 142, Liddb], L6 LRIGL LK 241 20D
L2261, LK26D, (K26t LD, LK3L2, LIC3LA,
LiK 363 <34
113 |18 K| TUMFEL , MINITUMP — PERG bS5k T4 — O4LL 375 |
(8) LK 12, (1€ 207, LICILD, 194, LKILD | K161, LK163 |
LiKjble L7 g LK24L7 LKLY, LKK2LD, LD LY, If
| LK B4, L 3LD  LEDLT, Lk 3bD, L. Dby |
114 !
I = L
175 |2 |#|HEATSinNK, Te -220 — L LETD
176 |

7 (A8 | BT.c . F1-Bmm

118 |AIR ¥+ SLESVING SYMEL , BIASK O Smm BORE. —oz_s—zfze,s_ll
/) 119
120 1 |#| s5D BAG _ANTI STATIc. , 10" < 12" - 06123387
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il v DESCRIPTION &' | BBC REF. OR DRG. No.
FIxiNG S Fo FIXING MEMZ3
120| 2 SCREW, CEK HD, M2.5x8Lla, M.5. Z. Pl 1.2 4133
!
121 | 4 SCREN  PAN HD, M2- S x Tole M.S. Za PL 145 |
)
I
122 ) 2 ScREW, PAN HD, M3x8La, M.5. Za~ PL 98,102,115 i
|
133 |
|
I
134 15 WASHEZ  PLAIN, M2-5 I
| I |
| l i
135 2 | | waskeg, PLamd, m3 [ ! i
| I I |
|1 i i
136 1| '
| ‘
127 [ 131 | v, Full HEX, M2-5 o i i
I i i
I i !
38| 2 NUT, FULL, HEx , M3 _ |
| | ! ;
| ! :
129 | 9 HH SPACER, TUFNOL, TAPPED MZ 5 % D L, ' I —O325675
I | | I
| |
s s | mo| 1 | |caeron carpBoArp To SPEC ED/cod/13 B
3 2 | '
g 3 | |
TE32 '
[Z57 |
B
a4 =
ey o H
L 2 Nates
2 _E, % Denofes items supplied to the contractor on ambodiment loan i
» Q
g”; * + Danates ifams supplied ta the contractor on ambodiment loan, |
w g 5 g' - |requiring special cosfing or supply action by B.B.1€; '
% :i E g * Dengtes components supplied and fitted by B.B.C. on ltaest.
?}g g3 @ F| |Genotes codad plug in unils supplied and [itted by
& E:G B.B.C. an tast.
%lej 2 @ | |Denates items supplied and fittad by B.B.C. on installation,
v =
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CIRCUIT REFERHCEA
- RA75 13
! PL1 5 R101L 20 R176 13
PL2 5 R102 41 R177 18 R2b1 71
R103 25 R178 24 R262 71
') R104 18 R179 35 R263 71
TPLO1 6 R105 22 R180 31 R264 pia]
: TP102 6 R106 25 R181 43 R265 22
w)f TP103 6 RLO7 42 R182 30 R266 22
£ R108 32 R183 33 R267 22
2N E TP161 6 R109 45 R184 22 R268 22
| 23 & TPL62 6 RLLO LL R185 2 R269 34
2z ¢ TP163 6 RILL 27 R1E86 L7 R270 28
sl O F § TPL64 6 Rll2 42 At 17 R271 28
o 2 TPLES 6 R113 2% P1EG 24 R272 21
2114 0 R139 L9 2372 a4
) @ TP201 5 RLLS 70 2190 1S 2274 35
2. " TP202 5 RI16 10 R275 K
% O TP203 5 R1L7 L0 P01 20 R276 i3
) Z0 RLLS L 2202 dl R277 13
) oz TP261 6 R119 39 R203 25 R278 24
Ig . | o2 5 e 33 R204 18 R279 3s
75 70263 6 R141 26 2205 22 R280 31
) &/ Tol64 A 2142 23 RIC6 25 RZE! 43
3785 5 2143 40 9207 42 02€7 e
; z =LER! 23 BN 32 2263 33
’ 3 ” e 3 Zids 26 R209 4g 2284 2z
» o 3 < m2302 3 =L plc 9211 Ll 7€ 1.4
Y s 23 : S i il 37 RIEE 7
8 53w 3 8 7 33 2 az 2297
9 o= 22 z & i o0 i e 2%
ﬁ & BB B35 = 2w I A i sl
Il < i < TO36L A 2E51 e ek 70 500y >
B TR 5 ATH2 b S8 PE
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E.add Tl 4 168 S o 3G :
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5852 [ 21656 22 P2dd 22 P3CE o
e TP601 5 R167 22 hell ! 36 z30° 3
| mDE(02 5 R16E 22 R246 26 R3LO Ll
—— TPG03 6 R1GQ 34 P247 26 R3LL s
5202 RL70 28 R248 70 R312 12
| 2583 R171 28 R249 26 R313 26
0B oo R172 & R250 70 R314 70
TS R173 44 R251 10 R315 70
| SEoE2 R174 35 R252 tn R316 10
RS 2253 14
EREN]
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CIRCUIT REFEREMCES (Continued)

' R317 10 R415 70 R712 27 c308 61
' R318 14 R416 10 R713 19 C309 50
R319 39 RA17 10 R714 12
5 i -1 R418 14 R715 19 C341 64
| R341 26 R419 39 R716 32 C342 54
R342 23 foen = R717 46 €343 54
| R343 40 RS0 20 R718 38 C344 61
| R344 23 R502 41 R719 32
L = R345 36 RSO3 25 R720 46 c361 63
| 25 & R346 26 oy i R721 38
Zw % R347 26 RS06 25 R722 32 C401 60
gs 2 R348 70
g é = 22u9 24 R507 42 R723 46 402 59
| "¢ g R350 70 R508 32 p724 38 C403 55
| - R352 10 RS09 45 P725 51 ca04 565
R353 L4 R510 L1 R726 21 C405 53
; @ RS1L 27 R727 21 C406 61
wo R361 71 R51.2 42 cd07 4
92 RJ62 71 R512 26 clol 60 cans 3
128 w R363 71 RS L4 70 102 59 C4A09 50
cg Y R364 71 RS1S 70 Cl03 55
I , | R369 34 R516 10 C104 56 Cs0l 50
R370 28 R517 10 105 58 502 59
R3T1 28 R513 14 CLO6 64 C503 55
5 2372 23 2512 30 £107 5u Cs04 8
B 2373 4.t S = 108 61 C505 53
7 B p 374 35 PROL n cLno 50 C506 51
g @zg 2375 L3 2602 4% csoT S
: 2251 037 5% 2603 s i 34l 508 B
2 298| 337 5 2604 i e 34 ~pe 5
o EZE 2378 2 2603 i ZE 3
§ - K] e3m 35 26CE 25 14 A1 CBLL A0
5 "g‘; q BIEN 3t SEOT i) = e R CHOT £
B wm R381 13 g L NEE 33
R =337 ac 2500 47 L 30 RN 5
= 0l 2383 23 26 L =305 30 CE0S
4835 R28L 2 R6Ll 27 203 35 CHOA At
sEa__'| 8383 24 R612 Az preisl 36 ohaT 5L
S5 IcEE 2386 17 RG13 24 708 53 CEes AL
na 589 5 e = ) .
5= 92® 2387 7 Peid FilS; 208 A fafstle) 50
E835po | niss 24 9613 70 €207 5
28 S8= B389 13 R616 L0 €208 Al C70L 51
R320 15 R617 10 €209 50 C702 51
R618 14 c703 51
>cag 2401, 20 R612 39 c241 64 C704 51
5252 ~402 a4l £ldl gj; Cc242 54 C705 62
5383 R403 25 R701 12 243 54 C706 62
w50= RAC4 12 R702 12 C244 61 c707 62
~o53c | R40S b R703 12 C261 63 c708 62
| EmEs R406 25 R704 12 €301 60 C709 62
S®SZ5 RA07 42 R705 ¥ C302 59 C710 62
89858 |  maos 2 R706 12 303 55 C71l 62
( 52829 R409 45 R707 14 C304 56 C712 62
$.mis | 2T ik R708 29 €305 58 C713 62
B2 R412 42 R709 29 C306 64 C714 62
, Za &0 R413 26 R710 22 C307 54 C715 19
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= | -
- c717 62 C762 51, c807 51 Q501 92
. c718 62 C763 52 c808 51 Q502 93
g\ c719 57 c764 51 €809 51 Q503 92
A €720 57 C765 51 C810 51 P54 P
) —  c¢721 51 C766 52 c81l 51 Q601 92
& . c722 51 C767 53 c812 51 0602 93
| N £ c723 51 C768 53 c813 51 0603 92
, | Buw % C724 51 C769 51 c8l14 51 Qe 4
Bl 3 &5 Cc725 62 Cc770 51 C815 51 0701 90
—~| °F § C726 62 c771 51 c8l6 51 Q702 90
) = c727 62 c772 51 c817 51
-} c728 62 C773 51 c818 51 L1OL 86
- @ C729 62 c774 51 c819 51 L102 85
|z C730 62 c775 53 €820 51 1103 87
3! g g C731 62 Cc776 54 c821 51
—~|%3 C732 62 eI7? 51 €822 51 Ll4al 87
' 1as C733 62 c778 51 c823 65 '
&) & | 734 62 779 51 824 65 1201 86
et c735 62 C780 51 c825 65 L202 8s
C736 62 c781 53 1203 87
D c737 62 C782 53 0101 92
— | 3 C738 62 Cc783 51 Q102 93 L241 87
I a c739 57 c784 51 QL03 92
D)2 23z c740 57 C785 51 Q1oL T4 £.301 B
—| 2 223 c74l 51 C786 51 nlAt a0 rang 2s
= 229 C742 &l C787 52 DA a1 303 B7
D 2 E5s C743 S1 C788 53
—| 2 - K]crad 51 C789 51 0201 22 L341 37
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D) B e | 746 62 c791 51 0203 92 CAr ] 56
= F RY c747 62 €792 51 Q2Oo% Fhi A0 el
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'l 83355
| §882q
Wk =835 [SCALE:- 0o
_ _E’:‘—;"—a’ég L | l l L | | | I | L | |
Eosda | || - CO9 /1D
P =t == b ™ ‘
| Ep2s [¢]alg PARTS LIST
BBC = DAN. DEED
’ ! s 1 D264 TAL
CKD.
wy
DS/A4 | = (\l v APPD-ECC/ s i e Al




A
;b | CIRCUIT REFERENCES (CONTINUED )evvcnonsonnn
' i [ D301 i
U101 95 U706 106 D173 79 D302 79
) - U102 95 U707 99 D174 79 D303 79 .
f U708 10L . D175 79 D304 79
ul4l 95 U709 106 D176 79 D305 79
y U161 103 U710 102 D177 79 D306 79
: Ul62 103 U711 98 D178 80 D307 75
e Ul63 96 u712 105 - D308 75
) Ly E ule4 - 104 U713 108 D201 79 D309 75
z% & Ul65 95 U714 95 D202 79 D310 75
8= 2 U715 .95 D203 79 o 77
y & E U201 95 U716 95 D204 79 D341 79
’ e U202 95 U717 107 D205 79 D342 79
" D206 79 D343 79
. @ U241 95 D207 75 D344 79
g DLOL 79 D208 75 D345 75
3 26 U261 103 D102 79 D209 75 D346 75
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