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PURPOSE

1. This Unit interfaces between the Remote Control Unit and
the Receiver TRC1800. Data between the two units is
transmitted over a 600 o line.

2. The FCU101 has seven printed circuit boards.
Programme Interface Board ‘ "Pig'(S)T1.1
3. This PCB performs the following functions:

(a) Converts the 28-bit frequency data from parallel to
serial form, together with a Sync clock pulse for the
Synthesizer.

(b) Ensures the correct sequence for switching on the Power
Supply.

(c) Transmits the 'Frequency Selection Executed' signal to
the Remote Control Unit.

Receiver and Memories Board . "~ Fig (5)11.2

4. This PCB performs the following functions:
(a) Converts the incoming signal from serial to parallel
- form, and carries out bit-for-bit matching over two
consecutive programmes.

(b) The board mounts the bit counters and Sync bit detectors.

Memory Extension Board “Fig (5)11.3

5. This PCB performs the following functions:
(a) Extends the total storage capacity from 11 to 35 bits,

counts the number of different programmes received, and
mounts the comparator extension.
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(b)

Transmit Sequencer Board
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The comparator output controls the 'Call New Word'
signal, senses stored data, and switches on the Power
Supply to the Programme Interface.

“Fig (5)11.4

(d!

Hybrids and Surveillance Board

This PCB performs the following functions:

Converts the data from parallel to serial form, adds the
Sync bit, and generates the } or 3 duty cycle.

Generates the 400 ms 'Call New Word' pulse.

Outputs the 'Control Unit Fault' signal, and sums this
with a 'Send Surveillance' pulse.

Directs audio from the Receiver to the Hybrids and
Surveillance Board. '

" Fig (5)11.5

(a)

(b)
(c)
(d)

This PCB performs the following functions:

Receives the Frequency Shift Keying (FSK) programme from
the 600 o line.

Separates the Receive and Transmit paths.
Receives USB and LSB audio.

Decodes the incoming Receiver modes data, Power Supply
status, and binary data required for surveillance.

“Fig (5)11.6

Tone |Generators and Decoders Board

8. This PCB performs the following functions:
(a) Converts the FSK signal into a succession of highs and
lows. '
IDENTITY
9. Control Unit FCU101.

11.4
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SERVICE INFORMATION

10. The Unit operates in conjunction with the following
sub-assemblies:

(a) Receiver TRC1800

(b) Remote Control Unit

(c) Power Supply FAC601, or Power Supply FRC1801TA, or Power
Supply TRC1801, depending on the configuration.

SERVICE REQUIRED

11. The Unit derives its power from the associated Power
Supply Unit. A separate circuit provides dc voltage,
regulation and current overload protection for the FCU101.

SAFETY PRECAUTIONS

12. Standard safety precautions are to be observed.
13. The repair of printed circuit boards is to be carried

out with temperature controlled soldering irons, and heat
sinks must be used.

OPERATING INFORMATION

14. The Unit is entirely automatic in operation, and apart
v from applying power by means of the front panel ON-OFF
switch, requires no intervention from the Operator.

Front-panel Display

15. . The following dispiay is provided on the front panelﬁ
(a) ON ’ Indicates that power is applied to the Unit.
(b) PROGRAM This lamp is on during reception of a

programme message.

(c). SEND SURV  Lit, indicates that a programme has been
executed. )

(d) DATA This lamp operates in conjunction with the

SEND SURV lamp, and comes on if no two
successive identical programmes in five have
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been detected. Together with the SEND SURV
lamp indicates a programme fault.

) C.U. (Control Unit) Indicates faulty operation
of the Tone Generator frequency-shift
oscillator, or analogue switch.

ANICAL CONSTRUCTION

16.

The sub-assembly consists of a steel chassis to which
are attached a front and rear panel, the front panel

being of die-cast aluminium and forming the main stress-bearing

D

member. The chassis mounts the board connector sockets, and
board guides which are the earthing strips for the boards.

17.

18.

The rear panel mounts connectors for the external
services.

Two side panels are fitted and secured with three dzus
fasteners. The side panels are designated left and

right with the unit upright and viewed from the front.

TECHNICAL DESCRIPTION

Hybr

ids and Surveillance Board ‘ " Fig (5)171.5

19.

The hybrid is a normal 2-line to 4-line transformer,
two lines carrying the receive data and two lines

carrying the transmit data. The transmit path goes to the
Sequencer and from the Sequencer to the Programming Interface.
The receive path goes to the Receiver and Memory, and Memory
Extension, and thence to the Programming Interface.

A

N/
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21.

the

deve
comp
R19,
bala
pass

11.

From transmit to receive, the hybrid acts as a very

sharp impedance-sensitive rejection filter, with about
rejection. From receive to transmit, rejection is not
cal, feedback from an operational amplifier being used to
a reverse voltage transfer ratio of about 1 : 10 000.

The FSK signal is fed to transformer T3 which separates
the receive and transmit paths. In the receive mode,
our windings are in series magnetically, and a voltage is

oped in the receive secondary for a loss of 3 dB. In
nsation, the received signal is developed across R18 and
and fed into two active notch filters Z6b and Z6a, which
ce out the unwanted transmit signal. The output is a low-
filter for high frequency rejection.

RESTRICTED
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Tone Decoder Board : ~ Fig (5)11.6

22, The FSK signal from the Hybrids is fed to the Tone
Decoder board on terminal 24, and thence to the limiting
operational amplifier Z3a. This operational amplifier has high

gain for low level signals and is used in the inverting mode.

23. The feedback path consists of two reverse biased diodes

in parallel D9 and D10. For an operational amplifier
output less than 0,6 V, the diodes act as a very high impedance,
and the gain of the operational amplifier is given by D9 plus
D10 divided by R37, in this case about 10. As soon as the out-
put signal is large enough to bring the diodes into full
conduction, the apparant resitance drops to about 200 a ,
reducing the gain to less than unity. Hence for a sine wave
input at pin 2 of Z3a, an almost perfect square wave is
developed at pin 1 (TP1).

24. The square wave is fed to three frequency selective
switches in parallel, each of which is adjusted to one

of the frequencies with certain bandwidth to cater for frequency

variations due to temperature shifts. Nominally, each of the

switches is set for a centre frequency plus or minus 70 Hz.

Thus any frequency within this 140 Hz bandwidth will trigger

the appropriate frequency switch F5 or F6 (F7 is used in the

PTT path).

25. Switches F5 and F6 detect the F1 or FZ FSK frequencies,

: and their outputs are level shifted in TR4 and TRS5 to
restore TTL logic level. The outputs of TR4 and TR5 are '
recombined in Z8 to obtain a TTL compatible signal with a
slight delay due to the acquisition times of Z5 and Z6.

26. Whenever the signal goes 'in band', the collector of TR4

goes low. This signal is fed into one side of the RS
flip-flop formed by 28, the other side of the RS flip-flop being
fed from the F3/F4 signals. Thus F1/F2 set the 'on' mode, the
reset being done by the F3/F4 signals. The output of Z8 is a
112,5 ms pulse, followed by the data 30 ms later. The data can
be a i duty cycle (22,5 ms 'On', 7,5 ms 'off'), or a j duty
cycle (7,5 ms 'On', 22,5 ms 'off'). The high duty cycle is
data high (1), and the low duty cycle is data low (0). The
data is fed out of the board at terminal 35, and is also
available at TP6. :

27. The variable duty cycle digital data at pin 8 of Z8 1s
fed to pin 3 of Z9, a negative-edge triggered monostable
with a period of 15 ms (half the period of the 'start load'
signal). This is the delay time before taking acquisition of
the digital signal. The TTL recombined signal on terminal 35,
and the 'start load' at terminal 43 are fed to the Receiver and
Memory board. At this stage the signal is still in serial

form.
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eiver and Memory Board “Fig (5)11.2

28.

The
the
the
int

Syn

Signal data from the Tone Decoder board is fed into

terminal 9 and buffered in Z16 to increase the fan-out.
output at pin 8 is split into two paths. One path goes to
input of the 8-bit addressable latches Z8, Z9, Z10 and Z11,
other path goes to a composite circuit acting as a triggered
egrator.

c Pulse Generation

Each time the signal goes low, capacitor C1 is dis-
charged, and is kept discharged for the period of the low

signal. When the signal goes high, C1 charges at a constant

rent via TR3 D1 R19 and R2. Transistors TR1 and TR2 are

discharge transistors. As the duty cycle is variable, a

iable amplitude ramp is generated by C1. The maximum

voltage on C1 is given by the voltage at the junction of R7, D1

TR4

R4, ie about 7,3 V. The voltage ramp on C1 will therefore
7,3 V plus the 0,7 V emitter/base voltage of TR4, giving

The composite unijunction formed by TR4 and TR10 will
then fire, and the capacitor is discharged. Transistors
and TR10 lock in the conductive state until TR2 shorts the

capacitor and switches off TR4 and TR10. Thus at the emitter

end

31.

of R8 a spike in generated the moment C1 is discharged..

This spike is the 112 ms Sync Pulse, and from the moment
it is generated all incoming data is acquired. The Sync

pulse is fed to the RS flip-flop formed by Zla, and the output
at pin 13 is fed out of the board on terminal 69 as an enable
signal.

Data Acquisition

32.

the

The 'Load Start' signal on pin 4 of Z16 is enabled by
the signal on pin 5, and the output at pin 6 is fed to
S0 ps trigger Z17, which, in turn, enables the 8-bit

addriessable latches via the 1-out-of-16 decoder Z6.

33.

The 'Load Start' signal on pin 6 of Z16 is also fed to
the double bank of octal counters Z1b and Z3, which

convert the serial information into parallel form. The outputs
of the octal counters are fed to the address lines of the 8-bit
addressable latches. :

11.8 RESTRICTED
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34. The output of the first octal counter Z1b is fed into

the second octal counter Z3. The second octal counter
is decoded in Z6. The fourth input on pin 20 of Z6 is fed from
the Q output of Z2a, which acts as a divide-by-two counter on
the Sync pulses. Hence pin 20 of Z6 will be alternately high
and low for each programme received, and hence the decoded out-
put of Z6 will go from 0 to 6, and 8 to 14. The decoded out-
puts are fed to the address lines of the 8-bit addressable
latches as very narrow pulses, the latches being loaded
sequentially, Z8 with the first programme message, followed by
Z9 with the second programme message.

35. To check the validity of the message, bit 1 is stored in
z8 and Z9. The two outputs are fed to the 4-bit
" magnitude comparator Z12. The cascaded comparators 212 to Z15
compare the contents of Z9 with Z10 and Z11. If there 1is
imparity, the comparator output goes low. This low 1is sent out
. of the board on terminal 43 to the Tone Generators, and a
2100 Hz tone is fed out to the 600 o line via the Hybrid to
inform the Console operator to send a new message. If there is
parity in the memories, the output on terminal 43 goes high,
and the 2100 Hz tone is inhibited.

Memory Extension ' ~Fig (5)11.3

36. The storage capacity of the Receiver and Memories board
is extended to 35 bits on the Memory Extension board.

The board is similar to the Receiver and Memories board in

that it mounts similar 8-bit addressable latches and

comparators. The process of comparison is inhibited until the

programming is completed, the inhibiting signal being generated

on the Tone Generators board. :

. 37. On the Memory Extension board this signal is fed into
terminal 45 and integrated by R9 C1 to eliminate jitter
spikes on the signal. When the threshold of gate Z16 is
achieved, a high appears on pin 11, and the two gates of Z14
are enabled. Pin 3 of Z13 will be high or low depending on
whether there was parity or imparity in the registers.

38. If there was parity, pin 13 of Z13 will be high, pins

. 2 and 13 of Z14 will be high, and the output of Z14 on
pin 12 will be high. This high is fed out of the board on
terminal 75 as a 'Message OK' signal.

39. In the case of imparity, pin. 3 of Z14 will be low (no
output on terminal 75), pin 8 of Z14 will be high,
therefore pins 3 and 4 will be high. Pin 5 being normally high

for the first four programme bits, the output on terminal 78
goes low, indicating that the received data is incorrect. This
output is called 'Send New Word', and is sent to the Hybrids
board to monostable Z5, where the low state is transformed

‘ into a 12 ms pulse on terminal 77.

RESTRICTED : | 11.9
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40. The 12 ms pulse is fed to the Tone Generators on
terminal 14. After two inversions the 2400 Hz burst of
12 ms is sent back to the Console as a signal to restart the
programme.

41, Assuming the programme was correct, the output at
terminal 75 is fed to the Programming Interface board

on terminal 26 as 'Message OK'.

Programming Interface ~Fig (5)11.1

42. The RS flip-flop formed by Z11 is set by a pulse derived
from the loading data of either of the two registers.
USB, LSB, MODES, ON, OFF, STAND BY, SHUT DOWN, are all set
directly without being processed. The RS flip-flop output and
'Message OK' are AND-gated in Z12, the output of which enables
the lastable formed by TR1 and TR2. The astable is started
always on the same pulse edge by putting a high on the emitter
of TRIT. :

43, As soon as the astable is running, the emitter of TR2Z
resets Z11. The output of Z12 keeps the astable running
until 28 pulses have been counted, which compares with the

28 frequency pulses. The frequency bits are thus clocked into
the |8-input multiplexers Z1, Z2, Z3 and Z4, which convert the
data from parallel to serial form, the outputs being OR-gated

in Z13.

44, The output of TR1 is fed into two octal counters Z5 and
Z6. The first three bits are fed to the address lines
of the multiplexer, the second octal counter output enabling
the |[four lines of the multiplexer (0 1 2 3).

45. The clock pulse is generated by triggering monostable
715 from the collector of TR2. The output of the
monostable being buffered to provide high fan-out capability.
The |clock pulse is fed out of the board on terminal 23.

46. The decoded 3 at pin 6 of Z8a is inverted in Z19d and
AND-gated in Z9b with the 28th frequency bit from 12 of
7Z5. | This provides an enable pulse at pin 1 of Z10. This
enable pulse is summed with the output of Z15 to give a pulse
at pin 3 of Z10 on the 1-to-0 transition of the 28th frequency
bit. This output is inverted in Z9a and the negative edge at
pin |11 of Z9a is used to reset counters 212, Z5 and Z6.
Resetting Z12 stops the astable TR1 and TR2. This last pulse
alsg sets the RS flip-flop portion of Z10 and is fed out of the

board on terminal 65 as 'Frequency Selection Executed'.

NOTE The operation of the monostable Z18 is applicable only
0 to the 1 kW transmitter system and is therefore not

discussed here. . :

11,10 RESTRICTED
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Hybrids and Surveillance  Fig (5)11.5

47. Mode data is fed into Z4 and converted into binary form
in Z3 before being passed out of the board on three line
via terminals 22, 23 and 24 as a 'Modes' signal.

48. 'On', 'Stand By', and 'Shut Down' data is fed into Z1
and 22, converted into binary form, and fed out of the
board on terminals 25 and 26 as a 'State' signal.

49. The above data is sent to the Sequencer board.
Transmit Sequencer Fig (5)11.4
50. The 11 bits of information from the Hybrids are fed ‘into

the 8-input multiplexers Z11 and Z12.

51. Transistors TR1 and TR2 comprise an astable running at
twice the data frequency, and with a fixed starting
edge. The oscillator always starts with TR2, which, after
inversion, is fed into pin 14 of Z5a. Thus, for every positive
edge of the collector of TR2 there will be a change in QA of
75a. The collector of TR2 and QA are recombined in Z4.
Similarly, the inverse of TR2 is added to the inverse of QA.
Thus, when either the collector of TR4 is high, or QA is high
there will be a high out. This high out is phase shifted by
3 of a period.

52. Pin 3 of Z4 is fed directly into a NOR-gate, and AND-

gated with the data information. Thus if the data is
low, the output at pin 6 of Z1b will be high. As the data
changes synchronously with the changes on Z5a, at TP4 (pin 8 of
Z7), there will be an OR-function whenever pin 6 of Z1b is low,
or pin 3 of Z4 is low. Data low will thus generate a 1 duty
cycle, and data high will generate a 3 duty cycle. This a
variable duty cycle at a fixed frequency is generated to
modulate the oscillator.

53. Before the variable duty cycle is generated, information

must be added to ensure that a new programme 1is not
coming through. This is done by losing the first four bits and
holding TP4 high for three complete periods of Z5a plus j3-
period. As the period of the oscillator is 15 ms, this
corresponds to a data rate of 120 Bauds. The feedback of the
data fed into Z11 and Z12 will start only at the 5th period of
Z5a, corresponding to the 9th period of the oscillator.

54. The data is regenerated synchronously with the clock
signal by taking the inverted output of QA from pin 11

of Z4, and feeding it into two octal counters Z5b and 26. The

first three outputs are the address lines fed to terminals 58,

59, and 63. The last three outputs are fed to decoder Z10

and thence to the enable lines on terminals 25, 26, 27 and 28.
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Spare capability is built-in for possibie future use with the

Con
55.

lon
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ole. :

As soon as TR2 starts, counter Z5b is incremented. Its
Qd output is inverted and fed to pin 13 of Z8, hence as
as Qd is low, pin 13 will be high. Pin 12 of Z8 is fed
the inverted enable line, hence so long as the first
ter has not been through one cycle, pin 1 of Z10 will be
corresponding to position zero of the first counter. This
1ts in a low on pin 10 of Z7, and thus a high on TP4. This
is of very long duration for a new message, and then
ows a succession of medium-long highs and lows. This is
to the Tone Generator via terminal 75 together with data
terminal S5 which goes high when TR1 and TR2 start running.

" ‘Generator “Fig (5)11.6

56.

Z4a
fed
res
res
thu

57.
Swi

ter
hig

11.

The high from terminal 5 of the Sequencer is fed to
terminal 7 of the board and opens the analogue switch
The highs and lows from terminal 75 of the Sequencer are
to terminal 6 to switch TR1, which in turn switches
stors in the twin-T oscillator. With TR1 saturated, a
stor is inserted in parallel to decrease the RC value and
increase the frequency.

The output of the twin-T oscillator is fed to the
operational amplifier Z1b, and thence to the analogue
ch. The analogue switch output is sent to the Console via
inal 23. The signal is a high frequency when the data is

, and a low frequency when the data is low.
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