Proposed new No Break Trigger system
designed by
Chief Technician Colin Hinson
and

Sergeant Tony Mellor

After some 6 years of operation it became apparent that the original No Break Trigger system was a cause of
many hours of the station being “off the air”. Tony and I therefore decided that we would have a go at
designing a semiconductor version of the (then) current valved system.

We designed what you see in this document between us and solved the problems that cropped up between us so
that we both knew how the whole thing worked. The printed circuit boards were designed and made by us
using copper plated boards from Vero Electronics who also supplied the 19 inch rack assembly.

Having got the “box” working, we obtained permission to connect it as the trigger source for the Type 85 radar,
along with its ancilliary equipments (such as IFF etc). To my knowledge this ran for at least 5 years with no
problems.

This document is the original scanned version. A modernised version of the document are available on this site.

Colin Hinson, Oct. 2017.
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SHOTION { - NE7 NBT SYSTEM

Generel Introduction

L3
4. This paper discu3sses a design for a Fo-Bresk Trigger Systen ~hich could be

utilised at R.F radar stations whore a high standard of timing precision and
relizbility is required. The equipment is capable of working in = -side range of
environments and over the temperature range 0.C to 50.C reguires no forced air

cooling.

EET Systen

2, LDRS's are triggered from an NBT equipment developed from early synchronising
systens. This eqnipment“hés since its introduction been consider-bly modificd

in an offort to increase its reliability. Horever its serviceability still folls
short of a vorking ideal,

3. The new ¥BT system is introduced in order to improve reliability and 3ervice-
ability of the trigger system;

General Ecuipment Description

4L, The equipment is mounted on 5 basic types of printed circuit board vhich are
housed in a "Verorack™, 19" rack assembly, This rack vill mount directly into 2

1! Sainsbury cabinet,

5, Power supplies are mounted in the same cabinet and :re fed from the ..C. nains
supply., Bulk D.C. power supplies are not required,

System Deseription

6. - The equipment contains duplicated crystal oscillators, dividers and trigger
output circuits., Bach major sub-division of the equipnent is mounted on its owm
printed circuit board, ill active auto-changeover components are nounted together
on one board, the system may bé run nmanually with all autonatic fault detection
circuitry disabled on removale. | ,

7. The input to the system is designed to interface with the PRF control systen
in the Radar Type 84.MTi equipment,

8+ The output triggers are compatible -rith the trigzer inputs to all the
equipments currently in use at ADR3's.

9. The existing underfloor mounted pulsc distribution unit and the wall nounted

aulze indicator panel are not required with the proposed system,



SECTION 3 - BRIEP TECLIIC L DESCATPTION OF JYSTEM:
Refer to .xmex

Opciliator Boa::d

%

4. The Az osclllator is similgr to¢ the one used in thg present FBL system,
this is 80 that compatibility betveen the unit and the -external PRI econtrel
system mdy be maintained. The 4Mhgz neminal crystal frequency is conwerted to
TIL levels and divided by 16 before leaving the heard. The 250 Kz output is
routed to both divider bosrds, the switehing betreen main amd standby
oscillators is agcomplished electronieally on the divider beards.

2. 4 500 Hz square %0 sine couverter id also heused ou this board, this
acoepts a 500 Hz legic level sguars wave from fthe in use divider. The 500 Hz
sine wave optput is routed %o the PRF semtrol aystem. ‘

3. Both the 250 kHs and the 500 Hz gignals sre checkediie ensure eorrect
operation by the fault detection eipetil en the bheoard. The oubpul of the
fault detector is fed to the eentrok Board where it is used to ipitiate auto
changeover in the event of z Foilure. ot

4. 1EDs indicating “In Use" and "Fault" conditions are mounted om the front
panel.,

Divider Board : : -
5. The 250 kHz signal fron the in wee ese«lliakex: ig divided by a geries

of bistables domn to 250 Hz. Gating circuits accept outputs from individual -
bistables avd gemerate the six timing pulses. '
6. in align fsoility is provided se that the divider which is not currently
in uge may be kept exaetly in step with the in wse divider., This ensures that
the qutput pulses from each board are preeigely im line with each other and no
tining errors will eccyr if changeover of divider bogrds takes placa.

7. EBach output from the board is monitored and a fault signal is sent te
the control board should any output beeome unservieszble. Ia addition to

the pulse outputs a %0 Bz squarc vave is sent froam the in use board to the
oscillator,

8. The front panel carvies "In Use" apd "Pault" indicators.

OQutput Board

9. Two boards are used gimultaneously te previde the output triggers,
however the outpubt circuit configuratiom is such that if one driver fails
the other will continue to function and no loss eof triggers will occur.

10, Poth dividers feed the boards, selection of a particular divider is
performed Wy the input jating on the output hoards.

11. Each board has € outputs of 35 volt, 4us wide positive going pulses.
Ldditienal triggers are catered for By providing extra pairs of boards. The
front panel garries monitor sockets and trigger presence indicators,
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SECTION 2 - SYSTEM SPTCIFIC .TION

PRYF Controlled by crystal stabilised oscillator, fine control
by T84 MII systen.
s _ Crystal frequency (kHz)
Bagic PAF = 16,384 PPS,
PULSE 7I1DTH 4us,

500 Hz REFLRENCE Subdivision of oscillator freguency.

POTZR RUGUIREMENTS 5 volts at 3 amperes + 5%

40 volts 2t 1 ampere + 5.-

OUTPUT TIMINGS Fixed triggers, referenced to “"Zero” trigger,

(1) Zero

(2) -8us.

(3) -125us.

(4) -250us.

(5) 75 s, '

Delsyed triggers, delayed by from 2us to 15 Ous on any

of the fixed triggers.

TRIGGIRS LVAIL.BLE ZEach Gelay board gives 4 outputs and each output board

gives 6 outputs. The basic system may be extended in
multiples of these figures by adding additional pairs of boards.

TRIGGLR OUTPUT Both the delay and the output boards use the sane

output circuit configuration. The output is capable

of producing 100ns rise time triggers at the remote

end of 100 metres of UR70 cable. The rise time is only
degraded to 25 Ons when driving 800 meters of low loss
cable.

The output is open and short circuit proof,



Delay Board ;
12. This board mocepta the outputs from the divid.rs ond produces delasr"d

triggers 35 volts amplitude and 4us wide,

13. EBach pair of delay boardhave sheir delsgy circuits cross counled, this:
ensures that both boards produce outputs at the same time . even if one delay
has been incorrectly set.

14. The front papnel carries monitor sockets, trigger presence indicators and deleg

controls,
Contrel Board
15. The contrel board monitors the eutputs ef e&ery other begrd withim {he

systen and contrels the automatic changeover beteen boards. The pever sypplics

are ponitored but since they operate im-parallel no switching is negessary..
16. TWhen any favlt is detected an alavm signs} i5 generated amd 2 record ef
the part of the eguipment which failed is kept. This record i# in the form of
a LED displey on the control panel sich is kgyf 1it until reset manmaally.:
Porer Supplies - ! 7

17. Supplies of 5 wvelts and 40 velta are uwsed vwithin the system. Small
modular units are used fed from the 240 volt mains supply. DPuplicate supplies
are paralleled tegether, this ensures operatiom without break in the event -
of supply failure and eliminates the moed for ewitching, :




SECTION 4 - DEL.ILED IECINIC.L DE3CRISTION

- Oscillator board

Part 1

Part 2 - Divider board

Part 3 -~ Output board

Part 4 -~ Delay board

Part 5 - Control board and control panel
Part 6 - Rack wiring



SECTION 4 - P'RT 1 - OSCILL.TOR BO.RU

General Description ,

1. The oscillator board provides the highly stable frequency uged to feed the
divider boards, It also accepts g 500 hz squcore wave from the in use divider -ni

¢onverts this inte a sine wave for use in the T84 signazl processing system. .

2. The board is powered from the 5 volts and 40 yolts svpply.

Oscillator : .

3. The oseillator is of the inverted Bartley type vith V12 seurce fallowing
inte ¥94, thus providing a high impedance input and a low impedamsce feedback ==
path te the tap of L3. The maip wesensab eircuit comsishs eof L3, £3 and wariab e
capagityr VCl. The oscillator is gfabilized by oxyst-l XLl -nd ig eapible of bewg
swung +20 kHz abeut the crystal fregueney of 4.00@ or 4,073 Miz by Wi, 11, L7,
Cl, €2 and Bl ferm the netverk requized #o bmesden the besic ecrystal respenss.

4. L second seuzce followexr, VB3, is fod Prem ¥I2, khis isolatea the eseillaber
from the waveform shaper ¥P4. (apagiter Y0 is motor driven wnd is eondrolled
by the P,R.F. pontpeller im the eavicellatieon eabinet of the T84 sigpal
processing, VT4 squares the cubput fyom $he eseillator and feeds directly iute
IC3, » four Bit binwy counter. The 250 KBz eutpud from IC3 is tiken from the
board ad feeds the twe divider beavds. Phe 250 KHs output 2lse feeds IC2 which |
is  rebriggerable monostable. The timing eycle of I(2 is set by €8 and RIL to
be S5uS. Sinee the periocdic time ef the input isg 4u\S', the menestible will be
retriggered before ibe completion of the timing cycle 'nd therefore the 3 emtpulb
will remain 3t logieal 1 -nd the § b legiezl €. Showld fhe oscillaterf4 bib
counter £1i) then the monostzble will revert $e its stable skate within SuS.

The § vill go te 1egical O and be inverted Priee by I€le md ICLh :nd present

o logic2l O at the g¢lear impub of I0Z. This will hold fhe 8 2% legical O and
thereforc the monestable will lateh in its sbable state. The fault output frono
the :*i is fed %o the conf;:o} bosed fault eiveuitry. The § oubpud going te
logical O greunds the cathode of LED], the fault indieator causing it to light.
The logical O output of ICLA is fed frem the bosrd to light the @scillator fault
LFD en the centrel panel. The reset line for the monostable comes from the

pulse gemerater en the control board e IClp. Then this line gees to logical O
it allows the clear line to go to logieal 1. If the fault is cleared, the
monostable will be retriggercd by the 250 XHz and allow the elear te remsin -t
logicnl 1 when the reset pulse ends =nd both fault LID3 will ge eut.

5 If the fault persists, the monostable will not retrigger and the foult
output‘ from the & will remain at logieal 1.

PO00Hz Generator

6. A square wave at 500Hz is t-ken frem the im usc divider -nd fod to VI5 vin
the shaping netverk B14, R15, C13, wmd €14. VIS5 is ~rr-nged s a phase shift
oscillator but with insufficient grin te sustain oscilletion independontly éue to
the undecoupled emitter rcsistor R21, The applicntion of the shaped sguare




$00Hz Generator {Continued)
wvave to VI5 causes it to oscillate, locked -in phose to the 500~ suaa-mltlpie of
the crystal frequency. RV1 sets the gainm of VIS to a maximm over the reqmred

range and only requires adjustment hsen" the erystal freguency is )
7. ‘The sine wave @utput of V15 is puffered by emitter follower V’I‘& and fed t9
amyl;.fzer VI7. WNegative feedback is token from ¥BF wollectcr Lo VD6 base, the
amount of feoldback being set by RV2. Thus BV2 adjuste the gain of VI6 and WET

and so sets the amplitude of the cutpub wive wave. ,
8. A semple of The output is taken to VI8 through B29. The positive peaks of -
te charge up through VPG and R31. .
€22 is nomally charged to approzinately 4 welis, holding Bhe dnput to IClc ab
logical 1. If dhe 500Hs fails, VI8 i cub off gad €22 discharges through R32.

R32 is sufficiently low in walue to pull domm the input to ICle to legical 0 ard th:
monostable wilk latch as before. The time ¥aken for (22 to discharge through

R32 to below the threshold of ¥Clc imtroduess- a shert delay im fthe time taken for
the 500Bz famlf eirewit o trip. Thife eneures %hat in the event of & divider
failure causing loss of 500H%Z, the &ivider chan
loss of 500Hr is &ctectel. ] .
9, ‘Po indicate the in use oscillator eard, .em in uge signal is fed frem the
oscillater selectien switch te ICld, When the in use signal is at legical 1 the .
output of ICld goes to logical © ciusing the im use light.LED2 {o come on,

the sinewgve cause VI8 %o conduct allowing €22

eover will eperate befere the
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ANNEX B TO

SECTION 4
PART 1
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OSCILLATOR BORD - LIST OF COMPONENTS

R1

R2

R3

R4

R)

R6

R7

R8

R9

R10
R1l
R1?2
"3
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35

RV1
RV2

4TOR
56k
390R
100k
1k0
350k
1k2
18%
56k
1k8
15k
270R
270R

6k5
536k
15k
12k
12k
100k
27R
820R
10k
1k8
KT
330R
1k2

100k
100R

63

22k (1?%
1k5 (37
a7

4k7
1H0

109 0136108

0136158
0136106
0136164
0136116
0136057
0136118
0136146
0136158
0124709
0136144

0136136
0136158
01361..4
01361..2
01361:2
0136164

0136114
0136140
012,709
0124739
013610
0136118

0136153
01
0136114

0135750
0124739

C1
c2
c3
34

05
c6

o7

3

o9

C10
€11
€12
013
o19
C15
C16
C17
C18
C19
£20
g2l
ca2
€23
C24

vC1

L1
L2
L3

VTl
VT2
VI3
VT4
V15
V6
V7

ICL
Ice
IC3

ASNEX D TO.
SECTION
P;RT 1
100« 10C 0126774
Ind |
10p¥ 0126774
100p®
127
123
1501
1ns#
15u 0130 .93
220ni 1953299
220n® 193299
220nF 1953299
100nF
100pF 9467456
10nkF 9521641
10n¥ 521611
10nF 95216.:1
+TuF 0131425
470n?
15uP 0130.:98
AT0OnF
15uF 0130498
56uf 1021722
56uF 1021722
8-31pF 0161008
§132586
$132581
€13258~
28916
2N3319
203319
2HC16
2HG16
2M 3705
2113705
BC1O7

S74G3N
SW74122%
SKT400N



SECTION 4 2.RT 2 - DIVIDER BO.3D

1. This board accepts 3 250KHz inputs, one from each of the t7o oscillators and
one from an ext:rnal signal source. One of thesc inputs is selected for usc and
then divided dom to 250Hz by 2 ten stage binary counter.

2. 6 vulses each 4uS wide zre obtained by gating the binar, .ounter outputs,
their timings are (with respect to zoro, and assuming = P.2.7, of '250pis), -1000u3,
=750uS, -250uS, ~125ul, -8u3, and zero. 5 of these pulses are fed to the Output
boards and the Delay boards, the -1000uS pulse is used on the control boarc. The
6 pulses are checked both for presence ané correct sequence. .n additional check
performed on the -10U0uS pulse ensurcs that the P.R.F. of ths outputs is of the
correct orxcer,

3. The TTL counter hes an 'align' facility, this cnables the standby divider

to be run in exact synchronisnm with the in use divider,

Circuit Descriotion

4. The input gating from the Control Panel is used to set wistable IC30c & 4.
The bistable outputs enable IC15a and allow the oscillator signal through,

or enable IC15b allowing the B oscillator through. If S7la is in the IZxt position
both ICl5z ond IC15b are disabled, ICids is enabled allewing an extern.l signal

to be applied to the divider, '

5. The sclected input is fed via ICl5¢ to the ripple counter chain —hich consists
of 4 bit binary counter ICS followed by 6 JK flip flops IC2, 3, ond 4. These flip
flops are used in the 22 mode, with their J inmputs connected to their @ outnuts
and K inputs connected to i outputs to avoid having to connect thenm to VT,

6. The align input is applied to all flip flops and invoerted by IC18C before
being applied to IC9, 4 logieal O on this line —ill elear the flip flops and

the logical 1 from IC18c¢ will cleaxr ICS, S¥16 inhibits the 2lign vhen an

external signal is used to drive the divider,

OQutput Gating Circuit

7. The output gating circuit provides the Jul wide pulses 2t the reguired
timings. The § and 3 outputs of the counter are the inputs to the gating eireuit,
To mininise the effects of propagation delay through the counter chzin 6 is
delayed by passing it through succ:zgsive stages of inversion in IC5a, b -nd c.
The various triggers re produced in accordance ~7ith the truth table below:-

Q5 Q6 Q7 {8 Q9 PO Pl A2 A3 94

-1000u8 1 1 1 1 1 1 1 1 1 1
~750u8 i 1 1 1 1 1 © o o Q
~250u8 1 1 1 1 1 1 o 1 o o
~125u8 1 1 1 1 1 © 1 1 0o o
-8uS i 6 1 1 1 1 1 1 o0 o
ous i1 1 1 1 1 1 1 1 o o0
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ECTION 4 - P'RT 3 - OUTPUT BO..3iD

Generzl Description

1. This board accepts threc inputs from each divider board =t TIL logic levels,
Each board produces six 395 volt, 4ud positive going trizgers. The board is
povered from tho 5 volt and the 4 O volt pover supplies,

Circuit Description

2. Input zating The divider 4L or B selection is curriad out on the output bo =d

by ICL and IC2, IClc and IC2b fcrm a cross coupled LD bistatle whose state

depends on the control signal coming from the sclector switch 57 on the Conirol
Pzanel, The purpose of this bistable is to omsurc th:t only one divider is selected
at one time. TThen the bistable is in the L' position due to a logieal O at pin
52, a logical 1 is applied to the gating inputs of ICla, b =nd 4, allowing the
input from divider 4 to pass through the gates, 4 logical O iz applied to the
gating inputs of IC2a, ¢ and 4 thereby inhibiting the inputs from divider B.

When a logical O is applied to pin 53 the gating is reversed, B inputs being allocd
through and 4 inputs inhibited,

3. The three outputs of the gating circuit arc fod out from the board on pins

51, 56 and 58 2nd extcrnally wired to the six inputs on »ins 41 to 46, Bach
trigger is buffered and inverted by one clement of IC3 and fod to the discrete
conponent trigger driver.

Trigger Driver

Note:- Description is given for trigger driver ., sec table for other

driver component references.
4. The trigger is fed from IC3a through Cl and R7, C2 to the basc of VI1, Diode
MR1 prevents the output of IC3c being pulled above 5 volts by €1 charging during
switch on,
5. VIl is normally non-conducting and is driven into conduction by the trizger
input. W%hen VTl conducts, the junction of R8 and R9 is pulled up to the 40 volt
rail. Base current to turn on VI2 is supplied through RS, (€3 and VI2 form a
capacitive discharge circuit into the load, C3 is kept chirz.d by current through
Rnza,
6. Isolsting diode MR2 cnables the outpuits from tro bourds to be parallele% Eo
provide back-up should onc ériver fail, ‘
7. A portion of the output is tapped from potential Civider R10, R11l and fed to
the fault detector IC6b, )
Prult Detecctor
8, The output trigger sample is fed to the retrizger ble monostable multivibrator
IC6b which timing period is set by R13 and C4 to be 5nSces, .8 the pulse spacing
is approxinitely 4mS the nmonostzble will be retriggered before the complction of
its tining cycle. The 3 output of IC6b will thercforc romain at =+ logical 1 and

the Q at logical O, lighting the trigger presence indicator LEDL.



Fault detector (continued)
9, Should any trigger fail, the approprizte LED will extinguish and the 3 of the

fault detector will go to logical 0. The presence of 2 logicul 0 at any input

of IC7 vill cause its output to go to logiczl 1 signaliing a fault to the control
board sircuitry.

10. Since tvo scparate drivers are simultaneously providing each trigger, no -

change-over need take place if one trigger driver output fails.
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40 volts

to other ™

drivers

16

TR\GRER
oCOTPUT
[° 31
026 atem rI_z 36 5 yolts
T D R14 9
- R1% ca
&——] LEDl
IC6b
Inputs from 1t o———o59 FaoLT  QuT
other fault |
detectors 7]
A B ¢ D E 7 _.
R6 R15 R24 R33 R42 R51 1k5
BT R16 R25 R34 R43 R52 1k5
h8 R17 R26 R35 R44 R53 1x5
R9 RlS‘ R27 R3%6 R45 . R54 680R
R10 R19 R28 R37 R46 RB55 220R
Ril R20 R29 R38 R4T ’ R56 - 18R
R12 R21 R30 R34 R48 57 5ké
R13 R22 R31 R40 R49 R58 33k
R14 R23 R32 < RA1 R50 R59 2708
c1 Cc5 Cc9 C13 C17 c21 4.TnF
g2 cé €10 Ci4 cis - c22 100p¥F
C3 c7 Cll C1y €19 23 C.47uF
04 . c8 cle- C16 c20 24 0.47u?
VTl V13 75 V7 Vo9 vl CV 7676
VT2 VT4 VT6 V73 vrig o VTlz CV 7725
MR1 MR3 1R8 IRT MRY il cv7128
LIR2 R4 1R6 1R8 MR1O meiz CV 7368
LED1 LED2 LED3 F LED4 LEDS - LTS TIL 209
166b IC6a IC5h " ICha IC4n IC4a SNT4123W - -
pin 7 }. pin 12 pin 17 pin 22 pin 27 pin 32 Output pin ..
pin 9 | pin 14 pin 19 pin 24 pin 29 pin 34 Output ground.
_OUTPUT BOARD ~ Trigger Driver and Fault circuit
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OUTPUT BO.RD - LIST OF COMPOWENTS

R1
R2
»3
R4
R5
R6
RT
R9
R10
A1l
R12
R13
R1/

icl
Ic2
IC3
1C4
1c5
IC6
ICT

LID1/6

1k5H
1k5

CV 7676
CV 7725
CV 7128
CV 7128

SHT.403
SN7403
SN7.104
SN74123
Sn74123
SNT4123
SN7.430

TIL209

107 0136120

10W 136112
10% 136100

107 136137
107 136152

10CV 0374448
10C7 0374572
10CV 0373140
10C7 0373140

10CV 1181748

10¢v

700p
100p
0.4TuF
0, 47ul
10uF
0.22ulf
0.22uF

JNNEX D TO

SECTION 4
PART 3

10C $548817
10C S.67.56
»olycarbonate 100v,

clzctrolytic 100v.
10C 1953299



SECTION 4 - P.RT 4 - DILAY BO/RD

1. The delay boards are oper:xted in tandem in the sane way as thoe buffer
bozrds, If both delays on paired boards arc not sct exactly the same it is
possible to produce t—o output triggers on the sane line. To prevent this double
pulsing an align circuit is used to start the lagging trigger at the same time as
the leading edge of thie e.xly trigger.

Input Gating

2. The input gating is identical to that uscd in the buffer board and is not
Geseribed in detail herc.

Dclay Circuit (Considering trigger one circuit)

3., The positive edge of the input to IC3.L B starts its timing eyecle which

period is set by Cl, €2, R6 -nd REV1l. Vhen the timing cycle is completed the @
output of IC3A rcturns to logiczal O, This falling cdzc triggers IC3B vhich st-rts
its timing cycle vhich is sct to .Ju3 by &7, C3,

4, The 4uS pulse % the T of IC3B is fod to the trigger drive anplifier amd f£oult
detector circuit identic~l to that used on the buffer boards.

Align Circuit

5. Thce 4uS pulsc a2t IC3B Q is fed to IC9C, This nulsc is alloved to pass

through IC9C and lcave the board only if the trigger is servicecable, If the

trigzer is not preseat them IC11B 3 will be at logicz2l O and the align pulse +ill
be inhibited at IC9C,

6. T™ien the align pulse =rrives at board B, it is inverted by ICSF :nd is passold
to IC7C, Providing the zlign is not inhibited the 21ign pulse is fed to the

clear input of IC34L. Consider the circuit action —hen the delay on board B i3 sct
longer than that of board A, The ~align pulse vhich starts at the le:xding cdze of
the trigger from board .. clears IC34 on board B. IC34 9 goes low and initiates
the trigger pulse fron boxrd B, The align faecility is inhibited on one board of
the pair when the sccond is turned off on time control pancl.

6. The t7o fixed rangcs of cach delcoy arc sct by 2 prorired link adj:cent to the
tining capacitors ClL ~nd C2,

7. The fault outputs from each delay are cormoned in ICLO and fed on the controi
board.
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ANTEK D TO
GECTION 4
P.AT 4

Conponent index, Trigzer Driver -ond delay

Circuit Y B C D
R6 17 228 R39
RT R18 R29 R0
R8 R19 R30 R41
R9 R20 R31 RA2
R10 R21 R32 R43
R11 122 R33 R4%
R12 R23 R34 R45
R13 R24 R35 Ri6
R14 R25 R36 R:7
R15 R26 R37 R18
R16 R27 R38 R:9
RVl RV2 RV3 avs
C1 8 C15 gca2
c2 G9 C16 c23
C3 C10 C17 24
Ci c11 c18 025
5 c12 €19 026
6 013 €20 027
c7 Cl4 c21 c28
¥R ¥R3 MRS MRT
MR2 MRS MR6 R
IC7e =~ ICTH ICT~ ICT7d
1C3 10 105 106
Icar IC8a IC3b IC8c
IC9c IC9 IC9a 1094

IC11y IC1la IC12b ICl2a

LED1 LED2 LED3 TED.



1)

DELAY BOARD - LIST OF COIPONENTS

Rl
R2
R3
Rs
R5
R6

o
FXS

R3

39

R10O
R11
R12
R13
R14
B15
R16
R50

1k5
1k5
1k5
1k5
1k5
4kT
18k
1k5
1k5
1K5
680R
5k6
220R
18R
33k
270R
220R

50k

CV7676
CVT125
CV7128

CV7128

TIL209

10W 0136120

107 0124739
107 0136146

10W 0136112
10W 013613
10% 0136100

107 0136152
107 0136100
107 9567027
10CV 037448
10CY 037.4572

10CV 0373140
10CV 0373140

C1  0.01uF
c2

C3  680pF

C4  ATOODF
€5  100pF
C6  0.47uF
¢ 0.4Tuf
029 0,22ul
030 0.,22uF
C31 0.22uP
€32 10uF

IC1 87403

Jc2 SI7403

163 SN74123
104 S¥7.123
IC5 SNT4123
106 SW74123
IC7  SH7.400
108 SH7404%
IC9 SH7.00
1610 SNT420
IC11 SN74123
1C12 SH7:.123

ATEL E T0

SECT.ON 4
PART 4

10C 95.48817
10C §167.56
100v polycarbon:te

10C 1953255

100v cledrolytic

104D 5204489
100V 1181748
104D 5204489



SECTION 4 - PART 5 - CONTROL BOARD

General Description

1. The Control board contains the logie regyuired to decide which part of the
trigger systen is scrvicaable, and /in the exse of the dividers and escillators
ensures that the in use boards are serviceable, Should an output board not be
scrviceable, the control board will indicate this, but do nothing about it,

2. This board zlso contzins the logic reguired to align the dividers, and tho
pulse generator reguired to rosst its own fault lztches and thos. of the dividers
and oscillators,

3. The conditions set by the control board may be nanually over-ridden by the
switches on the caontrol panel,

Circuit Descrintion

4. QOscillator Control The fault lincs from Oscillators . and B are fud into the
Board on pins 55 and 57 respectively to ICl5a. These lines are at logical 0 fer no
fault and logicz2l 1 for fault. When an oseillater fault occurs ICl5%a outut goes to
logical O and sets the f-ult latch formed by ICl8%a and b whieh in turm lights]thc
oscillator fault LED and via ICL7 the over~ll fault LED (ang rings the bell).

5. The fault input lines also feed ICS5e and ICHE vhich invert the logic to give

a logical O as a fzult., The output of IC5¢ is fed to IC5c and the X inputbt of

IC3a. The K input of IC3a going to logical O ensurcs that ~hen IC3a is clockcd,
its § will go to logiczl O and its 3 to logical 1 (this selects B oseiliator 1s

in use). The outout of IC5¢ going to logical 1 causes the input to IC.c to go to
a logical 1 for a time dependant upon €2 and R2, If IC;c's other input is ot
logical 1 at this time (i.c. oscillator .. in use) its output will go to logical

0 for about luS. This pulse is fed via IC4b to the clock input of I€3a which
causes IC3a @ to go to logical 1 which seleets B Oscillator as in use, zas nenticno’
above, Should the B oscillator alrcady have been in usc ~hen the &4 —vent £ wulty
then IC4c will be inhibited (IC3a Q 2t logical O) and the only effect will be to
operate the fault latch. In the case where one oscillator is faulty :ond the other
goés faulty, both the J and K inputs to IC3=2 7ill be at logical O when it is
clocked and so no change-over will take place. The 2 outputs of IC3a ~re fed

via open collector inverters and the control panel switches to control the inpu
gatiné on the divider boards, Opon collector inverters arc wsed in this position
to allow the control lines to be grounded by a manual control switch on the control
»panel. The circuit action for the B oscillator going faulty is similar to that
described above for the 4 side.

Divider control

6. The control circuit for the dividers is identical to that for the oseillators
and the above description applics, The only exception is that the eutput has more
drive capacity (three invertors in piralicl) to allew it to feed a large nunber of
output and delay boards, The pull up resistors are nmounted on the control nanel,



Aligmment Control

T. If thc standby divider is not in step with the In use divider, the -1000uS
pulse fron the in use divider is uscd to bring into alignment the standby divider.
IC15b :nd ¢, ICl3c and IClia and d form the zating circuit “hich extracte the

-1000uS pulse from the in use divider and foeds it as an align pulse to the

standby divider should the two dividers not be in step. Should 2 consesutive
align pulscs occur, bistable I028a and b is set by the second of these align
pulsces. The output of IC28b presents a fault signal to the overall fault
detector IC17.

Fault Reset

8. The operation o. 573 is fed as a clean signal to pulse generator circuit
C5, R5 via the de~-bouncer IC20a and b, The exponential signal is bransformed
into a squere wave by IC18a and fed as a 10uS resct signal to the fauli 1l:tches
throughout the system.

Qutout fault Circuit

9, Should a fault occur in any one of the output ecircuits, a logieal 1 will

be pregsent at ene of the inputs of I025 or IC30. The logical 1 signal -t the
conbined output of IC25 and IC30 is inverted t—ice by IC29 ¢ and ¢ -ud leaves tho
board to light the output fault LD. Thien 2 fault occurs the output fault latch
IC28¢c and d will be set by the pulée fron the pulse generator cb6 R6 and IC29a,

In order to avoid the masking of important foults by minor (output) foults,
provision is made to allow the output fault latch to be reset even though the
output fault still persists, however in this situation the output fult LED will
renain 1lit when the overall fault LED is extinguished,

Oversll Foult |

10. The outputs from the individual fault l:tches are fud to ICLT vhere they axc
comnoned to provide an overzll fault signal, This is inverted by IC13b and fed
fron the borrd to light tHe over:ll fault LED.




CONTROL BOARD FAULT LOGIC ..CTTON

Osc. or Div i

0sc. ox Div B |

131
Fault
YSI
Fault

LLIGN

Divider 4

In use

In use

Migned
Mis-aligned

More than one successive pulse applied

tS!

CS!
Fault
Fault

Divider B
aligred
Mis-aligned

In use

In use

to cither 2lign input.

Output fault

JINEC A TO
SECTION 4
P.AT 5

Seleect either lor usc.
Select B for use and operate fault latch
Select A for use -nd opcrate fault latch

Operate fault latch

Do nothing

Apply 2 pulse tinmed ot ~-1000u3 to the 3lim
input of Divider B '

Do nothing

Apply a pulse tine at -1000uS to the 21igz»
input of Divider 4

Operate lignment fault latch and light

the fault LID

Operate overall fault latch ~-ith pulse
and light output fault LED.
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SECTION 4 - P/RT 6 - RiCX IRING T

T e
UTIR

SOMECTIONS

Osc Osc Cont Cont Div Div O/P O/P Dcl Del

A B B
3z

iz

5z 5%a

6z 5%9a

8z

9z
10z
llz
14z
16z
i8z
208
2la 52 5z

22z
23a
248
26a
27a
282
29z
30a
3la
32z
33z
34z
35z
40a

Pan, &4 B 4 B

56z 56z

0N NN NN®

21z
21z

23a

55z

]

23a
552

B
H
©
NNNNR

13a
13a

0
(o}
3
o

34z
4lz
32z
33z
29a

3z
4lz
32z
38z

29a,

25a
3a

3a
1la

1lla
9a

27a

9a
27a

[oRc I

A
-

403

38

B

£0a

B2z 52z 132z 13z

55z 53z l4iz 14z

38

Signzl Description

Delar B fault
Belay 4 fault
Catout B fault
Output & fault

) Spare fault input
) lines to Control Board

; Grounded ~hen not used

)
Fault latch reset pulse

" " ¥ Switeh (Norm nade)
O/F foult Led. drive
Oscillator f-ult LID drive
Ovcrall fault LED drive
Alignnent feult LIED drive
Divider fault I'D drive
Fault reset switch(Norm. broken)
Divicer B align pulse
Divider 4 2lign pulse
Divider B -1000uS pulse
Buffer i/p control (Sw'd) A=0
Divi er .\ -1000usS wulse
Buffer i/p control (S+'d) A=l
Buffer i/p control {(Unsv) .=l
Buffer i/§ control {Unsw) A=0
Divider i/p control {(Unsw) A=l
Divider i/§ 5
Divider . fault

control (Unsr) /=0
Divider B frult

Divider Manuzl .

Divider Manual B

Oscillator .. fault

Oscillator Manual ..
Oscillator B fault

Oscillator Manual B

Divider i/> contrel (Sw'd) i=0
Divider i, control {(5:'d) L=1

'250XHz - Oscillator B

250Kdz - Oscillator 4

-750uS ~ A )

~750uS - B g

~250usS - .

-250uS - B )

-125u3 - i 3 Invertcd pu’ase o/p’s
~125u3 ~ B ‘

~8us - . at TTL logic level,
~8uS - B To be wired as reg'd.
Ous -~ &

Cu3 - B to 0/P & delay boards

Scope trigser (-1000us
Scope trizzer (-1000uS
Inhibit align .. delay
Inhibit align B delay



. Rack ¥iring Interconmections (Continued)

Osc Osc Cont Cont Div Div 0/P 0/P Del Del

A B Bd.

45a
49a
48z 48z

Pan,

2
Z

i B

15a 15a

EoY

48z
49z
50z
542
55z
57z 5
51a

562
58a
4lz

£2%

B

L

1z
2z
3z
oz

5a

6a

8a

9z
10z
1llz
15z
16z
13z
12a

2lz
22z
23z

2452

B

5a
6a
Ta

1z
2z
3z
Az
9z
10z
11z
15z
163
18z

12a
172
19a
21z
22z
23z

24%

Signal Description

QOOHZ \ t Q R Liia
500Hz (to Ri.

]

TTL 500Hz - parallel source

Delay output -lign for trigger Uc -’
Delay output align for trigger No ¢
Delay output -liga for trigger ¥e
Delay output align for tiinger o .
Delay output align for triggoer No o
Delay output align for t.igger No
Delay output dign for trigger No :
Delay output align for trizger No .,
B input No 3 )

B input No 2 g Tire as required to
B input Jo 1 ) the Divider invert.d
A input Wo 1 ) pulse outputs.

A input No 2 )

A ingput Ho 3 )

Selected output o 1 )

Selectcd output Fo 1 ) “irc a5
Selected outout Yo 2 ) requircd to
Selectad outout ¥o 2 ) input pins
Selceted outout o 3 ) 21-24 on the
Selacted output o 3 ) same board.
TTL input for A Delay output o 1
TTL input for Delay B output No 1
TTL input for Delay . output No 2
TTL input for Delay B output To 2
TTL input lor Delay .. output No 3
TTL input for Delay B output Ho 3
TTL input for Delay .. output Ho 4
TTL input for Delay B output Mo 4
B input Ho'1l Jire as roguired to
B 1nput o 2 )the Divider

B 1nput Fo 3 )inverted »ulse

4 input No 3 Youtputs,

A input No 2 g

4L dinput Ho 1

Selected output No 1 ) “ire as
Selected outmut No 1 ) required %o
Selected outout No 2 ) inmput pins
Selected outout No 2 ) .11-}6 on
Selaected output No 3 ) the sane
Belected output No 3 ) board.

TTL input for O/P s output No 4
TTL input for O/? B output Wo 4
™ input for 0/P . output No 5
TTL input for O/P B outout Mo 5
PTL input for O/P . output No 6
TPL input for O/P B output Mo 6
TTL input for 0/P . output No 3
TTL input for O/P B output No 3
TTL input for O/P . output No 2
PTL input for O/P B output No 2
TTL input for 0/P . output No 1
™l input for 0/P B output No 1



Rack Wiring Interconnections (Continued)

Osc Osc Cont Cont Div Div O/? O/? Del Del

A B
50-2 50-2
42-4  42-4
8 8
1
1
2 2
3
3
4 4

-

Bd Pan

59/60
1/2

A

B

59/60 59/60

1/2

1/2

A B A
2-4

2-4
36-8 36-8

1/2 1/2

29-31

B

29-31

Poer
Rail

+5volts

+40volts

+5volts (screened)
500Hz (SW'dg Ref, vhage.
500Hz (Sw'd) Ref. phase.
500Hz Ref. phase return

500Hz Variable phase (Sw'd

500Hz Variable phase (Sw'd

500Hz Variable phase retur

+5volts
Ground
+5volts
Ground
+]0volts (Switched)
+40volts (Switched)
+5volts
Ground
+40volts (Switched)
+40volts (Switched)

37-8 37-8 +5volts
25-T7 25~7 Ground

T 1
9 9
12 12
14 14
17 17
19 19
22 22
24 24
27 27
29 29
32 32
34 34

29

51

55

53

51

49

47

45

59
57
55
53
51
49

45

1 d

Fixed trigger output Fo
Screen for above

Fixed trigger output :io
Screen for cbove

Fixed Trigger output Yo 3
Screen for above

Fixed trigger output lo 4
Screen for above

Fixed trigger output ¥o 5
Screen for above

Fixed trigger output No 6
Screen for above

Delayed trigger output No
Screen for above

Delayed trigger output Mo
Screen for above

Delayed trigger output Mo
Screen for above

Delayed trigger output I'o
Screen for above

N
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