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ABSTRACT

This note describes the bprinciples 2nd desiagn
criteria of the timing system for the SPS. This includes
the control philosophy and the command structure of the
timing modules. The global timing transnission is
discussed and the 1local interac ti on required at each
auxiliary building is soutlined. Also the di stribution of
these signals in the auxilizary building via means of the

General Purpose Multiplexer is explained. Finally
detailed svecificztions of the tinming modules plus full
operating instructions are included. The modules

concerned a@ie the agenerzl vurpose timing modules, TIMING
TGl and TIMING TG2 , the manuz2l timing moduls TIMING
TM, the two fansut modules TIMING TFBB and TIMING TFB3L
and the visual display test module TIMING TD. '
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The S§PS Tinming System Proposal

INTRODYCT 19N

The corrcct onzratio of the SPS {3 absolutely
denendent, z2mongst cther p?raleterQ, yn ol an accurzte and
el1?b1' Lining sysiem. This vroposal desCrites such =2
vstem.
The

nvironment of the SPS,in Dparticular {ts
nhvsical size and its required mode of 2neration, greatly
inflwenced the desicon criteria of the tining svstem. The
versatility of the %P5 dictates that the tining system
itself must be extremely flexible., This flexibility 1is
achieved at the generation end by using a conputer to
provide the <cycle information for the Master Timing
Gencrator unit (MTG). At the user end the flexibility i{s
nrovided bty di stributing the timing sigials through the
Generazal Purnose Multipnlexer (GPMPX) systicem. The timing
reneatability precision is not affected by the wvarious
lengths of the GP.MPX Bus.,
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PS - SPS DIALOGUE

In order - for correct beam ingjection to occur the
tining system of the SPS must b synchroi sed to that of
the PS. The dialogue betuwzen the two machines is of the
master - slave relationship where the PS is the master.
IInder no circumstances wvwhatsoever can the SPS delay the
orogrammed cvcle of the PSS, If,for any reason, the SPS is
not ready to accept injection it must miss that injection
neriod and wait ror another Indcctlow Prepul sc e spon se
fron the P5. (Fig.la)

The SPS generate s 2 “Beam Required’ sigal which
is iramsmitted to the P35, This sianal informs the S that
the SPS is ready for injection., The PS interrogates this
line tuics during the inJection sequence, the first test

‘occiuring aporoxinatzsly one second before cjection. This

is the Lin~e test ond if the line was  jinactive at that

tine the Lin=2c sule=s will bs dunned outout of the

Lin=se and ithe ingootion czauzncs tarmin 2ut if the
line was active it is5 interrocated aaoni TS¢e. hefore
the S¥5 uis

ajecticn. Thi1s 18 (he Booster-9ia LUS‘

unahle tno continve the indection the Legn uwill
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Timing Svstem Pronocsal

v dumped i the PSS ot the lowsst oncrsy 2o0asibie. 1t the
test was succ=ssful the PS cnmmences {ts acceleratiaon
cycle to SPS injgection level at 10 Gav.

intervrosgating the Bezam Required 1ins frem
o} 5

the 23 PS ozl so trarsmit three ingjection vnre.suises
t0 SPS, The first nulse occurs Jjust Def ore the PS
accelerztion cvele, anonroximately 300 mSec pricr to

ejection. A second nulse is transmi tted to the SPS
informing it that heam was csucceszfuUllyv de<bynched during
the acceleration cycle and that sjection froa the S will
definitely occur 2 mSec, + Or- 2uSsc. later., This nulse
is used to generate the Reset signal in the SPS. Finglly
the IndJection Kicker Pre-pulss is transmitted 50 uSec
before injection. [Ref.!l]

THE GENERAL SPS TIMING PHILOSOPHY

The basic tiwe ynit for the £P5 is ImSec. This
time information is transmitted to the ussar by the Clock
Train which consists of 2 serics of pulses a2t ImSec.
intervals with a repeatability accuracy of + or - 1uS,
The clock is referenced to2 the injection Kicker pnre-pulse
at the start of each cycle, (Fig.2= Under normal
overating conditions all timina operations will be
referenced to this clock.

In conjunction with the [ImSsc clock a coded Event
Train 1is also transmnitted,. (Ref .2, Ref.31 This code
uniquely identifies sgpnecific operationg during acycle,
eq. start of front porci, Slow extraction, iunp eotc. When

a timing mwmodule receives and recognises 3 ywalid Event
Code it waitis for the ne2xt clock opulss  wnich it

internreis as the Event Harker Pulse, The instant at
wvhich the cuents actuslly stz2rt will be coincident with
the aporonriste clozk nulse. (Fig.2D) This quarznices a
receatsbility accuracy of + or - 1uS for ezch event., The
Event Cade o be onroarzamed Is3% the MMaster Tiwing

Cenarator to naccur durin-g MY Ingsc Tinzg intsrval.,
(Fia.2¢) T4 4o mounisle far o2 nusher of ciiffercrn i Suetis

to occur fdurivg tha same one TMillisecondd
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The S§PS Timing Svstem Pronnsal
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The @ost signiioont LinsEry vit 01 4ECcn 2w v oods
is the Simulated Cvcle bit. The MTG sets this bit to 3
logic “1° if the 5P5 cvcle is bveing simulated, fee 02
beam nresent. - This bit is tested in the GP,MPX Timing
Connection. imit (Fig.3) were 3 flag i< st if tho cycle
is Yeing sinviated., This flag way be used 10 aq2narsie an
interruot, or al tarnatively the Genevral Purnoszs Conputer
nay yuse it as a status Lit. In both cz2ses the computer
receives the information through CAMAC. The coinaction
unit  will normallyv he situated in the samne rack 3s the

po MPY

R 4..

CAMAC crate contrnlling the

To enable users to initiza

each cycle a reset pvpiulse {is transmi
injection. Two tvvoes of resct signals wi
ad Double -~ vrior toingection of dou
b Single - vrior to injection of S
prior to. second ingection o]

(Fig.2d)

lize the

ir equipnrent for
tted 2mS prior to
11 genearated,

ha
hie cycle,.
nqle cyele

i and
f double

cycle.

Doth the ressts halt ths 1n5ec ciockK which remains
disabled until tne ingectio kKicker pre-pul sz cccurs,
consequentlv the first clock pulse after a ress will
alwvays be at time zero (T0) (Fig.2€e)

4, GLOBAL TIMING DISTRIBUTION

The MTG -situated in the Control Building must
tranqmit the timino signals to each auxiliary huilding.
The transmisgion wmav be " accoaplished as @ “star”
connec ted system  or  #s R gl obal ceries connaction.
(Fiag.3) Althsucghr oravious timing @ systens ¢g9. P8, DNPL
{Ref. 4] tended to utilisc the “star’® approach as it was

encrally simpler to imonlinment and afforded more usser
isnlation the SPS  will use the gl oo tran <oi ssion
syestecm. This iz becz2use for laras acceclorators, such as
the SPS or MAL, [Ref 2] the coast ¢f the zsxirn inate
cables th2t are reavipraed hecomnes o grificant. ar
far the MTE tTa nerfarm 2-lin= rra o ualiation 2
the ctar ovsisa 2ddi tional circuiory and ¢cablin 1
rocavirea 2t oach wser ond ¢of the Siar.
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$PS Timing Systen Pronosal

Also the alebzl gl stricuyiion svystern reqauires  anly
one cable nvassginag roywnd the periviery of the accelarator.,
‘At each anxili2ry huilding the timing siagnal = are “{anned
off” the main cable and conected to the G2 .MPX DV weans
af tne reneater unites. (Figo4) 1+ 18 extiremelyv imnastont
that ~90d4 isolation =xists beotwsen the usar znd tha main
timing cahle in order to prevent the user froag corrunting
dounstrean timing information. There nmust e ao00d ¢ommon

mode isslation hetusen each auxitiary Duilding and
hetuson sionazls ganesratsd a2nd trensni tited in thosse
buildings, Transformer isolation 1is 1idezl for poth

annlications as the trensforrer acts a2 a band-rass
filter. :

As both the oriqin and the final destination of
the dlohal sianals is the MTG itself 11 is a reiztively
siapls  exercise to include logic for checkKing the
transmi ttad information. Two modes of checking are
avai lablet -

1) Digit=l

The numher of bits transmi{ted 1is conpared vith
the nuaber of bits received., This can be achieved by 3
simnle uyo/down counter in tha MTG,

2) Time : .
The total inherent »rovnocation time for the global
transnission, including the transmi ssion time fron tha
head of the 2ccecss shaft to the renmeater units in each
auxilisry building, is 42.5u8sc which must be constant
within + or- 1.0 uSec. (Fidg.52) This can be checked by
standard time of flight techniques.

Both modes will be esszntial during the cvstem
installation wnd commi esioning stadges =25 diagnostic
tools, During rum time morde 2) could be included v the
nre-check wrocecdure nrior to ingjection accentamce, uwhilst
I will De extremely useful as 2 moni tor of the overall
svstezn nerformance, It 15 not intended that this w@ode
will function o2n an intera2ctive basis during a cvcle.,

Fia.S52 c¢legarly indicates a2t
ot

travals i 1 clackyise diretion g

Traneni Loned froea | (ATS CanLyr ol i i
anti~clackuian Adirection, This ar
Year s 91 tn Loe omavinugn possEibre wz
and tho zrriuval of the hzam 2t each

N

N
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oe seen 1 o7 The Cchiars (Fig.on) that this t17a uarras
fron 41.9 1uSec at A3 to i1.0uSec at BAag., If the sicyals
were transmitizd in 2 clockui se dirsction there would be
2 minimum warning timte of only 2.5ussc at 2a2,

LOCAL TIMING DISTRIBUTION

-

The timing signals are distributed throughout the
auxiliary buildings by means of the GP.MPX. (Fig.5) The
overall concept of the GP.MPX makKes it ideally suited for
this task., [Ref 61

In each MPX Station Crate the Tete de Station unit
recefuves the bi-nhase timing sicnals fron the MPX bus and
translates them to binary c¢ode. These signals, at TTL
levels, are then transni tted onto the Station Crate
Dataway. (Fio.7)> The sicials are listed in Table |, The
lmSec clock and the Reset sianals are taken 1o the rfront

nanel of the Timinag Tete de Station module vhere they are
connected to Lemo coannectoars through buffer isolators.
User timing modules will Dbe inserted into the Station
crates where theay receive the glonal timing inforastion
via the datawvay. Note that the translation fron bi-phase
to binary performed by the Tete de Station sim»nlifiss the

logic necessary in each uszr timing module.

All  timing modules will have blue anodised front
vpanels in order {0 provide an obvious means of
identification when incgerted 2amonagst the GRP.MPX modules.
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S5P5 Tining Systen Propocil
1
TALLE

Trom w o e s m e e e e e e v e A Te m M S G ma S e e e M b w me e T e em e me e e - +
f DATAVAY | SIGNAL i GENEXR AL i
' PIN NO ! IDENTIFICATION ! COMMENTS !
f o e e | e e e . . e e e et e [
! ! ! !
! 17 t ImSec CLOCK ! A1l thz sicnials !
! ! ! on winsg |7 > 22 f
! 18 ! BINARY EVENT CODRE ! inclusi ve are !
! ! » ! TTL ~ocanatibie, !
' 19 ! EVENT CODE CLQCK ! !
! ! ! t
i 20 ! EVENT STROBE v !
1 1 ] ]

! 21 ! RESLT ! SINGLE 20uSs !
! ! ! DOUBLE 40uS !
! 22 t INTER-MODULE LINK ! OQutput fron TG2 !

SIGNAL STMANDARDS

Global

The alohal sioalg are trangni tted on one pad of 2
standard six vod video czable, The audi o twisted p2ir of
the pod is used to transmit the Event Train whilst the
larger diameterr video nair transmits the Cl ack Train plus
the Reset signzaals. All alobal siarals are transaitted as
a Manchester bi-nhase codo, This code, counled wi th the
characteristics of the renaater. units, Provide s good
noise imnmunitv. The 2unlitude of the sign2al s arz o+ 2nd -
5 uolts,

Local

In this context 1 ocal is defined as the
transni ssion mediyn betuvazen the local outouts of the
raneqtar wnits A2nd the innut to e T2t~ de S472tion uni ot
in e GDOMDMN o ovyate, ’ u e iad o pai e o veaui bt coop
11 Piwmine  siqgnuele =210 ¢ 8! in ot

canla, (Fig,5) Acain ithe Manoeoatsr oi-nhs oo

Dyt the signal levelias are <L (0 mmd + 5 wvojts. Thig i
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L0 make 17 cwmnzginblo with (e gtoadard wouver Sunnply o f
the GP.MPX and also to reduce the nossinility of
cerosetall from the timing sign=21s onto the multiplexer

data lines.

Iser
Three tvoes of outputs are provided:

l..For connectiqq {0 uvsers extarnal souivment.
Blocking osciliator lzvels, BNC 53 ohm coanector.

Timing signals for driving users extevrnal
equipment will be- generated by a Dblocking oscillator
circuit., The circuit will vorovide a transformer isolated
nositives pulse of 20 volts amplitude into 350 ohm 1oad.
The pulse width will be 2uS2c with a rising edge of lcss

than So0nSec.

2, .For connecting to ussrs CAMAC eaquipment.
TTL levels, Lemo 00 connector.

Negative loaic TTL levels are used compatible with
the CAYAC unterminated signal standards. Each output will
be capable of driving a mininmnum of 30 TTL 1oads. The
output signals are time-stretched by monostavbies to
10uSec. in order to make them compatible with 2all CAMAC
interrupt registers. This enables the user to gencrate 2n
interrunpt during any selected part of the SPS cycle,

3..For connecting to users equiopment situated in
the same (GP.MPX crate.
TTL levsls.

This signal is generated by the weneral tining
module TIMING TG2  (see uodule description for full
detail s). 1t is intended for users whio hava a nuuber of
modules wvhich require a cormon timing n»ul s2, The timing
module vsneratineg the gsional and the ussr modules
receiving the signal must all be in the s2we  GPLHPK
crate., User GP.MPY modules vich utilize this line shiould
igsolate thue sianag) before transnitting it to tinsir

2xtornl aouinmont,

16.
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SPS Timing Systen Proveosal

Six differeit types cf moduiss are described in
t d

fetzil. Tae two genarsl timing modulss,  TIMING T8 and
TIMIMG T4, will rnormslly he  usod DYy ths wsazrs faor
generating the majority of their tlm’nq signals. The
manual timing module TIMING T cnsulce the users to
chianas their timindg varaaneters mCXJ'll Tor"“llv these
can onlv he changed hv the comouter "ne ﬂtlﬁ‘ system. The
fan-out module TIMING*TFS3B zecepvte cithar = L1 ocking

nscillator or a2 TTL 1level input 2and generates six
completely isolated blogkineg oscillatnr tyre outputs. The
other. fan-out module TIMING TFBL has.a similar signal
speci fication hut it generates ten Dblocking oscillator
asutputs which are comected to two pin Lemo connectors
tvpe 0. Finally the display module T ”'“G Tb i1s a test
module wnich, when connected to cithzr the gznzral or
manwual timine modules, visuzally indlcdt es the Dprogrammed

naraneters of that module.

The Tuo  agenaeral nurngse timing modules 2re hoth
able to cgenerate two ‘blocKing oscillator tvpe output
pulses. The outnuts of TIMING TG! are of the format:

Dutnut A = En + X
Dutpyt B = En + vy

where En i3 the szlected cvent and xand v ozre thc
respective delays, in milliseconds, betwueen the cvent and
the two output puls

=y

Module TIMING TG2 has the format:

p—a

= En + m
= En + M + D

Outiput
Cutoui

N

vhere En is eithecr the gselected cueni or tha cxterna}
start, m is the delav betwecen in and Dutput | and p is
{ he fal2v bhetwsan Jutnut 1o oond Sutpud 2. Both the delayvs

can be in either millisecond or external clock units,

12in diffeirence hatuysan thae oanarzs) =odules i85
s i

Py othe sroand oaiior. Far Sl T

this noint iztion ¢

noqnter vl o I:
uhen {tha 2in ﬁerrctﬁﬁ.
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connec tors have bsen onitted fFfron TIMING 7161 to reducs
coast. ¢ «=2f module descrintions for full detail s
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