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THE SPS TIMING SYSTEM PROFQCAL
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S5P3 Timpine Zysten Propoaczl
INTuupUUTIFN
. The correct opcreztion of the SP3 -Is clueialy
C°c°rdewt, gmeneost oitner paravaters, upon an @#ccursite ana
reliadle tining systerm. This proposal deszcrikbsz  such &

htr( -trv-‘

The cnvuironment of the SPS,in particulsr 1§ ts
physical gizce znd 1tz recuired mocde of operation, rrzaotiy
inflverced w2 desion criteria of the tining syster. The
versatility of the SPS dictatzs thet the tinirc cyctem
itself nmust Le Xtremely flexible, This flevinility

is

achiceved 2t the ceneration eng by uUsine a corputer to
prévide the cycle information for thec Mzzicr -
Cenerﬂtor unit (MTG)., At tiie usar end the flexibility i
provicded o0y distritutine thne timine sionals thircvan tin
Cencrzl Purvose Multiplexer (CPL.UMPX) system. The tizin-=
- W ey E IR NN cem w3

repeatzzility precisisan is not affeactad by ithe urri
lencths of the GP.MPX Eus.

<Dm':

PS - S5PS LIALOGUE

In ordsr for corrasct oezr injection to 2ccur  tas
tinine systen of the SPS must be synchroriszd {0 that of
the PS. The dialosue between ths two mzchinzas s ¢f he
master - slave relationship wnere the PS ig& i na r
Under no circumstances whatsosuver ¢can the P8 i

proaranmed cvcle of the PS, If,for Znv rescemm
not ready to accept ingjection it nuzt 2iss ta
period &and wvait for znother Ingectiion Frec
from the PS. (Fio.l1l3)

The SPS cenerates a “Bear Rzauired”™ <siecral which
is trarsnitted to the PS. Thies sienzl infeormz tho P2 thzt
the SPS ig rezly for ingsctiosn., The PS interrc=atzs  thals
line twice durirnae tiae irjection seauence, the firzi tzzst
occuring arsoreoximatzaly one second before egecticon. Tris
is the Linac test end if the linz was inactiwe =1t *hzat
time the Linzc gulze «oi Te! the ow‘"‘ Footnz
Linec a&and tne ingzcti e N L3
line was sctive it ig i
ejectian., This 1§ the
unzadls to cerntinus the
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The S

PS Tirire Syvster Prorpocal

ke dumpecd in the PS at the lorvest ernarcy 2o isle, Is +he
test vasz zucozzsEful the PSS comrercecs its accoleratio
cycle to SPS injdecticn level at li G2,
Eesides interrocatine the Eezgnm Required lirz fro
the SPS the PS aleo transnilis three injectic
te ths 5PR3. The Firzt pulsze gcCccurs jus
raccecleration cycle appraxinzstely Cow ®
ejection. A second wvulze is trarf“1
inforrming it thzat heam 1'zg zuccecsfully
the acceleration cycle and that ejasction
defiritezlv occur 2 mfec. + or- 2utec.
ig uvszd to C°r3r3:e the Rgsst sienzl
the Injecticr Kickar Pre-pulece g ¢
tefore injection., [Ref.1]
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SPS TIMING PHILQOSQPHY

The Dasic tire vrit for the SPS ig Irse i
time inforretion is transritted to the vear by the (Cloek
Train which cen=i s of @ series o2f nulszc =+ 2C
interwvels with a rsa <
The clock is referer
at the start of

.'
o
-
'
o

atability zccuracy cof }
ec tc the ingjection kicker »orz-czulce
ach cycle. (Fio,22) Undar rorczl
s
0

l

v .
~

operating coneltlo all tirine operaticns will :
refersnced to thics clock,
In conjunctinn with the ImSeac C'”CV 20 o T s e
Train is also trersmitted. C[Ref.zl This coze wuriguely
identifies gozcific ~rn-rstiares dorine < :vc1a, ~ o~ T4t
of front perci, siow extraction, Zuwm» etc, Thoen 2z tirmin-~
nodule receives and recocnizes a wvalid Event <Cocde |t
wvai ts for the next clock pulse wvhich it interprets as tnz
Event Marker Pul se, The instznt =&t which e cutrts
actually start will be ceincident wvith the zporoorizic
“cleck pulse., (Fie.2b) This au=r=ntees 2 reveatz2cility
accuracy of + 9or - 1uS for csach cvent, The Event {=2dz cz=0r
Le crrosrzmred by the lMastsr T1n1nq Gererator to

occur durine zny InSzc time irnterwal. (Fic.zc)
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bean precent., Thie it ic testod ir tho Gl Tirvir
Connecction Unit (Fie.5) witere a flae igc zet if trao cvel
is beine sinulated. This flac ray te uged teo cerzreie c
interrupt, cor alternatively the Genergl Purpose Conputs

may uce it g & statvs pit., In both cases tne comouter

receives the information throven CeMAC. The coanrec tion
unit will nermallyv be situated in the s<zne rack zs the
CAMAC crate controilins the GP.MPX.

To enable vusers to initialize their edquipment eor
each cycle s reset pulse is transmitted 2m$ vprior to
injection. Two types of reset sionzls will be cenerzted.

ad Coutle -~ prior to injection of double cvcle,

b) Sincle - prior to ingjgection of sincle cycle anrd
prior tg  secien ingection of dounle cycle,
(Fig.23) '

Both the resets halt the ImSec clogck vhich revcies

disabled wntil the ingjection Kicker »pre-vulse occurs,
consequentlvy the first clock pulze after 3 racs+ vill
always be at tine zZero (TY) (Fic,22)

The four sicnzls, IrmSec Clock, Event Coce, Recsst
sircle and Reset couble are the only <¢neg to be
transnitted clobelly. QOther csicnals, such 2¢ ths LS4z
Revolutiorn Fregquercy, are orly of intersst to cartzin
specialized users therefore they will De ceneratsd  =znd

districuted locslly.

GLOEAL TIMING PCISTRIBUTICN

The MTG sitvated in the Control zZvildine rust

trarsrit the tirines sionals tc each avxiliary Iull7ire,
The tr:n:rxssxan may  bes eccompliched ss = “star”
connects cystem er 28 & «<alobzl series corrcction,
(Fig.3) %ltrOth rrevious tigpine gvsteme zo, PE, DNTL
{(Ref.3] tendsd to uytilise the “=star” agpprozcih 2c it vz
cenerzally siszler “to implirert e oaff OIC%C Tore vesr
isclatizn the SFS will us:z tre a]l oba trer-cri st oo
syster, This is heczfuce for learss zcce r=tors, Iuch 2w
the SFL gy L, [fef 43 the cost of tne :xtra tz iz s
czdDless 4thet =res recviresd oscemes zZiorificeart, Yuptizroor:

7.
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The SPS Tinine Syster Propo
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for the MTG to terform on-line data validatior cizcks ¢on
the star syster acdditiormel circui try ard czblinec wgoels
reaguired at cach user end of the <ctar.

Al so the alob2l distritutior gystem reguires

one catle pascing reund the periphery of ths accsleorotor,
At ezch 2a2uxilizsry nuildire the tininae sicrels “toun
off° the main cable zrnt connected Lo the SR UPH

of the rervcater urits, (Fio,4) It 18 extrenely importort
that «aocd isolation exists betveen the user zrd thz main
tirnirs czable in order to rcrevent the ucer from corrustince
dowmctreznm tinineg infermatien, There nmnust tc cnad comran

iocde isclation uL*”EPn ezch sauxiliary trilcdine ard
between sicnals enera t ¢ and trarsri tted  ir thsse
buildines., Tran former golation 1is 1ideal for Coth
applications 2 the tra1sformer zgts 23 2 bhznd-rozg

As both the oricin and the fineal gestiratizn of
the global <sicralz is the MTS itgelf it is 3 relatinzl:
simple sxercicge to ircluds locic for checkin~ tnhz
trensuitted inforreticrn., Two [odas of crnsckine =rsz
availables~ ’

1) Cicital

The rniumder of tite trensnittad {s c¢onpares  with
the numter of Dbite received, This can bg achicwved Ty 2
simple upsdown counter in the MTG.

2) Tine

The totzl inherent propoazation time for the <Y crzi
transtission, ircluding taz trarnemisgsicn tire fpor +hs
head of the zccecss shaft to t1e repezter uritz ir szch
auxiliary buildinse, is .Susec unicn must 2 concTtznt
within + onr- 1,2 v8z2g, (Fie.S2) Thisg can £z gchegked v
standard tice of flicent tecnn1ques

Bcth modes will be esszntizl durire th
instellation zard comricgicnine stzces &8 4
tools. Durinz run tire node ) could bz incl ude
pre-check precedurs prior to injecticn accsptance
Py will be extrerely useful as @ noni tor of the
syster perforrance., It is not -intencded that thi
will furction on an intersctive tasis durine a cv

Fie,32 clesrly indicatze that wrilst the o
travelz in g clockrize direction the tivins Eirzle oz
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SPE Timinea Systen Proposal

transmi tted from the control buildiwa in er
anti-clockrrice dirsctidh. This &aprreoszcn crouvice= the
users witn the mezyirum poesitle warpine tire Se twesn T
eand thz arrival of the.Pbrcer at each gcSuper-pcoriad, 1+ corn
te- seen from the chart (rlc S55) that thisc tire vzrice
from 41.9 usec gt A2 to ll.LuSce at =Zaa, 1f the gi=m2ls
wyere transmitted in 2 clnC’nlse direction there vould ts
g wininun waininy Ulne of only 2.5uU3z2 ai Zhae.
LOoCAL TIMING LISTRIEUTION

The tirine <iarals are distrivvted throv-hout the
auxiliary buvuilcdines Dby means of the GP.MPX. (Fie,6) Tre
cverall cencest ¢ thie GP.MPX wakes it idcally cvited fer
this tazxk. (Rel 51

In ezcn MEX Staticen Crste the Tete de
receives the di-rhzse tinin~ siernzl e freom ths i
transletes thenm to Lirary c¢cod2, Thesz2 ciomzle, 2t 77
levels, gare then transmitted arto the S tz2ticn Craot:
Dataway. (Fi=,7) The siecnalszs 2are listed in Tzdle i, The
InSec clodX ard the FHeeset cierzls are taken t2 the. frairi
panel of ths Tirine Tete de Station medvle wizsre *hey zrs
cennected to Lemo connechors thrcuss Zuffsr izsletcors.
Ueser tining weodules will e ingerted into tihe T tztiocn
crates winsre they receive the ¢lotal tinine infeorrgiicn
via the cdatewav. Note that the translzation fron di-ghzcs
to binery perforaed Ly tne Tates de Statiorn zizcliitiss tos
logic necessary in ezch user tinire ocosdules

All tirine mnodules will have tlue ancdisz2d fraone
panels in order to provice an obvious Teans oe
identification wihen inserted zmonest the GP.M moduls s,

12.
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SFS Tinine Svzter RProrarzl

TAELE 1.
e et e o s e " = - . - n o o ew e e e .. - - +
tODATATAY SICNAL ! GFNERAL !
t PIN NO IDENTIFICATION ¢ COMMENTS !
| P | m e rcr e oo cm o | S S 1
! ' ! §
H 17 +t imZlesc CLOCKH vt AlY ths zicpals :
! 1 ( on ctime |7 > = !
! 18 ! BINARY EZVENT CCLE ¢ irclusivye are !
' { ! TTL ccmpatible. !
! 1S { EVENT CQOCE CLJVA ! : 1
! ! ! !
H 2% 1 RESET ! SINGLE =wuus !
! ! ’ ! DOUZLE 4z uS !
! 2! ! INTER- -t Zzlonced !
! ! MODULE ! Lire criver !
! 2 ! LINK ! sional. !
! ! ! !
Fommm e -—— - - = - - e n e m e e - . ———————— - +

SIZNAL STANDSHLCS
Global

The c¢lobal zienals are trancnitted on sre pad o0 =
stardard six pod videon cable. The *uvio tvi sted  pzir  of
the rod {s used to trarsmit e Event Train whilgst trha
larcer ciareter vidzo pzir tr“”C“lts the Cleck Trzin 21 us
the Reset sicrnzals. All clobsl siesnals are transmittzd z¢
2@ Manchester di-phzse czde., This ccde, cou,lc: with  thc
characteristics of the - rapeater urits, provid:z oond
noise inmunity. The amplitude of the sicnal- zare + apd -
5 yolts.

Locz1l , ‘

In this ceontext leocal is defined == the
transmission rediur bLetueen the local cutputs of the
repeater units and the input to the Tete de Statioar wit
in the GP.MPX crate, Tihe two twisted pairs reguircd ear
the timine <siopgls are containec in the main CF.MFL s
cable, (Fia.5) Acain the Mezrcnzster di-gnese cods 15 vzs=s
cut the siznzl levsls gare zt ¢ ard + & ol ts, Thinoics

15.



The SPS Timire Systzn Prowcocal

to meke 1t corpatitle witit- the standard powver TNLDIV of
the GH.“FA anc also to reduce the pozziLility of
crosstalX from tae tinine ¢sicrgls onto the Tultiplszar

data lines

c) User
Three tyecs of ouvtzuts are orovided:

l..For conrectina to users external ewguiorent,
Elockine oscillator levels

- Timine <sianals for drivire the users zsxternsl
equiprent vill be szrerated "Dy a rlockin~t osciliator
circvit., The circuit will provide g trensformer icsolated
nogitise pulse of &5 wvolts zrnlitudes into z Sw  lozd, The

pulse width will be ZuSec with & rigine edcecs of 2SE than

C”rqcc.

2..For conrectine to uvsers CaMAC equiprent.,

TTL level s

Negative locic TTL lewel g 2ars usged ccnpetitle i th
.the CaMAC urterninated sienal cstardercs., fach awtout wili
te capable of drivina 2 ninirus of C2 TTL lz2ade, CEL zr:z
QP2 =i=n als ere tire-cstretched ty mera2statles to joviocg
to msake. the corrvatidle tith 81l CHIAC intarrans
recictercs, This enzbles thne vuser tc cenerzate 2~ interruse
durine any selected part of the SPS cvcle.

3..For conrectine teo users equiprment situvzted ir

the szme GP,MPX crste.

Balanced linz driver levels,

This =ignal is =ecenersated by tne cererzl tirire
module TIMING TC& (see rnedule description feor evu

11
detailszs). It is intended for vsers who have & rnunbsr c¢
rmodules whicr recuire a cotnor tinine pulse, 7The ticzin~
meodule gnercatins  tre gi=rzl and the uear Tozvulesx
receiving the gsicral ~ust all tse in ta seme P00
crete, The Zulfec wide gional ig trensfeorzer {s2iztel in
the timine meodule and 21l receivins devicesnuzt otiltize
the Nzatianzl Sericeonductor talzanced lire recaivuepy ty e
CM 8826 preferzbly with transforrer isclatiow,



SPS Tirine System Pr0ﬁos:1

TIMINC MCLCULES

Five cdifferent tynes cf rodules zre fezcribcd  im
detail. The two eerersgl timine modules, TIMING TO1 z2n(
TIMING TG till nornally be uzed Ly the yeers for
qcnerstlﬂﬁ tie magjority cf their ticine sienzlc, Tra
renuzl tivine To2cule TIMING TM erables  tac ugere te
chznree their tirines c:r::stsrs ranually, Normally thess
Cé&n only e chernged by the cComputer operatine systeoin, Ths
far-cutt =@ocule  TIMING TF &cCepts either 2 Dblociine
oscillzter or TTL. lewvel inrput and Tenerates fiya
cempletely issclated Etlockire oscillator type outputs,
Firally the displsay moduyls TIMINGS TD 1s g test moduls
which, when <connscted to ei ther the ceneral or nznusl
timine modules, visually indicctes tive srocrenned
paraeters of that noduyule,

The two cenerz purpsse tinine medvlcs zrz Laotn
able to cenerate twyo bleckine oacscillatoer Ve aviput
culges, The outvuts of TIMINC TGL 2re of the forczat:

Cutout A = En + X

Outdut = = kN + ¥
wvhere En is the cselected event an X &nd v 2re tisz
respectivs de2lays, ir milliseconds, tetuzep the evsmt zn?

the two output pulses.
Module TIMING TG2 has the fornmat:

En + n
En o+ n o+ n

Qutrut 1
Qutput 2

"

where En is either - the selected event or the extzrrnzl
start, n is the celay between En and Qutput | ard = s
the delay between Qutput 1 and Output 2, Both the celzvs
can be in either nillicsecnnd or externzl clack urnits,
The meain dl’ferance betuzen the @ernerzl rodules | =
the tricecer poirt for the szcond counter, For TIMINT TI.L
and TIMING TM this point occurs =t trhe corrpletior orf oz
first celzy counter whilst the covrters of THNINT TOL 2rs:
toth triceesred wher the szlectsd event hzs Saen dzinctzit.
Alsc 3z nrnaumcter £ intzorgted circuits ara ercat virci
cernrecicsrs aave teen snitted fronm TIMING TalD to roongro
¢oSte ( gees meodule Zesgrictions for Full Zetszii®

17.
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The

"modules are included

SPS Tirinoe Systen Preoocsal

» The ceneral timing rodules incorpaorate all ¢
featurcs cricinally wroposzd for tihe Tvie da, T¥Des = aro
Tvpe C tizine rodules., [GLef.51 TIMING T2z contains +
combined features of the oricingl type = earnd € ohi
TIMING TGl 1z effectively a dual Tyre
Poth outnuts referenced to the cane evuven

was o adopted  2fter stydinc the renlies 5 ran e
LEefe5] znd zlse freoo cupszearent inforerdl diccussionc
trith the vcgarsz,

The came type ¢f printed circuit beard i used for
the ranufscture of Zoth thei cenerezl ticine . wodules =2an¢
also: the nwnerual tirine mocdule, THiz boird eon&tles mary
rodule conilﬂvratlons to e reelised, For exauzsle 3 user
may  reaquire 2 cincle output pulse similar to TIMING TGi
but referencsd to hic exterrzl clock, vhilst TIMING Tnz
can satisfy theée requiremerts, it sy be econonically
vigble to ranufzacture g different timine nzdule utilizinm~

he canie printed cirgrit bozrd tut with @ cifferent sronce
panel, The econecrice will depend . larcely ugcer A
demand.

Anctiher peoecibility is a rultizle ouvtout
module zimilzr to TIMING TCL Put vwith four or = ven
outruts. The delays to te irndercendznt 28 s2ch otin
all referetced to the szme Event Code Mzrker rFulse,
can Dbe accorplished by simplyv zddine 5 second ©
circuit coard to the roeodvle, Acgin ranufzcture cf zve
module will cerend upor User reseporce Zegrinc in

“that the szre operatior can be perforped 2y & nrurisr 2#

TIMING TGl modulegsy

The vrprovisicnal frort parel layouts of tne ti;
to provids the user with & vizuz!
indication 2f rroposed rodules  will 1ok

what the
like.(Fie.Aal) R

18.
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CENERAL TIMING MOPULE - TIMING TGI

INTROCUCTICN,.

This is 2 simple c¢enzral purpocse titine noduln
which <can Dbe procrammed by the local cerncral purpese
computsrs to zenerate 2itier onc or two tinine puloco sor
cycle., The puleces czsn be varied independeantly of =zzach
other but dDoth zare referenced to the sane cvent zZrd occyr
z civyen rumber of nilliezcernds gfter thst cwsnt, Ths
sinole wigdth 3H unit can ke 2lusged into ary location o f
2 standeard G2 .1MPX Ccrate.

The thres operzatinre parameters, Cortrol + Lusnt
vord, PLelay A ard vrLelay E, zre lozded frox frect tne loca
conmputers into the tinino mocdule DYy mearns of thza GPVEX
systenr, Likewise the o¢lobz2l tininge gi=onals, Hezot, ImSce
Clock &end Zvernt Trzin 2re 2l so cenrzected tarouen trnn
GP.MPX Dztazwav, Individuzl user cionals visgs, Gutaut Puleos
A, are connected ty means of frent parel ZNC corrcgtors,
User TTL sicensls to other tinina medules n?  coriter
points are connesctcd to Lemo cormnectore,

21.



‘MPX
DATA
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CONTROL
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Dataway
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imSec
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READ
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RESET

A
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INHIBIT A T T MPX READ
MPX DELAY A ” Wew)
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—— > o
A
‘ Il LOAD i<
— - C
DOWN-COUNTER ~
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MPX DELAY B | ()
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reser CO bt R.DOUBLE
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MODULE TIMING G

O/IP A
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PROG. RESET
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NG T3
PRINCIPLES OF OPEXAATICN

The Coentral + . Euvent ‘orcd .and thae Delay v Luffor
nmust te pre-loaced with the overatins paraveters tio
enzble the module to function correctlyv. The twu2 cowrters
gre the preszt, count cown to zZaro tyre ; Tittine
one | cperztion ner SRS cycle. A& <0 c rayv
effectively Le considered &g  iwo cinale yC i7 =
rarticular “gperation, eec, Zz2z2k Dunp, h e zEme TDucnt
Cecde for toth cycles then the moadule can erearznmed to
orerate on 2l ther or both of the cycles by means of +*he
two reset bits, Cll and Clz, This, 18 possitle  Dobeecaves
once an output hzas been triceercd the azsociated counter
rezains cisszled until resct cccurs, If ezzch coxreration of
a ouble ~cycle  has a unigue=Event Ccde then the nodule
will ¢cnly operate once per double cvcie inless +he
paraneters are chanced before the csecond cycle comnnence s,

The <coentents of the Control Eyte determine the
node of oreration of the uni t. The wvarious nmodes zr=
explained -in the GP.MPX COMMANDS cection. Tnis ceetion
glso contains the Multiviexer Function (FM) plus the
sub-2ddress (A4) for each op=srztion. The reacd furctiorses
(FMd) ere provided privarily as a module comnmisionine anc
debugsging aid &l thoush eoviously tney car s usz2d for
data valicatien purvosss cut only if ithe ussr ccnszidars
this feature ebsclutely 2szentizl . Thz stanlarsd goftwere
packages will not normally rezd back this date. This
facility wmust not Ce used durineg an SPS cycle as & tine
clash may occur with the tirine <siernels witich could
prevent an Ewvent fron beina re co~rlscd. Thig iz duz i3
the fact that cata is transfzsred serially and in crder 2
prevent an erroneocus comparison dwurins o this =shift

peration the coamporatar {¢ diganlad rhonoer the ~oed-

is addressed by ths corputer,

23.
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TIMING TGl FEATLREDS

2 Dicitzl Inputs fron the comnuter vie the CPMPY wvuz
1) Fwert Zyte + Contrel 2Byte
2) Delay, in InSzc clock urits, tetreen syenf Tn, za-
the first cutput pulsa.
4 Inputs
1) ImSec Clack !
. . !
2) Tyent Train !
1--MPX Dataway
3) Event Train Clock !
!
4)  Resst Sinale + Heset Double !
2 Ussr Sleockine NDescillator outputs
1) Qutput Pulse A l

!=--Front PFanel =NC
1

o
[s¢)

Z) Jutout Puis

e TTL ouiduts
)

Qutput A !
!

2) Output E '-~-Front Pancl L2320
1
3) Event Letectac !

2 Led.Irdicaters
1) OQutput A

2) Output B

Output pulses. A zsnd 3B can be al
of each other but both are reaference
code. Al so both circuvits z=re @affzscled e tiie corT oo
control tits and resst sicnals, (Fie.9)

24.
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RESET
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OOUBLE

RESET ﬂ

SINGLE
EvesT 0" l—| I—l [
| |
|
| |
| I
L;‘_‘;_r-l I CONTROL BITS
OUTPUT A ] : cn o2
|
a8 | 0 1
OUTPUT B ' ’-l -
’ |
|
| 2
| |
| |
| ' '
| |2 i
OUTPUT A | !
: L 28 1 0
OUTPUT B ; !
| |
| - |
| : |
|
| |
AA 8A
-]
OUTPUT A : {
| AB I AB 1 1
UTPUT 8 ! Fl :
I

FIG.9 OPERATING MODES OF TIMING

61



-)
-
-

GING TCI

GP.MEX CONMMANI

1) Loaa Control + Zvent Vord

Bits u>§
X Dbit Twuent Cods 2llowins for up 1o o gixtv tnree
ifferent euvznts cer cvcle.

Eits 53>7
Must be at loaic 07,

1 "\.
L

18
ruved

@

Re ¢

Eit 11
Reset prior to stzrt of & sinale cycle.

The two preset counters are leeded with tiae count ~valre
frem their assocciated delay buffers prior to tins
commencerent of each sincle cvcle.
Bit 12

Rceet pricr to start ¢f z double cycle.
The preset counters are loaded only at thz start of cach
double cvcle

If bits Il ard 12 are kot in their zctive gtz 3
ie.locic “1°, then the preset countsrs are legdeca  tice
durine cach couble cycle. (Fic,2d) One or cotin of trz
reset bits must be ensgbled for the modile t2 . oteorate

correctly.

Bits 13>15S
Must be at logic “u°,

2) Load Delay Buffer A FM2 Al

Bits 6>14 :
IS Dbit Dbinary celay count provizdirga a possitle delzay of
up to 32 Sec.

Bit 15
Locic zero.

FM2 A2

3) Lecad Celay Z2uffer =
Bits ¢>18
Srecificztion &s per 2).



TIMING TG

4)

19)

123

13

14

Read Control + Fuent Word Fiio Al
Resd Delay Buffer A FM6e A1
Read Delay EBufrfer B FM6 A2
iead Delav Counter A Fi'é AS
Read Delay Ccunter B FIri6 A4
Reset FMGL A%
This function provides a softwvare reset 7acilitv &as
aistinct from the autonatic one,
FMbE Al

Decrenent |
function provides the test facility of docrementinag

This
mder proaras control.

botii the counters simul taneously

Enablec Inhibit A FME A2
This function disables counter A and 2al so di sables output

Ao 7

Ciseble Irhibit E , FMEe A3

The counter and output A 2ares enatled. This action i3 21 <o
performed by Procramred Reset,
Enztle Inhibit =2 FMZ A4

This function diszbla2s counter 2 zard also 2izalles cutout
E.
Di sable Inhibit E FMG AS
nis zctior 1 g 2l ¢a

The counter and output E are ernzabled. Th
perforred by Proararmned Reset,

*,
p—
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TIMING TG

INITIALIZATION

There arz four modes of resstine the moduls:

1) Sinale Cycle Receat
2) Courle C¥cle Reset

3) Prosrar Reset

4) Power-on Reset

Thece four sienals are used in varicve ways
preduce 2 recet culse., This pulse transfers cztz frceo
fers to thé doun-counters. Power-on e cet

delay buf

Prosramned

pulse., 'Sinagle (Cycle - and Double Cycle n=s
conditioned Dy <©Lits 11 and 12 of the Control
word, the appropriate bits nust be cnabled i ol
permit the sisnals te precduce a reset pulee,

rR%

‘ Reeet unconciticnzlly gererate tlie re

-

r
oY ek

s

Do+ D+ LW O

o)
-5 0

(SRR
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GEMERAL TIMING MODULE - TIMINCG TGE

TRODUCTION.

This is a gerneral purrp
to fulfill the majority of user e
generatzs tw pul ses the first &breirg refzrenced ta
either the zvent or tﬁe front panel EXternal Start input,
uyhilst  the second is aenerated 2 aiyzn nupber oe clogk
pulses af ter- the first pulse, The clock may te the IrScc.
c¢lobal cleck train or a users external clock, The sirncle
width 34 unit - can be plucved into any locaticr of =2
stamdard GP, MDY Arote :

inine modulzs decicone
ui rements, The rmodule

n o
n
[{]
s Ba s

The three cper=2tine parz=meters, Control
wvord, telay | and D2lay 2, a@ra loaded from e
cowputers inte tihe timing rnmodule by -eens of tne GF
systen. Likewise tne clobal tinine sivnzls, Reset, |
Clock and Event Train ere a&also connected throsuch fhe
GP.MPX Dateavay. Indiwviduzl uves=sr sicnzals visgy, Cuitout Pulrsz
1, are connected by means of freont panel =NC conrzcters,
TTL signals to other tlm;nqziodules eand. nonitor :coints
are connectesd to Leno cornectors.,

A balanced line driver cutrut, trarnsfor
isolated, is provided for cennectineg to 2 numier of
modules situated in ths sgane GP.MPY crate 2z th= TI
TG2. The pulses will be 2uSec wide &and <¢an De Tornecicd <o
ef ther QP! or OPZ2 by mears of an interral link. al zo a
TTL level Window sicnal is cenzrazted winich is zctiwyztsd
by the first output pulse and disstlec TV tihie <sscond,
Typically this signal could be used to provide the “aate’
input to a2 nunber of CAMAC cscelers,

A bloeock dizsram of the mocdule is5 shcwn in Fia,ld

29.
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MPX CONTROL EVENT At OPL‘ o
- - N e CMPX START EVENT r r —
DATA BYTE 8YTE READ DELAY DETECTED /f( WINDOW >4
l ‘ \ W N ~ 0
s ch MR ' 1 [
| A A A
EVENT O .j EVENT
TRAIN CODE —C5
 RESET
PROG. ' ] RESET
e DECREMENT A& '
; l 1l LOAD -

,‘ _ [ V—J
gfg&@;—r—-» ) — D——— DOWN-COUNTER [ s ‘C

R
CLOCK
CONTROL - BYTE , v INHIBIT , —
1% : g RESET
C15. Ext. Start - pomp vex read) ,
‘ : X READ
Cl. Ext. Cik D2 A oy O | Z&
C13. Ext. Cx D . Cla ‘
C12. Reset Double ' } PROG. DEC. S 11 LOAD

Cli. Reset Single . , v e O] L_—‘ N _4__)_ DOWN -COUNTER
" EXT 5, |~

CLOCK

—— MPx  Dataway

cn PROG . : 15 {14 g 1 D)

X MPX  READ
————( LEMO Connector RESET MPX

, L - DELAY 2 O
DATA BUFFER
In.smsuz v
——{> BNC  Connector ‘
MPX
™ reser O )———= RESET
LED Indicator
—i— R.DOUBLE INTERNAL
OP1—Q LINK OUTPUT
TS e o B PuLse

POWER -ON 0P2 -0

FIG10 BLOCK DIAGRAM OF MODUIF  TIMNG 62
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PRINCIPLES OF OQPIFRATI

The “wvarinus resisters of the maduls wmuci thoa
pre-1oaden fror the lccal computers to ernable tiie m-avie
to functicrn: cnrrectly. Tihe Control + fSuent vord ard +7a
Delay |1 bv’fcr rust-alwvovs be loaded, Deley & puffer s
opticnal- cepcndinﬁ upor the uvsers rcquireronts, Zoth the
ceunters @rée.the presety couwnt down to Zero  tvec o ooumiion
Fer2it one overation  per SPS cvele. A dovhls svels voou
effccoceive z S 5 Gz tvwo zinctlzs crolzz. il
particula 2 11 . Eean Tunp, has the-sagre [usn
Code for le tiie module can 2e proeranmneld to
operste | er ' or both of the cycles by meznes of tios
tvo rezat bits, Cllo Cl2, .This 1is rogsinls bzgavsas
oncs sn ouwtput has been triggered the assocciated cowtter
renaine disabled vntil reset bccure. If each oncratiosrn oa
a double  c¢cycle . has a.unigus Tyont Code thecn the reoZule
il enly orcopfto ceénce inzro doudle o cyelo oo wnless. ine
paraneters are'chanced refore the cecond cycle commeorcs s,

© The contents ¢f the Controel Syte dets

node of cperstion of the wunit, The ‘variouws =«
eXxrlairned ir the CP . MPX e Ds cection,. ThI

2lso contains the "MultizleXer Functicn  (FiD
sub-2ddrass (AY for each operatlcr. Tre rzod

(F¥5) zre provicded primerily 225 3 nozule conasi =i
debucaing aid glthouvrh obwiously thsy cern Z:¢

data validaetion purzoses, Tihls reciliiy musinexl
durine 2a2n EP5 <cycle as e tizme clzsh may cccur
timing siaenals which could wrevent en Event fraon 3 z
recocsnized, Thig 1is Jdus 10 the fact thzt gtz i3
transfered sericlliy erd in order to preven ™ ar R e ele I AN~
compsrisen <cduringe this shift operation the comgfaritaor is

iszbled wvhenewsr the module 18 gddressed belll the
computer,



Inputes frem tie computer

1 Fuent kvte + Cortrol Evite

.2) Delay, either in ImnSec or exteral
betwrezn cuent Tn. agnd the first ouwtput pul sz,

$) pelaoy, el tiiar in lmsec or externatl cloci
betwecen the firzt and the sccond output cul se.

2) Fuent

s

3> Etuent !
H
4) Reset Sin~le + Reset Dovlble !
5) EXternzl Clock !
t.-Front Par=z1 Leno

62 Exter'nel Slart belay !

Tlockinz Oscillator outputs

1 !
t--Frent Parel =NC

2) OQOutput Pulse 2 !

1) Cutput Pulse

User Line Driver output

1 Internal Output Pulse: !-=MPX Datzwiy

via the GP.MPX BEus

32,
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4 legr YTL outputs

1Y nOwteut ‘ !
!

2) Qutput 2

.

1
--Frornt Panel Lero
3) wWindou, OP1>0P2 ! :

. 1
4) Zuent Letected !

2 led,Indicators

1> DQutput 1

£) Qutput 2

CP.MPX COMMANES

1 Load Cecntrol + Eyant Word FM2 Ay
Bits ©>5

Six bit Ewvent Cnde eallovinag for up to

different events rer cvcle,

Eits 637
Must be at logic “¢°.

Bi ts &>1@
Reserved Control bits,

Bit 11
Reset prior to —start of .2 . single cvcC
counter associated with Output 1 is lcads
value fromn delay | buffer prior to the

each sincle cvcle.



TIMIRNG

2)

Bit l2

Reset prior to start of a double cvecla, Cuitnut | oreos-t
connter is loaded only at the start of each “ouble cvals.,

If bit=s Il and 1z &are both in thaoir zctive Stote e
ie.locic 717, then .. the  Dpreset counter i« loaded +vicn»
durine ecach deuble cvele Fig 2d, One or Doth of tha 1o est

bits must be enégbled for the module correctliv,

Bit i3
Exterr =l Clock D1, If a2t loqic “#° the InSsc clozy ics
selected tc dacrement delavy | cou r, if at 1locic 1T
the xternzl Clock is sclacted.,

Eit 14
Externzl Clock D2 If at loecic “€° tha IrSec clog iz
selectzd to decremzsnt delay 2 counter, if =2t leccic °1°
the &Extcornzl Clock is s=lzcted,

‘The vearious timine —odes possitle fron the use ¢f

the two Contrzl Lbits 13 and-1l4 are illustrated in Fic,ll

bBit 15

Externzl Start Delayv. If a2t loeic “&° the rirst ~lavy
counter starts decrearentinag =1 th 2 vzlid Ehelid

comnrarisor. If at lozic “1° rocrndc"ti*z corrences
the Externzl Stert LCelay sianal, thug zlleins cous
rodules te start frem a commoen externsl coricin,
Load First Lelzy Euffer FMe £~
Bits >14
15 bit binary delay count prowvidine 2 possitle degslay orf
up to 32 Sec. when ueging the InSec clock.

Bit 15
Locic zero,

34.



FIG.11 DIFFERENT
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DELAY MODES OF GENERAL MODULE TIMING
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TIMING TZIZ
3) Lned Szcond Celzy Luffer Fidw N
Eito €>14
Spacificaticn as per 2).
BEit 1=
Leosic "w’ cgountsr enzbl ad
Lozic 1l counter cisanled., This facility epetlcs the
module to werncrcte Culput Pulese | cenlv.
4) FRead Contral + ftuent Wared FM& L8
- 5) Read Firct Telay Buffer Fiie &i

6> Read Second Delay Duffer _ FMs A2
7) Read First DRelay Counter ; ; FME AL

8) Read Second Delay Counteb FM6 A4

9) Reset ¥MZ oA
This funcition nrovides & softwere recet fzcilit T
distinct from the “uiom2tic ore.

18) Decrement FMe Al
Tnis furnction prevides the test fzcility ¢f dzcreror tive
the countsr e urder pro~ran conirel.

11) Enable Inhicit Mg Az

: Thic furction disatlee the counters enc 2l so 41 zaiilzs hg

) outputs.

12) Disgble Inhibit FME AZ
Tne countsres ana i tCULS & apatlo
also performed by Fe
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are four modes of

Sinaele Cyclc Reset
DA 1wl o vl o ocas
RO NN SR o N b Ave v U
Prorvres Dezeot

Douer-

These feour sicnzls are v
produce & reset rulee, Tnig pul
delay buffers to the Coin-count
FProcramed nesetr uncoundil tion
pulse. Sincle Cycle a&and Do
cenditioned by DPbits 11 and
word, the apprceriate tits nust
permit the sicnals to vraocduce &

receting the

@)
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F Yt
>

- 0
= LT e ) e UG
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[OIN O AN ]
c+ 3
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DISPLAY TIMING MODULE - TIMIMNG TD

INTROWUCTION

Durine the svsten comnissiocninag and irgst
phase it is extreaxsly important for the user
thea the timine sienalc hove scceoured i
sequence and =zt the correct tire.This module i
to providz thet infermaition visually.,

: The three disglays of TIMING TC irdicata th:
Lvent, Telzay | @nd Telav 2 ¢f the timine modvuls Ccoanmagtons
to it. It may ¢ ceonnected to both tne ccreral! timirsg
modules and alsc the menual ticirs moculz. Curin~  rour
time the nodule &V Le uszed DHoth &5 2 Gebusains @id {2
locating the counZary zetwsen conod z2rnd faulty sguirmzet
and also &as a ‘cenfort” indicator for the usars,
especially wvhen thev are cnenegince thelr tirine
paraneters. It is not inteznded thzt thnssz rcivles oo
perrmanently instziled in evzsry CGRMPH tinine crate,

A block diacrzm of the nccule is showtr in Fie« 1,
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TIMNIMNG TD

The weduwle 12 potintondad tco dateat tn s cuUzoenrs
intermiticnt foult bwt rothzer te indiczta tnot ot
ovareoll =zwv=tzy iz either o2rpzratines correctlvy  or
there is & "nard” fauwlt in the systen, Tyoiczlly it
operzte in congunction with the ecencral irires T oovu
In thig o z2de tiiz [o2llovire conrections 4arc ; .

etuveen tie outputs of th:z Tiwing TG and tile inoote . of
Timina L. cither the TTL or the tlockine gscillctor
antputs mov b2 o ucod.

EVENT RETC. STANLT

Wihen the module receives the STARET sienzi thn
event code that vas trensmitted by the Dvent Trairn duric-
the crovisvs crnz nillisecond tire intereezl is irciczte:
Dy the c¢wuent Ccisplay, vith the Internzl Cleozk  2arcg
Internal Nesgzt g=2lected Dicpley 1| indicates the ticmz, (-
mSec, ULotrueen the specifiad event anc Ouvicut |, whi
Display 2 incdicztes, 2gain ir mnsec, the delzv Dzt
Dutput 1 and Qutout 2, If thz vser desires trz 7icsg
outputs to te rafzrzenced to T¢ rether then the Zuort t)
the START input should te¢ terminatcd irn a ¢ L
terminator. In this mode Zisplay 1 irciceztzz iz
tetreen TE and Gutput pulse 1, Disglay o remeiros
before and tie svent dizplzy irndicates zz2r 0,

The Exterrel Clcock input is growviced tc cls tos
user to cornect hiz oam sxterral clzsek to tihc roZule =2
that Cizpley | angd Lizplzy 2 indicatc extorrcl  clocit
units as oppossd to mSec. It isnot possibls o —ix tn:z
InSec and the extsrnal clock. The two possible nocda2gs  of
tinine &re illystrzstzd DSy Fle,lia ard Yiv of IR

Tinmine TC2.
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TIMING TD FRATURES

1) & Dgcade sewven =ecorent disnlay,
2) 5 Decade cevsn sesnent displav,

3) 5 Decadcd seven

7
L4 wobe

vy o
i ol

Lero

1) 1ImSec Clock !
1]
2) Recet !
'w~-MPK Da tzuay
3) Gmvent Treain !
. ]
4) Eysnt trein Cloeck !
£)Y Start !
!
6) Step | !
! .
7) Stop 2 ‘1--Front Panel

!
1

9) Stop | ! :
t--Frent Panel BNC

16) Stop 2 !
Switches
1) Select imSec - External Clock
2) Select TIMING TGl - TIMING TG2

3) Enable s Disable Reset

410
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TIMING TD

”

GP.MPX CQMMANTIS

. None.
The module only usecs the GFR.iiFX Datawvay @s g rmeang
= 1

of obtzinine losic power and the global timine«

INITIALIZATION

There are two modes of reszting the module
Single + pvouble Cycle Resct

Power-on Recset

. The reset sienal clears the three d¢displaves vlus
their couvnters to zero and also enables the module to
accebpt another cgata acqui sitior.. The frent panel
Enzable / Dicaktle switch provides a mezans of nreyantine
thhe occule frow beine recszt 2t the start of zzceh cvola,
This provides the vser with a neans of retzinine 2 fzul tvy

incdicaticn s “proof” of 2 nalfunction.

42.



ANUAL TIMING MUGDULE - TIMING TH

INTROLUCTION.

nie rocdule ensbles uscrs to chance (hoi tirmine
paraveters withnut the reed for conputer intervsvytior,
The “,1‘::‘ cantrel ina  the swutout pulece ore yoricd ov
means of 2 hand-held ceitchine unit.
The mode of operation of the moduls i girilar  tno
TIMING  TCI. The two ecutrut pulses cen re wvivise
indecvarndarntly of esach othor Tut Ttoth =zre refs o ta
the szme ewvent end occur & gsiust rnupdeyr Tillicseceonds
zfter thet evzant, The modvlz reasetz itself ¢t oLeth tnhcsz
Reset Sincle znd Rzecet [Loudle, it is not poessitle to
celect ore or the sosther., Uscrs o rzquire 2 merz ¢cemlzou
unit should vyze the TIMING TGZ sodule =nd vsry <a:
pareuters sy means of the cemputer grergtine sveoten,

A block dig~arzm of the module {s zhaoun irn iy L&,
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SWNCH
CATA |
AV
bR
Y
Lt it
8
EVENT
EYTE
coMe )
EVENT RESET
\
CCoE Z \
ol
% i wad
.—)——-  DOWN-CCUNTER
1% ]
PCWER-ON
RESET DELAY 1
BUFFE wmsec N
c:.och -
5
. MPX ) ~~RESET
RESET O .
. SWITCH
DATA

QPX Datfway
LEMO Connecior
25 Way Canncn
BNC  Connecler
LZD  Indicator

CiiCRAM  OF MCDULE  TIMING

RESET

H10AD |

!

+ DOWN -COUNTER

—,
I

DISABLE

15 ) 14) 3

I~

b

cLAY 2

BUFFER

1

,}r 15
AN
SWiTcH
DATA
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TIMING TM FEATULRRS

Inpu

izital ts fron the hand-held switchine it oy meun s
of tne fromt pa ay

pnanel 25 v Caznnon connaCtor,

1) Event DByte

2) Delay, in ImSec. clock units, Oetueen'event Zn. and
the first output pulse.

v

3) Lelay, in 1lwScc. cloek wirits, Le tween event o, A
the second cutput pul s=,

Inputs

1) 11mSec Clock !
!
2) Event Train '
!«~MPX Da tauay
2) Event Train Clock !
: 1
4) Recset Sinocle + Reset Double N

User Blocking Oscillator outputs

1> OQutput Pulse 1

-=-Front Panel ziiC

‘en e eem

Output Pulse 2

[\b]
~

User TTL outputs

1) Output !

2) Output 2 -=Front Pznzl Lexo

ws sum Sub sew sum

3) Event Detected
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Led.Indicztors
1) Output 1

2) OQutrut C

GP.MPX COMIANLS

None.

The pocdule only uces the GP.MPX Dz t2way
timine

of obtainin~s looeic power and the

INITIALIZATION

There are two modes of resetin

Tie
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FAN-OUT MODULE TIMING TF

DESCRIPTION

(a4
(o]

This module provides tihe user with the facility
disztritute a nulse from 2 incle tinina module te

< =
nunkter of externagl locatiaons simultaneously., 7The Dodule
receives 3 sirncle blocKing ascillator or TTL type innut
and «censrates five blockine veciiiateor n‘a";fcr§=r
icolazted outputs, The pronpocaticr tice tetween the inout
and ouvtput pulse will be less thzn tzr randoc-c=zCaonrs, .
maximueny of twe mocdules ciEn D2 conrnegcted totaiicr in
parallel to zrowide ten sinmultanecus cutputs, If the vear
reguires morzs then ten cuch cutputs theon the ocodvlcz must
be caccaded tocsther.
The 234 modulz only usss the ZP,MPX Datzvzy =z ¢ 2
means of . obtainine locic powvar, concseguently it -:i1ll

operate in all rpowered M cratns s,

48.






