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ABSTRACT

T h i s  n o t e  d e s c r i b e s  the  p r i n c i p l e s  a r c  r e s i g n  
c r i t e r i a  o f  the t i m i n g  sys t em f o r  the SPS.  T h i s  i n c l  h c s  
t he  c o n t r o l  p h i l o s o p h y  and the command s t r u c t u r e  o f  the  
t i n  i n?  ' mo d u l e s .  The <?1 oba l  t i m i n g  trar.'sv.i  s s i cn  i s  
d i s c u s s e d  and the l o c a l  i n t e r a c t i o n  r e q u i r e d  a t  each 
a u x i l i a r y  b u i l d i n g  i s  o u t l i n e d .  A l s o  the  di  s t r i b  u t i c r  o f  
t h e s e  s i g n a l s  i n  the a u x i l i a r y  b u i 1 ci  n ~ s yi 2  r e a r s  o f  t h e  
Gen er  si  P u r p o s  e M ul t i p i  ex e r  i s  e x pi  si  n e d . F i n a l !  y 
d e t a i l e d  s p e c i f i c a t i o n  o f  the t i n i n -  m o d u l e s  p l u s  f u l l  
o p e r a t i n g  i n s t r u c t i o n s  . s r e  i n c  l udod .  The u sc r n o d u l e s  
c o n c e r n e d  a r e  the g e n e r a l  pur po s e  t i m i n g  m o d u l e s  t i m i n g  
TGI  and TIMING TG2,  the manual  modul e  TIMING TM, the 
f a n - o u t  modu l e  T IMING ?F and the  v i s u a l  d i s p l a y  to s. t 
module TIMING TD.

Onl y  the  c*i cbal  t i m i n g  s i g n a l s  i e .  E v e n t  T r a i n  and 
C l o c k  Trai  n a r e  d e s c r i b e d  in t h i s  ' p a p e r ,  o t h e r  t i n  i n  g 
s i g n a l s  such as  the 44kHz R e v o l u t i o n  F r e q u e n c y  n i l !  be 
g e n e r a t e d  and di s t r i b  uted l o c a l l y .
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SPS Ti T i ns  Sy ster. r i  oral

INTRODUCIICP

The c o r r e c t  ope ra t i on  of  the SPS i s  a b s c l  v tel y 
d e p er d e n u j crir cr= g s t o the r  pa r amete r s ,  upon an a c c u r a t e  a n d  

r e l i a b l e  t iming system.  Th i s  p roposa l  d e s c r i b e s  such a 
system .

The e n v i r o n m e n t  o f  the S P S , i n  par  t i  c ul nr  i ts  
phy s i c a l  s i r e  and i t s  r e q u i r e d  mode o f  o p e r a t i o n ,  <• re a 1 1 y 
i n f l u e n c e d  the d e s i g n  c r i t e r i a  o f  the t i n  in g system. The 
v e r s a t i l i t y  o f  the SPS d i c t a t e s  t h a t  the t i m i n g  system 
i t s e l f  mus t  be e x t r e m e l y  f l e x i b l e .  T h i s  f l e x i b i l i t y  i s  
a c h i e v e d  a t  the g e n e r a t i o n  end by u sin a a computer  t o  
pro v i d e  the c y c l e  i n f o r m a t i o n  f o r  the M a s t e r  T i mi n g  
G e n e r a t o r  i r i t  (MTG) .  A t  th e'  use r en d the f l e x i b i l i t y  i s  
p r o v i d e d  oy d i s t r i b u t i n g  the t i m i n g  s i g n a l s  th re u oh the 
G e n e r a l  Pur po s e  M u l t i p l e x e r  ( GP. MFX)  syst em.  The t i n  in ? 
r e p e a t a b i l i t y  p r e c i s i o n  i s  n o t  a f f e c t e d  by the v a r i o u s  
l e n g t h s  o f  the GP.MPX Bus.

PS -  SPS DIALOGUE

In order  f o r - c o r r e c t  bear  i n j e c t i o n  to occur  the 
t iming  system of  the SPS must be synchroni sed to that  of  
the PS.  The d i a l o g u e  between the two machines  i s  of the 
maste r  -  s l ave r e l a t i o n s h i p  where the PS i s  the mas t e r .  
Under no ci  rcum stance s what soever  can the SPS d e l a y  the 
programmed cyc l e  o f  p c . I f , f o r  any r* a son , T = ' J ~ < ~
n o t  r eady  to a cc ep t  i n f e c t i o n  i t  must  mi s s  that  i r j e c t i - -  
p e r i o d  and wa i t  f o r  another  In j e c  ti or. Pre pul se re spor so 
f rom tils PS s ( F i g .  la )

The SPS gene r a t e  s a""'Bear.  R - o u i r e d '  s i g n a l  which 
i s  t r ansmi t t ed  to the PS . Th i s  si.gr ml i r f orm s ths -?s  that  
the SPS i s  ready f o r  i n j e c t i o n .  The PS i n t e r r o g a t e s  t h i s  
l i n e  tunes dur i ng  the i n j e c t i o n  se quer.ee,  the f i r s t  t o s t
occu r ing approxi iZ a tel  y one seco n d bef  ore e J&s-/c t i  cn . Th i s
i s  the Li nac te s t  an d i f  the 1 i r. was i n aC ti vo i t th 0 t
time the L i nac  p ill se vi 11 be dumps c a t tr. e 0 i?t P v t o f t it a
L inac  an d the i V. j e c t i o n  secuence te rm i n t r r - • r t i r t ■
1 i n e wa s ac t i i t i s  in t e r r o r ?  ted a ca in 3 n* c ci r* t r. f - r  ̂p p-
e j  ec ti on . T h i s i s t ̂  ^ ¿co s t er— F 5 A a o t op r[ i r tine ¿33 • ”5: .?
unab l e  to cont i nue  the i n j e c t i o n  se-~uer.ee the
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he ci ump cd i r t  ̂° PS 3 t t.  ̂a 1 oT *e s t en s r - ep s si o 1 r i <* +
t e s t  iras r v c c s s s f  ul . the PS comir en c? s i t s  a c c e l e r a t i  
cyc l e  to SPS i n j e c t i o n  1 e vel  at 1 0 Gc7.

j

be s i oe  s in te r r c?s  t i n «  tne bear  Kecui r?c l i r e  f r o  r 
the SPS the PS a l s o  tran smi ts three i n j e c t i o n  pra - pu l  set: 
to the SPS . The f i r s t  pul se occ ur s j  u s t to-f o re 1 1 t P  
a c c e l e r a t i o n  c yc l e  approximate !  y 2 c-» mSec p r i o r  to
e j  ec t i o n . A second p u 1 o Ì o t r an - i + 1 « t- l.s. ' • j n 4-he SPr;
i n f c r n i n ~ i t  t h s t  beam va s s ucc S £sf U l 1 V d e - b ur. c h oCi d u ri n rr
the a c c e l e r a t i on  cyc l e sn r\ that c j e c  ti on f r or t h e pS vi 1
d e f i n i t e  1v occur  2 rSe c. + o r  2 uSec. 1a te ^  V** % I • I 4 1 1 s pul C:

i s V  CP :S n *#■U V... -.V SA U o g e ne r a t e  th e
O  o  
* v v sa t si op 2 1 in th 0 c o Q # tr i nai 1* t

t ho T n ! or +1 ». 1 V/ Vrf V i on y ì cko r Pr e s — PU 1 f̂ O 
4 V* i s t r a~ en n

•-----A t tec.; M c /a c
b e f o r e  i n j e c t i o n .  CRef. 13

3. THE GENERAL SPS TIMING PHILOSOPHY

The b a s i c  t i ne  unit  f o r  the SPS i s  lr.Sec.  Th i s  
time i n f o r mat i on  i s  t r ansmi t ted  to the user  by the Clock  
Tra in which c o n s i s t s  of a s e r i e s  of  p u l s e s  a t  ir s.ee.  
i n t e r n a l s  v i  th a r e p e a t a b i l i t y  a ccuracy  of + or  -  1 v.s.
The c l ock  i s '  r e f e r e n c e d  to the i n j e c t i o n  k i c k e r  pre -  p v ! s<? 
at the s t a r t  of  each c y c l e .  (Fi  « . 2 a ) '  under  normal  
ope r a t i ng  c o n d i t i o n s  a l l  t i r i n g  o p e r a t i o n s  v:i 1 1 te
rftrpr.flnr.f9.fi i n  i h i e  r  1 n r k  .

In  C nn i tin c"* i nn . V.i f.h. f.h  ̂ 1 V S % C € 1 CCk ~ J
Tr a i n  i s  a l s o  t ran sni  t i e d .  C-Ref .¡¿1 T h i s  c o s e  u n i q u e l y  
i d e n t i f i e s  s p e c i f i c  r r? r sM or r d v r i n ~ a c v c 1 e , 
o f  f r o n t  pc rein, s l e w  e x t r a c t i o n , our. "  e t c .  '.'hen. a t i n in." 
modul e  r e c e i v e s  and r e c o g n i s e s  a v a l i d  E v e n t  Code i t  
w a i t s  f o r  the  n e x t  c l o c k  p u l s e  whi ch 1 t in t e r p r e t s  a s  t f o  
Ev e n t  Ma r ke r  P u l s e .  The i n s t a n t  a+ whi ch the - v e r t s  
a c t u a l l y  s t a r t  w i l l  be c o i n c i d e ’" t  t 1 th the a p p r o p r i a t e  
c l o c k  pul  se.  . ( F i ?  . 2b ) T h i s  «ua ran t ee  s a r e p e a t a b i l i t y  
a c c u r a c y  o f  t o r  -  1 us f o r  each e v e n t .  The E v e n t  Code can 
be programmed by  the Ma s t e r  T i r i n g  G e n e r a t o r  to 
o c c u r  d u r i n g  any in Sec  t i r e  i n t e r v a l .  ( F i g . L c )

The most  si ~r. i f i car. t b i n a r y  fci t of each e •••or t 
i s  the S i r  u l a t ed  Cyc le  b i t .  The MTG se ts. th i s b i t  t 
l o g i c  ' 1*  i f  the SPS cyc l e  i s tein. r s i m u l a t ' d ,  i :
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beam present, .  Th i s  b i t  i s  tested ir. the GP.kPX T i r i r "
Connect ion un i t < F i . 6 ) wh ere a f l a n  i s  .3« t i f  tit c c y c 1 c
i s  b e i n «  s in ul ated . Thi s f l a n  r ay  be used to cr re.ra tc an
in t e r r up t  , e r  a !  t e r n o t i v e l y  tne General.  Purpose  Computer  
r a y  use i t  as  a s t a t e s  b i t .  In both c a s e s  the c. o~ 0 v ter  
r e c e i v e s  the i n f o rmat i  on through CrWAC. The conr ec. ti on 
unit. *■’i l l  normal  1 v be s i t ua t ed  in the same rack a s  the
Caw AC c r a t e  con t r o l l  in? the GP.m p x .

To enab l e  user s  to i n i t i a l i z e  t h e i r  e qui pmen t. f or  
each c y c l e  a r e s e t  pu l s e  i s  t ran sit i tt.ed 2rS p r i o r  to 
i n j e c t i o n .  Two t ypes  of  r e s e t  s i g n a l s  w i l l  be Generated.  %

a> Double -  p r i o r  to i n j e c t i o n  of doubl e  c y c l e ,
b )  S i n g l e  -  p r i o r  to i n j e c t i o n  of s i nc i e  c y c l e  and

p r i o r  to second i n j e c t i o n  of  doub l e  c y c l e .
(Fi  g. 2d )

Bo th the re se t s  h a l t  the irr.Sec c ! ock vh i ch rc-r a i r s  
d i s a b l e d  unt i l  the i n j e c t i o n  k i c k e r  p r e - p u l s e  o c c u r s ,  
cons equent l y  the f i r s t ,  c l ock pu l se  a f t e r  a re s? t wi l l  
a l wa y s  be a t  t i r e  z e r o  ( T6 )  ( F i g .  2s )

The f o u r  s i g n a l « , -  I rSec  Cl o ck , E wen t Code,  Rese t  
s i n g l e  and Re s e t  doub l e  are the only ones to be 
t r a i s i s i t t e d  gl obal  1 y.  Othe r si gr.al s,  such a s  the.
Revo l ut i on  Fr equency ,  a r e  onl y  of i n t e r e s t - t o  certain,  
s p e c i a l i z e d  u s e r s  t h e r e f o r e  they w i l l  be generat ed  and 
d i s t r i b u t e d  l o c a l l y .

4.  GLOEAL TIMING DISTRIBUTION

The MTG si  tuated in the Cont ro l  Bui l d i ng  must  
t r ar  sr i t the 11 r i n -■ ?i ^nal  s t e e  a ch a uxi l i a r y b ui 1 d i r  ~ . 
The t r ansmi s s i on  r a y  be acc or. pi i shed a s  a ' s t a r '  
connected sys t em or  as  a g l o b a l  s e r i e s  connec t i on .  
( F i g . 3)  Al though p r ev i o  us t l ' i n c  sys t e r .  s e~.  PE. • r.\’~L- 
CRe f . 3 ]  tended to u t i l i s e  the ' s t a r '  approach a s  i t  <•’£ s 
G e n e r a l l y  s i mp l e r  to i r p l i r e r t .  arc af  f  ord ed r  0 re. v s e r  
i s o l a t i o n  the EPS wi l l -  use the « » lobal  t r a n s r i s s i o r  
s y s t e r .  Thi s  i s  because  f o r  -la m e  a c c e l e r a t o r s ,  ruch a s  
the 5 PE or  TJkL, [ Re f  A]  the c o s t  of th-e e x t r a  to r -  i -  n *::■ 0 
c a b l e s  that, are  r e c u r r e d  b e core s si ~r. i f  i can t .  Fur  the rr.'c re
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f o r  the MTG t. o per form o n - l i n e  da t a  v a l i d a t i o n  checks  o n  
the s t a r  system a d d i t i o n a l  c i r c u i t r y  and c a t  1 i n  g n o  u l  d b e  
r e q u i r e d  at  each user  end. of  the s ta r .

A l s o  the <?1 obal  . di stri fe ut i  or system r e q u i r e s  only 
one cab l e  pas sin«? round the p e r i p h e r y  of the a c c e l e r a t o r .
At  each a ') xi 1 i a r y b v i 1 d i r the ti mi n q si gn? 1 s a re ' t? up -?d 
o f f '  the r  a i n c a b l e  and. cormec ted to th e G?.H?X by m ear. s . 
of  the r e v c s t e r  u n i t s .  ( F i g . h )  I t  i s  ext r emel y  i mpor tant  
that, aocd i s o l a t i o n  e x i s t s  between the user  and the main 
timing c a b l e  in o r d e r  to prevent  the user  from e o r r  vp tin c t 
downstream t iminc  i n f o r mat i on .  There must  be cood common 
noce i s o l a t i o n  between each a u x i l i a r y  b u i l c i n ^  and 
between si gnal s cenerated  .* and t r ansmi t t ed  in the 
b u i l d i n g s .  T r ans f o rmer  i s o l a t i o n  i s  i d ea l  f o r  bo
a t̂ n i i c a t i on  s 2 s t h e t r an s *0 m  s r a c t s  2 s 2 s s n d — p 2 
f i 1 t e r .

As both the or imin and th ; f i n a l des  ti n a ti or. r. f
the g l o b a l  s i gna l  s . i s  the > TG i t s e l f  i t i s a re l a t i 1 v
s in p le- e x e r c i s e  to i r c l u d e l o g i c  f o r .  check in - +r- e
t r an smi t ted i n f o  rea t i or.. Two p Q.rla s of  checkin re
a vai 1 a b 1 e : -

1 ) Di gi tal
The r. um.ber o f  b i t s  t ran sr. i tted i S C OP 0 2 p 0 ̂ VÌ th

the number of  b i t s  r e c e i v e d . T h i s  can be a eh i e usd h y 2
s imple up/down c o u n t e r  in the MTG.

2)  Time l j
The t o t a l  i n he r e n t  prdpoaa ti  on t i r e  f o r  the r\ obal

t r anse  i ss ion in c l u e  in o . the tra r sr i ss  1on f. i r* e r r rl
head of the a c c e 2 s shaf t to the reo ea top uni t£ 1 r
a u x i l i a r y  b u i l d i n g ,  i S 4 2 . 5 uSee t.fh i C h Pi v st  ioe c or
wi t h i n + o r « 1 • o i? £ OC* <Fi c#5g ) Th i £ can c o c h- ̂  V ̂  .
s t andard  time of  f l i g h t  t echn i ques .

Both modes w i l l  be e s s e n t i a l  cur ine ’ the system, 
i n s t a l l a t i o n  and .commi ssi  cnir.c s ta  «e s a s  d i a g n o s t i c  
t o o l s .  Cu r i ng  run time mode 2)  cou l d  be i nc l uded  in -the 
pre - check  p r ocedur e  p r i o r  to i n j e c t i o n  acce p tan ce,  i I st  
1 ) w i l l  be e x t r eme l y  use fu l  a s a mon i t o r  of the c e r a l i  
system per f ormance .  ’ 11 i s n o t  I n t e n d e d  that, t h i s  mp:e 
w i l l  f u n c t i o n  on. an in t e r se  ti ve ba si s d u r i ng  a c y c l e .

Fi «•. 5a c l e a r l y  i n d i c a t e s  that  w h i l s t  +he- e e am. 
t r a v e l  s in a cl  cckwi  s,e di r ect i  or. the t i r  ir. g si ^  a l s are
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t r a n s m i t t e d  f rom the c o n t r o l  b ui 1 di  a <■> i n sr.
an t i - c l  ock. ' í i  se d i r e c t i o n .  T h i s  appreset i  pro  v i d e s. the
u s e r s  ivi th the m ax i r  urn p o s s i t i . c war n i ng  t ime b e t ween  !... 
and the a r r i v a l  of. the beam a t  each s upe r - pc  r i  o d . I t  c a r  
be seen f rom the c h a r t  ( F i  0 . 5  b)  t h a t  t h i s  t ime v a r i e s
f rom h i . 9 uSec a t  BA2 to 11 . m s e c  s t  3.V:. i f  the si  cn t \  e 
\-l G P S  t. P ST. SIT: Ì t. t C d  iP. 2 G 1 OCK WÌ S6 Ct í PSC  í, i OP. t h  6 P6  VC  U 1 C  C •*
a i;; i n i m. urn warn i ng  time of  only 2 . 5  u3ec a t  BA 2.

5. LOCAL TIMING DISTRIBUTION

The t ir in c s i g n a l s  are  d i s tr i b u ted throughout  the 
a u x i l i a r y  bu i l d  in os by means of the GP.MPX. (Fi  o.6 ). The 
o v e r a l l  concept  of  the GP.MPX makes i t  i d e a l l y  sui ted f o r  
t h i s  task.  CRef 5 3

In each MPX S t a t i on  Crate the Te te de F ta ti c~ -  *
r c c s i ,r c s t, n s d i — c h 2  ̂c tirrir. - si c p. s i s  f r err. t ì\ y P P c u ~ s ̂  ^
t r a n s l a t e s  them. to b i n a r y  cede .  These s i g n a l s ,  at. " TI, 
l e v e l s ,  a r e  then trae  emitted onto the S t a t i o n  Cra t e
Datavay.  (Fi  <*. 7> The s i g n a l s  are  l i s t e d  ir. Tab l e  i. The
lm.Sec c l ock  and the Rese t  s i g n a l s  a r e  taken to the f r k  t. 
panel  o f  the T i r i n g .  let.  è. de S t a t i o n  module where they are  
connected to Lem. o c o n n e c t o r s  through b u f f e r  i sol at. er r .  
User  t iming modules  ».j i l l  be i n s e r t e d  i n t o  the S t a t i on  
c r a t e s  ube re  they r e c e i v e  the g l o b a l  t i n u r «  i n f o rmat i on  
v i a  the da t avay .  Note  that  the t ran s i a  t i c 1" ' rom di-c/iO re
to b i n a r y  per formed by the Tets  de S t a t i on  s i m p l i f i e s  ir.?. 
l o g i c  n e c e s s a r y  in each user  tim.ir.c module.

Al l  t iming modules  w.i 1 1 have bl  ue an odi sod f r o n t  
p a n e l s  in o r de r  to p rov ide  ar. o bv i ous  means o*. 
i d e n t i f i c a t i o n  when i n s e r t e d  ’among s t  the GP.MPX modules .
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FIG. 6 TIMING DISTRIBUTION THROUGH THE GP MPX
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TABLE 1

DATA’1 AY 
PIN NO

SIGNAL 
IDENTIFICATI ON

GFNEPAL 
COMMENTS

1 S 

1 9 

2 ! i  

2 !

BINARY EVENT CODE

EVENT CODE CLOCK

RESET

INTER
MODULE

LINK

l .  < I T. I

on Pi «  ? 17 > i 
i ne 11! si i/s a re 
TTL c cr: pa t i b i e ,

SINGLE 22 US 
DOUBLE A *  US 
Balances;  
L i r e  d ri  v e r
S i  o p  CL 1 .

6. SI GN AL STAN CARDS

a)  Gl oba l
The c i oba l  si o r a l s  a r e  t rarsr i t t . ee !  on ore pod o* a \

s t a n da r d  s i x  pod video c a b l e .  The audi o  t v i  steel p a i r  o f  '■—> 
the pod i s  used to t rm. s r . i t  the Event  T r a i n  v h i i s t  the 
l a r c e r  d i a me t e r  v i deo  p a i r  t r a n s mi t s  the Cl ock  T r a i n  c l  y s 
the Rese t  s i g n a l s .  Ail 1 Global  s i g n a l s  are trsn sr.i t t c d  a s  
a Mancheste r  d i - p h a s e  code.  Th i s  code ,  coup l ed  v i  th the 
c h a r a c t e r i s t i c s  of the r e p e a t e r  uni t s ,  p r c ’V d : s ~oed 
n o i s e  immunity.  The ampl i tude  of  the si «n a 1 s a re + and -  
5 v o l t s .

k )  Local
In t h i s  c o n t e x t  l o c a l  i s  d e f i n e d  s .« the 

t r ansmi s s i on  medium between the l o c a l  out put s  of the 
r e p e a t e r  u n i t s  a n d ' t h e  i nput  to the Tete cie 3 1. a t i. or ur. i t  
in the GP. MPX c r a t e .  T h e  two U u  st°ci oa i  r s  r e c v i r e d  f o r  
the t  in i n a. si  op 8.1 s a r e  con t a i ne d  m  the main GP.mbx ^ u s 
c a b l e .  <Fi o.6 ) Aca in the March * s te r d i - p ha se code  i s  use:, 
but  the si opal  - l e v e l s  a r e  a t  c and + 5 vpl  t s .  T :e i s i ;
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to r.ake i t  cor p a *  i bl  e wi th- the s t a n d a r d  power.  s u p p l y  o f  
the G P . N P X  and a l s o  t o  reri'ucc the  . p o s  s i b i l  i t v  o f  
c r o s s  t. «1 k f  r or. t h e t inin « s i g n a l s  o n t o  th e r ;; 1 t i n ] o >■ e r 
da ta 1i n e s .

c ) User
Three types  of output s  are  p rov i ded :

1. . Fo r  con r ec tin a to u s e r s  e x t e r n a l  equipment. -
Blockin'? o s c i l l a t o r  l e v e l s

T i r i n g  ' ' s i gna/l s  f o r  d r i v i r . o  the use r s  e x t e r na l  
e q u i p r e n t  wi 1 1 he venerated ‘ by a blockin'? osci  l l a t o r  
c i r c u i t .  The c i r c u i t  w i l l  p r ov i de  a trap. £f orne r i s o l a t e d  
P 0 S i t 1 V C p U 1 SC Of  ‘cl 5 v 0 1 t 3 rr* pi  i t UC-6 Ip t, C ci 1 0 S d . T.vi {?
p u l s e  width w i l l  De LuSec with a r i s i n g  edcs of l e s s  than 
5 »in Sec.

2 . .  For  co-nr, sc t in c to u se r s CAM AC e q ui pr er. t.
TTL 1 e VS 1 s

Ne g a t i v e  lo<?ic TTL l e v e l s  are  used ccros  t i t !  e ” i th 
■ the CiWAC up te r r  i n a ted s i gna l  s t anda r ds .  E a c h ' o u t p u t  v i l i  
be c a p a b l e  of  d r i v i n g  a mini  run of  G£ TTL l o a d s .  CPI 
0P2 s i g n a l s  a r e  t i r e - s t r e t c h e d  by r c r o s t a t l e s  to 
to r ake  then compa t i b l e  " i  th a 11 CAMAG in tern  
r e g i s t e r s .  Th i s  e n a b l e s  the user  tc venera t e  a*- i n ter  r up t 
dur ing  any s e l e c t e d  p a r t  of  the SPS c y c l e .

3 . . For  c o nn e c t i n ' ’ tc u s e r s  e q u i p r e n t  s i t ua t ed  in
the .same G?.M?x c r a t e .
Ba l anced  l i n e  d r i v e r  1 e v e 1 s.

Th i s  si - pa l  i s  <? ope ra t ed  by the «¡er* e ra 1 ti r i r g
module TIMING 1 C « a ( s e e  module d e s c r i p t i o n  f o r " / f u l l '  
d e t a i l s ) .  I t  i s  intended f o r  u s e r s  who have a number of  
no d u l e s  which r e q u i r e  a Connor t i m i r. <? ? u 1 se . The timir. ~ 
module <?en e r a t i  r. g the s i n s l  s n i  the user moo v i e s  
r e c e i v i n g  tne s i gna l  ous t  a l l  be in the sans G.-.
c r a t e .  The LuSec wide s i gna l  i s  t r a n s f e r r e r  i s o l a t e :  in 
the t i n  in o nodul e  and a l l  r e c e i v i n g  d e v i c e s  n.uet u t i l i s e  
the N a t i on a l  Semiconductor  b a l a n c e d  l i r e  r e c e i v e r  tv o?
CM 6 6 '¿¿i A p r ef e r ab 1 y wi th t ran sf  o rrr e r i sol a ti c- .

(O
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TIMING NODULES

F i ve  d i f f e r e n t  types  of r oc i u i es  =re  re  ? c r i t " c  
d e t a i l .  The t vo c e r e r a l  t i r i n p  m od ul e s, TI MI NG TGi a 
TIMING TG2, ’.ri i i  no rma l l y  be used by the us e r s  f 
g e n e r a t i n g  the m a j o r i t y  of t h e i r  ti  Rip.? s i gnal  s. t 
manual  t i r i r . a  r e  r u l e  TIMING TM e n a b l e s  tne u s e r s

t i r i n a .e r
can only be charged by the computer  ope r a t i ne  system. ? 
f a r . - out  nodul e  TIMING TF a c c e p t s  ei titsr a b l ocki
o sci 1 l a t e r  o r  TTL . 1 e we 1 i r p lit ar. d ~er e ra te s f i
comp l e t e l y  i s o i a t e d  bl  ockinp o s c i l l a t o r  type output  
F i n a l l y  the d i s p l a y  module GIMINS TD i s  a t e s t  no: : ;  
which,  when connected  to e i t h e r  the General  or  r.anu
t i mi n -  modu l e s ,  v i s u a l l y  i n d i c a t e s  the pro era mm
p ar ame t e r s  of t ha t  module.

1 r
n  * :

0 r

t c

v« ^4 I C
r  ç. 
\ ? ^
Lb «

1 0 
3 1

Th e two c 0 n er al purpose  t in i n ~ r c c (: 1  c :  s  r  e b o t h
a b l e  to Generate tvo b 1 c  cK i n a  o s e i  l i s t e r t. V 0 r- r\ w t n i f +

p u l s e s .  The outpu t s  of T IK INC TGI a r e  c f  the ,r o r r  s  t :

Output  A = En  + X
Output  S = En  + y

where En i s  the s e l e c t e d  e went and x and 
respect ive- ,  del  ay s, in ni  11 i second s, be tween the 
the two out put  p u l s e s .

Module TIMING TG2 has  the f o r ma t :

Output  l = En + n 
Ou tput 2 = En + n + n

where En i s ei tn c r the sel  ec ted e wen t o n  th e e x t "  ms-1- 
s t a r t ,  n i s  the d e l a y  between En and Output  l a»-d r i s  
the de l a y  between Output  l and Output  2 .  Both the d e l a y s  
can be in e i t h e r  m i l l i s e c o n d  or  e x t e r n a l  cl  ock u n i t s .

The main d i f f e r e n c e  between the G e n e r a l  n o d u l e s  i ? 
the t r i c ' r e r  p o i n t  f o r  the second c o u n t e r .  For  TIMING TC-

and TIMING TM t h i s  p o i n t o c c u r s  a t  th £ c o r  pi e t i c r e ? t . 3
f i r s t  ee 1 ay co un t er  v h i  1 s t  the co vr t e r c T II I rr; c T G i a re
b o t h  t r i c r e r e d when the s e l e c t e d e v  on t ha s bee P. ^  x  ,  m

A 1 so a r. un b e r o f  i r. t p c r j. t € cl c i  re Vi t s  and r rcn t rc.r : 1
c e nr ec t e r s 1*'i a *re been o r i t t e d  r r c : TIM . r  XX G TGI to re.*: \c ;;
C 0 £ t • ( £00 IT Cdu l e  se sen i t  t i e n s  f or  f IT b e t a i 1S)

f
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\
J

The cen eral  tin in q modul es  i n c o r p o r a t e  a l l  t he  
f e a t u r e s  o r i g i n a l l y  proposed r ur  the Type A, Type b arm 
Type  c U r i n e  rod v i e s .  C he f . 5 3 TIMING TGs c o n t a i n s  the, 
combined f e a t u r e s  of  the origin.a 1 type B and C vh i 1 s t 
TIMING TGI i s  e f f e c t i v e l y  a dua l  Type A module but '  <-u th 
both ou t pu t s  r e f e r e nced  to the sane e veri t . Thi s a p p r oa c n
M 23 2(1 0 P 12 Cl 2 f  1 0 T  5* t. lid i H °  th  C T S  O! i  6 S t  0 th 0 ' K 6 IT 0 V r.P; T3
CRef . o ]  am.'j a l s o  from subsequent,  i nformal  d i s c u s s i o n s  
tt 1 1  n t n 6 u r 3 r r #

The same type cf p r i nted  c i r c u i t  beard  i s  used f o r  
the ranuf . acture  of both the genera l  t i r i n g  modu l es  and 
a l s o  the r.ar.uaI tirir. «* module.  Th i s  board e n a b l e s  many
module cor. f i  u r a t i  ons, to be r e a l i s e d .  For  example a user  
may r e au i r e .  a s i n g l e  output  pu l se  s i m i l a r  to t i mi ng  t g  i 
but r e f e r e n c e d  to h i s  e x t e n s l  c l o c k ,  w h i l s t  t i mi ng  t g i  
can s a t i s f y  t hese  reaui  r er e r  t s ,  i t  may be e conomi ca l l y  
u i go 1 ? to r  2 r. uf sc t u r6 s d i f f e rer. t ti  rr.i n 0 r.i cd i!I o u t-i 11 z i ~  
the same pr inted  c i r c u i t  board but  wi th a d i f f e r e n t  * rcr m 
pane l .  The econ cm i c s ; *-’i 1 1... de cend . 1 £ r ce 1 y upcr u se r
dem and.

Another  p o s s i b i l i t y  i s  a mu l t i p l e  ovtput  pul se  
module s i m i l a r  to TIMING TCI but  wi th f o u r  or suer.. : i ~:: t 
o u t p u t s .  The d e l a y s  to be i ndependent  o<* acr * t  ->r b u t  
a l l  r e f e r e n c e d  to the same Event  Code M'arKer mulse. . Thi a 
can be accompl i shed  by s imply add i ng  a sec one pr int - ’ -' 
c i r c u i t  boa rd  to the module.  Aga in manufacture  cf such a 
module w i l l  depend upon user  r e spo r ce  b e a r i n '  in m i r d 
t ha t  the same ope ra t i on  can be per formed by a number of 
TIMING TGI modul es .

The p r o v i s i o n a l  f r on t  panel  l a y o u t s  of tne timir. -  
modules  a r e  i nc l uded  to prov ide  the user  with z vi  susl  
i n d i c a t i o n  of what the proposed modules  w i l l  l oc '
1 i k e . ( F i g .  A1 )
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INTRODUCTION.

Th i s  i s  a simple'  .• genera l  purpose t i r i n g  modulo
which can be pro?rammed by the l o c a l  genera l  purpose
compute rs  to gener a t e  e i t h e r  ore or  two tin-in a pul rot  per  
c y c l e .  The p u l s e s  can be v a r i e d  i ndependent l y  of  each 
other  out  both are r e f e r e nced to the sane 'event, and o c c u r  
s c 1 yen rr un be r of n i 11 i se c o r e s  s f t. e p p p c* y o ve r*. t,« ^ r. ~ 
s i n g l e  width 3K u n i t  can be p l ugged  i n t o  any l o c a t i on  of 
a s t andard  GP.MPX c r a t e .

The three ope r a t i ng  pa ram e tens ,  Contro l  + E ; r n t
'word, '  Delay a  and Delay E, are l oaded  from frcm tne l oca l
computers  i n t o  the tin in g r. oc ul e by s c a n s  of the gp.npx  
system.  L i ke w i s e  the g l oba l  t i n i n  g s i g n a l s ,  Fie set ,  itr Sec 
Clock and Event  Tra in  a r e  al so conn sc ted th r o v '•h the 
GP.MPX Data way. I n d i v i d u a l  user  si anal  s vi s, Cutout  pul  so 
A, a r e  connected  by means of  f r o n t  panel  e n c  c c r r c c  t o r s .  
User  TTL si gnsl  s to o ther  t in in * modul es  and moni tor  
p o i n t s  are connected  to Lome c o n n e c t o r s .

A b l ock  di  a«  ran of the module i s  s h o w  in. r i  a s
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PRINCIPLES OF OPERATION

The Contro l  -i Event 'Cord ar.C the De l ay  a 1; uff  or 
must fce p r e - l o a d e d  wi th the ope r a  t in g parameter?  to 
enab l e  the module to f unct i on  c o r r e c t l y .  The two. c o m  ter  a 
a r e  the p r e s e t ,  count  down to ze ro  type each pe rmi t t in  *
one ope r a t i on  per SRS c y c l e .  A double  c y c l e  r a y
e f f e c t i v e l y  be c o ns i d e r e d  as  two sir. Tie c y c l e r .  I f  a 
p ar ti c 1 a r o p e r a t i o n ,  e^.  Eesm Dump, has  the same Event  
Code f o r  both c y c l e s  then the module can be . pro «rammed to 
ope ra t e  on e i t h e r  o r  both of  the c y c l e s  by means of the 
two r e se t  b i t s ,  C l l  and C12. T h i s  i s  p o s s i b l e  because
once an output  has been t r i  ?e<? r e d  the a s s o c i a t e d  coun t e r
remains  d i s a b l e d  un t i l  r e s e t  o c c u r s .  I f  each ope r a t i on  of 
a doub l e  c y c l e  has  a unique Event  Code then the module  
w i l l  only ope r a t e  once per doub l e  c y c l e  u n l e s s  the
p a r a n e t e r s  a r e  charmed b e f o r e  the second c y c l e  commences.

The c on t e n t s  of  the Contro l  Byte d e t e r m i n e  the
mode of o p e r a t i o n  of  the unit .  The v a r i o u s  modes  a r e
exp l a i ned  in the GP.MPX COMMANDS s e c t i o n .  T h i s  s e c t i o n  
a l s o  c o n t a i n s  the M u l t i p l e x e r  Funct i on <FM) p l u s  the 
s u b - a d d r e s s  ( A )  f o r  each o p e r a t i o n .  The read f u n c t i o n ?  
(FM6)  a r e  p rov i ded  p r i m a r i l y  as  a nodul e  comni  s ior  i •- and 
debugg ing  a id  al  though ob v i o u s l y  they can be uses f o r  
d a t a  v a l i d a t i o n  p u r pose s  cut  on l y  i f  the user  c on si c a r s  
t h i s  f e a t u r e  a b s o l u t e l y  essen t i a l  .The s tandard s o f f  ' s re  
packages  w i l l  not  n o r ma l l y  read back t h i s  d a t a .  T h i s  
f a c i l i t y  must  no t  be used d u r i n g  an SPS c y c l e  a s  a time 
c l a s h  may occur  wi th the t i mi ng  si ^ a l  s whi ch c o u l d  
p r e v e n t  an Event  from tie i n «  recocr. i  sed.  Th i s  i s  cue to 
the f a c t  tha t  d a t a  i s  t r a n s f e r e e  s e r i a l l y  and in o r d e r  to 
p r e v e n t  an e r r oneous  compar i son dur i r . "  t h i s  s h i f t  
c cs r  31 i on thc c or-' no r o + o r i s i ?£ 1 od **rvon o *ro r t-lo o r> c ~ ■1 - ° 
i s  a d d r e s s e d  by the computer .
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TIMING TGI KEATU'

D i g i t a l  In pt' ts f r on  the computer v i a  the GP.K'P _ i

2 )  De l ay ,  in lm Sec c lock vr. i t s ,  Ve t*-*een e v 
the f i r s t  cu toy t  p u l s e .

4 I n P u t  s
1)  lr*. Sec Cl ock

2 ) k won t T r si n

3)  Event Train Clock

4 )  Rese t  S i n g l e  + Rese t  Double

-KPX Data way

2 u s sr s 1 o ck I n v Q sc i 11 s t o r out put s
1) Output  P u l s e  a  !

¡ - - F r o n t  Panel  BNC
2)  Output  P u l s e  B !

3 User  TTL ou t pu t s
1) Output  A

2)  Ou tpu t B

3)  Event  Le tec tec

• - F r o n t  Panel  Lento

2 Led.  lr. di c a t  or s
1) 0 u tp u t A

2 ) Output  3

Output  p u l s e s  A and B can be a l t e r e d  ince p m d e n t l y  
o f  each o ther  b u t  both a r e  r e f e r e n c e d  to the sense Ev e r t  
code.  A l s o  both c i r c u i t s  are  a f f e c t e d  by the -corF ?*-. 
co n t r o l  b i t s  and r e s e t  s i g n a l s .  . ( F i ° . 9 )



SPS DOUBLE, 
CYCLE

RESET
DOUBLE

_ n
RESET
SINGLE

A

Evŵ T ”n*

OUTPUT A

OUTPUT 8

OUTPUT Â

OUTPUT B
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OUTPUT B

CONTROL BITS
C11 0 2

0 1

FIG. 9 OPERATING MODES OF TIMING G1
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TIMING TGI

GP.KPX COMMANDS

l )  Load- Control  + Event word FM2 as

Bi 1 5 ¿¡>5
Six b i t  Event. Cods a l l ow i ng  f o r  up to s i x t y  three  
d i f f e r e n t  e v e n t s  Per  c y c l e .

Bi t s  6>7
M v s t 'c e a t 1 o a i c ' o ' .

Bi tS o> 1 £
Reserved Cont ro l  b i t s .

B i t  1 1
Rese t  p r i o r  to s t a r t  of a s i ng l e  c y c l e .
The two p r e s e t  counte r s  a r e  l oaded vi th the count  va l ve
f r  cm the i r  a s s o c i a t e d  de l a y  b u f f e r s  p r i o r  to the 
commencement. of  each s i n g l e  c y c l e .

Bi t 12
Reset  p r i o r  to s t a r t  of a double  c y c l e .
The p r e s e t  c o u n t e r s  a r e  l oaded only a t  the s t a r t  of each 
double c y c l e .

I f  b i t s  11 and 12 a re  both in th ei r ac ti ve s t a t e s
i ' e . l o g i c  ' l t h e n  the p r e s e t  co unte r s are  l oaded twice,
dur i ng  each doubl e  c y c l e .  . ( F i g . 2d)  One or both of the 
r e s e t  b i t s  must  be enab l ec  f o r  th e ¡n od ul e to o po rs ts 
c o r r e c t l y .

Ei t s  13> 15 
Must be a t  l o g i c  ' 0 ' .

2) Load Del ay  B u f f e r  a FM2 Al

Bi t s  B> 14
15 b i t  b i n a r y  d e l a y  count  p r o v i d i n g  a p o s s i b l e  d e l a y  
up to 32 S e c .

Bi t 15 
Lo g i c  z e r o .

3)  Load Delay B u f f e r  B FM2 A2
Ei t s  0 > 15 

S p e c i f i c a t i o n  as per  2 ) .



TIMING TO 1

4)  Re a ci Contro l  + Event  Word FM6 AC

5)  Read Delay B u f f e r  A FM6 Al

6)  Read De l ay  B u f f e r  E FMó A2

7)  Read Del ay  Counter  A FM6 A3

8)  Read De l ay  Counter  B FM6 A4

9)  Rese t  FMC A0
Th i s  f unc t i on  p r o v i d e s  a s o f t wa r e  r e s e t  f a c i l i t y  as  
d i s t i n c t  from the automat i c  one.

10)  Decrement. FM0 Al
T h i s  f unct i on p r o v i d e s  the t e s t  f a c i l i t y  of  d ec remen t i n  o 
both the c o un t e r s  s i mu l t aneous l y  under program c o n t r o l .

11) Ena b l e  I n h i b i t  A TMs A2
Th i s  f u nc t i o n  d i s a b l e s  c oun t e r  A and al so di s a b l e s  output  
A • s

12) D i s a b l e  i n h i b i t  B FMc A3
The counte r  and out put  A a r e  enab l ed .  Thi s s e t i  on i s  a l s o  
per f ormed by Programmed Reset .

13) Enab l e  I n h i b i t  2 FM£ Ah
Thi s f unc t i on  d i s a b l e s  coun t e r  3 sr.d al  so d i s a b l e s  output  
B.

14) Di sabl  e I nh i b i  t E fmc  as
The coun t e r  and output  B are ena b l ed .  T h i s  a c t i on  i s al so 
per f ormed by Programmed Reset .
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28.

INITIALIZATION

There a r e  f o u r  nodes  of re se tin a the n o d u l e :

1 ) Sin g l e Cycl  e Re se t

2 ) Do u 11 e d »—* CD Re se t

3 ) Prograr Po Q n liv -d t

in Power -on Res et

These f o u r  s i g n a l s  a r e  used in v a r i o u s  ways to
produce a r e s e t  pu l s e .  Thi s  pu l se  t r a n s f e r s  da t a  f r cir the 
d e l ay  P u f f e r s  to the doun-coun te r s .  Power -on Reset  and 
Programmed Reset  u n c o n d i t i o n a l l y  generate  the r e s e t  
p u l s e .  S i ng l e  Cyc l e  and Doubl e Cycle  R e s e t  a r e  
c o nd i t i oned  by b i t s  11 and 12 of  the C on t r  ol + " r e n t  
word,  the a p p r o p r i a t e  b i t s  must be enabl ed  in o rde r  to
permi t the si gnal s to produce a r e s e t  pul  s e .
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GENERAL TIMING MODULE -  TIMING TG2

INTRODUCTION.

T h i s  i s  a gene r a l  purpose t iming module des i gned  
to f u l f i l l  the m a j o r i t y  of  u s e r s  r equ i r ement s .  The module 
g e n e r a t e s  two p u l s e s ,  the f i r s t  b e i ng  r e f e r e n c e d  to S-  
ei  ther  the e ven t  or  the f r o n t  panel  Exte rnal  S t a r t  in put,  
whi l st .  the second i s  generated  a given number of  c l ock  
p u l s e s  a f t e r  the f i r s t  pu l s e .  The c l ock  may be the l r .See. 
g l o b a l  c l o c k  t r a i n  o r  a user s  e x t e r na l  c l o ck .  The s i ng l e  
width 3H uni t  can be plugged i n t o  any l o c a t i on  of  a
c f  •=>*» H r* p H CD MOV nta f  e>

The three  c pe r a t i n  g param e t e r  s, Con t r o l  + e vsr. t 
word,  De l ay  1 and Del ay  2 , .  are l oaded from the l o c a l  
computers  i n t o  the t iming module by means of the GP.MPX 
system.  L i k e w i s e  the g l o ba l  t iming  s i g n a l s ,  R e s e t ,  im.Foc 
Clock and Event  Tra in a r e  a l s o  connected  through the 
GP.MPX Data  way.  I n d i v i d u a l  user  s i g n a l s  v i s ,  Output  P u l s e  
1, a r e  connected  by means of  f r o n t  panel  EMC c o n n e c t o r s .
TTL s i g n a l s  to o t h e r  t i r i n g  aoc l u l e s  and moni t o r  p o i n t s  
a r e  connected  to Leno c o n n e c t o r s .

A ba l ance d  l i n e  d r i v e r  output ,  t r a n s f o r me r  
i s o l a t e d ,  i s  p r ov i ded  f o r  ccnr.ec t in g to a number of  user  
modules  s i t u a t e d  in the same GP.MPX c r a t e  a s  the t i ming  
TG2. The pu l s e  w i l l  be SuSec v i c e  and can De c o r r e c t e d  to 
e i t h e r  OP I o r  0P2 by means of  an i n t e r n a l  l i n k .  Al so a 
TTL l e v e l  Window s i g n a l  i s  genera t ed  which i s  a c t i v a t e d  
by the f i r s t  out put  pul  ss and d i s a b l  cd by the second.  
T y p i c a l l y  t h i s  s i g n a l  cou l d  be used to prov i de  the ' g a t e '  
i npu t  to a number  of  camac s c a l e r s .

A b l ock  diagram of the module i s  shcwi in Fi g, ID
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FIG 10 BLOCK DIAGRAM OF MODI JI F T IM IN G  G?
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• i • T I ■' T i f ' 'T 'f-' Mi i r . i  - j  i u <1-

p r i n c i p l .es  of o p e r a t i o n

The v a r i o u s  r e g i s t e r s  of  tae rrfoRvl 
pre-1 oaded fror. the l oca l  computers  to enable  
to f unct i on c o r r e c t l y .  The Cont ro l  + E v e r t  v 
Delay 1 b u f f e r  r u s t  a!  vays  be l oaded ,  Delay 2 

"en<iin° upon the u s e r s  re qui rer cn t 
t li e p r e se t ,  emiri t do vn to ze r  o
ope r a t i  on. pcr SP5 cycl  e . a  d o vbl
c c cn si .v.c r ee as t vo si r ~ 1 e c ye. 

p a r t i c u l a r  o p e r a t i o n ,  eg.  Eearn Dump, has  the 
Code f o r  both c y c l e s  then the nodul e  can be pr  
ope r a t e  on ei  ther  o r  both  of  the c y c l e s  by r. 
two r e s e t  b i t s ,  C 11. and CIS.  T h i s  i s  poss i  b
once an. output  has.  been t r i g g e r e d  the a s s o c i a
r e r e i n  o d i s a b l e d  unt i l  r e se t  Occur s .  I f  each o 
a double c y c l e  has  a unique Event  Code then
t? i l l  r.r. 1 y. r. r  r r n + n  on r  ^ n o r  ri n iii>] r  r. VC 1 C

The c o n t e n t s  of the Contro l  Sy te de te rr Ir
ti ode'  òf  o p e r a t i o n  of the uni t .  The ' yâri  ou

o :*i il c f V o
.th o r. n r. v i e
0 Td £<": C te

o u f f c r i s
. s. Lvo te the
t y p e  ! ?r, 1 e h
e c v c 1 fi r •" v
i O • i ;

s u r  e T. y "jP t
o ^ r  a r r e " to -
e s c r t .-n ,c> - "'”'\
le c za v ce
t e q c o  -r' t e r
pc ra t l  On

th e r o r: u le
vn 1 e ç p. "f f ; <>
c c r^  C'- c w «

t  e r r: i r c t v. e
p r. are

exp l a i ne d  in the GP • ipp't C OS sec ti cn . T r. 1 3 £ c 0
a l s o  c o n t a i n s  t h  9 ■ t> ii 1 t ip: 2 e xe r  F ur.ct icr ,  (Ft: \j c 1U£ t <Ti

s u b - a d d r e s s  (A ) f o r  each ope ra t i on .  Th e ro r f t f i:n;c tl  0r. ft

( FM6)  are p r o vi W -s ,-iu c U P r in a r 11 y a s  a mo ci u 1 s g or. r 1 s1 or I r ~ ap
debugg ing  a i d al though o b v i o u s l y they  car. 0O Vi£ .r ih r - f
da ta  va 1 i c <= u ion P urposos .  Tiii s f a c t 1 i ty r u s t n 0 L f£- . U £e r

dur i ng  an SPS c ycl  e a s a t ine cl ash nay occur  v i + '■ + VI * c
t iit i n g s i g n a l s vh i c hi c cu l c  pro v er. t an 'Event. f r 1. e i :: -
r eco-n i s e c . Th i s i s  due to the f a c t  th a t y £ f a i £
t r s n s f e r e d  s e r i a l l y  arc  in o r de r  to Pre wen c ar c'. r i cr c o V£
coït par i  son dur in ? thi s s h i f t  ope ra tl  on the c 0r* oar a t o r i £
d i s a b l e d  where tti r* the r. odule i s add re s ae d • Oy t p

ü

computer .

J



32.

T i n i e r -  t ì j 2

TIMING T C 2 F 2 :■\T U RF

3 D i g i t a l  I n p u t s  fret?: tils  c omput e r  v i a  th c GP. KPX  Bus

1)  Event  b y t e ' + Con t r o l  b y t e

- 2 ) De l ay ,  e i t h e r  in InvSec or  ex t e r na l  c 1 ocK i'ni ts ,  
be. tv sen event En. and the f i r s t  output  pu l s e .

3 ) t'e 1 ay , e i the r in lmbec or  e x t e r na l  d o c k
t e t vs.er. the f i r s  t an d the see on d output  p ul ss .

vn i t s ,

I nput s

1) Ir.Sec Clock

2)  r.vent T r a i n

‘1 % T' vi 4- T *1 *-> ** ««% p i  ̂ a1/o y l \/tn u t i culi U l u ;\

4)  Reset  S i n g l e  + Reset  Doubl e

5 )  Exte rna l  Clock !

- -MPX Data way

¡ - - F r o n t  Par el Leno
ó ) Externa l  S t a r t  Del ay !

2 u s e r  Blocking-  O s c i l l a t o r  o u t p u t s

1) Output  Pu l s e  l

2)  0 utput  Pu 1 se 2

;
¡ - - F r o n t  Panel  3NC
I

1 Use r  Line D r i v e r  output

1) I n t e r na l  Output  P d  se ! -  -KPX Da tavay
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l! u se r  TTL of  tpv t s

1 ) 0  f t p  f t .  1

2 ) O r. to u t 0

3)  Window,  OP 1 > 0

4)  Event  Ds tec ted

- - F r  or. t Panel  Le:r o

2 Led.  In d i c s t o r s

1) Output  1

2)  Output. 2

GP.MPX C0Mi'iAND5

1) Load Cont ro l  + Event  word FM2 Aiii

s ixty t h r ° e
Bi t s  0>5

Si x  b i t  Event  Code a l l o w i n g  f o r  up to 
d i f f e r e n t  e v e n t s  pe r  cy c i e ,

Ei t s 6 > 7 
Must be a t  l o g i c

Bi ts S> 1 0 
Reserved Cont ro l  b i t s .

Bi t 11
Reset  p r i o r  to s t a r t  of a s i n g l e  c y c l e ,  
count e r  a s s o c i a t e d  wi th Output 1 i s  l eaded with the c o u r t  
va l ue  from d e l a y  1 b u f f e r  p r i o r  to the c orr.r.'. encerten t of  
each s i n g l e  c y c l e .

‘ j; c. r> r* c c o f
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T I r INC- TG2

B i t  12
rve set p r i o r  to s t a r t  of a doubl  e ‘ cyc l  o . Output. 1 pr *  set  
c o t m f i r  i  -  l oaded  only a t the start ,  of  each d o m i c  c y c l e .

I f  b i t ' s  11 and 12 are both in th.ei r ac ti "c s t c t r  s 
i e . 1 o c: j c. ' 1' ,  men the p r e s e t  counte r  i s  1 osd ec t " i  c -> 
dur ing  each douol e  cyc l e  F i g  2d.  no or  b o F  of th o r e <*?. t 
b i t s  must be enab l ed  f o r  the module to operate  c o r r e c t l y .

B i t  13
ext e rna l  Clock DI .  I f  a t  l o g i c  ' 0 '  the l rSec c l o ck  i s  
s e l e c t e d  to dec rer.cn t de l ay  1 c o u n t e r ,  i f  a t  1 o ~i c ' i '
the i-:x te rns l  Clock i s  s e l e c t e d .

B i t  14
> Externa l  Clock D2 I f  a t  l o g i c  ' 0 '  the I rSec c l o ck  1 s

s e l e c t e d  to decrement  'del ay 2 c o u n t e r ,  i f  a t  l og i  c ' l '
the e x t e r na l  Clock i s  s e l e c t e d .

The v s r i o i i s  t i s i n c  socles p o s s i b 1e f r c r  the use of  
the two Cont ro l  b i t s  13 and 14 a r e  i l l u s t r a t e d  in F i g .  11

B i t  15
Ex t e r na l  S t a r t  Del ay.  I f  a t  l o g i c  ' 0 '  the f i  r s t  d e my  
count e r  s t a r t s  decrer  on t i ns  -'-»i th a v a l i d  : " e n t  
compar i son,  i f  at  1 o - i c  ' l '  d e e r  oner. t in g ce: c  er.ces m t h
the Externa l S t a r t  Del ay si m s  1, th us al 1 c i n  ~ seve pai
modul es  to s t a r t  f rcr. a common e x t e r n a l  c r i c i r . .

2)  Load F i r s t  De l ay  B u f f e r  Fk2 Al

• \  

J

B i t s  0>14
15 b i t  b i n a r y  d e l a y  count p r o v i d i n g  a p o s s i b l e  
up to 32 Sec.  </hen ' ' dine the lr.Sec c l o c k .

B i t  15 
L o a i c .  ? e r o .

d 3 1 c; '-7 t
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EVENT TRAIN

OP I

WINOOW

Event "n"  
M arker 35.
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FIG. 11 DIFFERENT DELAY MODES OF GENERAL MODULE TIMING G2
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1111 ING T 2 2

3 )  Load Second De l ay  D u f f e r  dm ;.: a l

D i t s  P > 1 4  
S p e c i f i c a t i o n  as p e r  2 ) .

B i t  15
L o a ì c  ' c ' c o u n t e r  e n a b l e d
Lo " i  c '  1 ' c  e i:n t  er di  saio 1 ed . Th i s f à c i l i  ty e p ê t  I c s  the  
no du l o  to f-er: e r a  te  Cut put  P u l s o  1 o n l y .

4 ) Read C o n t. r o:J + Event Vo r..ri F M 6 AS

5 ) Read Fi rst De 1 ay Buffer Fri ó Al

6 ) Re ad Second Delay Duffer , FM 5 £\'lî

7 ) Re ad First Delay Counter FM 6 A 3

CO R e a d Sec on d Delay Counter FM 6 tel

9 ) Re set 
Thi.s f v n c tion provides a software.

FM i
re se t

r~. Sù:

g i s t in e t f r on th e o u t or; a t i c or e .

Decrci rent  FM3 Pi 1
T h i s  f unc t i on  p r o v i d e s  the t e st  f sc i  1 i ty of decree  
the c o u n t e r s  under p r o ? rar. c o n t r o l .

11 ) Enab l e  Inhi  h i t  FMS A2
T h i s  f u n c t i o n  d i s a b l e s  the- c o u n t e r s  snd a l s o  d i sa i: 1 s s the)

^ 0 U tp u t s .

12)  D i s a b l e  I n h i b i t  FK£ A3
The c o u n t e r s  a n d  the out put s  a r e  o r s o  1 o c . . h h  ;  c . c t i c n  i s  

al  so per f ormed by R e s e t .
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u r i  l i T G 2

I MI'TI ."LIZ AT I Gì*

There a r e  f o u r  nodes  of re re tin g thr n od ni e

1 ) Si r .ole Cyc le  Reset

2 ) De no ! o C v c 1

4 )  Po w e r - o n Re s e t

The s e  f o u r  s i  sr.si s a r e  used i s  v a r i o u s  
5 a r e s e t  p u l s e *  T h i s  p u l s e  t ra s  s f e r s c:s ts 

el  ay b u f f e r s  t o  the  d o - n - c  oun te r s* Povc r -  on
un c on ci i t  x on a 1 1 y  yc.ri. o i ci i c

p r  oc! u et

rov.r crmed

’ ■r S V S  t °
f p'rr -f- >. <■=.

Te se t. end
u i u ì ’ s se t

p u l s e .  S i n g l e  Cycl  e an 
co nd i t i oned  by b i t s  11
wo r d , the a p p r c c r i a t e  l i t s  t u . .  --------------
pe r r i  t the si er.al s to produce a r e s e t  pu l se .

Double Cyc l e  Res. 
and 12 of  the Con t ro l

^* * e enab l ed  i r  ^

J
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DISPLAY TIMING MODULE - TIMING TD

INTRO DU CT ION

D u r i n e  the system commiss i oni ng  and i n s t a l l a t i o n  
phase  i t  i s  ex t r eme l y  i mpor t ant  f o r  t v  use r s  to knoy  
tha t  the tira i n « s i g n a l s  have occured i n the c o r r e c t  
sequence and at  the c o r r e c t  t i m e . T h i s  module i s  d e s i - r e d  
to prot/ida tha t i n f  c r r a ucn v i s u a l l y .

The three  d i s p l a y s  of TIMING TD i n d i c a t e  the 
Event ,  Delay 1 and De l av 2 of the tlfcir,«? nodul e  c enn.ec tc d 
to i t .  ' ' I t  may be connected to Loth the genera l  t iming  
m o du 1 e s and a l s o  th e n an ual • ti r. i r. g module ,  d nr in q r u r 
time the module may he used both a s  a deb «<?• 
l o c a t i n g  the boundary between good and f a u l t y  
and a l s o  as  a ' c o mf o r t '  i n d i c a t o r  f o r  
e s p e c i a l l y  when they are chang i ng  tl 
pa ramete r s .  I t  i s  no t  i n tended  that  the so r c d u l e s  
permanent ly  i n s t a l l e d  in every  GP.MpX t iming  c r a t e .

n * a id  f o r
\r o qui pr: on t

tìie Ü cpr c u *--1 -9
? i  r t i : i r- ?
r- ~ i; 1 ß c O' »?

A b l o c k  d i agrar. of the modu l e  i s  shown ir. Fi <•
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TIMING TD

PRINCIPLES n tr n’; r  o m-i/‘T I ON

Ti "I c r*: c c ' ! 2 s i ; not. i n t. o rS  ̂d t c 
in t e r n i  t tc r. t f a  y 1 t b u t r a tin s r t o  
o v 2 r cl 1 system i s e i t h e r  o pe ra t i n 
tile r e  i s  a ' h a r d '  f a v 1 t ir. the s y s t

d e t e c t  the obs c ur e  
i n d i e  a t e  th a t t L ' 
c o r r e c t l y  o r  th at  
. Typ i  c a !  1 y i t -.-i : i

o o s r a t e  in c o n j u n c t i o n  wi t.h the gen e r a l  t.imt* r ;; 6 rf u 1 o a . 
In t h i s  r o d e  the f o i l  ovir. -■ c onr.ee t i  or s a r e  re pci  r e - : 
be t ween  the o u t p u t s  o f  the T i m i n g  TG and t he ,  in c u t s  • of  
T i r i n g  D. E i t h e r  the TTL or the  b l o c k i n g  o sci  11 a t o r
o u t p u t s  r.ay be used.

T IK IN G T G 

OP 1 

OP 2

T IK INC TD 

STOP 1 

S TOP 2 

S TART

when the nodul e  r e c e i v e s  the START 
event  code tha t  r a s  tran sc. i t ted by the Ever t .  T r  
the p r e v i o u s  or. o o i l  l i  second t i r e  i n t e r v a l  i s 
by the event  d i s p l a y .  With the I n t e r na l  
I n t e r n a l  Reset  s e l e c t e d  D i sp l ay  1 i n d i c a t e s  the 
mSec,  between the s p e c i f i e d  e ven t and o v to v t 
D i s p l a y  2 i n d i c a t e s ,  a gain in n Sec,  the de la 
Output  1 and Output  2. I f  the user  d e s i r e s  t 
out pu t s  to  te • r e f e r e n c e d  to to  r a t he r  than the 
the START i n p u t  should be tendina tod in 
t e r mi n a t o r .  In t h i s  mode d i s p l a y  l i n d i c a t e s  
between TC and Output pul se  l ,  D i s p l a y  2 
b e f o r e  and the event  d i s p l a y  i n d i c a t e s  z e r o .

1 rr\ a i t

Cl ock 
t i r  ■? 
1, v

\ r q n.
/vs z i
T* trot* f

cl 5 C
4. "-I

r s r.ì b i •

» i 1
n i I r?
t ' T E ST
 ̂p 1 C •
t ;vcr 
Lem.: 
t i r -

The Ex t e r na l  Clock i n p u t . i s  p r ov i ded  to ; 
use r  to connect  h i s  own e x t e r n a l  c l ock  to the 
tha t  D i sp l ay  l and D i s p l a y  2 i n d i c a t e  ex t o . 
u n i t s  a s  opposed to mSec.  I t  1 s n o t  pos.sib 1 s 
ImSec and the e x t e r na l  c l o c k .  The two p o s s i b l e
t iming a r e  
Tim ing TG2.

i 1 1 u s t r at e d y Fi  cr. 1 ia i
of
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T  T h : 7 M  n  -T T>1 ii'. AA u i

TIMING TD FE/'iTUHES 

D i s p1 a y s

1) 2 Decade  seven s c y n e n t  d i s p 1 ay ,

2)  5 Decade seven segraen t di spl  ay ,

3 ) 5 Decade seven seyr.en t di spl  a y ,

T v. ,.Adi I

1 ) 1 msec Clock

2) Reset

3 ) E vent Tra in

h ) Event t r a i n  Clock

S t a r t

6 ) Step 1

7) S top 2

C
O Ext e r na l  Clock

9 ) Stop 1 I

I — mpx Da ta

- - F r o n t  Panel

• - - F r o n t  Panel  3NC
10)  S t o p  2

Swi tche  s

1) S el e c t  imSec -  Exte rna l  Clock

2 )  S e l e c t  TIMING TGI -  TIMING TG2

3)  Enab l e  / D i s a b l e  Reset

E ver t.. 

Del ay 1. 

Del ay  c .

way

L e r e
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t i m i n g  td

GP.MPX COMMANDS

. None.
Tile modu 1 e only uses the GP. MFX Da taway a s a n ean s 

of  o b t a i n i n g  l oci c power ana' the g l oba l  t iming s i g n a l s .

INITIALIZATION

There  a r e  t.wo node s of  r e s e t i n g  the module :

1)  S i n g l e  + Double Cycle Reset

2)  Power -on Reset

The r e s e t  s i gna l  c l e a r s  the three d i s p l a y s  P l us  
t h e i r  c o u n t e r s  to ze ro  and a l s o  e n a b l e s  the module to 
accept  another  data  a c q u i s i t i o n .  The f r o n t  panel  
Enabl e  / Di sabl e  swi tch p r o v i d e s  a means of p r event i ng  
the module f rat  . .being, r e s e t  a t  the s t a r t  of e a c h  c y c l e .  
Thi s ‘.provide s. ' the user . .with a. means of  r e t a i n i n g  s fa ui ty 
i n d i c a t i o n  a s  ' p r o o f '  of  a nial f uncti  on-.



43.

MANUAL, TIMING NODULE - TIMING TM

INTRODUCTION.

Thi s  nodu l e  enables:  use r r  to c h a n c e  t h e i r  tir. ir. 
p a r amet e r s  w i t hout  the need f o r  computer  i n te r ve v.ti or . 
The d e l a y s  cont ro l  1 in? the o u t pu t  p u l s e s  arc  v a r i e d  'ey 
means of  a ' h a nd - he l d  swi t ching  u n i t .

The mode of ope r a t i on  of the module i s s i m i l a r  to 
T IK ING TG 1. Thc two o utp u t p ui se s car. 0 e va ri ? u 
i n e p or. d er.ti y of  e ach o the r b u t be th are r s f e  r^rc •* c t  o 
the s ame e yen t an d occ u r a g i von r. ur be r m i 11i sec cn c s 
a f t e r  t ha t  e v e n t .  The modulo r e s e t s  i t s e l f  cn both the  
Reset  S i n g l e  and Reset  Doub l e ,  i t i s n o t p o s si b 1 e to
s e l e c t  one or the o t he r .  U s e r s  vh o rec.ui re a more c cm cl  o
un i t  should use the TIMING TC-2 module and vary t h :
pa r amt e r s  by means of  the computer  ooor a t i r . c  system.

A b l ock  diagram of the module i s  shown in Fi t 1C.
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— —  LED indicator

-¡0.T3 BLOCK DIAGRAM OF . MODULE TIMING TM
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TIMING TM

PRINCIPLES OF OPIP.ATIGN

The h a n d - h e l d  s w i t c h i n g  u n i t  mus t  be cor-nee tec' to 
the  TIMING TM by means o f  a s t a n d a r d  25 way Cannon c a d e .  
The r e g i s t e r  t h a t  r ed  v i r e s  ' nod i  f  y i n ?  i s s e l e c t e d  by  the 
t n r cc p c s i  + i n r  v o t e r  v  s  v  i t c n • T h o  r e  r  ? r  e t o  r s t h  a f »** p
al  t e r e d  a r e  the Even t Code,  De l ay  1 and D e l a y  2 .  The v. cv  
v a l u e  o f  the s e l e c t e d  r e g i s t e r  i s  e n t e r e d  i n t o  the swi t ch 
u n i t  v i a  the t "  1 o - whee l  s w i t c h e s  ar.d th i s new val  uc 
then t r a n s f e r ' ’ '" i n t o  the TIMING TM b y de presc ir .« :  
I n s e r t  oush-b v t  t rtr .

A O

h  r - .

I t  i s  no t  n e c e s s a r y  to have a sw i t ch i ng  ur. i t  f o r  
each manual t i r i n g  nodul e ,  one sw i t ch i ng  un i t  should  
cont r o l  a number of  n o d u l e s  s imply by pi ycsin g i t  i r. to 
each nodul e  in turn.

un de r  ncrr/ . a l  o p e n s t i n ?  c '*'» nO I 4di t i ’r*»- cr X V-i;3 , o i: t :  t
p t: 1 s as a r e r e f e r s n c e d  t o  the £ wgn t. CO r- >/ra rk e r  ? Pi  so ,  h - t
i f t i\ c li ¿5SP V' C« * 1 L S L 0 u u i . d .£> . 6 r e f e i e r • c G P c i r T- x. m1 s
rr ay Cs a c g or  p l i  she  d oy  t e r n i n a t i n s t he vT t;oV- X ' t s  t e c  t ? a
O M t ? u t t,*i f.h a 5 2  L e m  te r r  i r . s t o r , Th e 7? ;;. X•-Til c r e t
c u t pu t i S t o . r . a k e  t he  n o d u l e c o n p s t i b 1 e T Ji th tli e ?er. 2 r a l
t i n i no — o d u 1 6 s sr. d a I s o tho *-*■ s  r  U 2 1 r. H 

w  c-
Ml
U. J.

o  <r *■'»
w  _  w

+ W
Ci i . ~  l* 1 u  . ..  - »  1»

u o r k  i n c o r o u n c t i c r .  w i t h  T IM f  n r tr>
1  A d  i  w  •
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TIMIM 0 TM F E AT Di

3 Di gi 12.1 Input s  f rok the hand-he ld  sw i t ch i ng  121 i t by 
of  tiie f r o n t  panel  25• way Cannon connecto r .

l ) Event  Byte

2)  De l ay ,  in 1 m Sec.  c l ock  u n i t s ,  'oe tween event  Er
the f i r s t  out put  pu l se .

3)  De l ay ,  in l iaSee. c l ock un i t s ,  be tween e ven t  Zn .
the second output  pu l se .

In Puts

1) m s e c  Clock

2)  Event Tra in

3 3 Event  Tra i n  Clock

4)  Reset  S i n g l e  + Reset  Doubl e

— MPX Da taway

2 us e r  B l ock i ng  O s c i l l a t o r  out put s  

13 Output  P u 1se l

2 )  Output  P u l s e  2
— F ron t Kan e l ¿r;c

User  TTL out put s  

13 Output  l 

23 Outpu t 2 

33 Event De t ec t ed

• - F r o n t  Panel  Le~.o

t': o

and,
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T I M I G "I M

2 L e d . i n d i c a t o r s

1 ) Output  l

2  ) O u t p u t  2

GP.MPX COMMANDS 

None.
The nodul e  onl y  uses  the GP.MPX Da ta va y 

of  ob ta i ni  ng l o g i c  power and the gl o'cal tin  in g

INITIALIZATION

There a r e  two nodes  of  're se t i n?  the r  od u! e :

1)  S i n g l e  + Double Cyc le  Reset

2)  Power -on Reset

The r e s e t  oui se t r a n s f é r é s  cia la f r a :  t: ; e
b u f f e r s  to  the down c o u n t e r s .  T h i s  ac t i on  i s p e r f o : 
both  n od e s  u n c o n d i t i o n a l l y .

a s  a rea ;  
si gna 1 s.
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FAN-OUT MODULE TIMING TF

DESCRIPTI ON

Thi s  module p r o v i d e s  the user  wi th the f a c i l i t y  to 
d i s t r i b u t e  a pu l s e  f ran a. s i n g l e  t iming nodul e  to a 
number of  e x t e r na l  l o c a t i o n s  s i mu l t a n e o u s l y .  The module  
r ec e i ue s a s i n g l e  b 1 ock in ? o s c i l l a t o r  or  t t l  ty pe i n o u t 
an d pens r ates  f i vs b 1 ock i n g o to  i 11 a t c r t ran t f c r~ s r 
i s o l a t e d  ou t pu t s .  The p ropoca t i  cn ti n> e between the i n pu t  
and output  pul se  w i l l  be l e s s  than ter nan o - s ee  or 
maximum of  tv;o modules  can be connected to~etP.cn in 
p a r a l l e l  to p r ov i d e  ten s i mu l t aneous  out put s .  I f  the user
* S.. '*« iA JL I  V/ tit t U * » *-» < > L» «-* 4 4 Vrf 4 4 L/ V. V> f* ' v* W <*A d  i  » ^  I 1 » . . .  . ..  U. «t>

be cascaded t o g e t h e r .

The 3H module onl y  uses  the GP.MPX Da tavsy a s a 
means of  . o b t a i n i n g  l o g i c  p ov s r ,  con sec.uen t i y  i t  - - i l l  
ope r a t e  in a l l  povered MPX c r a t e s .
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