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Abs t rac t  

We have b u i l t  a  f a s t  d i g i t a l  t r i g g e r  f o r  t h e  LBL 
Time P r o j e c t i o n  Chamber (TPC) i n s t a l l e d  i n  t h e  PEP-4 
d e t e c t o r  a t  SLAC. The TPC i s  an i n n o v a t i v e  H igh 
Energy Phys ics  d e t e c t o r  which w i l l  p r o v i d e  p a r t i c l e  
i d e n t i f i c a t i o n  f rom dE/dx i n f o r m a t i o n  w i t h i n  t h e  
t r a c k i n g  volume. The TPC t r i g g e r  uses d i s c r i m i n a t o r  
s i g n a l s  f r o m  2,220 dE/dx w i r e  channels t o  r e q u i r e  a  
t r a c k  o f  i o n i z a t i o n  i n  t h e  TPC which o r i g i n a t e s  f rom 
the c o l l  i d i n g  beam i n t e r s e c t i o n  reg ion.  The t r i g g e r  
process ing i s  performed as t he  i o n i z a t i o n  d r i f t s  on to  
t he  p r o p o r t i o n a l  w i res  and i s  completed 17 us a f t e r  
beam c ross ing .  I n  t h i s  r e p o r t ,  we desc r i be  t h e  bas i c  
ope ra t i on  o f  t h e  TPC d e t e c t o r  and i t s  t r i g g e r ;  a  pre- 
t r i g g e r  which uses prompt TPC i n f o r m a t i o n  f rom t h e  
endcap reg ion;  and t h e  e l e c t r o n i c  implementat ion.  
The t r i g g e r  can be t e s t e d  w i t h  r e a l i s t i c  s imu la ted  
p a t t e r n s  o f  i o n i z a t i o n  depos i t s  i n  t h e  TPC which are  
s to red  i n  l o c a l  memories. We show t e s t  r e s u l t s  f rom 
e l e c t r o n i c  s i m u l a t i o n s  and f i r s t  r e s u l t s  o f  a  t e s t  
w i t h  cosmic rays .  

I n t r o d u c t i o n  

The T P C ~ , ~ , ~  i s  cons t ruc ted  i n  a  2  m  diameter,  
2  m  long c y l i n d r i c a l  h i g h  pressure  vessel ,  f i l l e d  
w i t h  Argon-Methane. A  h i g h  vo l t age  c e n t r a l  membrane 
and graded f i e l d  cage e s t a b l i s h  a  u n i f o r m  e l e c t r i c  
f i e l d  which d r i f t s  i o n i z a t i o n  a x i a l l y  by  up t o  one 
meter t o  t h e  TPC endcaps i n  about 16 us ( F i g .  1 ) .  A  
un i f o rm  magnet ic f i e l d  p a r a l l e l  t o  t h e  e l e c t r i c  d r i f t  
f i e l d  p rov ides  momentum measurement, and w i l l  reduce 
t ransve rse  d i f f u s i o n .  Each o f  t h e  TPC endcaps has 
s i x  sec to rs  subtending 60 degrees i n  az imutha l  angle 
(F ig .  2 ) .  Each sec to r  uses a  g r i d  w i r e  p lane t o  
separate t h e  d r i f t  and a m p l i f i c a t i o n  reg ions,  and a  
p r o p o r t i o n a l  w i r e  p lane w i t h  185 sense w i r e s  a t  4  mn 
spacing. The sense w i r e  s i g n a l s  wh'ich p r o v i d e  t rack -  
i n g  and dE/dx i n f o r m a t i o n  are  sampled and s t o r e d  i n  
Charge Coupled Devices, and a re  s imul taneous ly  com- 
pared t o  a  computer c o n t r o l  l e d  t h resho ld  f o r  use i n  
t he  t r i g g e r .  The ground p lane  under 15 s e l e c t e d  w i r e s  
i s  segmented i n t o  1200 cathode pads (7.5 mm by  8  mm) 
t o  measure t h e  c u r v a t u r e  o f  charged p a r t i c l e s .  These 
channels a r e  a l s o  recorded b y  CCD1s. There a re  a  
t o t a l  o f  16,000 channels each o f  preamp1 i f  i e r ,  shaping 
a m p l i f i e r ,  CCD and d i g i t i z e r  f o r  t h e  T P C . ~  

The t i m i n g  o f  s i g n a l s  f r om t h e  TPC sca les  w i t h  
t h e  d r i f t  v e l o c i t y  o f  e l e c t r o n s  i n  t h e  gas. Fo r  t h e  
design o f  t h e  t r i g g e r ,  we use t h e  expected maximum 
d r i f t  v e l o c i t y  o f  about 6  cmlus. A t  t h i s  d r i f t  ve- 
l o c i t y ,  t h e  maximum d r i f t  t ime  would be approx imate ly  
16 us and t h e  t r i g g e r  p rocess ing  would be completed 
w i t h i n  17 us. A t  t h e  PEP s to rage  r i n g ,  t h e  e l e c t r o n  
and p o s i t r o n  bunches c o l l i d e  every  2.44 ps. We use a  
p r e t r i g g e r  t o  s e l e c t  beam c ross ings  o f  p o s s i b l e  i n -  
t e r e s t  w i t h i n  2  ps and leave about 500 ns f o r  c l e a r i n g  
t h e  analog systems i f  no p r e t r i g g e r  i s  generated. A  
t r a c k  o f  i o n i z a t i o n  w i l l  d r i f t  on to  t h e  TPC endplane 
w i t h  d r i f t  t ime  p r o p o r t i o n a l  t o  i t s  a x i a l  coo rd ina te  
( l a b e l e d  z  i n  F i g .  1) .  Tracks  which pass th rough  t h e  

endcaps o r  pass w i t h i n  about 12 cm o f  t h e  endcap pro-  
v i d e  prompt s i g n a l s  f o r  t h e  p r e t r i g g e r  dec is ion .  We 
use e x t e r n a l  d r i f t  chambers l o c a t e d  i n s i d e  t h e  i n n e r  
(20 cm) r a d i u s  and ou ts ide  o f  t h e  o u t e r  (100 cm) 
r a d i u s  o f  t h e  TPC a long w i t h  t h e  prompt TPC s igna l s  
t o  genera te  t h e  p r e t r i g g e r .  The I n n e r  D r i f t  Chamber 
(IDC) and i t s  use i n  t h e  p r e t r i g g e r  i s  descr ibed i n  
Reference 5. 

A f t e r  a  p r e t r i g g e r  i s  generated, t h e  TPC w i r e  
s i g n a l s  a r e  used t o  search f o r  a  cont inuous t rack  o f  
i o n i z a t i o n  which extends f rom t h e  o u t e r  t o  t h e  i n n e r  
r a d i u s  o f  t h e  TPC and which te rm ina tes  w i t h i n  a  t i m e  
window o f  about 3-4 us d u r a t i o n  ending a t  16 us (see 
TS s i g n a l  shown i n  F i g .  1 ) .  The requ i rement  o f  a  
cont inuous t r a c k  r e j e c t s  random h i t s  i n  t he  chamber 
which, f o r  example, would be generated by synchro t ron 
r a d i a t i o n .  The t ime  window r e q u i r e s  t h a t  t h e  t r ack  
o r i g i n a t e  f r om t h e  beam i n t e r s e c t i o n  r e g i o n  ( z  - 25 cm) 
and w i l l  suppress beam-gas s c a t t e r i n g  and s t r a y  e lec-  
t r o n  backgrounds. We expect t o  opera te  w i t h  a  pre- 
t r i g g e r  r a t e  o f  about 1 KHz cor respond ing t o  a  t r i g g e r  
d e c i s i o n  dead t i m e  o f  about 1.5% A t r i g g e r  r a t e  o f  
1-2 Hz i s  expected. The TPC CCD readou t  t i m e  o f  20 ms 
w i l l  r e s u l t  i n  an e l e c t r o n i c s  deadtime o f  about 5  . 

T r i g g e r  Log i c  

The 2220 TPC sense w i r e  s i g n a l s  are  compared t o  a  
computer programmable t h r e s h o l d  a t  t h e  ou tpu t  o f  t h e  
shaper -ampl i f ie r .  The unreshaped d i s c r i m i n a t o r  ou tpu t  
s i g n a l s  f rom sense w i r e s  o f  ad jacent  sec to rs  are  ORed 
toge the r  t o  fo rm s i x  ove r l app ing  super-sectors t o  
a l l o w  f o r  cu rva tu re  o f  t h e  charged p a r t i c l e s  i n  t h e  
magnet ic f i e l d  ( F i g  2) .  We d i v i d e  184 ORed s igna l s  
f o r  each supersector  i n t o  23 groups o f  e i g h t .  Each 
group o f  e i g h t  s i g n a l s  i s  t e s t e d  f o r  a  m a j o r i t y  l o g i c  
dec i s i on .  A  m a j o r i t y  l o g i c  d e c i s i o n  r e q u i r e s  a  number 
o f  w i r e s  g r e a t e r  than a  computer c o n t r o l l e d  t h r e s h o l d  
t o  be h i t  w i t h i n  a  1-2 us t ime  window. For example, 
i o n i z a t i o n  f rom a  t r a c k  making a  30 degree ang le  w i t h  
t h e  beam d i r e c t i o n  w i l l  d r i f t  on to  t h e  lowest  w i r e  o f  
each group about 1 ps a f t e r  t h e  h i g h e s t  wire;  i f  f o u r  
o r  more w i r e s  a r e  h i t  a  m a j o r i t y  l o g i c  u n i t  i s  se t .  
These m a j o r i t y  s i g n a l s  are  used t o  generate p r e t r i g g e r  
and t r i g g e r  dec i s i ons .  

A t i m i n g  s i g n a l  ( l a b e l e d  TF i n  F i g .  1) l i m i t s  t h e  
p r e t r i g g e r  d e c i s i o n  t o  l e s s  t han  2  us. A  programmable 
mask i s  used t o  s e l e c t  which m a j o r i t y  u n i t s  can com- 
b i n e  w i t h  t h e  e x t e r n a l  IDC t o  generate a  p r e t r i g g e r .  
The masks s e l e c t  a  minimum t r a c k  ang le  f o r  t r i g g e r i n g  
by  e n a b l i n g  o n l y  r a d i a l  groups above a  se lec ted  r a -  
d ius .  Two 30 degree sec t i ons  o f  t h e  IDC a re  combined 
w i t h  each supersector  i n  f o rm ing  t h e  angular c o i n c i -  
dence o f  t h e  IDC and t h e  TPC. The Outer D r i f t  Chamber 
i s  combined w i t h  t h e  i n n e r  chamber t o  generate pre- 
t r i g g e r s  f o r  l a r g e  ang le  t r acks .  

Two types o f  t r i g g e r  have been re ta ined .  One, 
t h e  r i p p l e  t r i g g e r ,  f o l l o w s  and checks t h e  c o n t i n u i t y  
o f  t h e  t r a c k  by  r e q u i r i n g  a  succession o f  m a j o r i t y  
u n i t s  w i t h  each u n i t  enab l i ng  lower  r a d i u s  s i gna l s .  



The r i p p l e  i s  i n i t i a t e d  by i o n i z a t i o n  d r i f t i n g  t o  t h e  
o u t e r  r a d i u s  o f  a  s e c t o r  f o r  which no enable i s  r e -  
qu i red ,  o r  by charged p a r t i c l e s  e x i t i n g  t h e  d e t e c t o r  
th rough the  endcaps above the  minimum r a d i u s  s e l e c t e d  
by t he  p r e t r i g g e r  mask du r i ng  t h e  p r e t r i g g e r  t ime. 
I n  t h e  r i p p l i n g  process each r a d i u s  enables t h r e e  
lower  r a d i i  i n  o r d e r  t o  a l l o w  f o r  m i s s i n g  h i t s  due t o  
t h e  phys i ca l  gap between sectors .  The r i p p l i n g  i s  
r e q u i r e d  t o  t e r m i n a t e  a t  one o f  t he  two lowest  r a d i a l  
groups and t o  a r r i v e  i n  co inc idence w i t h  a  t i m i n g  
s i g n a l  ( l a b e l e d  TS i n  F ig .  1 )  which s e l e c t s  t r a c k s  
wh ich o r i g i n a t e  f r om t h e  beam i n t e r s e c t i o n  reg ion .  

The r i p p l i n g  process w i l l  r e j e c t  t r a c k s  w i t h  im- 
p rope r  t i m i n g  (e.g., i n c o r r e c t l y  i n c l i n e d  t r a c k s )  and 
a l s o  t r a c k s  w i t h  angles g rea te r  than 84 degrees due 
t o  t h e  e n a b l i n g  requ i rement  and propagat ion  delays. 
To t r i g g e r  on these  l a r g e  angle t r acks ,  a  second t r i g -  
ge r  was designed t o  t r i g g e r  on charged p a r t i c l e s  which 
make an angle of about 90 degrees w i t h  t h e  beam d i r e c -  
t i o n .  Th i s  t r i g g e r  counts t he  number o f  m a j o r i t y  
u n i t s  which a r e  h i t  i n  a  v a r i a b l e  t ime  window about 
t h e  beam c r o s s i n g  reg ion .  I f  the re  i s  a  m a j o r i t y  o f  
t h e  m a j o r i t y  u n i t s  h i t ,  then t h e  TPC m a j o r i t y  t r i g g e r  
i s  s a t i s f i e d .  

E l e c t r o n i c  Implementat ion 

The t r i g g e r  i s  t h e  o n l y  p a t t e r n - s e n s i t i v e  sub- 
system o f  t h e  PEP-4 e l e c t r o n i c s .  Whi le t h e  I nne r  and 
Outer  D r i f t  Chamber p a r t s  o f  t h e  t r i g g e r  a re  almost 
t i m e  independent and process s imple  pa t te rns ,  t h e  TPC 
p a r t  o f  t he  t r i g g e r  i s  more complex. The l a r g e  number 
o f  i n p u t  va r i ab les ,  t h e i r  t i m e  dependence, t h e  pro- 
cess ing  which i s  performed and the  t e s t i n g  o f  t h i s  
p rocess ing  r e q u i r e s  spec ia l  cons ide ra t i on .  

The p r i n c i p a l  c h a r a c t e r i s t i c s  o f  t he  dE/dx w i r e  
t r i g g e r  des ign are:  

1. Synchronous ope ra t i on  - It  i s  p r a c t i c a l l y  
imposs ib le  t o  t ho rough l y  check a  random l o g i c  system 
w i t h  severa l  thousand i n p u t  v a r i a b l e s  changing s t a t e  
f o r  16 us. One way t o  ' e l im ina te "  t h e  " t ime dimen- 
s i o n "  i s  t o  synchron ize  these v a r i a b l e s  t o  a  master 
sequencer t h a t  c o n t r o l s  t h e  processing. D i v i d i n g  t h e  
d r i f t  t ime t o  t h e  end-caps i n t o  64 t ime s l i c e s  and 
p rocess ing  w i t h i n  each t i m e  s l i c e ,  e l i m i n a t e s  t h e  
random na tu re  of t h e  process ing.  

2. Test c a p a b i l i t y  - An embedded t e s t  system 
p rov ides  ex tens ive ,  t ime dependent t e s t  p a t t e r n  capa- 
b i l i t y .  Test p a t t e r n s  which s imu la te  r e a l  t r a c k s  o r  
genera te  unique scope d i s p l a y s  a re  s to red  i n  random 
access memories under c m p u t e r  c o n t r o l  and a r e  read 
o u t  d u r i n g  a  t e s t  by t h e  master sequencer (synchro- 
nous t e s t i n g ) .  F i g u r e  3 d i s p l a y s  a  t e s t  p a t t e r n  o f  
an i d e a l  event w i t h  f i v e  t r a c k s  and some synchro t ron 
r a d i a t i o n  background which has been used t o  t e s t  t h e  
e l e c t r o n i c s .  

3. Con t ro l  memories - Each board process ing t h e  
incoming da ta  has been f i t t e d  w i t h  random access 
memories. These memories sample t h e  data  passed t o  
downstream boards i n  synch ron i za t i on  w i t h  t h e  master 
c o n t r o l l e r  f o r  every  t ime  s l i c e .  The da ta  s t o r e d  i n  
these memories are  read ou t  i n t o  a  computer which 
v e r i f i e s  t h a t  t h e  p rocess ing  o f  t h e  c u r r e n t  board  i s  
performed c o r r e c t l y  and then uses these data  t o  d e f i n e  
t he  t e s t  p a t t e r n  which was f e d  t o  t h e  nex t  downstream 
board.  These memories made p o s s i b l e  t he  use o f  a  
s i n g l e  t e s t  i n j e c t i o n  p o i n t  pe r  w i r e  f o r  t h e  e n t i r e  
system and a l l ows  a  playback f o r  r e a l  events us ing  

t h e  t e s t  p a t t e r n  i n j e c t i o n .  The memories p rov ide  a  
s to rage  c a p a c i t y  of 11K, 32 b i t  wide words and can be 
viewed as an embedded l o g i c  ana lyzer  w i t h  a  4  MHz 
c l o c k  f requency (F ig .  4 ) .  Th is  l o g i c  ana lyzer  can be 
used t o  l o c a t e  d e f e c t i v e  c i r c u i t s  t o  w i t h i n  a  few 
packages. 

4. Computer c o n t r o l  - Parameters which a re  p a r t  
o f  t h e  processing, such as th resho lds ,  masks and pu l se  
w id ths  a re  computer c o n t r o l l e d .  These parameters 
i n c l u d e  t e s t  p a t t e r n  d a t a  a r rays  and look-up tab les .  

5. On- l ine  so f twa re  - A r e a l  t i m e  i n t e r a c t i v e  
so f twa re  package has been w r i t t e n  t o :  

a )  Set any o f  t h e  t r i g g e r  parameters t o  t h e  
app rop r i a te  va lue  and t o  v e r i f y  t h e i r  s e t t i n g .  

b )  Handle t h e  t r i g g e r  i n t e r r u p t  and t o  read t h e  
t r i g g e r  da ta  f r om t h e  TPC Large Data B u f f e r  L i s t .  

c )  Process t r i g g e r  da ta  and pe r fo rm f a i l u r e  
checks. 

d )  D i s p l a y  da ta  f rom any l e v e l  o f  processing. 

e )  Generate r e a l i s t i c  t e s t  event  p a t t e r n s  and 
l a t e r  t o  playback r e a l  events u s i n g  t h e  d a t a  recorded 
i n  t h e  t r i g g e r  memories. 

D e s c r i p t i o n  o f  t h e  T r i g g e r  Generat ion 

The f u n c t i o n s  performed by t h e  t r i g g e r  l o g i c  have 
been descr ibed above and t h e i r  imp lementa t ion  i n  hard- 
ware i s  now addressed. S igna l s  f r om b o t h  endcaps are  
processed i n  p a r a l l e l .  Each has a  separa te  master 
sequencer which i s  synchronized t o  t h e  c e n t r a l  t i m i n g  
system o f  t h e  PEP-4 exper iment.  For each endcap, 
t h r e e  b i n s  procegs t h e  incoming d a t a  w h i l e  a  f o u r t h  
c o n t r o l s  t h e  sequencing and reads o u t  t h e  d a t a  re -  
corded i n  t h e  l o c a l  memories. Each p rocess ing  b i n  i s  
c o n t r o l l e d  by  a  sequencer s a t e l l i t e .  T h i s  u n i t ,  us ing  
sequencing s i g n a l s  f rom t h e  master c o n t r o l l e r  and 
computer s e t  parameters, generates a l l  c l ocks  r e q u i r e d  
f o r  a  synchronous ope ra t i on  o f  t h e  b in .  

M a j o r i t y  Log i c  Generat ion 

The m a j o r i t y  l o g i c  s i gna l s ,  Mi,j,n, a r e  generated 
when t h e  p rocess ing  o f  a  r a d i a l  group, n  , c o n s i s t i n g  
o f  8 w i res  i n  endcap i and supersector  j f i n d s  a  
p r e s e t  minimum number o f  t r i g g e r e d  w i r e s  w i t h i n  cer-  
t a i n  t ime requ i rements  ad jus ted  t o  t r i g g e r  on an 
element o f  a  t r a c k .  I n p u t s  f rom t h e  dE/dx w i res  
(Wi,Ej , l )  a r e  a t  f i r s t  m u l t i p l e x e d  w i t h  t e s t  i n p u t s  
(TI), ORed sec to r  w i t h  sec to r ,  then synchronized t o  
t h e  master sequencer (F ig .  6 ) .  Synchron iz ing  f l i p  
f l o p s  t h a t  a r e  s e t  a re  r e s e t  as t h e i r  con ten t  i s  
t r a n s f e r r e d  t o  synchronized storage. Double b u f f e r e d  
s to rage  a1 lows process ing ove r l ap  and t i m e  mu1 t i p l e x e d  
processing. Time m u l t i p l e x i n g  o f  a  p rocess ing  func- 
t i o n  between two sec to rs  has t h e  advantage o f  decreas- 
i n g  t h e  package and 110 p i n  count  and of  a1 lowing t h e  
comparison o f  d a t a  processing i n  d e m u l t ~ p l e x e d  and 
m u l t i p l e x e d  p a r t s  o f  t h e  c i r c u i t .  

Each w i r e  must m a i n t a i n  i t s  i n f o r m a t i o n  f o r  a  
d u r a t i o n  which depends on t h e  r a d i u s  o f  t h e  w i r e  s i g -  
n a l s  be ing processed. As t h e  system i s  synchronous, 
d u r a t i o n  i s  de f i ned  as an i n t e  e r  number o f  c l o c k  
pe r i ods .  A c l o c k  p e r i o d  o f  258 ns i s  t h e  d u r a t i o n  
increment.  L e t  A be t h e  t i m e  du ra t i on ,  f o r  a  g iven 



rad ius ,  expressed i n  m u l t i p l e s  o f  t h e  c l o c k  pe r i od .  
The number o f  w i r e s  t r i g g e r i n g  d u r i n g  each t ime  s l i c e  
i s  encoded and added t o  t h e  sum o f  t h e  number o f  
w i res  t r i g g e r e d  d u r i n g  each o f  t he  p a s t  A t ime  
s l i c e s .  The number o f  w i res  t r i g g e r e d  A t ime  
s l i c e s  e a r l i e r  i s  sub t rac ted  f rom t h e  sum, then 
comparing t h e  r e s u l t a n t  t o  a  t h r e s h o l d  number y i e l d s  
a  Mi,j,n s i g n a l .  

L e t  k  be a  t ime  s l i c e  number, 0  5 k l  63 
Rk-1 be t h e  number o f  w i res  t r i g g e r e d  d u r i n g  t h e  A 
t ime s l i c e  p e r i o d s  p r i o r  t o  t ime  s l i c e  k  (end ing a t  
t he  beg inn ing  o f  k ) ;  and Nk be t h e  number o f  w i r e s  
t r i g g e r i n g  d u r i n g  t ime  s l i c e  k  , then:  

Th is  r e l a t i o n  i s  t r u e  o n l y  f o r  k 2 A. For  
k  < A , Nk-A = 0  , and the re fo re :  

The t ime  s l i c e s  w i t h  k  < A a re  s a i d  t o  be i n  t h e  
accumulat ion pe r i od .  A t  t h e  end o f  each t ime  s l i c e  
Rk i s  compared t o  a  t h r e s h o l d  number, Tn. I f  t h e  
r e s u l t a n t  i s  g r e a t e r  than t h i s  t h resho ld ,  then t h e  
cor respond ing Mi,j,n s i g n a l  i s  s e t  t r u e .  

The p rocess ing  i s  handled i n  t h e  hardware by  t h e  
a s s o c i a t i o n  o f  a  PROM encoder, a  FIFO memory t o  s t o r e  
t h e  Nk-A and an e i g h t  b i t  a r i t h m e t i c  u n i t  w i t h  ou t -  
p u t  da ta  r e g i s t e r s  (F ig .  6 ) .  (S ince two supersectors  
a re  be ing  t ime  m u l t i p l e x e d  on t h e  same f u n c t i o n  oper- 
a to r ,  doub le  s to rage  must be prov ided t o  s t o r e  t h e  
Rk numbers.) The t h r e s h o l d  va lue i s  s t o r e d  i n  b o t h  
s to rage  r e g i s t e r s  o f  t h e  a r i t h m e t i c  u n i t  p r i o r  t o  
beam crossover .  The number o f  w i res  t r i g g e r i n g  i s  
sub t rac ted  f rom t h e  s t o r e d  th resho ld  and r e l a t i o n s  
( 1 )  and ( 2 )  a r e  rep laced  by:  

R k  = Rk-l- N k  f o r  k  < A 

w i t h  t h e  i n i t i a l  va lue o f  Rk,-l = Tn , and 

Rk = Rk-l + Nk-A - Nk f o r  k  2 A 
( 4 )  

If Rk < 0 , t h e  most s i g n i f i c a n t  b i t  o f  t h e  a r i t h -  
me t i c  u n i t  i s  s e t  t o  1. Therefore,  t h e  comparison i s  
made by s u b t r a c t i o n  and a  Mi , j ,n w i l l  be issued i f  a  
nega t i ve  number i s  de tec ted  i n  t h e  a r i t h m e t i c  u n i t .  
An example i s  i l l u s t r a t e d  i n  Table 1. Timing f o r  t h e  
process i s  shown i n  F ig .  5. Each a r i t h m e t i c  u n i t ,  
AU, processes two supersectors  cor respond ing t o  super- 
sec to rs  2 j  and 2 j + l  on a  t ime m u l t i p l e x e d  bas is .  
Propagat ion  de lays  and access t imes determine t h e  
sequence b y  wh ich t h e  ope ra t i ons  t a k e  p lace.  

Rk-1 i s  a v a i l a b l e  i n  t h e  AU ou tpu t  r e g i s t e r  
+Nk-A i s  executed f i r s t  ( f o r  k 2 A )  and loaded 

i n  t h e  r e g i s t e r  
-Nk i s  executed and loaded i n  t h e  r e g i s t e r  

TPC P r e t r i g g e r  Generat ion  

The endcap p r e t r i g g e r  uses prompt TPC i o n i z a t i o n  
i n f o r m a t i o n  a r r i v i n g  w i t h i n  2  ps o f  t h e  beam c ross ing  
as determined by t h e  TF t i m i n g  window (F ig .  1 ) .  
M a j o r i t y  l o g i c  dec i s i ons  a re  ANDed w i t h  a  mask which 
i s  used t o  d e f i n e  t h e  minimum t r i g g e r  angle,  combined 
w i t h  t h e  I n n e r  D r i f t  Chamber i n f o r m a t i o n  and then t h e  
supersectors  a r e  ORed t o  generate t h e  TPC endcap pre- - 

t r i g g e r ,  t h a t  i s :  

where t h e  A j  a re  ob ta ined  f o r  an OR o f  t he  i n d i -  
v i d u a l  t r i g g e r  l o g i c  f o r  f i v e  c e l l s  o f  t h e  i nne r  cham- 
ber and cover 30 degrees of az imutha l  angle. The 
i n d i c e s  i , j , n  r e f e r  t o  t h e  endcap, supersector  and 
rad ius ,  r e s p e c t i v e l y .  F i g u r e  7  i nc ludes  a  b lock  d i a -  
gram o f  t h e  p r e t r i g g e r  l o g i c .  

R ipp le  T r i g g e r  Generat ion  

Any m a j o r i t y  l o g i c  dec i s i on ,  Mi,j,n, may i n i t i a t e  
a  r i p p l e  t r i g g e r  d u r i n g  t h e  p r e t r i g g e r  t i m e  i f  i t  i s  
enabled by  t h e  p r e t r i g g e r  mask. The h i g h e s t  r a d i i  
Mi,j,n can i n i t i a t e  a  t r i g g e r  a t  any t ime. Each 
r a d i u s  enables t h e  nex t  t h r e e  lower r a d i i  f o r  a  2-3 ps 
t ime  window t o  con t i nue  t h e  r i p p l e .  I f  t h i s  r i p p l e  
s i g n a l s  propagates down i n  r a d i u s  t o  t h e  lowest  r a d i i  
w i t h i n  a  t ime  window TS, see F ig .  1, a  r i p p l e  t r i g g e r  
w i l l  be generated. That  i s :  

where Ri,j,k = 1 f o r  k  > 23 , and t h e  Fn a re  
d i g i t a l  r e t r i g g e r a b l e  one shots  w i t h  a  t ime  d u r a t i o n  
which i s  r a d i u s  dependent. The t r i g g e r  l o g i c  i s :  

The l o g i c  i s  sketched i n  F ig .  7. 

TPC M a j o r i t y  T r i g g e r  Generat ion 

The m a j o r i t y  t r i g g e r  r e q u i r e s  a  minimum number o f  
m a j o r i t y  l o g i c  u n i t s  t o  be s e t  w i t h i n  a  t ime  window, 
TM, which i s  3-4 ps wide end ing a t  16 ps. The l o g i c  
d i v i d e s  each supersector  i n t o  t h r e e  sec t i ons  o f  e i g h t  
m a j o r i t y  l o g i c  u n i t s  each ( t h a t  i s ,  64 w i r e s ) .  The 
l o g i c  can be w r i t t e n  as: 

2  8k+7 
( 8 )  

TPCM = (M ,j,n 
i,j k=O 

and 
The sequencer i s  then repeated f o r  t he  o t h e r  super- 
sec to r  i n  t h e  second h a l f  o f  t h e  t ime s l i c e  (F ig .  5 ) .  

The implementa t ion  o f  t h i s  t r i g g e r  i s  shown i n  F i g .  8. 



Test  r e s u l t s  

We have generated a  number o f  p a t t e r n s  t o  t e s t  
t he  t r i g g e r  us ing  t h e  RAM t e s t  i n j e c t i o n s .  F i g u r e  9  
d i s p l a y s  t h e  TPC t r i g g e r  i n p u t  d a t a  r e c o r d i n g  f o r  t h e  
t e s t  p a t t e r n  o f  F ig .  3, which had been loaded i n t o  
t he  t e s t  RAM. The t e s t  d a t a  o f  F ig .  9  were recorded 
i n  t h e  t r i g g e r  memories d u r i n g  t h e  d r i f t - t i m e ,  then 
read-out i n t o  t he  computer th rough t h e  TPC readout  
system. The readout  checks t h e  t e s t  i n j e c t i o n ,  da ta  
r e c o r d i n g  and readout  e l e c t r o n i c s .  Note t h a t  some 
t e s t  i n p u t  s i g n a l s  ( b i t s )  a re  l o s t  because o f  t h e  one 
c l o c k  p e r i o d  deadtime o f  t h e  t r i g g e r  e l e c t r o n i c s  
(e.g. 2  b i t s  f o r  t h e  s teepes t  t r a c k  where synchro t ron 
background p o i n t s  were c l o s e  t o  t h e  t r a c k ) .  The 
m a j o r i t y  l o g i c  dec i s i ons  f o r  t h i s  s imu la ted  i d e a l  
event  i s  shown i n  F ig .  10. The 1 us w i d t h  o f  t h e  
pu l ses  i s  determined by t he  co inc idence window pro- 
gramed.  The p r e t r i g g e r  mask and t i m i n g  pulse,  TF, 
a r e  shown. The two sma l l es t  ang le  t r a c k s  i n  t h i s  
example would generate a  p r e t r i g g e r  s i n c e  t h e  h ighes t  
r a d i u s  m a j o r i t y  dec i s i on  i s  above t h e  minimum r a d i u s  
determined by t he  mask. Tracks a t  sma l l e r  angles 
would n o t  genera te  p r e t r i g g e r s  no r  i n i t i a t e  r i p p l e  
t r i g g e r s .  

The r i p p l e  t r i g g e r  i s  sampled a t  n i n e  r a d i a l  loca-  
t i o n s  arranged i n  groups o f  t h ree .  The r i p p l e  t r i g g e r  
r e c o r d i n g  f o r  t h i s  t e s t  event  i s  shown i n  F ig .  11. 
The wide 3  us window used t o  enable lower r a d i i  s i g -  
n a l s  tends t o  merge t h e  t r a c k  i n fo rma t i on .  The f i n a l  
t r i g g e r  d e c i s i o n  i s  an OR o f  t h e  lowest  two r a d i i ,  
ANDed w i t h  t h e  c o l l i s i o n  p o i n t  t i m i n g  s igna l ,  TS. 
The o r i g i n  o f  t h e  t r a c k s  i s  r e q u i r e d  t o  be w i t h i n  
about  30 cm o f  t h e  beam c o l l i s i o n  p o i n t  by t h e  r e -  
qu i rement  t h a t  t h e  r i p p l i n g  reaches t h e  lowest  r a d i i  
w i t h i n  t h e  TS t i m e  window. 

The TPC m a j o r i t y  t r i g g e r  encodes t h e  number o f  
m a j o r i t y  u n i t s  which have tu rned  on i n  each c l o c k  
p e r i o d  f o r  groups o f  e i g h t  and then  l a t c h e s  them 
d u r i n g  the t ime  window, TM, shown i n  F ig .  12. The 
memories on t h e  TPCM t r i g g e r  board r e c o r d  t he  encoded 
number and t h e  n  o u t  o f  e i g h t  m a j o r i t y  dec i s i on .  
The boxes i n  F ig .  12 count  t h e  number o f  u n i t s  on and 
a r e  shaded when t h e  number exceeds t h e  t h r e s h o l d  o f  
418 which had been set .  The f i n a l  t r i g g e r  dec i s i on  
r e q u i r e s  t h a t  each group exceed t h r e s h o l d  d u r i n g  t h e  
TM t i m e  window. 

A t e s t  o f  t h e  TPC concept has been performed u s i n g  
cosmic rays .  The t e s t  i nc luded  two o f  t h e  TPC sec- 
t o r s ,  t h e  h i g h  v o l t a g e  and t h e  e l e c t r o n i c s  system. 
F i g u r e  13 shows a  r e c o r d i n g  o f  a  cosmic r a y  i n  t h e  
t r i g g e r  i n p u t  d a t a  memories. I n  t h i s  event, t h e  cos- 
m ic  r a y  knocked o u t  a  d e l t a  r a y  as i t  passed through 
t h e  TPC f rom l a r g e  r a d i u s  and l ong  d r i f t  t imes t o  
s m a l l  r a d i u s  and s h o r t e r  d r i f t  t imes. The t r a c k  i s  
seen here  a f t e r  d r i f t i n g  almost 1 m t o  t h e  TPC end- 
p lane .  The m a j o r i t y  l o g i c  d e c i s i o n  p rocess ing  f o r  
t h i s  event  was recorded and found t o  be c o r r e c t .  We 
w i l l  con t i nue  w i t h  cosmic r a y  t e s t i n g  be fo re  moving 
t h @  TPC i n t o  t h e  c o l l i d i n g  beams a t  PEP. 

Conc lus ion 

A TPC t r i g g e r  has been b u i l t  u s i n g  130 boards 
c o n t a i n i n g  c lose  t o  10,000 I C ' s  and occupying over  
e i g h t  b i n s .  We have w r i t t e n  Monte C a r l o  programs t o  
s t u d y  t h e  o p e r a t i o n  o f  t h e  t r i g g e r  f o r  t h e  expected 
j e t  events  i n  e+,e- a n n i h i l a t i o n .  We have developed 
r e a l t i m e  sof tware  t o  load t e s t  p a t t e r n s  t o  check t h e  
e l e c t r o n i c s  and t o  d i s p l a y  t h e  r e s u l t s .  Al though t h e  

t r i g g e r  has n o t  been t e s t e d  under c o l l i d i n g  beam con- 
d i t i o n s ,  we are  c o n f i d e n t  t h a t  t h e  b u i l t - i n  f l e x i b i l -  
i t y  and programmabi l i t y ,  as w e l l  as i t s  l a r g e  data  
r e s e r v o i r  w i l l  a l l o w  us t o  adapt i t  e a s i l y  and r a p i d l y  
t o  any a d d i t i o n a l  requ i rements  imposed by  t h e  r e a l  
o p e r a t i n g  environment. 
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TABLE 1 - 
l l l u s t r a t i a n  o f  M i j n  Generation 

Parameters 1, = 4 - thresllo!d o f  4 h i t s  

A - 3 - time window of 3 clock counts 

Time s l i c e  

7 
a t  end of t ime s l i c e  

I I I ---I-- Nk Operat ions Register M i . j , n  



ENDCAP 1 SECTOR0 
184 ) 1 r=100cm 

Fig. 1 Side view of one sector  a t  one end o f  the  TPC. 
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Fig. 3 Test pa t te rn  - f i v e  t racks w i t h  background. 
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Fig. 2 End view of the TPC i l l u s t r a t i n g  supersector 
d e f i n i t i o n .  
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Fig. 4 Basic dE/dx s t ruc tu re .  

F ig .  5 Timing diagram f o r  Mi ,j ,n generation. 
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Fig. 6 Mi,j,n Generation. 

F ig .  7 TPC Pretrigger and Ripple Trigger. 
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Fig. 8 TPC Majority trigger (one sector shown). 

Fig. 9 dE/dx wire input recording for simulated 
event. 
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Fig. 10 Majority logic signal recording for 
simulated event. 
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Fig. 1 1  Ripple trigger recording for simulated 
event. 
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Fig. 12 TPC Majority trigger recording for 
simulated event. 

Fig. 13 dE/dx wire input recording for cosmic ray 
event. 




