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Klystron Modulator Microcomputer Control Units

Roger Bissonnette 

Photon Factory, KEK

A b s t r a c t : D e s ig n  p h i lo s o p h y ,  eq u ipm en t c o n f ig u r a t io n  and
f u n c t io n s ， p r e s e n t  s t a t u s  and m a jo r d i f f i c u l t i e s  
o f  th e  P h o to n  F a c t o r y  I n j e c t o r  k ly s t r o n  m o d u la to r  
c o n t r o l  sy stem  a re  d e s c r ib e d .

I n t r o d u c t io n

The 2 .5  GeV i n j e c t o r  l i n a c  f o r  th e  Ph o to n  F a c t o r y  s to r a g e  r in g  g e ts  i t s  
r f  power from  42 S-band  k ly s t r o n s ,  each  c a p a b le  o f  30 MW p u ls e  o u t p u t ,  rem ote  
c o n t r o l  i s  e s s e n t i a l  f o r  s u c c e s s f u l  o p e r a t io n .  F u r t h e r  b e ca u se  th e  exp en se  o f  
d e d ic a te d  c o n t r o l  w ir e s  c o n t in u e s  to  go up w h i le  th e  c o s t  o f  g e n e ra l p u rp o se  
m ic r o p r o c e s s o r s  has become so s m a ll  i t  was n a t u r a l  to  p la n  a m ic r o p r o c e s s o r  
based  c o n t r o l l e r  f o r  ea ch  k ly s t r o n  m o d u la to r .

From  th e  c o n t r o l  p o in t  o f  v ie w  ea ch  m o d u la to r  i s  v e r y  s im p le  co n ce p ­
t u a l l y .  A c o l l e c t i o n  o f  s t a t u s  p o in t s  i s  in t e r lo c k e d  to  c o n t r o l  th e  s e q u e n c in g  
o f  th e  v a r io u s  i n t e r n a l  power s u p p l ie s  e t c • Once th e  k l y s t r o n  h as come on­
l i n e  th e r e  a re  r e a l l y  o n ly  two p a ra m e te rs  w h ich  d i r e c t l y  a f f e c t  th e  a c c e le r a t io n  
o f  th e  e le c t r o n  b u n c h e s : th e  lo w - le v e l  in p u t  r f  ph ase  and th e  k ly s t r o n  anode  
p o t e n t i a l .

The power a v a i l a b l e  f o r  a c c e le r a t io n  depends on th e  anode p o t e n t i a l  o f  
th e  k l y s t r o n ,  and any s m a ll  v a r i a t i o n s  ca u se  d e le t e r io u s  ph ase  m o d u la t io n  o f  
th e  o u tp u t .  T h e r e fo r e  i n  t h i s  ca s e  th e  v o l t a g e  to  w h ich  th e  P u ls e  Fo rm in g  
N etw ork  i s  r e s o n a n t ly  ch a rg e d  m ust be  c l o s e ly  c o n t r o l l e d ， and as i s  u s u a l ly  
done a D e -Q 1in g  c i r c u i t  i s  in t r o d u c e d  f o r  t h a t  p u rp o s e . The now s t a b le  r f  
p h ase  may be s e t  b y  a ph ase  s h i f t e r  in  s e r i e s  w it h  th e  k l y s t r o n  in p u t •
B ecau se  o f  th e  im p o rta n c e  o f  th e s e  two fu n c t io n s  th e r e  a re  two i d e n t i f i a b l e  
b o x e s  th a t  im p lem en t them ; th e  D e -Q 1 in g  t r ig g e r  c o n t r o l l e r  and th e  I(f)A u n i t .

The n e c e s s a r y  s t a t u s  i n t e r l o c k in g  and s e q u e n c in g  m e n tio n e d  above  have  
been  p u l le d  to g e th e r  and p u t u n d e r l o c a l  c o n t r o l  i n  a u n i t  c a l l e d  C o n t r o l - I .
This hardware c o n t roller， designed by S. Anami and his team in the rf source 
group, along with isolated operation of De-Q and Icj)A allows complete stand 

alone test and operation of any m o d u l a t o r • Thus a modulator can be operated 

safely without need for the remaining remote control functions.

The re m a in in g  f u n c t io n s ;  p a r a l l e l  m o n ito r in g  o f  m o d u la to r  s t a t u s ,  s e ­
q u e n c in g  ， co m m u n ica tio n s  be tw een  th e  c e n t r a l  c o n t r o l  n e tw o rk  and w it h  De-Q and  
Icj)A a re  a s s ig n e d  to  th e  l a s t  o f  th e  3 u n i t s  to  be d is c u s s e d  h e r e ，C o n t r o l - I I .

De -  0

A M o to r o la  6802 ty p e  m ic r o p r o c e s s o r  (MPU) w it h  a 6850 ACIA  s e r i a l  i n t e r ­
fa c e  and a 12 b i t  DAC e x e c u te  f irm w a re  r e s id in g  i n  a s m a ll  p o r t io n  o f  a 2716 
ty p e  2 k  EPROM. The s e r i a l  d a ta  and DAC a r e  o p t i c a l l y  i s o la t e d  from  th e  MPIL 
M ak in g  t h i s  a s e p a ra te  u n i t  a l lo w s  k e e p in g  th e  c r i t i c a l  DAC o u tp u t  s e t p o in t  
v o l t a g e  s ig n a l  l i n e  s h o r t  and t h i s  re d u c e s  n o is e  p ro b le m s • Remote commands 
e t c .  a re  com m unicated  a t  a 48 k b p s  r a t e  a s y n c h r o n o u s ly  u s in g  th e  6850 A CIA .
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The De-Q and Icj)A a re  i n  a s e r i a l  lo o p  w it h  C o n t r o l - I I  as  th e  m a ste r s t a t io n .

坐

T h is  u n i t  i s  a ls o  b ase d  on a 6802 MPU, 6850 ACIA  and 2716 EPROM a lo n g  
w it h  th e  a d d i t io n  o f  a s te p p in g  m otor to  r o t a t e  th e  phase  s h i f t  u n i t ,  and an 
in c r e m e n ta l r o t a r y  e n co d e r  to  a l lo w  re a d in g  b a ck  th e  n o m in a l e l e c t r i c a l  phase  
to  w i t h in  中.5 ° .  The f i r s t  15 u n i t s  w ere  b u i l t  w it h  a 8 :1  g ea r r e d u c t io n  
betw een  th e  s te p p in g  m oto r and th e  p h ase  s h i f t e r .  Each  m otor s te p  th en  i s  
中*4 5 ° ， w h ic h  i s  to o  la r g e  a s te p  and s in c e  th e  amount o f  i n e r t i a  and f r i c t i o n  
dam ping i s  v e r y  s m a ll  th e  s e rv o  lo o p  dyn am ics  a re  q u i t e  b a d .

C o n t ro丄—I I

T h is  u n i t  i s  th e  o n ly  one d e d ic a t e d  to  a rem ote  c o n t r o l  f u n c t io n .  I t  i s  
housed  in  a CAMAC- l i k e  c r a t e  w it h  i t s  h a rd w are  p a r t i t i o n e d  in t o  8 m o d u le s : a 
m a ste r CPU m odule  f o r  e x e c u t in g  th e  m ain  program  and a ls o  in t e r f a c in g  a 
s e r i a l  lo o p  to  De-Q and I(j)A, 5 m odu les  a re  in v o lv e d  w ith  in t e r f a c in g  to  
C o n t r o l- I ， a l i n k  i n t e r f a c e  m odule  m anages th e  k ly s t r o n  m o d u la to r  node on a 
500 kb ps lo o p  n e tw o rk  and a m a in te n a n ce  m odule in s e r t e d  on an a s -n e e d e d  b a s is  
p r o v id e s  a c c e s s  to  th e  CPU b u s . T h re e  MPUf s p r o v id e  d i s t r ib u t e d  com p u tin g  
p o w e r: b e s id e s  th e  m a s te r  MPU t h e r e  i s  a MPU in  th e  s t a t u s  i n t e r f a c e  m o d u le • 
U s in g  i t s  in p u t  i n t e r f a c e  to  C o n t r o l- I  and an a s s o c ia t e d  LED d is p la y  m odule  
th e  MPU f irm w a re  can  c a p tu r e  w h ich  s t a t u s  c o n d it io n s  f i r s t  ch an ged . The l i n k  
m odule a ls o  h a s  a MPU f o r  im p le m e n tin g  a HDLC l i k e  p r o t o c o l .  S in c e  th e r e  a re  
8 k ly s t r o n  m o d u la to rs / lo o p  th e r e  i s  much t r a f f i c  on t h i s  h ig h  speed  l i n k .  The 
m odule e xch a n g es co m p le te d  m essages a d d re ss e d  to  th e  p a r t i c u l a r  k ly s t r o n  
m o d u la to r  w it h  th e  m ain  CPU. The re m a in in g  m odu les in  th e  C o n t r o l - I  in t e r f a c e  
group  a re  a c o n t r o l  m odu le  w it h  12 r e la y  c o n t a c t s  w h ich  p r o v id e  p a r a l l e l  
f u n c t io n s  f o r  th e  l o c a l  push  b u t to n s  s e q u e n c in g  th e  m o d u la to r  on and o f f  and a 
p a i r  o f  m odu les f o r  a f l o a t i n g  o p t i c a l l y  i s o la t e d  12 b i t  s u c c e s s iv e  a p p ro x ­
im a t io n  ADC. The ADC h a s a 32 c h a n n e l in p u t  m u l t ip le x e r • On each  a c c e le r a t io n  
t r ig g e r  many c r i t i c a l  p u ls e  p eak  v a lu e s  e t c .  a re  a c q u ir e d  b y  Sam ple/H o ld  
b u f f e r s  f o r  c o n v e r s io n  d u r in g  th e  minimum 20 ms b e fo r e  th e  n e x t  bunch  i s  
a c c e le r a t e d .

P r e s e n t  S ta tu s

F i r s t  p r o to ty p e s  o f  a l l  th e  m odu les and b o a rd s  h ave been  t e s t e d  p ie c e m e a l 
u n d er n o is e - f r e e  c o n d i t io n s  to  v e r i f y  t h a t  a l l  th e  b a s ic  r e q u ir e d  f u n c t io n s  
a re  i n  f a c t  w o r k i n g . 15 I(j)A c o n t r o l l e r s  have  been  b u i l t .  The D e -Q 1 in g  co n ­
t r o l l e r  d e s ig n  w i l l  be r e le a s e d  f o r  p r o d u c t io n  t h i s  month and p la n n in g  f o r  a 
secon d  p r o t o t y p in g  o f  C o n t r o l-エエ b e fo r e  q u a n t i t y  p r o d u c t io n  i s  p ro c e e d in g  
a p a c e . M a in  p ro b le m s  e n c o u n te re d  to  d a te  h ave in v o lv e d  n o is e  m a r g in， s t a b i l i t y  
and program  d eve lo p m en t and t e s t in g .

N o is e  S t r a t e g y

A l l  o f  th e  h a rd w are  d e s c r ib e d  i s  p h y s i c a l l y  m ounted i n  th e  k ly s t r o n  
m o d u la to r , a l b e i t  i n  th e  r a c k  f u r t h e s t  from  th e  k ly s t r o n .  T h is  p u ts  i t  i n  an  
extrem e e le c t r o m a g n e t ic  n o is e  e n v iro n m e n t• A c c o r d in g ly  w hat we a re  t r y in g  to  
do i s  to  u se  o r d in a r y  T T L， Low power S h o ttk y  TTL and NMOS L S I  and th en  to  g a in  
s u f f i c i e n t  n o is e  m a rg in  by c a r e f u l  d e s ig n  and a t t e n t io n  to  g ro u n d in g  and 
s h ie ld in g .  RF n o is e  f i l t e r s  a re  p u t  on th e  in p u t s  o f  a l l  pow er s u p p l i e s ， 
o p t o - i s o la t o r s  b re a k  th e  f lo w  o f  c u r r e n t  lo o p s  on in p u t s  and o u t p u t s • PCB 
power d i s t r i b u t i o n  i n  C o n t r o l - I I  i s  made w it h  Vcc/G nd bus b a r s  to  p r e s e n t  
lo w e r  im p e d a n ce , and g en e ro u s  u se  o f  d e c o u p lin g  c a p a c i t o r s  i s  made. O p t i c a l  
f i b e r  i s  u sed  f o r  th e  500kbps lo o p  w h ic h  c o v e rs  some m e te rs  in  th e  k ly s t r o n  
g a l l e r y .  The 48kbps l i n e s  a r e  s h o r t ,  40 mA p u s h - p u l l  c u r r e n t  lo o p s  r e c e iv e d
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by o p to - i s o l a t o r s •

In  th e  h o p e f u l ly  r a r e  b u t n o t  im p o s s ib le  e v e n t  t h a t  a MPU p rogram  does  
g e t hung i n  an " i n f i n i t e  lo o p 11 t h e r e  a re  w a tch  dog t im e rs  w h ich  i f  n o t  s t ro b e d  
p e r i o d i c a l l y  b y  i n s t r u c t io n s  i n  th e  m ain  lo o p  a u t o m a t ic a l ly  r e s e t  th e  p r o c e s s o r .

S t a b i l i t y

The a n a lo g  su b system  m ust be lo n g - te rm  s t a b le  to  a t  l e a s t  b e t t e r  than  
0.2% , w it h  even  b e t t e r  s h o r t  term  s t a b i l i t y .  The d e -Q T in g  c o n t r o l l e r  DAC * 
lo o k s  l i k e  i t  w i l l  be  OK, b u t th e  f i r s t  ADC m odule was n o t  a c c e p t a b le • A B u rr  
Brown h y b r id  l i n e a r  o p t o - i s o la t o r  (3650 kG) was used w h ich  had m a r g in a l  
l i n e a r i t y  and bad te m p e ra tu re  d r i f t s .  The n e x t  ADC w i l l  t r y  p u t t in g  th e  
i s o l a t i o n  i n  th e  d i g i t a l  o u tp u t  o f  th e  AD w h ic h  sh o u ld  im p rove  p e rfo rm a n ce  and 
re d u ce  p r i c e  c o n s id e r a b ly .

Program  D eve lop m en t and T e s t in g

A s id e  from  th e  d i r e c t  e x p e n se s  i n  p r o c u r in g  and o th e r w is e  a s s e m b lin g  and  
t e s t in g  th e  sy s te m , th e r e  i s  a la r g e  c o n t in u in g  e f f o r t  in v o lv e d  i n  t h i s  s o r t  
o f  s p e c ia l  p u rp o se  h a rd w are  and s o ftw a re  d e v e lo p m e n t. B e g in n in g  ab o u t 18 
m onths ago w it h  a b a s ic  H i t a c h i  SD-10 p a p e r ta p e  system  and a T e k t r o n ic s  
u n iv e r s a l  l o g i c  a n a ly z e r  th e  d e ve lo p m en t system  h as b een  u p g raded  to  in c lu d e  
th e  r a t h e r  fo r m id a b le  a r r a y  in  T a b le  1.

P rogram s a re  b e in g  w r i t t e n  i n  r e lo c a t a b le  a sse m b ly  la n g u a g e  r o u t in e s , and 
th u s  code  w h ic h  ca n  be u sed  in  common b y  d i f f e r e n t  p r o c e s s o r s  can  be s im p ly  
l i n k  e d it e d  to g e th e r  to  make th e  p rogram s f o r  th e  v a r io u s  p r o c e s s o r s  # T h is  
a ls o  f a c i l i t a t e s  a s s e m b lin g  and d eb u g g in g  s m a lle r  r o u t in e s  i n  a more s y s t e m a t ic  
m anner•

In  term s o f  program  c o m p le x it y  th e  b ig g e s t  p ro b le m s so  f a r  have  been  
c o d in g  th e  co m m u n ica tio n s  (m a s te r- s la v e  s id e s )  , e r r o r  r e c o v e r y  and th e  Ic})A 
s te p p in g  m o t o r - r o t a r y  e n c o d e r .

Program m ing th e  lo o p  h a n d le r s  i s  c o m p lic a te d  by th e  speed  o f  t r a n s m is s io n , 
36 m ach ine  c y c le s / c h a r a c t e r  a t  500kbps and 229 a t  4 8 k b p s , and a ls o  b y  th e  
l a r g e  number o f  s t a t e s  th e  two f i n i t e  s t a t e  m ach in es  ca n  g e t  in t o .

The IcpA program  tu rn e d  o u t to  be h a rd e r  th an  e x p e c te d  m ost l i k e l y  b e ca u se  
o f  th e  te n d a n cy  to  h a ve  o v e rs h o o t  o s c i l l a t i o n  i n  th e  v i c i n i t y  o f  a r o t a r y  
e n co d e r  t r a n s i t i o n  p o in t  b u t p o s s ib ly  b e c a u s e  o f  n o is e  p ic k u p ; som etim es th e  
in p u t  from  th e  r o t a r y  e n co d e r  shows an " im p o s s ib le  t r a n s i t i o n  i n  w h ich  ca se  
know led g e  o f  th e  e x a c t  p h ase  a n g le  i s  l o s t .

F i n a l l y ,  w h i le  c o s t s  may o f t e n  o n ly  be  o f  t a n g e n t ia l  c o n c e rn  i n  a s c ie n ­
t i f i c  p r o i e c t , th e  e co n o m ics  a r e  a b s o lu t e ly  c r u c i a l  f o r  t h i s  k in d  o f  e n g in e e r in g  
d e ve lo p m e n t w o rk . F o r  t h i s  re a s o n  th e  a p p ro x im a te  c o s t s  o f  th e  d eve lo p m e n t  
system  and p r o to ty p e  h a rd w are  a r e  in c lu d e d  i n  T a b le  1.

A cknow ledgem ents

The o v e r a l l  sy stem  d e s ig n ,  lo o p  n e tw o rk  a r c h i t e c t u r e  and much o f  th e  
d e t a i le d  d e s ig n  m ust be  c r e d i t e d  to  K. N akah ara  o f  th e  P h o to n  F a c t o r y  who h as  
a lm o s t s in g le  h a n d e d ly  done m ost o f  th e  w o rk . The C o n t r o l - I I  d e s ig n  was 
co m p le te d  and debugged b y  M, M atsuno  o f  Kuwano E l e c t r i c • The De-Q and I(pA 
b o a rd s  w ere la y e d  o u t and assem b led  b y  K a iz u  S e is a k u jo  o f  K o d a ir a .
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Major Software Development Systein Components

Hitachi H68/SD-10 Microcomputer Development System 
H68/T402D Dual Floppy Disc Drive &

FDOS-II Operating System 
H6S/PW02 PROM Writer 

Sharp TO 0263 Sharpwriter 
General KDE-810 Character Display

Hardware/Software Debugging Tools

Takeda Riken TR-4720 Logic Analyzer 
h 6800 Personality kit 

Hp 5004A Signature Analyzer

Hardware_Protot^pe Direct Costs

Control-II
De-Q Controller board 
I(j)A Controller board

Table 1

¥ 910,000

1,491,000
170.000
819.000

¥ 1,590,000 
¥ 270,000

¥ 150,000
¥ 100,000
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