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The s t a t e  of the cyc lo t ron  art demands well-regulated,  r ipple- f ree  vo l t ages  

f o r  the new high-gradient  e l e c t r o s t a t i c  de f l ec to r s .  Higher e l e c t r i c  f i e l d  g rad ien t s  

c a n  be achieved i f  the d e f l e c t o r  power supply provides a  simple means of ad jus t ing  

the  energy supplied t o  the sparks  du r ing  the d e f l e c t o r  bake-in period. The power 

supply descr ibed  here  meets these  requirements  remarkably well .  Two such supp l i e s  
1 have been b u i l t  and i n s t a l l e d  i n  the Berkeley 88-Inch cyclo t ron '  . Each supply 

(Fig. 1 )  c o n s i s t s  of a s ix-s tage  Cockcroft- 

Wal ton r e c t i f  i e r  b u i l t  from s i l i c o n  d iodes  

Deflector mounted on p r i n t e d - c i r c u i t  boards, a 100 kc/s 

o s c i l l a t o r  t o  e x c i t e  the  r e c t i f i e r ,  a hard- 

tube modulator t o  con t ro l  t h e  o s c i l l a t o r  

Cockcrofl-Walton .- output  vol tage ,  an  e l e c t r o n i c  r egu la to r ,  a 
rectifier o U 

re ference ,  and a p r e c i s i o n  vo l t age  d iv ider .  

The r e c t i f i e r  c o n s i s t s  of 12 c i r c u i t  

( \ Osctllotor 

boards mounted i n  l u c i t e  tube of ou te r  d i a -  

meter 8 i n  . The o v e r a l l  length of the  

assembly i s  27 in. The r e c t i f i e r  extends 

R e c t i f i e r  

Each c i r c u i t  board c o n s i s t s  of 100 Unitrode, Type UT71, s i l i c o n  diodes connected 

i n  s e r i e s .  Each diode is shunted by a  250 pF, 500 V ceramic c a p a c i t o r  t o  d iv ide  the 

inve r se  vo l t ages  equally.  The diode p a t t e r n  on the  c i r c u i t  board i s  arranged t o  

minimize the  vo l t age  gradient  ac ros s  the board (Fig. 2) .  The boards a r e  connected 

e l e c t r i c a l l y  a t  two poin ts ;  by a metal pos t  a t  one poin t  and by the  betweendeck8 

c a p a c i t o r  a t  the other .  I n  the  v i c i n i t y  of the metal pos t ,  where the  p o t e n t i a l  

I OC input 
Regulator 

(*) This  work was done under t he  auspices  of the U.S. Atomic Energy Commission. 

from s l i g h t l y  above the  d e f l e c t o r  bushing t o  

the c e i l i n g  of the d e f l e c t o r  cage. The 100 - 
f 

dc input ko/s o s c i l l a t o r  is mounted d i r e c t l y  above 

the r e c t i f i e r  on the roof of t h e  d e f l e c t o r  
Regulator 
reference 

cage. I t  connects t o  the  r e c t i f i e r  through 

a  f i b e r g l a s s  i n su la to r .  The r e s t  of the  
Fig. 1 b s t e r  schematic of d e f l e c t o r  polver supply. e l e c t r o n i c  equipment i s  i n s t a l l e d  i n  the 

e l e c t r o n i c  racks.  
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Seot ion  V1 

d i f f e r ence  i s  small, the  c a p a c i t o r s  and d iodes  f a c e  one another ,  while  i n  t he  v i c in i$y  

of the be tweendeck  capac i to r s ,  where the p o t e n t i a l  d i f f e r e n c e  is a s  much as 20 kV, 

t h e  capao i to r s  and d iodes  a r e  on oppos i te  s i d e s  of the boards. The spacing between 

boards is about 2 in .  and provides a nominal maximum des ign  g rad i en t  of 10 kV pe r  in. 

900pF 900pF 900pF 900pF 900pF 

output 
900pF 900pF 900pF 900pF 900pF 900pF 120kv 

@I 5mA 
Fig. 3 Schematic diagrnm of the deflector rectifier. dc 

The between-decks c a p a c i t o r s  a r e  900 pF, 30 kV, ceramic, TV type capac i tors .  

The manufacturer of the d iodes  r a t e s  each diode a t  600 V, inverse  peak, and 750 QA 

f o r  60 C/S operat ion.  The schematic of t he  r e c t i f i e r  is  shown i n  Fig. 3. 

Since no d a t a  were a v a i l a b l e  about the  diodes at 100 ko/s, we s e t  up a t e s t  f o r  

t h i s  purpose. Using a s i n g l e  diode r e c t i f y i n g  negat ive ly  i n t o  a 10 kR unbypassed load 

r e s i s t o r ,  we obtained osc i l lograms l i k e  t h e  one shown i n  Fig. 4 f o r  the  Unitrode diode 

(which was the b e s t  of the diodes t e s t ed ) .  The overshoot is  caused by the  s t o r e d  

charge i n  t h e  diode junct ion.  Apparently the  s to rage  time is  about two DS a t  t h i s  

v01 tage (150 V peak). We found t h a t  t he  diode charges a c a p a c i t i v e  load t o  the  peak 

value,  and the s t o r e d  charge does not  s u b t r a c t  (apprec iab ly ,  a t  any r a t e )  from t h e  out  

pu t  vo l tage .  Therefore, i n  the type of s e r v i c e  f o r  which t h i s  power supply i s  

designed, the charge s t o r e d  i n  the junc t ion  seems to  have no apprec iab le  e f f e c t .  

A t  the suggest ion of E. Diebold of t he  I n t e r n a t i o n a l  R e c t i f i e r  Corp., we bom- 

barded some of the diodes wi th  e l e c t r o n s  i n  our  5 MeV e l e c t r o n  l i n e a r  acce l e r a to r .  

This  improved r e c t i f i c a t i o n ,  as shown i n  Pig. 5. The beam-current dens i ty  was 

400 p ~ / e m ~ .  The optimum bombardment time with t h i s  beam was 17 min. 

\Ye wondered whether t he  e l eo t ron  i r r a d i a t i o n  had any e f f e o t  on the  inverse  

c h a r a o t e r i s t i c  of the diode. We found t h a t  i t  reduced the  apparent  r e s i s t anoe  by a 

f a c t o r  of 10. I t  had no app rec i ab l e  e f f e c t  on the  avalanche breakdown vol tage ,  which 

w a s  about  900 V f o r  these diodes. The back r e s i s t a n c e  was reduced t o  about  200 f o r  

each diode. This i s  s t i l l  enormously high compared wi th  any load  t h a t  the r e c t i f i e r  

might be c a l l e d  upon t o  f eed ,  so t h e r e  appears  t o  be no reason  why i r r a d i a t e d  d iodes  

cannot be used. I t  appears  t h a t  r e c t i f i e r s  can be b u i l t  t o  opera te  a t  much h igher  

f requencies  than the 100 kc/s i f  des i red .  We decided t h a t  i n  our a p p l i c a t i o n  we d i d  

not  have t o  i r r a d i a t e  t h e  d iodes ;  we used them as they came from the manufacturer. 

I r r a d i a t i o n  i s  mentioned here  f o r  those  who might want t o  ope ra t e  a t  f requencies  above 

100 kc/s. 

Conclusion 

Apparently, i n t e g r a t i o n  of  the spark c u r r e n t  starts on t h e  dark c u r r e n t  
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Session V1 

preoeding t h e  a o t u a l  spark, because at the  more s e n s i t i v e  p o s i t i o n s  of t he  crowbar 

ou r ren t  s e t t i n g ,  t h e  power supply can  be turned  of f  before a spark beoomes v i s i b l e .  

By decreas ing  the crowbar s e n s i t i v i t y  s l i g h t l y ,  one can f i n a l l y  see  a small a r c  dur ing  

sparking;  when the s e n s i  t i v i  t y  is decreased f u r t h e r  the a r c  becomes much b r i g h t e r ;  

f i n a l l y ,  h e n  i t  is decreased s t i l l  f u r t h e r ,  it becomes a ve ry  heavy aro.  Thus, one 

has  very  good con t ro l  over the amount of spark-produced hea t ing  of the e l ec t rode  

sur faces .  A second advantage of t h i s  type of power supply is t h a t  the  high c a r r i e r  

fmquency r e s u l t s  i n  a ve ry  wide bandwidth i n  the  r e g u l a t o r  loop, making poss ib l e  a 

very  high degree of r e &  l a t i o n .  The only  l i m i t a t i o n  seems t o  be the  s t a b i l i t y  of the  

r e s i s t o r s  i n  t he  vo l t age  d iv ide r .  A t h i r d  advantage of the power supply i s  t h a t  i t  

wi ths tands  the shor t -o i r cu i  t c u r r e n t s  a s soc ia t ed  wi th  spark ing  we1 l. We had the power 

supply spark ing  v i r t u a l l y  every  seoond, 24 h/day f o r  many days, without  any ind ica t ion  

of d i f f i c u l t y .  I think,  b a s i c a l l y ,  the  reason f o r  t h i s  is  t h a t  t he  s t o r e d  energy i s  

only 2.5 J and t h i s ,  a t  most, i s  d i s t r i b u t e d  among 1200 diodes. Even i f  a l l  the 

energy were to  end up i n  them, (which of course i t  w i l l  no t )  there  i s  so  l i t t l e  energy 

p e r  diode t h a t  no damage occurs. There is s o  l i t t l e  energy i n  a spark from t h i s  

r e o t i f i e r  t h a t  it w i l l  not puncture even a p iece  of 0.005 in.  aluminurn f o i l .  

Reference 

l. For a more complete d e s c r i p t i o n  of t h i s  system see  Lawrenoe Radia t ion  Laboratory 
Report uCRL-10655, March 25, 1963. 

DISCUSSION 

LAPOSTOLLE : What would be the  efDect of longer i r r a d i a t i o n  than the one you used 
on the s i l i c o n  r e c t i f i e r s ?  

SMITH : I do no t  knm.  This  was the longes t  bombardment we made. 

SCHhlIDT : How much c u r r e n t  i s  drawn from the d e f l e c t o r  power supply when the beam is  
pass ing  through t h e  def l e e  t o r?  

GRUNDER : About 0.5 mA as a n  average value. 

SMITH : It  i s  powerful and it o a n d e l i v e r  a l a rge  amount of power t o  the beam. I have 
r u n  the  diodes up t o  20 IPA on a s ing le  d i s k  and t h e  d iodes  showed no apprec iable  
heat ing.  The l i t t l e  ceramic capac i to r s  would over-heat a t  20 mA. However, I am su re  
t h a t  i f  one wanted more cu r ren t ,  one cou ld  f i n d  b e t t e r  capaci tors .  
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