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A b s t r a c t  

While h e a t  t r e a t m e n t  is  b e n e f i c i a l  i n  r e d u c i n g  t h e  number 
o f  emitters p r e s e n t  on t h e  s u r f a c e ,  w e  f i n d  t h a t  RF 
p r o c e s s i n g ,  e s p e c i a l l y  i n  t h e  p r e s e n c e  o f  H e  g a s  i s  e f f e c t i v e  
i n  f u r t h e r  r e d u c i n g  e m i s s i o n .  Our s t u d i e s  show t h a t  t h e  
b e n e f i t s  o f  p r o c e s s i n g  a t  a  f i x e d  RF power l e v e l  d i m i n i s h  
a f t e r  a  s h o r t  p e r i o d ,  b u t  f u r t h e r  g a i n s  a r e  p o s s i b l e  as t h e  RF 
power i s  i n c r e a s e d .  F o r  c o n t i n u e d  e x p l o r a t i o n  w i t h  t h i s  
approach  w e  have  i n s t a l l e d  a 3  GHz p u l s e d  h i g h  power RF s o u r c e  
w i t h  t h e  c a p a b i l i t y  t o  p r o v i d e  2 . 5  msec w i d e  p u l s e s  o f  200 
Kwatt  p e a k  power a t  a  r e p e t i t i o n  r a t e  o f  1 Hz. F o r  t h i s  
s o u r c e ,  t h e  K l y s t r o n  i s  e q u i p p e d  w i t h  a  mod anode which w i l l  
p e r m i t  a  v a r i a b l e  p u l s e  l e n g t h  t o  s t u d y  t h e  e f f ec t  o f  
i n c r e a s i n g  t h e  c a v i t y  f i e l d s  v e r y  r a p i d l y .  The k l y s t r o n  h a s  
b e e n  o p e r a t e d  a t  f u l l  e m i s s i o n  c u r r e n t  and  f u l l  v o l t a g e .  RF 
tests have  s t a r t e d  and t h e  peak RF power from t h e  k l y s t r o n  h a s  
been r a i s e d  t o  50 Kwatts.  

A c o l d  tes t  s e t - u p  f o r  3  GHz N b  c a v i t i e s  w i t h  h i g h  power 
i n p u t  c o u p l e r  i s  d e s i g n e d ,  modeled f o r  RF p r o p e r t i e s ,  a n d  
c o n s t r u c t e d .  The i n p u t  c o u p l i n g  c a n  b e  v a r i e d  f rom a n  
e x t e r n a l  Q o f  1 0 5  t o  101° wi thou t  b r e a k i n g  t h e  vacuum. I n  t h e  
s t r o n g  c o u p l i n g  ex t reme ,  200 Kwatt peak  power p r o v i d e s  t h e  
c a p a b i l i t y  t o  r a i s e  t h e  peak s u r f a c e  f i e l d  t o  70 MV/m w i t h i n  a  
10  p s e c  (1 c e l l )  c a v i t y  f i l l  t i m e .  H igher  f i e l d s  can be 
reached  w i t h  l o n g e r  f i l l  t i m e s  a t  r educed  c o u p l i n g ,  depending 
on t h e  p r o g r e s s  of  p r o c e s s i n g .  A f t e r  comple t ion  o f  h i g h  power 
p r o c e s s i n g ,  it w i l l  be p o s s i b l e  t o  withdraw t h e  c o u p l i n g  t o  a  
Qext of  10'' t o  e v a l u a t e  whether  t h e  ensu ing  b e n e f i t s  w i l l  a l l o w  
a  h i q h  f i e l d  w i t h  t h e  s t a n d a r d  low RF power s o u r c e  and a  lonq  
f i l l  t i m e .  I t  i s  p lanned  t o  p r e s e n t  t h e  f i rs t  r e s u l t s  of  low 
power and h i q h  power RF tes ts  w i t h  t h i s  sys tem.  

C u r r e n t l y  t h e  main d i f f i c u l t y  s t a n d i n q  i n  t h e  way of  use  
of  superconduc t inq  N b  RF c a v i t i e s  i n  a  T e V  l i n e a r  c o l l i d e r  i s  
f i e l d  e m i s s i o n  l i m i t i n q  o f  a c c e l e r a t i n q  q r a d i e n t  . G e n e r a l l y  
t h e  q r a d i e n t s  a r e  l i m i t e d  t o  20 MV/m o r  less by  t h e  f i e l d  
e m i s s i o n  l o a d i n q ,  whereas q r a d i e n t s  o f  a t  l e a s t  30 MV/m a r e  
q e n e r a l l y  b e l i e v e d  t o  be t h e  minimum requ i rement  f o r  economic 
f e a s i b i l i t y .  

S e v e r a l  t e c h n i q u e s  a r e  c u r r e n t l y  i n  u s e  t o  remove f i e l d  
emiss ion  a s  a  b a r r i e r  t o  h i q h e r  q r a d i e n t s .  The most impor tan t  
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c o n s i d e r a t i o n  i s  s u r f a c e  c l e a n l i n e s s .  S p e c i a l  c a r e  i s  t a k e n  
t o  e l i m i n a t e  b o t h  chemical  r e s i d u e  and d u s t  p a r t i c l e s .  U s e  o f  
c l e a n  room t e c h n i q u e s  h a v e  g r e a t l y  r e d u c e d  s u r f a c e  
con tamina t ion  i n  t h e  c a v i t i e s .  

Another  i m p o r t a n t  t e c h n i q u e  i s  vacuum f i r i n g  o f  t h e  
c a v i t y  s u r f a c e  i n  o r d e r  t o  remove emitter s i tes .  R e s u l t s  o f  
f i r i n g  a r e  documented e l s e w h e r e ( 1 ) .  T h i s  t e c h n i q u e  h a s  been 
v e r y  s u c c e s s f u l ;  when u s e d  a l o n g  w i t h  RF p r o c e s s i n g  it h a s  
p roduced  g r a d i e n t s  on a v e r a g e  o f  20-25 MV/m i n  one  c e l l  
c a v i t i e s  a t  LNS C o r n e l l .  T h i s  t e c h n i q u e  h a s  i t s  l i m i t a t i o n  i n  
t h a t  it i s  n o t  a n  " i n  s i t u "  t r e a t m e n t  of a c c e l e r a t i n g  
s t r u c t u r e s .  

The t e c h n i q u e  o f  i n t e r e s t  i n  t h i s  r e p o r t  i s  RF 
p r o c e s s i n g .  T h i s  effect  i s  employed as soon a s  f i e lds  a r e  
i n t r o d u c e d  t o  t h e  c a v i t y ,  whereby t h e  f i e l d  e m i s s i o n  
t h r e s h h o l d  i s  i n i t i a l l y  low b u t  th rough  o p e r a t i o n  i n  t h e  f i e l d  
e m i s s i o n  regime it may b e  s y s t e m a t i c a l l y  i n c r e a s e d .  I t  i s  
t h o u g h t  t h a t  drawing t h e  e m i s s i o n  c u r r e n t  from t h e  e m i t t i n g  
s i t e s  can  change and e v e n t u a l l y  d e s t r o y  t h e s e  s i tes .  A s  power 
i s  i n c r e a s e d ,  " l a r g e r "  emit ters  w i l l  be p r o c e s s e d  i n  t h i s  
manner. 

The p r o c e s s i n g  i s  enhanced by t h e  i n t r o d u c t i o n  t o  t h e  
c a v i t y  o f  a  p a r t i a l  p r e s s u r e  o f  h e l i u m  g a s  ( n o r m a l l y  
a p p r o x i m a t e l y  10-' t o r r ) .  The f i e l d  emitted e l e c t r o n s  i o n i z e  
t h e  he l ium atoms which i n  t u r n  bombard t h e  e m i t t i n g  s i tes .  A s  
t h e  power (and t h u s  t h e  f i e l d  l e v e l )  i s  i n c r e a s e d  t h e  energy  
w i t h  which t h e  he l ium i o n s  bombard t h e  s i t e s  i n c r e a s e s ,  a g a i n  
a l l o w i n g  f o r  removal o f  " l a r g e r "  s i t es .  N e i t h e r  p r o c e s s i n g  
w i t h  or wi thou t  he l ium a r e  w e l l  unders tood p r e s e n t l y .  

The impor tan t  a s p e c t  of  b o t h  t y p e s  o f  p r o c e s s i n g  i s  t h a t  
a s  t h e  power i s  i n c r e a s e d  t h e  e m i s s i o n  t h r e s h h o l d  a l s o  
i n c r e a s e s .  P r e s e n t l y  i n  most c a s e s ,  t h e  t h r e s h h o l d  i s  s t i l l  
i n c r e a s i n g  when maximum i n p u t  power i s  reached .  T h e r e f o r e  t h e  
nex t  l o g i c a l  s t e p  i s  t o  f u r t h e r  i n c r e a s e  a v a i l a b l e  power. 

J-Iiah Power RF P r o c e s s i n a  A m a r a t u s  

F o l l o w i n g  t h i s  d i r e c t i o n ,  w e  have  a c q u i r e d  a n  X3033 
K l y s t r o n  a m p l i f i e r .  The s p e c i f i c s  o f  o p e r a t i o n  have  been  
d e t a i l e d  e l s e w h e r e ( 2 ) .  The Klystron/RF a m p l i f i e r  c i r c u i t  i s  
shown i n  F i g u r e  1. The impor tan t  c h a r a c t e r i s t i c s  a r e :  

Frequency = 3 GHz 
Peak Power = 200 Kwatts 
R e p e t i t i o n  Ra te  = - 1 Hz 
Average Power = 1 K w a t t  
Max P u l s e  Width = 2 . 5  msec 

A s p e c i a l  c a v i t y  h a s  been d e s i g n e d  and  c o n s t r u c t e d  f o r  
u s e  w i t h  t h i s  power s o u r c e .  I t  h a s  Epeak/Eacc - 2 and a ce l l  t o  
c e l l  c o u p l i n q  o f  - 2 %. One c e l l  and t h r e e  ce l l  s t r u c t u r e s  
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a r e  t o  b e  b u i l t  a n d  t e s t e d .  The s t a r t i n g  RRR ( R e s i d u a l  
R e s i s t a n c e  R a t i o )  was approximate ly  300, and a f t e r  s o l i d  s t a t e  
g e t t e r i n g  it approached RRR = 500. 

A low t e m p e r a t u r e  t e s t  s t a n d  h a s  been b u i l t  and t e s t e d .  
I t  i s  shown i n  F i g u r e  2 .  The desired d e s i g n  c h a r a c t e r i s t i c s  
w e r e :  1) Qexternal v a r i a b l e  be tween  105 a n d  10'' s o  t h a t  
p r o c e s s i n g  and  low power t e s t i n g  c o u l d  be done on t h e  same 
s t a n d  wi thou t  b r e a k i n g  t h e  vacuum, 2 )  p a s s  bandwidth o f  - 100 
MHz s o  a s  n o t  t o  l i m i t  t h e  range  o f  c a v i t y  f r e q u e n c i e s ,  and 3 )  
low s t a t i c  h e a t  l o s s  s o  t h a t  l i q u i d  he l ium l o s s  was k e p t  t o  a  
minimum. T e s t s  show t h a t  a l l  s p e c i f i c s  have been m e t ( 3 ) .  

The v a r i a b l e  coup l ing  i s  ach ieved  i n  a  c o a x i a l  s e c t i o n .  A 
copper  p l a t e d  s t a i n l e s s  s tee l  be l lows  i s  used  a s  a  p o r t i o n  of 
t h e  o u t e r  c o n d u c t o r .  T h i s  b e l l o w s  a l l o w s  f o r  a p p r o x i m a t e l y  
1 .75"  i n  v e r t i c a l  movement o f  t h e  c a v i t y ,  w h i l e  t h e  i n p u t  
p r o b e  remains  f i x e d .  An a d d i t i o n a l  c h a r a c t e r i s t i c  o f  t h i s  
s y s t e m  i s  t h e  i n v e r t e d  a r rangement ,  whereby t h e  c a v i t y  i s  
p o s i t i o n e d  above t h e  moving p a r t s .  I n  t h i s  way, p a r t i c l e s  
d i s l o d g e d  by  a n y  movements f a l l  away f r o m  t h e  c a v i t y  
e l i m i n a t i n g  t h i s  a s  a  s o u r c e  o f  c o n t a m i n a t i o n .  T h i s  a l s o  
a l l o w s  f o r  c o o l i n g  of  t h e  probe  t i p  by s u p e r f l u i d  he l ium which 
rises up t h e  c e n t e r  conductor .  

The RF model led  c h a r a c t e r i s t i c s  which p r o v i d e  t h e  2 100 
MHz p a s s  bandwid th  a r e  domina ted  by two a r e a s :  1) t h e  
t r a n s i t i o n  from r e c t a n g u l a r  waveguide t o  r i g i d  c o a x i a l  l i n e  
and 2 )  t h e  ceramic  c o a x i a l  window s e p a r a t i n g  t h e  waveguide and 
c a v i t y  vacuum sys tems .  The t r a n s i t i o n  from waveguide t o  coax 
l i n e  i s  n e c e s s a r y  b e c a u s e  t h e  o u t p u t  o f  t h e  K l y s t r o n  i s  i n  
s t a n d a r d  WR284 waveguide, whi le  t h e  c o u p l i n g  r e g i o n  i s  a  r i g i d  
1 5 / 8 "  c o a x i a l  l i n e .  The t r a n s i t i o n  was a c h i e v e d  t h r o u q h  t h e  
u s e  o f  a  ' t w o  s t e p  "doorknob" t y p e  t r a n s i t i o n .  The c o a x i a l  
window i s  n e c e s s a r y  t o  i s o l a t e  t h e  u l t r a  h i q h  vacuum r e q u i r e d  
f o r  t h e  c a v i t y  env i ronment  f rom t h e  l o w e r  vacuum o f  t h e  
wavequide .  I t  was matched w i t h  q u a r t e r  wave t r a n s f o r m e r  
s e c t i o n s .  

The i n i t i a l  tes ts  were made u s i n q  c a v i t y  S3C1-2. The 
c a v i t y  had f r e q u e n c y  = 2980 MHz, and  low power Qo - 10' a t  
1 .8.K.  A s  t h e  i n c i d e n t  power was i n c r e a s e d ,  f i e l d  e m i s s i o n  
began t o  a p p e a r  ( e v i d e n c e d  by x-ray d e t e c t i o n  n e a r  t h e  t e s t  
s t a n d )  . A t  maximum, d i s s i p a t e d  power was 1 2 . 4  Watts ,  Epeak was 
1 8 . 9  MV/m, and  t h e  c a v i t y  Qo had d e c r e a s e d  t o  2  X 108.  T h i s  
l i m i t  was reached  on s u c c e s s i v e  days ,  and a t t e m p t e d  p r o c e s s i n g  
a t  t h i s  power l e v e l  was n o t  removing t h e  e m i s s i o n .  T h i s  
s t a b i l i t y  o f  t h e  e m i s s i o n  i n d i c a t e d  t h a t  it would be a good 
c a n d i d a t e  f o r  h i g h  power p r o c e s s i n g .  
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The k l y s t r o n  waveguide  w a s  t h e n  a t t a c h e d  t o  t h e  s t a n d ,  
and  t h e  c o u p l i n g  i n c r e a s e d  s u c h  t h a t  Qext - 106.  The c a v i t y  was 
t h e n  p r o c e s s e d  w i t h  a p p r o x i m a t e l y  200 p u l s e s  w i t h  peak  power = 
50 Kwatt ,  p u l s e  l e n g t h  = 100  p s e c .  T r a n s m i t t e d  power l e v e l s  
d u r i n g  t h e s e  p u l s e s  i n d i c a t e  t h a t  t h e  f i e l d  l e v e l  c o n s i s t e n t l y  
r e a c h e d  a p p r o x i m a t e l y  3 3 . 5  MV/m. X-rays were c o i n c i d e n t a l  
w i t h  many of t h e s e  p u l s e s ,  i n d i c a t i n g  e m i s s i o n .  The  
t r a n s m i t t e d  p u l s e  s h a p e  w a s  r a t h e r  i n c o n s i s t e n t ,  a t  t i m e s  
showing  a breakdown t y p e  b e h a v i o r .  T h i s  w i l l  n e e d  f u r t h e r  
i n v e s t i g a t i o n .  

The l o w  power s o u r c e  w a s  t h e n  r e c o n n e c t e d ,  a n d  c o u p l i n g  
drawn b a c k  s u c h  t h a t  Qext - l o g  (l3 - l ) ,  a n d  t h e  i n i t i a l  tes ts  
r e p e a t e d .  On i n c r e a s e  of i n c i d e n t  power t h e  c a v i t y  d i d  n o t  
show t h e  d e g r a d a t i o n  of Qo ( b r o u g h t  on  b y  f i e l d  e m i s s i o n  
l o a d i n g )  which  w a s  p r e s e n t  p r io r  t o  p r o c e s s i n g .  I n  a d d i t i o n ,  
t h e  X-ray s i g n a l  d i m i n i s h e d  t o  almost z e r o .  U n f o r t u n a t e l y ,  
t h e  c a v i t y  i t s e l f  l i m i t e d  t h e  tests,  as t h e r m a l  breakdown was 
e n c o u n t e r e d  a t  a f i e l d  l e v e l  o f  19 .4  MV/m. (A p o s s i b l e  s o u r c e  
o f  t h i s  w a s  a r e p a i r e d  w e l d  h o l e  i n  t h e  c a v i t y . )  The 
d i s s i p a t e d  power a t  t h i s  f i e l d  l e v e l  w a s  - 3 . 2 6  W, a n d  t h e  Q o  
had  o n l y  d e c r e a s e d  t o  8  X 10'. A compar i son  o f  t h e  Qo v s .  Epeak 
b e h a v i o r  before a n d  a f t e r  h i g h  power p r o c e s s i n g  a r e  shown i n  
F i g u r e  3 .  

C a v i t y  S3C1-1 w a s  a t t a c h e d  t o  t h e  t e s t  s t a n d  a n d  t es ted  
i n  t h e  same manner .  R e s u l t s  o f  t h i s  t es t  were s i m i l a r  t o  
t h o s e  o f  S3C1-2. P r i o r  t o  h i g h  power p r o c e s s i n g ,  f i e l d  l e v e l s  
were l i m i t e d  b y  a v a i l a b l e  power t o  Epeak = 2 3 . 2  MV/m. A t  t h i s  
f i e l d  l e v e l ,  Pdiss = 1 0 . 2 1  Watts a n d  Qo = 3 . 5 7  X 10'. Heavy 
f i e l d  e m i s s i o n  w a s  i n d i c a t e d  b y  X-ray d e t e c t i o n .  T h i s  w a s  n o t  
removed b y  e x t e n d e d  l o w  power  ( 1 0  W power d i s s i p a t i o n )  
p r o c e s s i n g ,  t h e r e f o r e  t h e  h i g h  power s y s t e m  w a s  a t t a c h e d .  

High power p r o c e s s i n g  w a s  p e r f o r m e d  w i t h  t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  

Peak power = 40 kWatt 
P u l s e  l e n g t h  = 600 p s e c  
Qext - 2 X 106 
# of p u l s e s  = 1500 
Maximum Epeak = 49.3  MV/m 

The c o u p l e r  w a s  t h e n  wi thdrawn a n d  the  l o w  power s o u r c e  
r e c o n n e c t e d .  L i k e  c a v i t y  S3C1-2, t h e  maximum f i e l d  was 
l imi ted  b y  t h e r m a l  breakdown.  The maximum f i e l d  r e a c h e d  was 
Epeak = 2 5 . 7  MV/m, w i t h  Pdiss = 7 .4  Watts a n d  Qo = 5 . 9 8  X 10'. 
The amount of f i e l d  e m i s s i o n  (as i n d i c a t e d  b y  X-ray d e t e c t i o n )  
w a s  l o w e r e d ,  a s  w i t h  S3C1-2, b u t  t h e  e f fec t  w a s  n o t  as 
d r a m a t i c .  P l o t s  o f  Qo v s .  Epeak for  t h e  c a v i t y  b e f o r e  a n d  a f t e r  
h i g h  power p r o c e s s i n g  are shown i n  F i g u r e  4 .  
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Remarks 

The i n i t i a l  t e s t s  a r e  v e r y  e n c o u r a g i n g  f o r  t h e  f u t u r e  
a p p l i c a t i o n  o f  t h i s  t e c h n i q u e  as  a means o f  e l i m i n a t i n g  f i e l d  
e m i s s i o n .  While t h e  peak f i e l d  l e v e l s  r e a c h e d  are n o t  as h i g h  
a s  p r e v i o u s l y  r e a c h e d  by a l r e a d y  e x i s t i n g  methods ,  b o t h  
c a v i t i e s  tes ted showed improvement a f t e r  h i g h  power p r o c e s s i n g  
i n  s i t u a t i o n s  where  low power c w  p r o c e s s i n g  h a d  b e e n  
i n e f f e c t i v e  . 

I n  a d d i t i o n ,  t h e  i n i t i a l  r e s u l t s  have  shown t h a t  i n  b o t h  
c a v i t i e s  t h e  s h o r t  p u l s e ,  maximum f i e l d  l e v e l  w a s  n e a r l y  t w i c e  
t he  f i e l d  level  which induced  t h e r m a l  breakdown when o p e r a t e d  
c w .  P r e v i o u s  r e s u l t s  f r o m  h i g h  power p r o c e s s i n g ( 4 )  h a v e  
i n d i c a t e d  t h i s  e f f e c t .  T h i s  e f f e c t  w i l l  be i n v e s t i g a t e d  
f u r t h e r .  

PEFERENCRS 

(1) Q.S. Shu e t .  a l . ,  Nuc lea r  I n s t r u m e n t s  and Methods i n  
P h y s i c s  R e s e a r c h  A278 329-338, (Nor th -Hol land ,  Amsterdam, 
1 9 8 9 ) .  

( 2 )  J . K i r c h g e s s n e r  e t  . a l . ,  1989 Pa r t i c l e  A c c e l e r a t o r  
Conference,  Chicago, I L  ( 1 9 8 9 ) .  

( 3 )  J .  Graber, M.S. T h e s i s ,  C o r n e l l  U n i v . ,  t o  b e  
p u b l i s h e d .  

( 4 )  I . E .  Campis i  e t . a l . ,  I E E E  T r a n s a c t i o n s  on N u c l e a r  
S c i e n c e ,  Vol. NS-30, No. 4 (August 1983) . 

Proceedings of the Fourth Workshop on RF Superconductivity, KEK, Tsukuba, Japan

SRF89G09



H.V. Power  

Supply 
4 0  RV, 60 me 

- - 
R F Out 

lo Cavi ty  

Colleclor 200 Kw 

Figure 1. Klystron/RF Amplifier circuit used in HPP 
experiments. 
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Figure 2. Xigh peak power experimental t e s t  s tand.  
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Qo vs. E peak Cavity S3C1-2 18-9 Jul 89 
Before and After High Power Processing 
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Figure 3. Qo vs. Eprak p l o t s  f o r  cavity S3C1-2, before 
and after high peak power processing. 
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Qo vs.  E peak Cavity S3C1-1 1-2 Aug 89 
Before and After High Power Processing 
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Figure 4 .  Qo vs. Epeak plots for cavity S3C1-1, before 
and after high peak power processing. 
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