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In t ro d u c t io n

The t e s t in g  o f the power-hand ling  c a p a c ity  o f m icrowave components, a t

f a r  more severe  c o n d it io n s  than the norm al ones 9 has been con s id e red .

E s p e c ia l ly ,  as we have rep a rte d  b e fo re ,  the f a i l u r e  r a te  o f  RF windows i s  ve ry

h ig h  in  our l in a c  , i t  i s  re q u ire d  to ach ieve  a t le a s t  fo u r  tim es la r g e r

power than th a t  in  norm al o p e ra t io n  fo r  the development o f good RF w indows.

This means we need 120 MW or more power. We can supp ly  o n ly  30 MW from  our

k ly s t ro n .  (150 MW k ly s t r o n  was deve loped under the Japan-U .S.A . C o llabo-
2)

r a t io n  ， but i t  Ts not p r a c t ic a l  fo r  our u s e . ) To ach ieve  a h ig h  power in  a

wavegu ide fo r  a g iv e n  in p u t power, vwe adopted to use a t r a v e l in g  wave 
3)

re so n a to r  (resonan t r i n g ) . D esign param eters and the p resen t s ta tu s  o f  the

resonan t r in g  w i l l  be d e sc r ib ed  in  the fo l lo w in g  s e c t io n s •

Design jparam eters _ o f the resonan t r in g

Design o f the p r a c t ic a l  resonant r in g  i s  i l l u s t r a t e d  in  F i g . 1• The

resonan t r in g  c o n s is t s  o f the fo l lo w in g  m icrowave p a r t s ;  in p u t d i r e c t io n a l  

c o u p le r , phase s h i f t e r ,  m easuring  d i r e c t io n a l  c o u p le rs , v iew p o rts  and so on， 

a l l  des igned  fo r  h a n d lin g  h igh-m icrowave power.

The o p e ra t io n  o f the resonant r in g  can be d e sc r ib ed  w ith  the a id  o f  F ig .

1 . The in c id e n t  wave from  the g en e ra to r i s  d iv id e d  between te rm in a ls  (c ) and 

(d) o f the in p u t c o u p lin g  s t ru c tu re .  The emergent wave from  (d ) i s  re tu rned  

to the c o u p lin g  s t ru c tu re  through the r in g  s t ru c tu re  v ia  t e r m in a l ( b )  • This 

wave then a ls o  d iv id e s  between (c ) and (d) but in  a r e c ip r o c a l manner. I f  the 

e le c t r ic  le n g th  o f  the r in g  c i r c u i t  i s  tuned to o b ta in  resonance c o n d it io n s  by 

the phase s h i f t e r ,  the f i e l d s  w i l l  add in  phase at the c o u p lin g  s t ru c tu re  and

the f i e l d  in  the r in g  c i r c u i t  w i l l  b u i ld  up to a v a lu e  th a t i s  la r g e r  than the

f i e l d  in  the m ain l i n e .  U sing the nom enc lature  d e sc r ib ed  in  F i g . 1 , r i n g
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v o lta g e  g a in  fo r  p ro p e r ly  a d ju s te d  r in g  c i r c u i t  may be d e sc r ib ed
C

( 1 )

1-T/l-C1

For a g iv e n  a t te n u a t io n  the re  i s  an optimum c o u p lin g  fa c t o r

 ,  3 ImImax
CoPt = / F ：r ^  a c - = 0)

S u b s t it u t in g  in  e q . (1)

M
°pt /1-TZ Gopt 

I f  we c o n s id e r  the in s e r t io n  VSWR r o f  the r in g ,  we must 

fo l l o w s .

|M| = T ) ——
1 'MAX

Copt g iv e n  by 

( 2)

(3 )

change e q , ( 1 ) as

(4)
, - 2/l-C2/ l- r 2 T +  (1 -c2) t 2

Roughly sp eak in g , the in p u t  r e f l e c t io n  C o e f f ic ie n t  as seen by the

ge n e ra to r  i s ，

IN 1 - 2 / 1 ^ ノ1 ^  T +  (1-G2)T 2 

Th is w i l l  become a p p re c ia b le  even the in s e r t io n  VSWR o f the r in g  i s  s m a l l • 

Then a m atch ing t ra n s fo rm e r  i s  a ls o  re q u ire d  in  the r in g  c i r c u i t  to reduce i t .

In  o rd e r to o p t im iz e  the o p e ra t io n  o f the resonan t r in g ,  one must use a 

v a r ia b le  in p u t  d i r e c t io n a l  c o u p le r . On the o th e r hand, i t 1 s not easy to 

ope ra te  t h is  type o f d i r e c t io n a l  c o u p le r  in  a h ig h  power c o n d it io n .  So， we 

dec ided  to use 10 dB co up le r  in s t e a d  o f a v a r ia b le  type. As the a t te n u a t io n  

o f the r in g  c i r c u i t  i s  e s t im a ted  about 0.16 dB, c a lc u la t e d  r in g  v o lt a g e  g a in  

i s  4 , 61 from  e q . ( 1 ) . I f  we o p t im iz e  the in p u t  c o u p lin g  ( i .  e , 14,4 dB )， we 

can get M = 5.26 from  eq. (3 ) •

The phase s h i f t e r  e n ab le s  the ad ju stm en t o f the le n g th  o f the r in g  

c i r c u i t  to o b ta in  resonance c o n d it io n s • Th is u n it  c o n s is t s  o f  a 3-dB d ir e c ­

t io n a l  c o up le r  and o f two p lu n ge rs  s im u lta n e o u s ly  moved in  o rde r to ensure a 

common sh o rt  p la n e . The in s e r t io n  lo s s  and VSWR shou ld  be low . So we 

des igned  each o f then shou ld  be le s s  than 0,05 dB and 1 .1 , r e s p e c t iv e ly .  Th is 

must be opera ted  w ith o u t  breakdown d is c h a rg e  up to 120 MW,

For m easuring  d i r e c t io n a l  c o u p le rs , we used 80 dB Bethe h o le  c o u p le rs .

An evacu a t in g  system  fo r  u l t r a  h ig h  vacuum i s  a ls o  d e s ign ed , wh ich  

en ab le s  us to measure the p re ssu re  dependence o f the breakdown power o f the 

m icrewave components.

The p re sen t s ta tu s  o f  th e _re so n an t  r i n ^

The w avegu ide p a r t s  and the vacuum components fo r  the resonan t r in g  have 

been assembled  and the e n t ir e  system  i s  b e in g  le a k  checked. Photograph o f 

th is system i s  shown in  F ig . 2. RF measurements were made on the in d iv id u a l  

r in g  components b e fo re  a ssem b lin g  the r in g .  The c o u p lin g  o f the in p u t
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d ir e c t io n a l  c o u p le r  was 10.75 dB wh ich  was s l i g h t l y  sm a lle r  than the des igned

v a lu e .  A fte r  a ssem b lin g  the r in g ,  low  le v e l  RF measurements were made. The

measured and the a t te n u a t io n  o f the r in g  c i r c u i t  were 5,000 and o . 18 dB, 

r e s p e c t iv e ly .  These measurements show th a t a t  le a s t  9 t im es o f  the in p u t

power w i l l  be b u i l t  up in  the r in g  c i r c u i t •

The r in g  i s  now evacuated  a t  about 1,5 x 10 8 Torr w ith o u t  b ak in g . We

a re  p re p a r in g  the b ak in g  o f  t h is  system  to o b ta in  u l t r a  h ig h  vacuum.
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t ra n sm is s io n  c o e f f i c ie n t

R ing v o lt a g e  g a in

RF WINDOW

F i g . 1 Schematic d iagram  o f  the resonan t r in g  system .


