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AB STRAC T 

The o b j e c t i v e  of t h i s  program i s  t h e  d e s i g n  and development of a mil l imeter-wave 

d e v i c e  t o  produce 200 kW of continuous-wave power a t  60 GHz. 

w i l l  b e  a g y r o t r o n  o s c i l l a t o r ,  w i l l  b e  compat ib le  w i t h  power d e l i v e r y  t o  an  

e l e c t * - o n - c y c l o t r o n  plasma. 

rangt. i s  r e q u i r e d ,  and t h c  d e v i c e  should  b e  c a p a b l e  of o p e r a t i o n  i n t o  a severe 

t ime-varying rf l o a d  mismatch. 

The d e v i c e ,  which 

Smooth c o n t r o l  o f  r f  power o u t p u t  over  a 1 7  dB 

During t h i s  r e p o r t  p e r i o d ,  t h e  e l ec t r i ca l  d e s i g n  of t h e  CW t u b e  w a s  completed.  

The mechanical  d e s i g n  of a c o l l e c t o r ,  c a p a b l e  of p r o v i d i n g  d i a g n o s t i c  d a t a  of 

t h e  s p e n t  beam i n  S/N 1 w a s  completed.  Cold tests of v a r i a t i o n s  of a s c a l e d ,  

X-band c a v i t y  w e r e  c o r r e l a t e d  w i t h  t h e  c a l c u l a t e d  r e s u l t s  of a c a v i t y  computer 

code. 

P a r t s  f o r  t h e  iiiagnetron i n j e c t i o n  gun w e r e  p laced  on o r d e r  and gun t o o l i n g  w a s  

des igned .  h s u b c o n t r a c t  w a s  p l a c e d  f o r  a superconduct ing  s o l e n o i d .  

A 3 MW power s u p p l y  w a s  d i s m a n t l e d ,  packaged and shipped from t h e  Kwajalein 

Missile Range t o  s t o r a g e  a t  Hughes, f o r  u s e  i n  CW t e s t i n g  a t  a l a t e r  d a t e .  

During t h e  l a t te r  p a r t  of t h i s  r e p o r t  p e r i o d ,  a s p e c i f i c  i n t e r i m  g o a l  was 

imposed by O K N L ,  t o  p r o v i d e  f o r  a demonst ra t ion  of a 200 kW, 60  GHz g y r o t r o n  

c a p a b l e  of 100 m s  p u l s e s ,  by December 31, 1981. 

g o a l  h a s  l e d  t o  e s t a b l i s h i n g  a modi f ied  g y r o t r o n  d e s i g n ,  based  on a c o n s i d e r -  

a b l y  s m a l l e r  c o l l e c t o r  t h a n  t h a t  r e q u i r e d  f o r  a CW tube .  

The i m p o s i t i o n  of t h i s  i n t e r i m  
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1 . 0 :I NTRODUCTLON 

The t e c h n i c a l  b a s e l i n e s  € o r  t h e  g y r o t r o n  and t h e  a s s o c i a t e d  power supply  a re  

shown i n  T a b l e  I. I n  t h e  g y r o t r o n ,  which i s  shown s c h e m a t i c a l l y  i n  F i g u r e  1-1, 

t h e  e l e c t r o n s  a r e  formed i n t o  a hollow beam by a magnet ron- in jec t ion  e l e c t r o n  

gun w i t h  a c o n s i d e r a b l e  amount of t h e i r  energy i n  r o t a t i o n .  A g r a d u a l l y  r i s i n g  

magnet ic  f ic . ld  compresses  the beam i n  d i a m e t e r  and a t  t h e  s a m e  t i m e  i n c r e a s e s  

t h e  o r b i t a l  energy a c c o r d i n g  t o  t h e  t h e o r y  of a d i a b a t i c  i n v a r i a n t s  u n t i l  

approxim,-ltely 2 / 3  of t h e  beam energy i s  i n  r o t a t i o n  and t h e  r o t a t i o n a l  f r e -  

quency i s  60 GHz; a t  t h i s  p o i n t  t h e  magnet ic  f i e l d  becomes uni form and t h e  

beam e n t e r s  a q u a s i - o p t i c a l  open c a v i t y  w h e r e  t h e  s p i n n i n g  e l e c t r o n s  i n t e r a c t  

w i t h  t h e  e i g e n  mode of the c a v i t y .  The r f  energy  b u i l d s  up a t  t h e  expense of 

t h e  r o t a t i o n a l  energy  of t h e  dc  beam. The s p e n t  beam e n t e r s  t h e  r e g i o n  of 

d e c r e a s i n g  magnet ic  f i e l d ,  undergoes decompression and impinges on t h e  c o l l e c -  

t o r .  The  l a t t e r  a l s o  f u n c t i o n s  as the o u t p u t  waveguide.  I n  o r d e r  t o  h a n d l c  

t h e  power i n  t h e  s p e n t  beam and t h e  power d i s s i p a t i o n  i n  t h e  window, t h e  o u t p u t  

waveguide t ape r s  up from t h e  c a v i t y  d i a m e t e r  t o  an a p p r o p r i a t e  v a l u e .  

During t h i s  r e p o r t  p e r i o d ,  p r o g r e s s  w a s  made i n  t h e  f o l l o w i n g  areas: 

Magnetron I n j e c t i o n  Gun 

Anode D r  i f t Region 

Superconduct ing  Soleno id 

C a v i t y  

Co l l  e c t o r  

Window 

Power S u p p l i e s  

Gyrotron F a c i l i t y  

The CW g y r o t r o n  b e i n g  developed i s  t h e  91711. Dur ing  t h e  l a t t e r  p a r t  of t h i s  

r e p o r t  p e r i o d ,  a s p e c i f i c  i n t e r i m  g o a l  w a s  e s t a b l i s h e d  by ORNL, which r e q u i r e s  

t h e  d e m o n s t r a t i o n  of a LOO m s  d e v i c e  by December 31, 1981. Although peak h e a t -  

i n g  e f f e c t s  due  t o  long  p u l s e  l e n g t h s  are c o n s i d e r a b l e ,  t h e  c o l l e c t o r  € o r  a 

100 111s g y r o t r o n  does n o t  need t o  b e  as long ,  n o r  as overmoded, as t h e  c o l l e c t o r  

1 



€ o r  t h e  CW tube .  Consequent ly ,  a r e v i s e d  c o l l e c t o r  d e s i g n  w a s  i n i t i a t e d ,  and 

t h i s  n e w  100 ins  g y r o t r o n  i s  c a l l e d  t h e  919H. 

TABLE I 

T h e  Gyrotron 

Frequency 

Power o u t  

E l e c t r o n i c  e f f i c i e n c y  

B e a m  v o l t a g e  

B e a m  c u r r e n t  

Mod u l  a t i o  n vo 1 t a g e 

Magnetic f i e l d  

T r a n s v e r s e  to 1 o n g i t u d i n a l  

v e l o c i t y  r a t i o  

The Power Supply 

V o l t a g e  r a t i n g  

C u r r e n t  r a t i n g  

Anode supply  v o l t a g e  

Anode supply  c u r r e n t  

H e a t e r  supply  v o l t a g e  

Heater supp1.y c u r r e n t  

O p e r a t i n g  Modes: 

1. 

2 .  

3 .  

60 GHz 

200 kW RF 

35% 

70-80 kV 

7.0-8.0 A 

23 kV 

23.0 k G  

1 . 5  - 2.0 

100 k V  dc 

10 A 

0-35 k V  dc  

<20.0 nLCl 

0-1.5 V ,  ac 

15 A 

10 us p u l s e  l e n g t h  

1 I n s  - 100 m s  p u l s e  l e n g t h  

30 s t o  c w  

2 
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F i g u r e  1-1 Schematic  of g y r o t r o n  oscillator showing a p p l i e d  
magnetic f i e l d  and the rf f i e l d  and gain i n  t h e  
c a v i t y .  
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2 . 0  PROGRESS 

2 . 1  MAGNETRON I N J E C T I O N  GUN 

1 
The mechanical  d e s i g n  of t h e  magnetron i n j e c t i o n  gun shown i n  t h e  l a s t  r e p o r t  

w a s  completed.  P a r t s  w e r e  p laced  on o r d e r  and are expec ted  t o  b e  r e c e i v e d  

d u r i n g  t h e  l a s t  q u a r t e r  of 1980. Tool ing  f o r  assembling t h i s  gun has been 

d e s i g n e d ,  and p l a c e d  on o r d e r .  

The f i r s t  gun is  expec ted  t o  b e  assembled by December 1980, and a back-up gun 

by January 1981, 

2.2 ANODE D R I F T  REGION 

The r e g i o n  between t h e  second anode and t h e  c a v i t y  must b e  c a r e f u l l y  des igned  

i n  o r d e r  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of gyro t ron- type  i n t e r a c t i o n  i n  t h a t  

r e g i o n .  

a x i a l  d i s t a n c e  t o  r e a c h  t h e  ca thode  a t  t h e  c o r r e c t  r a d i u s  f o r  t h e  TE mode. 

While t h e  optimum magnet ic  f i e l d  f o r  the TE mode i s  reached  o n l y  when t h e  

beam i s  i n  t h e  i n t e r a c t i o n  c a v i t y ,  t h e  magnet ic  f i e l d  is  almost  optirrium f o r  

t h e  n e x t  c l o s e s t  mode, t h e  TE22, i n  t h e  d r i f t  r e g i o n .  

f o r e  should  b e  des igned  i n  c o n j u n c t i o n  w i t h  t h e  t r a n s i t i o n  magnet ic  f i e l d ,  t o  

n o t  i n t e r a c t  w i t h  t h e  TE mode. 

The beam i s  undergoing a d i a b a t i c  compression and r e q u i r e s  a f i n i t e  

02 

02 

The d r i f t  t u n n e l  t h e r e -  

22 

F i g u r e  2.2-1. i l l u s t r a t e s  t h e  des igned  magnet ic  f i e l d  i n  t h e  d r i f t  r e g i o n  and 

t h e  t u n n e l  r a d i u s  which i s  r e q u i r e d  f o r  TE mode i n t e r a c t i o n ,  A l s o  shown i s  

t h e  a c t u a l  t u n n e l  r a d i u s  which wi1.l b e  used i n  SIN 1. It  can  b e  s e e n  from 

F i g u r e  2 .2-1  that. t h e  T E z 2  mode w i l l  b e  cut-off  a t  a l l  p o i n t s  w i t h i n  t h e  anode 

d r i f t  r e g i o n .  

22 

T h e  e l e c t r i c a l  and mechanica l  d e s i g n  o f  t h i s  d r i f t  r e g i o n  will be  completed i n  

the n e x t  q u a r t e r .  

4 



10 

9 

8 

- 7  
c i 
u r 6  
2 
$ 5  

4 

ORNL-DWG 81-16668FED 
G9346 

3 

2 

1 

AXIAL DISTANCE (cm.) 

Figure 2.2-1 Magnetic field, tunnel radius required for TE22 mode interaction and 
actual tunnel radius in t he  anode drift region. 

I! 
rn 
t- o 



2 . 3  SUPERCONDUCTING SOLENOID 

Bids  were s o l i c i t e d  from f o u r  vendors  for t h e  superconduct ing  s o l e n o i d  and 

power s u p p l i e s ,  as des igned  i n  t h e  l a s t  q u a r t e r .  Two b i d s  w e r e  r e c e i v e d ,  

and t h e  s u c c e s s f u l  b i d d e r  w a s  Magnetic C o r p o r a t i o n  o f  A m e r i c a ,  Waltham, MA. 

T h e i r  c r y o s t a t  d e s i g n  i s  shown s c h e m a t i c a l l y  in F i g u r e  2.3-1. 

1 

The d e s i r a b l e  uniqueness  O F  t h i s  d e s i g n  i s  t h a t  t h e  t o p  of t h e  c r y o s t a t  i s  

f r e e  from o b s t r u c t i o n s  which could  i n t e r f e r e  w i t h  t h e  g y r o t r o n .  Connect ions 

f o r  e i g h t  c o i l s  and f i l l  t u b e s  are  a l l  s e r v i c e d  from a 45 
0 

a n g l e  a r m .  

D e l i v e r y  of t h i s  s o l e n o i d  i s  expec ted  by February  1981. 

2 . 4  CAVITY 

An X-band c a v i t y  w a s  c o n s t r u c t e d  and e v a l u a t e d .  T h i s  c o l d  test  c a v i t y  was 

comprised of an i n p u t  s e c t i o n  which could  b e  s t r a i g h t  o r  have v a r i a b l e  tapers, 

as w e l l  a s  v a r i a b l e  l e n g t h .  In a d d i t i o n ,  t h e  c a v i t y  o u t p u t  horn  could  have a 

v a r i a b l e  a n g l e .  From t h e s e  c o l d  tests,  60 GHz c a v i t i e s  w e r e  designed and 

eval.unted on t h e  computer.  

2 . 4 . 1  Cold Tests 

Co1.d t e s t  measurements a t  10.0 GHz were performed t o  de te rmine  e x t e r n a l  Q 

f a c t o r s  and iiiode p r o € i l e s .  The TE 

o r i e n t e d  i n d u c t i v e  c o u p l i n g  l o o p s  a t t a c h e d  t o  coax probes i n s e r t e d  :i.nto t h e  

s i d e  w a l l s  of t h e  cav: i ty .  Table  2 . 4 . 1 - 1  g i v e s  t h e  r e s u l t s  of some of t h e s e  

measurements and compares t h e s e  w i t h  v a l u e s  c a l c u l a t e d  from t h e  Hughes c a v i t y  

code.  The s t r o n g  d e c r e a s e  o f  Q w i t h  t h e  i n p u t  t a p e r  a n g l e  ( 0  ) and some- 

what o s c i l l a t o r y  dependence of Q on t h e  o u t p u t  t a p e r  a n g l e  (B ) p r e d i c t e d  

by t h e o r y  w a s  v e r i f i e d  q u a l . i t a t i v e l y  and i n  many cases good q u a n t i t a t i v e  

agreement w a s  o b t a i n e d .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  2.4.1-1. 

modes were e x c i t e d  u s i n g  c o r r e c t l y  
0 2  1 

2 
E x t  1. 
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TABLE 2.4 .1-1  

Q MEASIJKEMENTS 

L L  (CM) 

12.8  

12 .8  

1 2 . 8  

1 2 . 8  

1 2 . 8  

1 2 . 8  

1 2 . 8  

12.8 

1.2.8 

1 2 . 8  

1.2.8 

1 2 . 8  

12.8 

3.2.8 

12.40  

12.40 

12 .40  

12 .40  

1 2 . 4 0  

12 .40  

1 2 . 4 0  

12.40 

7 .48  

7 . 4 8  

7 . 4 8  

7 . 4 8  

7 . 4 8  

7 . 4 8  

0' 

0' 

0.47' 

0.47' 

0.47' 

1.04' 

1.04' 

1.42' 

O0 

0' 

0 (' 

O0 

0.47' 

0.47O 

0 2  

15' 

30' 

10' 

15' 

30° 

15' 

30* 

15' 

l o o  

15* 

30* 

30' + l r i s  

1.5' 

30' 

Tot 
QLab 

1685 

2655 

737 

6 4 5  

886 

548 

7 6 0  

2 3 1  

7 1 1  

9 8 1  

847 

2115 

372 

434 

E x t  
'Lab 
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‘The i n p u t  t a p e r  a n g l e ,  a p a r t  from g r e a t l y  lower ing  (2 a l s o  narrows t h e  mode 

s t r u c t u r e  and s h i f t s  the mode peak forward ,  g i v i n g  t h e  mode a g a u s s i a n  r a t h e r  

t h a n  a s i n u s o i d a l  shape .  T h i s  was v e r i f i e d  by rrequency s h i f t  rneasuremcnt s 

and t h e o r y  as i l l u s t r a t e d  i n  F i g u r e s  2.4.1-2 and 2 . 4 . 1 - 3 .  Varying t h e  o u t p u t  

t a p e r  a n g l e  a l l o w s  Q t o  v a r y  up t o  30%. b u t  l e a v e s  t h e  i n t e r n a l  mode s t r u c -  

t u r e  unchanged. 

Ext 

Ext 

There are s e v e r a l  e x p l a n a t i o n s  for t h e  disagreement  between c o l d  t e s t  measure- 

uients and theory based on s i n g l e  mode a n a l y s i s .  

w i t h  t h e  TE mode and can  e a s i l y  b e  e x c i t e d .  The r e s u l t a n t  mode, which i s  a 
021 

l i n e a r  combinat ion of TE 

hence a lower Q 

c a u s e  mode d i s t o r t i o n  and place extra l o a d i n g  on the c a v i t y .  In g e n e r a l ,  

mode c o u p l i n g  i s  always p r e s e n t  due t o  a v a r y i n g  c a v i t y  r a d i u s  and wal l  l o s s ,  

c r e a t i n g  o t h e r  c h a n n e l s  by which KF can  l e a k  o u t  of t h e  c a v i t y .  I n  a d d i t i o n ,  

a t  low v a l u e s  of Q 

more d i f f i c u l t .  F i n a l l y ,  t h e r e  i s  some mismatch between t h e  f i n a l  o u t p u t  horn 

and f r e e  s p a c e ,  c a u s i n g  r e f l e c t i o n  and t h u s  d i s t o r t i n g  t h e  Q measurement, 

The TMlz1 mode is d e g e n e r a t e  

and TM,21 a p p e a r s  t o  have a l a r g e r  h a l f  wid th  and 
021 

t h a n  t h e  TEOzL mode a l o n e .  The f i n i t e  s i z e  probes a l s o  
Ext 

s e p a r a t i o n  of t h e  d e s i r e d  mode from a d j a c e n t  modes i s  
Ext’ 

2 .4 .2  C a v i t y  Des igns  

F i n a l  c a v i t y  d e s i g n s  were a r r i v e d  a t  u s i n g  computer s i m u l a t i o n s  of t h e  beam 

i n t e r a c t i o n  ( F i g u r e  2.4.2-1) w i t h  guidance provided by c o l d  test  measurements. 

The f o l l o w i n g  set  of c a v i t i e s  a t  60.0 GHz w e r e  s e n t  o u t  t o  be f a b r i c a t e d :  

C a v i t y  C o n f i g u r a t i o n  A 

F i g u r e  2 . 4 . 2 - 2  shows t h e  dimensions f o r  c a v i t i e s  ill., 2 ,  and 3 a l l  having  i n p u t  

t a p e r  a n g l e s  of 0 .47 w i t h  l e n g t h  t o  r a d i u s  r a t i o  of 6 :1  and a gaussiar i  shaped 

mode p r o f i l e  ( v e r i f i e d  from c o l d  t e s t ,  F i g u r e  2 . 4 . 1 - 3 ) .  These c a - v i t i e s  a r e  t o  

be o p e r a t e d  i n  a f l a t  magnet ic  f i e l d ,  and a re  p r e d i c t e d  t o  have a n  opt imized  

power of a t  least  200 kW o u t p u t  i f  Q l i e s  between 200 and 596 (F ig-  
Ext 

u r e  2 .4 .2-3) .  The beam v o l t a g e  i s  assumed t o  be 70 kV, beam c u r r e n t  8 amps 

and p e r p e n d i c u l a r  t o  parallel v e l o c i t y  i s  1 . 5 .  P r e s e n t  c o l d  t e s t  d a t a  a t  

0 
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Figiire 2 . 4 . 2 - 1  Phase bunching of h o l l o w  electron 
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0 
1.0 GHz p r e d i c t s  a Q o f  approximate ly  400 f o r  a 15 o u t p u t  t a p e r  and t h u s  a n  

o u t p u t  power of 240 kW a t  approximate ly  4 0 %  e f f i c i e n c y .  Average CW w a l l  load-  

ing on t h e  c a v i t y  would b e  about  6 0 0  w a t t s l s q .  c m .  Magnet ic  t a p e r i n g  f o r  t h i s  

c a v i t y  does  n o t  s e e m  t o  g r e a t l y  increase t h e  p r e d i c t e d  ou tpu t  power. Cavit-y 

114 which h a s  no i n p u t  taper  w a s  o rde red  as a "con t ro l "  c a v i t y  t o  h e  used i n  t h e  

c o l d  tes t  measurements a t  6 0  GHz.  

Ext 

C a v i t y  ----- C o n f i g u r a t i o n  B 

The dimensions of c a v i t y  #5 are shown i n  F i g u r e  2.4.2-4.  It i s  l o n g e r  t h a n  t h e  

f i r s t  c a v i t y  s e t  ( r a t i o  of l e n g t h  t o  r a d i u s  7 .46:1) ,  and h a s  an i n p u t  t a p e r  

a n g l e  of  1 .04  g i v i n g  a ve ry  s h a r p  mode p r o f i l e .  T h i s  c a v i t y  i s  t o  o p e r a t e  

o p t i m a l l y  i n  t h e  7 %  t a p e r e d  magnet ic  f i e l d ,  and i s  p r e d i c t e d  t o  d e l i v e r  an 

o u t p u t  power of a t  l ea s t  200 kW f o r  any Q between 203 and 785 ( F i g u r e  2 . 4 . 2 - 5 ) .  

P r e s e n t  c o l d  t e s t  d a t a  p r e d i c t s  a Q of 6 2 0  f o r  a 15' o u t p u t  taper and t h u s  an 

o u t p u t  power of 230 kW a t  40% e f f i c i e n c y .  A 10% o u t p u t  t a p e r  a n g l e  i s  p r e d i c t e d  

t o  have a Q of 553 w i t h  an  o u t p u t  power of 240 kW. Average CW w a l l  l o a d i n g  

011 t h i s  cav i ty  would be  about  800 w a t t s / s q  cm. This c a v i t y  can  g i v e  t h e  same 

o u t p u t  power as t h o s e  of the fiirst set, b u t  w i t h  h i g h e r  Q v a l u e s .  This  would 

i l l o w  f o r  b e t t e r  mode s e p a r a t i o n ,  g r e a t e r  cav i ty  i s o l a t i o n ,  arid lower s t a r t i n g  

t h r e s h o l d s .  It would also o p e r a t e  more e f f e c t i v e l y  a t  degraded beam pa rame te r s ,  

an impor t an t  c o n s i d e r a t i o n  f o r  the " f i r s t "  g y r o t r o n  d e v i c e .  

f o r  u l t i m a t e  CW o p e r a t i o n  i s  that  the h ighe r  Q r e s u l t s  i n  g r e a t e r  power 

d i s s i p a t i o n  on t h e  w a l l s .  

0 

Ext 

E x t  

E x t  

The d i sadvan tage  

Ext 

2 .4 .3  Threshold  A n a l y s i s  

F i g u r e  2 .4 .3 -1  shows the minimum s t a r t i n g  c u r r e n t s  v s  magnetic- in i s tun ing  f o r  

i n i t i a l l y  e x c i t i n g  t h e  c a v i t y  and i l l u s t r a t e s  that  t h e  r e g i o n  of optimum e f f i -  

c i e n c y  o c c u r s  q u i t e  c l o s e  t o  t h e  edge o f  the o p e r a t i n g  r e g i o n  a t  10 amps. T h i s  

i s  a p o t e n t i a 1  problem f o r  pu l sed  o p e r a t i o n .  

16 
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2.4 .4  F i n a l  C a v i t y  Design 

The f i n a l  c h o i c e  of c a v i t y  f o r  t h e  f i r s t  g y r o t r o n  d e v i c e  w i l . 1  a w a i t  f i n a l  c o l d  

tests a t  60 GHz of c a v i t i e s  1 through 5. 

2.5 917H (CTJ) COLT,ECTOR 

The mechanical  d e s i g n  of t h e  c o l l e c t o r  f o r  t h e  f i r s t  e x p e r i m e n t a l  g y r o t r o n  was 

completed d u r i n g  t h i s  q u a r t e r .  The e lec t r ica l  d e s i g n  w a s  based  on a l l o w i n g  t h e  

s p e n t  beam t o  s p r e a d  a l o n g  t h e  n a t u r a l l y  decaying  magnet ic  F i e l d  l i n e s  o f  t h e  

superconduct ing  s o l e n o i d ,  i . e . ,  no a u x i l l a r y  c o i l s  o r  magnets w e r e  used t o  

s p r e a d  t h e  beam. The power d e n s i t y  a t  which t h e  s p e n t  beam impacts  on t h e  

c o l l e c t o r  w a l l s  i s  dependent  upon t h e  d iameter  of t h e  c o l l e c t o r  chosen.  F o r  s. 

3.5" 1.D. c o l l e c t o r ,  t h e  p r e d i c t e d  power d e n s i t y  r e a c h e s  800 W / c m  a t  s e v e r a l  

p o i n t s  i n  t h e  beam impact  area.' Because t h i s  h i g h  power d e n s i t y  i s  approach- 

i n g  t h e  upper l i m i t  of power d e n s i t i e s  which can b e  s u s t a i n e d  on a CW b a s i s  by 

water -cool ing ,  i t  becomes a d v i s a b l e  t o  have e x p e r i m e n t a l  v e r i f i c a t i o n  of t h e  

beam l o c a t i o n  and power d e n s i t y .  

2 

One method of v e r i f y i n g  beam l o c a t i o n  and power d e n s i t y  i s  t h e  measurement of 

X-rays e m i t t e d  from t h e  impact: of t h e  beam on t h e  c o l l e c t o r  w d l .  T h i s  mea- 

surement should  b e  made as c l o s e  t o  t h e  impact area as p o s s i b l e  i n  o r d e r  ts 

avoid  d e t e c t i o n  of d i t f r a c t e d  X-rays from o t h e r  impact areas w i t h i n  t h e  c o l -  

l e c t o r .  T h i s  i m p l i e s  t h a t  t h e  c o l l e c t o r  f o r  t h e  f i r s t  gyrotr-or1 should  b e  con- 

s t r u c t e d  w i t h o u t  c o o l i n g ,  and w i t h  as t h i n  a wall t h i c k n e s s  as s t r u c t u r a l l y  

p o s s i b l e .  

The d e s i g n  of  t h e  S/N 1 c o l l e c t o r  w i l l  employ a w a l l  t h i c k n e s s  of 0.2". The 

beam i s  expec ted  t o  b e  c o n t a i n e d  w i t h i n  a 3.5" I D  c o l l e c t o r  s e c t i o n  which i s  

23'' long.  A t  t h e  e x t r e m i t i e s  of t h i s  s t r a i g h t  s e c t i o n ,  an  i n s u l a t i n g  choke 

has been d e v i s e d  which c o n t a i n s  the KF w i t h i n  the 3.5" guide ,  b u t  p e r m i t s  

d e t e c t i o n  of beam c u r r e n t  s e p a r a t e  from o t h e r  t u b e  subassembl ies .  A t  t h e  gun 

end of t h e  s t r a i g h t  c o l l e c t o r  s e c t i o n ,  t h e  anode d r i f t  r e g i o n ,  c a v i t y  and 

up-taper  arc  e l e c t r i c a l l y  t i e d  t o g e t h e r .  A t  t h e  o u t p u t  end of t h e  s t r a i g h t  

20 



c o l l e c t o r  s e c t i o n ;  t h e  down t a p e r ,  pump-out assembly and window are e l e c t r i -  

c a l l y  t i e d .  

A method of m a i n t a i n i n g  c o n c e n t r i c i t y  of +0.001." through a d j a c e n t  c o l l e c t o r  

s e c t i o n s  has  been des igned  i n t o  t h e  i n s u l a t i n g  choke. 

2 . 6  919H (100 ms) COLLECTOR 

'The 100 m s  tube  needs  on ly  t o  w i t h s t a n d  2% du ty  o p e r a t i o n ,  p l u s  t h e  accompany- 

i n g  e f f e c t s  of long-pulse  the rma l  stresses. A p r e l i m i n a r y  a n a l y s i s  from t h e  
I 

CW c o l l e c t o r  t r a j e c t o r y  p l o t  shows t h a t  f o r  a 1" diamete r  c o l l e c t o r ,  t h e  beam 

would c o l l e c t  over  a 1 2 . 7  c m  l e n g t h  i n  a r e g i o n  between 7 2  and 85 cm f rom the 

n o i s e  of t h e  ca thode .  T h i s  compr ises  an  area of 1 0 1  cm f o r  a worst  c a s e  beam 
2 

power of  560 kW peak. A t  2% d u t y ,  t h e  ave rage  power d e n s i t y  i s  11.0 wa t t s j cm , 
which i s  cons ide red  more than  adequa te .  The peak h e a t i n g  e f f e c t s  however are 

an unknown a t  t h i s  t i m e ,  and w i l l  b e  i n v e s t i g a t e d  f u r t h e r  th rough a t r a n s i e n t  

h e a t  a n a l y s i s  f o r  c o l l e c t o r  s i z e s  oE 1" t o  2.5" d i a m e t e r .  

2 

2 1  



2.7 91711 CW O'IJTPUT WINDOW 

The p r e l i m i n a r y  d e s i g n  o f  a n  o u t p u t  window f o r  t h e  

p l e t e d .  T h i s  window w i l l  a c t u a l l y  u s e  two windows 

d i e l e c t r i c  f l o w i n g  between them. Edge-cooling of 

CW g y r o t r o n  h a s  been corn- 

w i t h  a s u r f a c e  c o o l i n g  

the  windows w i l l  b e  accom- 

p l i s h e d  w i t h  water .  A f u n c t i o n a l  r e p r e s e n t a t i o n  of t h i s  double  window con- 

f i g u r a t i o n  i s  shown i n  F i g u r e  2.7-1. 

A computer code h a s  been programmed t o  e v a l u a t e  the VSWR o b t a i n e d  from the 

double  d i s c  window d e s i g n .  T h i s  code p e r m i t s  r a p i d  e v a l u a t i o n  of window 

t h i c k n e s s  and gap s p a c i n g  between windows f o r  t h e  TE mode. R e p r e s e n t a t i v e  

o u t p u t  p l o t s  from t h i s  window e v a l u a t i o n  code are shown i n  F i g u r e s  2.7-2 and 

2.7-3 f o r  two window t h i c k n e s s e s  ( = 3 / 2  hg) .  It can  b e  s e e n  from t h e s e  f i g -  

u r e s  t h a t  t h e  e f f e c t  of l a r g e r  gap s p a c i n g s  i s  t o  d e c r e a s e  t h e  pass band 

s l i g h t l y  and lower t h e  c e n t e r  f requency.  The p a s s  band i t s e l f  i s  o n l y  about  

1% a t  a VSWR of 1.25:l. 

02 

It i s  d e s i r a b l e  t o  e x p l o r e  methods of i n c r e a s i n g  t h e  p a s s  band of t h e  double  

d i s c  c o n f i g u r a t i o n ,  by e v a l u a t i n g  asymmetric double  d i s c s ,  and by expl-or ing 

v a r i a t i o n s  i n  w a l l  d i a m e t e r .  I n  view of the v e r y  narrow bandwidth,  i t  may b e  

n e c e s s a r y  t o  re-evnl .uate  t h e  f e a s i b i l i t y  of t h i n n e r  windows w i t h  t h i c k n e s s e s  

of t he  o r d e r  of  Xg. 

Mechanica l ly ,  f u r t h e r  e f f o r t  i s  r e q u i r e d  t o  r e f i n e  t h i s  d e s i g n ,  and compl.etion 

i s  expec ted  i n  t h e  n e x t  q u a r t e r .  

2 . 8  91 9H (.lo0 ms) OUTPUT WINDOW 

S i n c e  t h e  a v e r a g e  h e a t  d l i ss i .pa t ion  due t o  RF i n  100 m s  i s  not as se-vere a s  i n  

t h e  CW window, a s i n g l e  d i s c  window w i l l  be employed. F i g u r e  2.8-1 i l l u s t r a t e s  

t h e  c a l c u l a t e d  p a s s  band f o r  a s i n g l e  3 / 2  Xg window ( u s i n g  t h e  double  d i s c  

d e s i g n  code,  w i t h  t of the second window e q u a l  t o  1 .0) .  The bandwidth of the 

s i n g l e  d i s c  i s  approximate ly  twice t h a t  of the double  d i s c ,  o r  about  2%.  It 

t;hould b e  p o s s i b l e  t o  c o n s i d e r  windows w i t h  t h i c k n e s s e s  of t h e  o r d e r  of J g  f o r  

t h e  100 m s  t u b e ,  w i t h  l i t t l e  impact on window stress i n t e g r i t y .  
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F i g u r e  2.7-3  Calculated VSWR of double d i s c  window, with d i e l e c t r i c  coolant i n  t h e  gap 
between windows. ('Window t h i c k n e s s  = 0 118") . 
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The mechanical  des ign  of t h e  s i n g l e  d i s c  window h a s  been completed,  and i s  

shown i n  F i g u r e  2.8-2.  B e 0  d i s c s  have been o rde red  and are expec ted  t o  be  

r e c e i v e d  i n  December 1980. 
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2 .9  POWER SUPPLIES 

It i s  pl.anned t o  use  t h r e e  s u p p l i e s  f o r  t e s t i n g  t h e  f i r s t  g y r o t r o n s :  

e h modif ied  ca thode-pulsed  supp ly  w i t h  a 20 p s ,  2% du ty  c a p a b i l i t y  a t  

70 kV max. 

e A DOE-furnished supp ly ,  used on JFT-2 ,  w i t h  100 p s  t o  100 m s ,  1% 

duty  a t  v o l t a g e s  up t o  90 kV. 

e A DOE-furnished supp ly ,  used  a t  the Kwajalein Missile Kange f o r  t h e  

M i s s i l e  S i t e  Radar (MSR), w i t h  a 3 MW CW c a p a b i l - i t y  a t  150 kV, 

2 . 9 . 1  S h o r t  P u l s e  Power Supply 

T h i s  supply  i s  c u r r e n t l y  r a t e d  a t  65 kV max. M o d i f i c a t i o n s  are  underway t o  

upgrade t h e  supply  f o r  long  t e r m  70 kV o p e r a t i o n .  A compensated res i s t ive  

d i v i d e r  network w i l l  be  added t o  t h e  supply  i n  o r d e r  t o  p rov ide  a con t inuous ly  

v a r i a b l e  mod-anode v o l t a g e ,  from 0 t o  35 kV w i t h  r e s p e c t  t o  the ca thode .  This 

supply  w i l l  b e  used to  o b t a i n  d i a g n o s t i c  d a t a  a t  l o w  du ty ,  less than  1%, 

immediately a f t e r  the t u b e  i s  p inched-of f .  

2 .9 .2  Medium P u l s e  Power Supply 

T h i s  supp ly  w a s  c o n s t r u c t e d  s p e c i f i c a l l y  f o r  o p e r a t i o n  of a Varian  2 8  GHz,  

40 m s  p u l s e  g y r o t r o n  a t  80 kV. 

on JFT-2,  and i s  expec ted  t o  be  sh ipped  t o  Hughes i n  A p r i l  1981. No modi f ica-  

t i o n s  o t h e r  t h a n  reassembly are  a n t i c i p a t e d .  This  supply  will prov ide  a 109 111s 

p u l s e  c a p a b i l i t y  i n  t i m e  f o r  the r e q u i r e d  demons t r a t ion  by December 31, 1Y81. 

The supply  is c u r r e n t l y  i n  o p e r a t i o n  i n  Japan  

2 . 9 . 3  CW Power Supply 

T h e  MSK power s u p p l y  was d i sa s sembled ,  packaged and sh ipped  t o  Hughes from 

Kwaja le in  as  p a r t  of the e f f o r t  under  t h i s  g y r o t r o n  program. Some damage was 

29 



i n f l i c t e d  d u r i n g  t r a n s - s h i p p i n g  a t  Honolulu,  wherein a p o r t i o n  of t h e  c a p a c i t o r  

bank w a s  s e v e r e l y  damaged. However, t h e  number of c a p a c i t o r s  r u i n e d  compared 

t o  t h e  t o t a l .  c a p a c i t a n c e  of t h e  supply  i s  s m a l l ,  and i t  i s  b e l i e v e d  t h a t  normal 

o p e r a t i o n  can  b e  achieved  w i t h o u t  r e p l a c i n g  t h e  damaged c a p a c i t o r s .  

The d isassembled  MSR supply ,  i n c l u d i n g  h e a t  exchangers ,  pumps and water p u r i -  

f i k a t i o n  system were p laced  i n  s t o r a g e  a t  Hughes u n t i l  such  t i m e  t h a t  funding  

w i l l  permi t  reassembly.  

In  o r d e r  t o  u s e  t h e  MSR supply  i n  c o n j u n c t i o n  w i t h  t h e  g y r o t r o n ,  a modulator  

must b e  c o n s t r u c t e d  which p r o v i d e s  a mod-anode v o l t a g e  and t h e  a b i l i t y  t o  p u l s e  

t h e  g y r o t r o n  f o r  p e r i o d s  g r e a t e r  t h a n  100 ms, i n c l u d i n g  30 seconds t o  CW. 

2 .10  GYROTRON FACILITY 

Approximately 9000 sq .  f t .  of space  i s  b e i n g  provided f o r  e s t a b l i s h i n g  a 

Gyrotron Labora tory  i n  B u i l d i n g  237.  T h i s  space  w i l l  have a d e q u a t e  head-room 

f o r  baking  and vacuum p r o c e s s i n g  g y r o t r o n s  up t o  9 '  t a l l .  

unde r  8 '  t -a l l . ) .  S i n c e  t h e  g y r o t r o n  can b e  assembled from subassembl ies  u s i n g  

h e l i - a r c  weld ing ,  s p a c e  h a s  a lso been provided  f o r  c o l d  test and f i n a l  

assembly.  

(The 917H is j u s t  

A p r e l i m i n a r y  l a y o u t  of t h e  Gyrotron F a c i l i t y  is  shown i n  F i g u r e  2.10-1. 

3 0 



ORNL-DWG 81-1 670CiFED 

G9362 

\ 

F i p r e  2.10-1 Pre l iminary  f a c i l i t y  l a y o u t .  



3.0 SCHEDULE 

3 . 1  A r e v i s e d  schedu le ,  r e f l e c t i n g  t h e  e f f o r t  r e q u i r e d  t o  demonst ra te  a 

"100 ms c a p a b i l - i t y  by December 31, 1981, i s  a t t a c h e d .  
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