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ABSTRACT 

The o b j e c t i v e  of t h i s  program is  to deve lop  a microwave o s c i l l a t o r  

capable of producing 200 kW of CW power a t  60 GHz. 'She use of c y c l o t r o n  

resonance i n t e r a c t i o n  i s  being pursued. 

The design, early c o n s t r u c t i o n ,  and test phases are d i s c u s s e d .  A peak 

output  power of over 200 kw was obtained with  over 502 efficiency a t  pulse 

durat ions  of 20 us. 
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I. INTRODUCTION 

The o b j e c t i v e  of t h i s  program i s  t o  deve lop  a microwave o s c i l l a t o r  

des igned  t o  produce 200 kW o f  CW o u t p u t  power a t  60 GHz. Neither t u n a b i l i t y  

no r  bandwidth a r e  c o n s i d e r e d  i m p o r t a n t  p a r a m e t e r s  i n  t he  d e s i g n  but  

e f f i c i e n c y  i s .  Mode p u r i t y  i n  t h e  o u t p u t  waveguide is n o t  a r equ i r emen t  for 

t h e  device, b u t  t h e  c i r c u l a r  e lec t r ic  mode is considered des i r ab le  because  

of i ts  low loss p r o p e r t i e s .  

With t hese  objectives i n  mind, an approach based on c y c l o t r o n  r e sonance  

i n t e r a c t i o n  between an e l e c t r o n  beam and microwave f i e l d s  is be ing  pursued.  

Tne d e t a i l e d  arguments l e a d i n g  t o  t n i s  approach are con ta ined  i n  t h e  f i n a l  

r e p o r t  of a p r e c e d i n g  s t u d y  program . The device c o n f i g u r a t i o n s  o f  

p a r t i c u l a r  i n t e re s t ,  c a l l e d  g y r o t r o n s ,  have been d iscussed  i n  recent 

1 

They employ a hollow e l e c t r o n  beam i n t e r a c t i n g  w i t h  

c y l i n d r i c a l  r e s o n a t o r s  of t h e  "EOM, c l a s s .  

The optimum beam for t h e  c y c l o t r o n  r e sonance  interaction is one in 

which  t h e  e l e c t r o n s  have most of t h e i r  energy i n  v e l o c i t i e s  p e r p e n d i c u l a r  t o  

t h e  a x i a l  magnet ic  f i e l d .  

a x i a l  components of t h e  electron v e l o c i t i e s  be a s  s m a l l  as possible. 

Another r equ i r emen t  is t h a t  t h e  s p r e a d  i n  t h e  

The approach chosen t o  g e n e r a t e  t h e  beam is a magnetron t y p e  of gun as 
i s  used on t h e  28 GHz g y r o t r o n ,  a l s o  developed for Oak Ridge Na t iona l  

W i t h  t h i s  t y p e  of g u n ,  t h e  s h a p i n g  o f  t h e  magnet ic  f i e l d  i n  

t h e  gun r eg ion  becomes q u i t e  i m p o r t a n t .  

Gyrotron behav io r  s t u d i e s  u t i l i z i n g  28 GHz test  v e h i c l e s  are 

c o n t i n u i n g .  Areas s t u d i e d  t h i s  q u a r t e r  i n c l u d e d  h i g h  v o l t a g e  gun a r c i n g ,  

new cathode m a t e r i a l s ,  rf behav io r  and c a v i t y  and o u t p u t  t aper  d e s i g n .  

The supe rconduc t ing  s o l e n o i d  magnet was c o r r e c t e d  and o p e r a t e d  i n  

s u p p o r t  of e x p e r i m e n t a l  t u b e  t e s t i n g .  

1 



P r e p a r a t i o n  was made for making computer c a l c u l a t i o n s  of h e a t  t r a n s f e r  

and t e m p e r a t u r e  cycle da ta  for t h e  g y r o t r o n  c o l l e c t o r  w i t h  p u l s e  l e n g t h s  

r e l e v a n t  for f u s i o n  e x p e r i m e n t s .  

S e v e r a l  face cooled doub le  d i sc  CW window d e s i g n s  were e v a l u a t e d  

t h e o r e t i c a l l y .  

A v a r i e t y  of waveguide components i n c l u d i n g  waterloads, mode f i l t e r s ,  

miter bends and f l a n g e  a d a p t e r s  were des igned  and a r e  i n  v a r i o u s  s t a g e s  of 

f a b r i c a t i o n .  

The first e x p e r i m e n t a l  t u b e  y i e l d e d  promising results i n  terms of 

d e m o n s t r a t i n g  the  peak o u t p u t  power. The second e x p e r i m e n t a l  t u b e  is 

n e a r i n g  comple t ion .  ?he t h i r d  e x p e r i m e n t a l  t u b e  is under c o n s t r u c t i o n .  

2 



11. GYROTRON BEHAVIOR STUDY 

A.  ARCING AND CROWBAR INVESTIGATION 

A m a j o r i t y  of t h e  q u a r t e r  was s p e n t  working w i t h  v a r i o u s  tubes and 

t r y i n g  t o  f i n d  a c a u s e  for t h e  f r e q u e n t  crowbars  i n  t h e  VGA-8000 and 

VGA-8050 t u b e s .  The purpose of t h i s  work i s  t o  e l i m i n a t e  some o f  t h e  d e s i g n  

problems i n  g y r o t r o n s  so t h e  developmental  work a t  h i g h e r  f r e q u e n c i e s  can 

proceed more r a p i d l y .  Work was completed on t h e  f i r s t  s t a g e  of t h i s  

i n v e s t i g a t i o n .  

During t h i s  q u a r t e r  f o u r  a n t e n n a s  were placed i n  t h e  o i l  t a n k  n e a r  t h e  

g y r o t r o n  gun t o  look for r f  i n  t h e  gun r e g i o n .  A t  f i r s t  it seemed t h a t  t h e  

r f  preceded t h e  tube f a u l t .  F u r t h e r  i n v e s t i g a t i o n ,  u s i n g  a d i g i t a l  s t o r a g e  

scope w i t h  50 nanoseconds pe r  p o i n t  s p e e d ,  showed t h a t  t h e  r f  a c t u a l l y  

fo l lowed  the  gun anode arc by 100-200 nanoseconds.  This rf could be due  t o  

t h e  high beam c u r r e n t  drawn when t h e  gun anode v o l t a g e  approaches  ground 

p o t e n t i a l .  

Using t h e  t a b l e  of p robab le  e v e n t s  t h a t  would o c c u r  w i t n  v a r i o u s  t u b e  

f a u l t s ,  a l l  t y p e s  of f a u l t s  were seen .  Observed were t h e  f o l l o w i n g :  

1. gun anode arc  t o  ground ( F i g u r e  1 ) ;  

2. gun anode arc t o  c a t h o d e  ( F i g u r e  2); 

3. ca thode  a r c s  t o  ground w i t h  t h e  gun anode f o l l o w i n g  ( F i g u r e  3 ) ;  

These three f i g u r e s  were t a k e n  w i t h  t h e  d i g i t a l  s t o r a g e  scope d u r i n g  

t h e  CW operation of the VGA-8000 S/N 11. F i g u r e  1 shows t h e  mod-anode 

v o l t a g e  go ing  q u i c k l y  towards  ground p o t e n t i a l  while  a t  t h e  same i n s t a n t  t h e  

mod-anode current goes i n  t h e  d i r e c t i o n  of d i s c h a r g i n g  t h e  Capac i t ance  i n  

t h e  modulator  between mod-anode and anode. As can be seen  i n  F i g u r e  1 t h e  

time c o n s t a n t  for t h e  d i s c h a r g i n g  of t n a t  c a p a c i t a n c e  I s  q u i t e  l o n g .  F i g u r e  

2 shows a lower seal arc. T h i s  seems t o  be much less f r e q u e n t  t h a n  an upper 

sea l  arc.  In  t h i s  f i g u r e  t h e  mod-anode v o l t a g e  t r ies  t o  go more n e g a t i v e  

3 
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FIGURE 2. LOWER SEAL ARC 



and a t  t h e  same I n s t a n t  t h e  c u r r e n t  goes  f o r  a s h o r t  time i n  t h e  d i r e c t i o n  

of cha rg ing  t h e  c a p a c i t a n c e  i n  t h e  modulator  from mod-anode t o  anode. Tne 
crowbar t h e n  f i res  and t h e  v o l t a g e s  go t o  ze ro .  F igu re  3 shows an arc from 

ca thode  t o  ground. This is ve ry  seldom seen .  The mud-anode v o l t a g e  goes  

towards  t he  ca thode  v o l t a g e ,  and y e t  t h e  mod-anode c u r r e n t  is  going  i n  the  

d i r e c t i o n  of d i s c h a r g i n g  t h e  mod-anode to  anode c a p a c i t y  i n  t h e  modula tor .  

I n  t h e  e v e n t  of c a s e  No. 2, t h e  beam should  s h u t  off w i t h o u t  a crowbar ,  

b u t  t h i s  d o e s n ' t  seem to  be t h e  case, and t h i s  will be f u r t h e r  i n v e s t i g a t e d .  

During p u l s e  o p e r a t i o n ,  t h e  gun anode v o l t a g e  t e n d s  t o  go more n e g a t i v e ,  

r a t h e r  than more p o s i t i v e ,  wi th  the  s t a r t  of  t h e  crowbar.  While i n  CW 

o p e r a t i o n  t h e  f a i l u r e  mode seems t o  be t h e  gun anode v o l t a g e  going  more 

p o s i t i v e ,  i n d i c a t i n g  an arc from gun anode t o  ground.  

B. NEW CATHODE MATERIAL 

Discuss ions  were held wi th  t h o s e  involved  i n  ca thode  d e s i g n  a t  Varian.  

Some d a t a  were ob ta ined  on r e s u l t s  from t h e  ca thode  s t u d y  programs a t  Varian 

and elsewhere. The M-type and mixed-metal-matrix c a t h o d e s  appear  t o  be 

worthy of i n v e s t i g a t i o n .  They can have lower work f u n c t i o n s  than  t h e  barium 

c a t h o d e s  a s  w e l l  as h i g h e r  emiss ion  d e n s i t y  w i t h  good l i f e .  The !!-type 

c a t h o d e s  t y p i c a l l y  seem t o  have a more uniform s u r f a c e  e m i s s i o n ,  which i s  

good f o r  lower v e l o c i t y  s p r e a d s  due t o  s u r f a c e  roughness  and s p o t t y  

emis s ion .  

A more thorough s t u d y  could  be made by b u i l d i n g  an Auger microscope and 

o b s e r v i n g  t h e  u n i f o r m i t y  o f  emis s ion .  Th i s  could  be done on a modest 

budge t ;  b u t  t h e  r e a l  q u e s t i o n  a r i s e s  i n  t h e  v e l o c i t y  s p r e a d .  This 

measurement would r e q u i r e  b u i l d i n g  a good beam a n a l y z e r .  A t  t h e  m m e n t ,  

none exists for magnetron injection guns  and c o n s t r u c t i o n  o f  a beam a n a l y z e r  

would r e q u i r e  a s u b s t a n t i a l l y  large budget .  

C. RF BEHAVIOR 

During the q u a r t e r  an e x p l o r a t i o n  of parameter space  was performed w i t h  

two t u b e s .  The d a t a  f o r  t h e  CW tube  are shown i n  F igu re  4. The VGA-8000 

6 



QRNL Dwg. 81-16818 FED 

I 

1 
r' 

rl ii 
t = 6 . 3 ~ ~  

t = o  3 2 x  EXPANSION 

FIGURE 3. CATHODE ARC TO GROUND 



ORNL Dwg. 81-16819 FED 

21.4 

> 
23.2 e 

E > 

I /32.3 

1 31.8 

21.6 

430 440 uio 460 470 480 490 fioo 510 520 530 GO 
MAIN MAGNET X3 (AMPS) 

FIGURE 4. PARAMETER SPACE - VGA-8000 S/N 11 CW 

8 



S/N 1 1  was used for these tes ts .  F i g u r e  4 p o i n t s  o u t  t h a t  the  b e s t  way t o  

s t a r t  t h e  t u b e  o s c i l l a t i n g  I n  t h e  c o r r e c t  mode is t o  s t a r t  w i t h  a low gun 

anode v o l t a g e  and a h i g h  magne t i c  f i e l d ,  t hen  ra ise  t h e  gun anode v o l t a g e  t o  

t h e  d e s i g n  v a l u e  and t h e n  lower t h e  magne t i c  f i e l d  t o  g e t  t h e  d e s i r e d  o u t p u t  

power. F i g u r e  5 shows t h e  d a t a  f o r  t h e  EA-8050 S/N 9 p u l s e  t u b e .  

Camparing F i g u r e s  4 and 5 i l l u s t r a t e s  t h a t  t h e  o p e r a t i o n  o f  t h e  CW and p u l s e  

tubes is v e r y  s imi la r ,  b u t  there are two e v i d e n t  d i f f e r e n c e s .  F i r s t ,  t h e  CW 

t u b e  has a 28.4 GHz mode and the  p u l s e  t u b e  does n o t .  F u r t h e r  examinat ion 

w i l l  have t o  be done t o  i d e n t i f y  t h i s  mode. Though it is n o t  shown i n  

F i g u r e  4, t he  TEZz1 mode was a t  lower magne t i c  f i e l d  than  the  28.4 GHz a n d  

TEO2, modes, as it is a l s o  a t  lower f i e l d  t h a n  t h e  TE mode in t h e  pulse 

t u b e .  The second d l f f e r e n c e  o c c u r s  a t  t he  low gun anode v o l t a g e  l e v e l s .  I n  

t h e  CW c a s e ,  it a p p e a r s  more d i f f i c u l t  t o  o p e r a t e  i n  t h e  c o r r e c t  mode than  

I n  t h e  p u l s e  case. A p l o t  similar t o  these  w i t h  t h e  VGA-8000 S/N 11 

o p e r a t e d  i n  t h e  p u l s e  mode w i l l  h e l p  i n d i c a t e  whether these differences a r e  

due  t o  t h e  geometry d i f f e r e n c e s  or t o  t h e  d i f f e r e n t  mode sf o p e r a t i o n .  

02 1 

A t  high magnet ic  f i e l d s  t h e  32.4 GHz mode o s c i l l a t e s  w i t h  low power. 

This mode does n o t  seem t o  be a problem because it can be avoided w i t h  t h e  

a p p r o p r i a t e  magnet ic  f i e l d  s e t t i n g .  

s e r i o u s  problem. 

t h e  main f i e l d  is lowered and then  t h e  TE221 mode becomes t h e  lower l i m i t  in 

main magnet f i e l d ,  and t h e  upper l i m i t  f o r  power o u t p u t .  

The TE22, mode a p p e a r s  to  be a more 

As can be seen i n  F i g u r e  6,  t o  o b t a i n  h i g h  o u t p u t  power 

F i g u r e  6 shows t h e  c h a r a c t e r i s t i c s  o f  t h e  VGA-8000 S/N 11. It was 

o p e r a t e d  f o r  p e r i o d s  o f  a few h o u r s  a t  t h e  200 kW CW l e v e l .  T n i s  c u r v e  

compares well w i t h  t h e  p r e v i o u s  c u r v e s  f o r  S/N 5R2 and S/N 6. This tube 

ach ieved  40% e f f i c i e n c y .  

D. CAVITY AND OUTPUT TAPER DESIGN 

Two c a v i t y  d e s i g n s  have been looked a t  t o  r educe  t h e  mode c o m p e t i t i o n .  

One d e s i g n  has already been used on 60 GHz and has been reported. Another 

d e s i g n  is still b e i n g  I n v e s t i g a t e d  t o  be used on t h e  VGA-8000 S/N 8 r e b u i l d .  

9 
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The rebui ld  of S/N 8 w i l l  a l s o  inc lude  a part  for  a r e s i d u a l  g a s  

ana lyzer  (RGA) .  zhis w i l l  allow t h e  l i b e r a t e d  g a s e s  t o  be analyzed during 

bakeout a s  well a s  during tube  o p e r a t i o n .  There w i l l  also be another port 

to observe the  gas  pressure  i n  t h e  gun region during operat ion .  These 

d i a g n o s t i c s  will h e l p  t o  determine what i s  occurring  i n  the  tube during 

operat ion .  
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111. SUPERCONDUCTING SOLENOID MAGNET 

The supe rconduc t ing  s o l e n o i d  magnet,  r e c e i v e d  a t  t h e  end o f  December, 

e x h i b i t e d  some d imens iona l  problems. The sho r t  c y l i n d r i c a l  s e c t i o n  of t h e  

bore which mates w i t h  t h e  O-ring a t  t h e  bottom of t h e  t u b e  body and p r o v i d e s  

a l ignmen t  was u n d e r s i z e d ,  t a p e r e d  and o u t  of round.  T h i s  c o n d i t i o n  l i k e l y  

o c c u r r e d  d u r i n g  welding of the  p l a t e  and s h e l l  dewar assembly.  An i n -  

p r o c e s s  machine o p e r a t i o n  was a p p a r e n t l y  o m i t t e d .  

Th i s  mechanica l  problem, which p reven ted  i n s e r t i n g  t h e  g y r o t r o n  

comple t e ly  th rough  t h e  bo re  of t h e  dewar, was s o l v e d  a t  Var i an  by s e t t i n g  up 

t h e  e n t i r e  dewar i n  a m i l l  and b o r i n g  o u t  t h e  i n s i d e  s u r f a c e  t o  t h e  correct 

diameter. 

After e v a c u a t i n g  t h e  vacuum chamber of t h e  dewar, t h e  b o i l - o f f  of 

l i q u i d  helium and l i q u i d  n i t r o g e n  was approx ima te ly  as expec ted .  

An axial magnet ic  f i e l d  measurement was made a t  Var i an  t h a t  ag reed  w i t h  

t he  f i e l d  measurement a t  t h e  vendor  and w i t h  c a l c u l a t i o n s .  

The o n l y  remarkable e lec t r ica l  problems invo lved  the  time r e q u i r e d  t o  

change t h e  magnet ic  f i e l d .  The co i l s  were des igned  t o  o p e r a t e  a 110 GHz 

g y r o t r o n .  Consequent ly  t h e y  have more i n d u c t a n c e  t h a n  a b s o l u t e l y  n e c e s s a r y  

t o  o p e r a t e  a 60 GHz g y r o t r o n .  

i n t r o d u c i n g  a s u i t a b l e  r e s i s t a n c e  i n  series w i t h  t h e  power s u p p l i e s  and main 

co i l s .  

T h i s  problem will be a l l e v i a t e d  by 

During i n i t i a l  t u b e  o p e r a t i o n  it was found n e c e s s a r y  t o  trim t h e  

mechanica l  axis of t h e  g y r o t r o n  w i t h  r e s p e c t  t o  t h e  mechanica l  axis of t h e  

dewar t o  improve beam t r a n s m i s s i o n .  

It is under s tood  t h a t  t h i s  d i s c r e p a n c y  i s  associated w i t h  t h e  

mechanica l  s u p p o r t  c o n s i s t e n t  w i t h  high performance boil-off 

characteristics. 
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IV. COLLECTOR 

P r e l i m i n a r y  heat t r a n s f e r  c a l c u l a t i o n s  p re sen ted  i n  t h e  l a s t  q u a r t e r l y  

r epor t ’  s u g g e s t  t h a t  more detai led,  computer c a l c u l a t i o n s  be performed t o  

de t e rmine  behav io r  a t  t h e  water channe l .  The t empera tu re  as a f u n c t i o n  o f  

p o s i t i o n  and time, both d u r i n g  and after a p u l s e ,  w i l l  be r e q u i r e d  f o r  

stress c a l c u l a t i o n s  t o  de t e rmine  t h e  s u i t a b i l i t y  of t he  c o l l e c t o r  f o r  

r e p e a t e d  long p u l s e  o p e r a t i o n  and also f o r  de t e rmin ing  r e q u i r e d  c o l l e c t o r  

cooling water flow rates for  less than  con t inuous  o p e r a t i o n .  

Proposals were s o l i c i t e d  f o r  performing these c a l c u l a t i o n s  from o u t s i d e  

vendors ,  one of whom had been used f o r  performing CW burnout  c a l c u l a t i o n s  

d u r i n g  t h e  28 CHz g y r o t r o n  development.  

proposed e f f o r t  was f o r  computer time. 

Magnet ic  Fus ion  Energy computer network. A code e n t i t l e d  TACO is be ing  used 

t o  perform the  the rma l  a n a l y s i s .  

Approximately h a l f  t h e  c o s t  o f  t h e  

A d e c i s i o n  was made t o  u t i l i z e  t h e  

14 



V. CN WINDOW DESIGNS 

During t h e  q u a r t e r ,  fur ther  e f f o r t  was a p p l i e d  t o  t h e  CW window d e s i g n  

problem for t h e  60 CHz 200 kW CW o s c i l l a t o r .  I n v e s t i g a t i o n  of t h e  

e lec t r ica l  p r o p e r t i e s  (bandwidth and d i e l e c t r i c  loss) a s  well as t h e  

mechanica l  properties ( d e f l e c t i o n  and thermal stress) of double  d i s c  FC-75 

face-cooled window a s s e m b l i e s  was c a r r i e d  o u t .  A sumnary of t h e  d e s i g n  

r e s u l t s  is g i v e n  i n  Table  1 f o r  six d i f f e r e n t  a s s e m b l i e s  w p l o y i n g  b o t h  

b e r y l l i a  and alumina d i s c s .  

A .  LOCATION OF PASSBANDS 

For each  of t h e  s i x  d e s i g n s  p r e s e n t e d  i n  Table  1, t h e  gap  s ize  was 

op t imized  t o  p r o v i d e  a p e r f e c t  match a t  t h e  o p e r a t i n g  f r equency  of t h e  

VGE-8060 SIN X-1, namely 59.7 GHz. The expe r imen ta l  t u b e  a lso tended  t o  

jump i n t o  an undes i r ed  mode, p robab ly  t h e  TEZz1, a t  a f requency  of 5 7 . 7  GHz. 
For t h i s  reason  it is d e s i r a b l e  t o  match t h e  CW window assembly fo r  t h i s  

f reqaency  a s  wel l  as t h e  d e s i r e d  f requency .  The computed VSWR is p l o t t e d  

v e r s u s  f r equency  i n  F i g u r e s  7 and 8 f o r  each  of t h e  window d e s i g n s  under 

c o n s i d e r a t i o n .  C h a r a c t e r i s t i c a l l y ,  t h e  CW window passband t a k e s  a doub le  

notch form a s  shown i n  F i g u r e s  7 and 8. It is p o s s i b l e ,  b y  choos ing  an 

a p p r o p r i a t e  window t h i c k n e s s ,  t o  approx ima te ly  center one passband on e a c h  

of t h e  f r e q u e n c i e s  observed  w i t h  X-1. The double  d i s c  window w i t h  5/2 X 

alumina d i s c s  is  one such c o n f i g u r a t i o n  as  d e s c r i b e d  i n  Table  1. 

B. BANDWIDTH 

Tne bandwidth of each passband should  be as  wide a s  p o s s i b l e ,  b u t  i n  

any case, m u s t  exceed t h e  o s c i l l a t o r  resonance  bandwidth,  f/Q. T h i s  

c r i t e r i o n  i m p l i e s  an upper  l i m i t  on t h e  a l l o w a b l e  e l ec t r i ca l  t h i c k n e s s  of 

t h e  CW window assembly.  All t h e  d e s i g n s  l i s t e d  i n  t h e  t a b l e  meet t h i s  

bandwidth c r i t e r i o n .  b w e v e r ,  the  5/2 X alumina window assembly a p p e a r s  t o  

have reached t h e  a b s o l u t e  l i m i t  i n  e l e c t r i c a l  t h i c k n e s s  as it p r o v i d e s  a 

passband for a VSWR of 1.2: 1 of o n l y  300 MHz. 
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Double Disc 
Conf iguratton 

Table 1 
60 CHz Double Disc Window Designs 

Diw 

Disc Thickness 

Haterial (inches) 

Beryllia 212 X 0.003 

Bar y LL fa 312 0.120 

Beryllia 412 A 0.157 

Alumina 3/2 X 0.099 

Alumina 4/2 A 0.131 

Alumina 512 1 0.163 

PC-75 

Gap 

(inches) 

0.028 

0.033 

0.039 

0.036 

0.036 

0.036 

Electrical 
Properties 

Hechanical 
Properttea 

Window *E021 
Bandwidth Assy Deflection Deflection Thermal 

for VSWR : 1.2 TEZ2, Loss C 30 pslg Stress Stress 

IWZ) VSWR (kW) (inches) ( p s i )  ( p s i )  

760 1.85 2.1 0.0026 12,800 92 

570 1.82 2.6 0.0008 6,100 190 

470 1.59 3.1 0.0004 3,600 330 

500 1.71 2.3 0.0017 9,000 740 

4 20 1.40 2.4 0.0007 5 ,  100 1,300 

300 1.10 2.5 0.0004 3,300 2,000 

. 



C.  

The power lo s t  i n  these window assemblies through dielectr ic  

d i s s i p a t i o n  is expec ted  t o  be h i g h e r  t h a n  t h a t  observed  a t  28 GHz because  

t h e  window t h i c k n e s s e s ,  i n  numbers of h a l f  wavelengths ,  are larger. All t h e  

window assemblies c o n s i d e r e d  i n  Table  1 shou ld  e x h i b i t  d i s s i p a t i o n  i n  t he  

r a n g e  of 2-3 kW, most of which is due t o  d ie lec t r ic  loss i n  t h e  FC-75 

c o o l a n t  i t s e l f .  As t h e  amount of loss is similar for all t h e  d e s i g n s  

c o n s i d e r e d ,  t h i s  p r o p e r t y  does n o t  p r e s e n t  any s t r o n g  argument i n  f a v o r  of 

any p a r t i c u l a r  d e s i g n .  It is n o t e d ,  however,  t h a t  because  b e r y l l i a  has a 

h igher  loss t a n g e n t  t h a n  a lumina ,  t h e  d i s s i p a t i o n  i n  the beryllia assemblies 

will be s l i g h t l y  higher t h a n  i n  t he  a lumina  assemblies. 

There  are two major  s o u r c e s  of stress on the  ceramic discs i n  these CW 

window d e s i g n s .  There  is a d e f l e c t i o n ,  and t h e r e f o r e  a r e s t o r i n g  d e f l e c t i o n  

stress, caused  by t h e  load of t h e  p r e s s u r i z e d  FC-75 d i s t r i b u t e d  across t h e  

face of each disc .  The d i s c  on t h e  vacuum s i d e  must ,  i n  a d d i t i o n ,  w i ths t and  

t h e  load of a tmosphe r i c  p r e s s u r e .  When runn ing  w i t h  a n  FC-75 p r e s s u r e  of 30 

p s i g  t h e  load on t h e  vacuum s i d e  d i s c  w i l l  be 45 psi a b s o l u t e  load p r e s s u r e .  

T h i s  leads t o  a d e f l e c t i o n  and d e f l e c t i o n  stress at  the  c e n t e r  of t h e  window 

as l i s t e d  i n  Tab le  1. Excess ive  d e f l e c t i o n s  are encoun te red  when t h e  d i s c s  

are less t h a n  one t e n t h  of an i n c h  i n  t h i c k n e s s .  

A 3  t h e  h e a t  d i s s i p a t e d  in t h e  ceramic d i f f u s e s  toward t h e  c o o l a n t ,  t h e  

t e m p e r a t u r e  d i f f e r e n c e  between t h e  d i s c  faces i n d u c e s  a t he rma l  stress i n  

t h e  ceramic. B e r y l l i a ,  because  of i ts  e x c e l l e n t  thermal c o n d u c t i v i t y ,  is 

s u b j e c t  t o  a n  o r d e r  of magnitude less t h e r m a l  stress t h a n  a lumina .  For a 

g i v e n  ceramic material t h e  t e m p e r a t u r e  d i f f e r e n c e  between t h e  d i s c  faces are 

higher for  t h i c k e r  discs, a l t h o u g h  t h e  thermal stress remains  w i t h i n  safe 

limfta for  a l l  of t h e  d e s i g n s  i n  Tab le  1. When both thermal  and d e f l e c t i o n  

atress are c o n s i d e r e d  together there is  a narrow r a n g e  of d i s c  t h i c k n e s s e s  

which s i m u l t a n e o u s l y  pe rmi t  low d e f l e c t i o n  and low thermal stresses. 



The window d e s i g n s  of Table 1 have been rated a g a i n s t  the c r i te r ia  

descr ibed above as shown i n  T a b l e  2. The labels ,  "unaccep tab le" ,  

% a r g i n a l " ' ,  and nacceptablew are appl ied  t o  those window properties which 

d i f f e r  s i g n i f i c a n t l y  amongst t h e  d e s i g n s  under  c o n s i d e r a t i o n .  

t h e  r a t i n g  system, t h e  5/2 X a lumina  window is t he  clear winner  for  the  

first 60 GHz CU window design a l t h o u g h  it has the  d i s a d v a n t a g e  of a narrow 

TEO2 bandwidth f o r  t h e  passband c e n t e r e d  a t  59.7 CHz. 

assembly is completed it may be n e c e s s a r y  to r e t u n e  the window slightly by 

a d j u s t i n g  t h e  FC-75 gap s ize  I n  order t o  p rov ide  a perfect match f o r  t h e  

TEO2 mode a t  59.7 GHz. 

According t o  

Once t h e  window 
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Table 2 
Design Trade-offs for 60 GHz CW Window Design 

Beryllia 

Property 2/2 A 3/2 A 412 A 

TEOZ,, bandwidth Acceptable Acceptable Marginal 

TE221 VSYR Unacceptable Unacceptable Unacoeptable 

Derleotion Unacceptabla Acceptable Acceptable 

Dofleation Stress Unacoeptable Marginal &coaptable 

Alumina 

3/2 A 5/2 5/2 

Marginal Marginal Marginal 

Unacceptable Marginal Aooeptable 

Unacceptable Acceptable hoceptable 

Unaoceptabla Xarginal Aaceptable 



VI. COMPONENTS 

A v a r i e t y  o f  waveguide components is  b e i n g  developed f o r  u s e  w i t h  t n e  

60 GHz g y r o t r o n  i n c l u d i n g  a w a t e r l o a d ,  mode f i l t e r s ,  miter bend and f lange  

a d a p t e r s .  

A. WATERLOAD 

A CW wate r load  has been d e s i g n e d .  All parts have been ordered and 

a lmos t  a l l  of them have been r e c e i v e d .  C o n s t r u c t i o n  of t h e  f i r s t  CW 

wate r load  is  scheduled t o  begin i n  mid A p r i l .  

B. MODE FILTERS 

Two t y p e s  of mode f i l t e r s  have been d e s i g n e d .  The first  is  a water- 

cooled s t a i n l e s s  s tee l  waveguide,  which u t i l i z e s  t h e  d i f f e r e n t i a l  i n  loss 

between n o n - c i r c u l a r  e lectr ic  modes and c i r c u l a r  e lec t r ic  modes. All p a r t s  

f o r  t h i s  mode f i l t e r  have been ordered and r e c e i v e d .  Assembly o f  t h e  f i r s t  

mode f i l t e r  began i n  l a t e  Harch. 

The second type  of mode f i l t e r  c o n s i s t s  of a l t e r n a t i n g  s t a i n l e s s  s tee l  

rings and gaps backed up by  a wate r loaded  ceramic c y l i n d e r .  I n  a d d i t i o n  t o  

t h e  d i f f e r e n t i a l  f i l t e r i n g  loss mechanism of t h e  f i r s t  type  o f  f i l t e r ,  t h e  

second t y p e  c r e a t e s  b r e a k s  in t h e  conduc t ing  w a l l  f o r  non-c i r cu la r  e lec t r ic  

modes b u t  n o t  f o r  c i r c u l a r  e lec t r ic  modes. All p a r t s  f o r  t h i s  mode f i l t e r  

have been ordered and a lmos t  a l l  of them have been r e c e i v e d .  C o n s t r u c t i o n  

of t h i s  t ype  of mode f i l t e r  is expected t o  begin i n  mid A p r i l .  

C. MITER BEND 

A mitered 90' c i r c u l a r  waveguide bend h a s  been des igned  f o r  p o t e n t i a l  

waveguide c o n f i g u r a t i o n  tests. All p a r t s  have been ordered and r e c e i v e d .  

Assembly of t h e  first miter bend began I n  l a t e  March. 
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D. FLANGE ADAPTERS 

Adapters have been des igned to enable connect ion from t h e  copper 

gasketed f lange  t o  e i t h e r  of t h e  male and female d e s i g n s  used at 28 GHz. 
This  w i l l  a l l o w  u s e  of c e r t a i n  waveguide component d e s i g n s  developed on t h e  

28 GHz program. A l l  parts  for  both t h e  male and female flange adapters  have 

been ordered and r e c e i v e d .  Construction began in l a t e  March. 
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VII. TUBE ASSEMBLY 

A .  X-1 (VGE-8060x1) 

The f i r s t  60 BIZ e x p e r i m e n t a l  g y r o t r o n  was pinched off  on J a n u a r y  8 and 

p l aced  i n  tes t  on February 6. This tube u t i l i z e s  an uncooled anode,  a s m a l l  

c o l l e c t o r  and a s i n g l e  d i s c  b e r y l l i a  window. Tne main purpose o f  the tube  

is t o  d e m o n s t r a t e  200 kw of peak o u t p u t  power a t  60 GHz. Ear ly  test resul ts  

are d e s c r i b e d  i n  S e c t i o n  VIII. 

B. X-2 (VGE-8060S1) 

Tne second e x p e r i m e n t a l  t u b e  i n c o r p o r a t e s  a water-cooled anode and a 

d imens iona l  change t o  p l a c e  t h e  ca thode  i n  a more f a v o r a b l e  l o c a t i o n  w i t n  

r e s p e c t  t o  t h e  magnet ic  f i e l d .  All major assemblies a r e  complete .  F i n a l  

assembly w i l l  s t a r t  immediately.  The t u b e  w i l l  be a v a i l a b l e  for test  a f t e r  

t e s t  set m o d i f i c a t i o n .  Tne purpose of t h i s  t ube  is t o  d e m o n s t r a t e  200 kw o f  

peak power a t  f u s i o n  experiment  r e l e v a n t  p u l s e  d u r a t i o n s  o f  a t  l eas t  100 ms. 

C. X-? (VGE-8060S2) 

Tie t h i r d  e x p e r i m e n t a l  t u b e  p r o v i d e s  a v e h i c l e  for r a p i d l y  

i n c o r p o r a t i n g  d e s i g n  changes sugges t ed  by tes ts  o f  X-1 and X-2. All major 

a s s e m b l i e s  e x c e p t  one c o l l e c t o r  sea l  assembly and t h e  anode and c a v i t y  

assembly a r e  complete .  F i n a l  assembly w i l l  be complete  i n  J u l y .  
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V I I I .  P R E L I M I N A R Y  TEST RESULTS F O R  THE V G E - 8 0 6 0  SN X-1 

A .  H I P O T T I N G  

T e s t i n g  of t h e  f i r s t  e x p e r i m e n t a l  t u b e  was begun d u r i n g  t h e  f i r s t  week 

of February.  The t u b e  was s u c c e s s f u l l y  h i p o t t e d  t o  30 kV across t h e  

cathode - gun anode seal  and t o  100 kV a c r o s s  t h e  gun anode - anode s e a l .  

During h i p o t t i n g  a few mild g a s  b u r s t s  were observed a t  which time it was 

noted t h a t  a s  t h e  pumps r ecove red  from a g a s  p r e s s u r e  surge, t h e  i n d i c a t e d  

pump p r e s s u r e  was two orders o f  magnitude h i g h e r  i n  t h e  gun pump t h a n  i n  t h e  

c o l l e c t o r  pump. T h i s  b e h a v i o r  was expected because t h e  low pumping 

conductance of the  beam t u n n e l  e f f e c t i v e l y  i s o l a t e s  one end of t h e  t u b e  from 

t h e  other .  

B. EXCESSIVE BODY C U R R E N T  

Pulsed beam power was a p p l i e d  d u r i n g  t h e  second week of Februa ry  and by 

comparing body c u r r e n t  and beam c u r r e n t  it was determined t h a t  beam 

i n t e r c e p t i o n  i n  t h e  beam t u n n e l  was excessive. While t h e  magnet s t e e r i n g  

co i l s  d i d  have a s l i g h t  effect i n  r e d u c i n g  t h e  body c u r r e n t ,  t he i r  ampere- 

t u r n s  r a t i n g  was i n s u f f i c i e n t  t o  steer t h e  beam c l e a r l y  t h r o u g h  t h e  beam 

t u n n e l .  To correct t h i s  problem, a t tempts  t o  s h i e l d  t h e  t u b e  from external  

magne t i c  p e r t u r b a t i o n s  by wrapping iron s h i e l d s  around both e n d s  of t h e  

magnet dewar were made. Th i s  had no effect  on t h e  e x c e s s i v e  beam 

i n t e r c e p t i o n .  F i n a l l y ,  t h e  t u b e  was t i l t e d  about  a p i v o t  p o i n t  nea r  t h e  gun 

by u s i n g  a mechanical  ad jus tmen t  on t h e  p l a t e  which s u p p o r t s  t h e  t u b e  a t  the 

t o p  of t h e  dewar. A t r a n s v e r s e  ad jus tmen t  of t h e  beam t u n n e l  w i t h  respect 

t o  t h e  axis of the  dewar bore of 0.022" e a s t  and 0.015" n o r t h  was n e c e s s a r y  

t o  s e n d  t h e  beam t h r o u g h  t h e  beam t u n n e l  w i t h  acceptable ( $ 5  ma) beam 

i n t e r c e p t i o n  a t  f u l l  beam c u r r e n t  (8 a > .  

C. OBSERVATION OF RF OUTPUT 

RF output  n e a r  60 CHz was first observed on 24 Februa ry .  It became 

i m e d i a t e l y  a p p a r e n t  t h a t  t h e  modulator  v o l t a g e  p u l s e  was not s u f f i c i e n t l y  

f l a t .  Work was done on t h e  v o l t a g e  d i v i d e r  i n  t h e  modulator  t o  better 
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compensate t h e  s y s t e m  for runn ing  a t  8 a ,  80 kV. The gun anode v o l t a g e  

p u l s e  was impraved enough to o b s e r v e  rf p u l s e s  of - 20 wec i n  d u r a t i o n .  

However, because t h i s  t u b e  appeared t o  be very s e n s i t i v e  t o  sma l l  changes i n  

gun anode v o l t a g e ,  t h e  rf p u l s e  d u r a t i o n  was l i m i t e d  by the  s l o p e  of t h e  g u n  

anode v o l t a g e  waveform. Thus, it was n o t  p o s s i b l e  t o  i n c r e a s e  t h e  rf p u l s e  

d u r a t i o n  w i t h o u t  f u r t h e r  improvement i n  t h e  f l a t n e s s  of t n e  v o l t a g e  p u l s e .  

During t h i s  p o r t i o n  of t h e  t e s t i n g ,  measurements,  i n d i c a t i n g  a peak 

o u t p u t  power of - 200 kW a t  - 50% e f f i c i e n c y  were o b t a i n e d .  Some 

u n c e r t a i n t y  must be a t t r i b u t e d  t o  t h e s e  p r e l i m i n a r y  d a t a  because ,  w h i l e  

a v e r a g e  rf power (- kW) was measured c a l o r i m e t r i c a l l y ,  t h e  i n f e r r e d  peak 

power depended on t h e  less c e r t a i n  measurement of rf p u l s e  d u r a t i o n .  Wnen 

r u n n i n g  under t h e  modulator  p u l s e  shape  c o n d i t i o n s  mentioned above,  t h e  rf 

pulse d u r a t i o n  was less t h a n  t h e  beam p u l s e  d u r a t i o n .  T h i s  s i t u a t i o n  mignt  

c a u s e  s i g n i f i c a n t  error i n  t h e  peak power measurement i f ,  f o r  example,  any  

unobserved rf was p u t  o u t  by the  t u b e  a t  o t h e r  times d u r i n g  t h e  beam p u l s e .  

D. CONTROL OF OPERATING PARAMETERS 

I n  order to  improve t h e  a c c u r a c y  of t h e  rf power measurements it was 

c l e a r  t h a t  f u r t h e r  improvement i n  t h e  p u l s e  shape  was needed. A d d i t i o n a l  

a d j u s t m e n t s  on t h e  test  set  improved t h e  f l a t n e s s  of t h e  gun anode p u l s e  t o  

- + 18. A t  t h i s  point it became a p p a r e n t  t h a t  b e t t e r  c o n t r o l  o f  t h e  v o l t a g e  

p u l s e  ampl i tude  was also n e c e s s a r y  i n  order t o  be a b l e  t o  t u n e  t h e  t u b e  t o  

t h e  o p t i m m  o p e r a t i n g  p o i n t .  Drift i n  t he  dc beam v o l t a g e  also  worked 

a g a i n s t  t u n i n g  t h e  tube t o  the optimum o p e r a t i n g  p o i n t ,  i n d i c a t i n g  t h a t  t h e  

beam v o l t a g e  r e g u l a t i o n  was i n a d e q u a t e .  F i n a l l y ,  t h e  bucking c o i l  c u r r e n t  

and main solenoid coil c u r r e n t s  were s u b j e c t  t o  long  s e t t l i n g  times (abou t  

10 seconds  and 3 m i n u t e s ,  r e s p e c t i v e l y )  because  of t h e  h i g h  load i n d u c t a n c e  

and low series load r e s i s t a n c e  I n  t h e  magnet e n e r g i z i n g  c i r c u i t s .  Tnese 

system problems w i l l  be addressed d u r i n g  the  long  p u l s e  upgrade of t h e  test  

s e t ,  scheduled for n e x t  q u a r t e r .  
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E. PRELIMINARY DATA 

I n  s p i t e  of t h e  c o m p l i c a t i o n s  mentioned above,  s u f f i c i e n t  p r e l i m i n a r y  

da ta  Were o b t a i n e d  d u r i n g  t h i s  q u a r t e r  t o  i d e n t i f y  t h e  bas ic  o p e r a t i n g  

c h a r a c t e r i s t i c s  of t h i s  60 GHz des ign .  The t u b e  was r u n  a t  100 usee p u l s e  

d u r a t i o n s  and somewhat lower peak power l e v e l s  (- 150 kW). The d a t a  shown 

i n  Figures 9 and 10 were obtained w i t h  t h e  p a r a m e t e r s  g iven  i n  Table  3. 

Table 3 

Parameters for Frequency vs Top 

Coil Cur ren t  

Beam Vol tage  

Beam C u r r e n t  

Gun Anode Vo l t age  

Pulse Dura t ion  

Pulse R e p e t i t i o n  Rate 

Bottom coil 

Bucking Coil 

- 80 kV 
- 6.1 A - 18 kV 

- 100 usec 

120 (sec1-l 

25.51 A 

2.68 A 

Behavior similar t o  t h a t  observed i n  t h e  28 GHz expe r imen t s  was obse rved  

here. A d e c r e a s e  i n  main magnet c u r r e n t  d e t u n e s  t h e  o u t p u t  f r e q u e n c y  w h i l e  

it i n c r e a s e s  t h e  power o u t p u t .  After a sha rp  peak i n  o u t p u t  power, t h e  

o p e r a t i n g  f r equency  jumps t o  t h a t  of a n o t h e r  m o d e ,  p r o b a b l y  the  TEZz1, a t  

57.79 GHz. The p a r a m e t e r s  g iven  i n  Table 4 accompany t h e  p l o t  of o u t p u t  

power v e r s u s  bucking coil c u r r e n t  shown i n  F i g u r e  11. As expected, an 

i n c r e a s e  i n  bucking coil  c u r r e n t  d e c r e a s e s  t h e  magne t i c  f i e l d  a t  t h e  

cathode, t h e r e b y  i n c r e a s i n g  t h e  t r a n s v e r s e  e n e r g y  i n  the beam and r a i s i n g  

t h e  rf output  power. 
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Table 4 

Pa rame te r s  f o r  PDwer v s  Bucking 

Coil C u r r e n t  

Beam Voltage 

Beam C u r r e n t  

Gun Anode Voltage 

Pulse Length 

R e p e t i t i o n  Rate 

Top C o i l  

Bottom Coil 

- 80 kV 

- 6 . 4 A  

17.8 kV 

- 50 usec 

120 Hz 
25.45 A 

25.51 A 

A summary of the d a t a  o b t a i n e d  f o r  peak o u t p u t  power v e r s u s  beam c u r r e n t  i s  

shown i n  Figure 12. 

o p e r a t i n g  p a r a m e t e r s  i n c l u d i n g  p u l s e  d u r a t i o n s  from 20-100 usec. We nave 

compared t h e  da t a  w i t h  t h e  performance p r e d i c t e d  by Chu” f o r  s t a r t i n g  

c u r r e n t  and by Nusinovich and E m ”  f o r  l a r g e  s i g n a l  i n t e r a c t i o n  e f f i c i e n c y .  

The c u r v e s  were calculated for c a v i t i e s  w i t h  Gaussian electric f i e l d  

p r o f i l e s  of 6A, 8X, and 10h  i n  l e n g t n  u s i n g  t h e  t h e o r e t i c a l  results i n  

Reference 11. The e x p e r i m e n t a l  d a t a  f a l l  rough ly  in t h e  range of 6X - 1OX 

i n d i c a t i n g  t h a t  our  complex tapered c a v i t y  is comparable t o  a Gaussian f i e l d  

p r o f i l e  c a v i t y  o f  l e n g t h  - 8h. 

These p o i n t s  were o b t a i n e d  ove r  a large range  o f  

A number of q u a l i t a t i v e  c o n c l u s i o n s  may a l s o  be dram? from t h e  

p r e l i m i n a r y  test  r e s u l t s  of  t h i s  t u b e :  

The s e n s i t i v i t y  of t n e  60 GHz gun performance t o  v a r i a t i o n s  i n  gun 

anode v o l t a g e  and back ing  c o i l  c u r r e n t  is more pronounced than  t h e  28 GHz 

guns. This was a n t i c i p a t e d  because a long c a t h o d e  gun o p t i c s  d e s i g n  Is 

being used which is  i n h e r e n t l y  more s e n s i t i v e  t o  changes  i n  these p a r a m e t e r s  

t h a n  t h e  short c a t h o d e  d e s i g n  employed in t h e  28 GHz guns .  

The mechan ica l  t o l e r a n c e s  s p e c i f i e d  in b u i l d i n g  t h e  magnet are n o t  

s u f f i c i e n t  to prevent beam I n t e r c e p t i o n  i n  t h e  beam t u n n e l .  When order ing  

s o l e n o i d  magnets  in t h e  f u t u r e  t h i s  problem w i l l  be corrected by r e q u i r i n g  

more ampere-turns for the s t e e r i n g  co i l s ,  as it is n o t  w i t h i n  t h e  state of 
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t h e  a r t  t o  a c h i e v e  t h e  n e c e s s a r y  mechanica l  t o l e r a n c e s  for a l ignmen t  of t n e  

magnet ic  f i e l d  w i t h  t h e  mechanical  axis  of t h e  dewar.  

The use  of a s e p a r a t e  vacuum mani fo ld  and pump a t  t h e  gun end of t h e  

t u b e  is an impor t an t  a s p e c t  of t h e  60 GHz t u b e  d e s i g n .  'Ihe gun pump 

p r o v i d e s  an i n t e r e s t i n g  d i a g n o s t i c  for the  t u b e  during crowbars, 

Fur the rmore ,  a l t h o u g h  it is too e a r l y  i n  t h e  life of t h e  d e s i g n  t o  draw 

c o n c l u s i o n s  abou t  t h e  burn-in behav io r  of t h e  t u b e ,  t h e  gun pump a p p e a r s  t o  

have decreased t u b e  p r o c e s s i n g  time and permi t ted  o p e r a t i o n  w i t h  fewer 

crowbars  than  is possible  for t n e  28 GHz tubes.  

The v a l u e s  of gun anode v o l t a g e  and bucking c o i l  c u r r e n t  used t o  

achieve optimum rf performance i n d i c a t e  t h a t  a t  p r e s e n t  t h e  gun sits t o o  low 

i n  t h e  dewar bo re .  After r echeck ing  a l l  of t h e  d e s i g n  d a t a  it was 

d i s c o v e r e d  t h a t  t h e  tube  l e n g t h  between t h e  c a v i t y  and the gun was I n d e e d  

e x c e s s i v e .  This e r r o r  w i l l  be c o r r e c t e d  on X-2. In any  e v e n t ,  it a p p e a r s  

t h a t  r e s p e c t a b l e  beam q u a l i t y  may be o b t a i n e d ,  even when t h e  gun is i n  t h e  

I n c o r r e c t  a x i a l  p o s i t i o n ,  by compensat ing for t h e  error u i t h  changes  i n  

bucking c o i l  c u r r e n t  and gun anode v o l t a g e .  
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I X .  PROGRAM SCHEDULE AND PLANS 

The Mi le s tone  Chart and S t a t u s  Report  is shown i n  F i g u r e  13. 

P r e l i m i n a r y  test  results on X-1 were e n c o u r a g i n g ,  hav ing  demonstrated t n e  

peak o u t p u t  power a t  s h o r t  p u l s e  d u r a t i o n s .  About h a l f  of t h e  q u a r t e r  was 

occup ied  wi th  test  set m o d i f i c a t i o n  and debugging.  X-1 has been used as  t h e  

test  v e h i c l e  for t h i s  e f f o r t .  X-2, w i t h  a wa te rcoo led  anode,  is n e a r i n g  

comple t ion  and will be a v a i l a b l e  fo r  t e s t  f o l l o w i n g  tes t  set debugging.  

P r o p o s a l s  and q u o t a t i o n s  for a spare s u p e r c o n d u c t i n g  s o l e n o i d  magnet 

have been r e c e i v e d  and are b e i n g  e v a l u a t e d .  

The waveguide components r e q u i r e d  for t e s t i n g  X-1 were c m p l e t d  i n  

t ime. Ihese c o n s i s t e d  of a p u l s e  waterload and a combinat ion f r equency  

sampler  and arc detector.  

All major assemblies f o r  )r-3 e x c e p t  one c o l l e c t o r  seal  and t h e  anode 

and c a v i t y  assembly are complete .  C o n s t r u c t i o n  of t h i s  t u b e  w i l l  b e n e f i t  

from l e s s o n s  l e a r n e d  on X-?  and X-2. 

The major subassembly d r a w i n g s  f o r  X-4 are comple t e .  The c u r r e n t  p l an  

for t h i s  tube is t o  use a c o l l e c t o r  l a r g e  enough i n  diameter t o  hand le  CW 

o p e r a t i o n  and an FC-75 face cooled doub le  d i s c  window. The f i n a l  assembly 

drawing for t h i s  t u b e  w i l l  be complete  e a r l y  n e x t  q u a r t e r .  Parts 

f a b r i c a t i o n  will a l s o  s t a r t  n e x t  q u a r t e r .  

C o n s t r u c t i o n  of d e l i v e r a b l e  waveguide components w i l l  a l s o  . s t a r t  n e x t  

q u a r t e r .  

The g y r o t r o n  b e h a v i o r  i n v e s t i g a t i o n  w i l l  c o n t i n u e  n e x t  q u a r t e r  

u t i l i z i n g  28 GHz tes t  v e h i c l e s .  The a r c i n g  and crowbar i n v e s t i g a t i o n  w i l l  

be complete  n e x t  q u a r t e r .  Among t h e  o t h e r  i n v e s t i g a t i o n s  t o  be completed 

n e x t  q u a r t e r  are ones on new cathode mater ia ls ,  parameter  space, rf o u t p u t  

s t a b i l i t y ,  low l e v e l  s t a r t i n g  and e f f i c i e n c y .  It is expected t h a t  one t u b e  

m o d i f i c a t i o n ,  p r o c e s s i n g  s t u d y  and t e s t  c y c l e  w i l l  be completed i n  s u p p o r t  

of t h i s  p o r t i o n  of t h e  program. 
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1.1 Ammbk 
1.2 THt 
1.3 Modih 8 Rerrwtmbla I 
1.4 Retest I 
1.5 Modify & Remmnble I1 
1.6 Retest I t  

F. GYROTRON X-4 
1.0 Oscillator CIrity 

1.1 Output/Collector 

1.2 Find Atsombly Drming 

Assembly Drawing 

Attembly Drawin0 

2.0 Make P n a  
2.1 Assemble 
2.2 Test 
2.3 Modify 8 Reassemble I 
2.4 R M  I 
2.5 Modify & Rmremble II 
2.6 Rehrt 11 

*G. TEST SET MODIFICATION 
1.0 short Puire 
1.1 Long Pulse 

1.2 Debug 

*Funded by separate contrlct 
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K. GYROTRON X-7 
1.0 Make Pats 
1.1 AorwnMr 
1.2 Test 
1.3 Modify 8 Reawmble 1 
1.4 Retest t 
15 Mod* & Rentamble 11 
1.6 Retest t I  
1.7 Ship 
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DESCRIPTION 

H. 

I. 

J. 

GYROTRON X-5 
1.0 Make Perts 
1.1 Atrnnbk 
1.2 Test 
1.3 Modify & Reasemble I 
1.4 R o t s l t  I 
1 5  Modify & Reasemble ll 
1.6 Retest I1 

GYROTRON X-6 
1.0 IUbke P m  
1.1 Artrmbk 
1.2 Test 
1.3 Modify & Reassemble I 
1.4 Retest I 
1.5 Modify & Rewemble It 
1.6 Retest II 
1.7 Ship 

60 GHz COMPONENTS 
1.0 Build CW L o d  

2.0 Build Ddiver&le 
Ptmer Sampler . Arc Detector 

3.0 Build Ddivsrable CW Load 

..1 - 
FY 1981 
M J  
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MILESTONE CHART AND STATUS REPORT 

JOB NO. 

< I 

P.ps 6 01 
OORtGINAL START c] REVISED S T A R T  AMAJOR MILESTONE 

PROPOGEO SCHEOULED DEVIATION 
FOR A MAJOR MILESTONE - ACTIVITY COMPLETED 

v INTERMEDIATE OR DECISION POINT 0 
- ACTIVITY SCHEDULED 

S T A T U S  REPORT D A T E  ROCRAM 

60 GHr DEVELOPMENT 

OESCRlPtlON 

L. GYROTRON BEHAVIOR 
INVESTIGAYION 
1.1 

1.2 

1.3 
1.4 

2.1 

3.1 
3.2 
3.3 
3.4 

4.1 

4.2 
4.3 
4.4 

Arcing & Crowbar 
investigation 
Volt* Grdients & 
Trapped Electrons 
Computer Investigation 
New Cathode Material 
Process & Bakeout 

Maximum Power 
Limitations 

Parameter Spece 
RF Output Stability 
Low Levet Starting 
Efficiency 

Cavity & Output Taper 
Computer Study 
Cold Test 
Tube Modification 
Tuba Test 

TUBE REBUtLB CYCLE TO 
SATtSFY ABOVE TASKS 

Modify 

Process 

Test 

I I MARCH 1981 

0 1  N I  0 

- t i - -  
- FIGURE 13. MiLESTONE YART AND STATUS REPORT 
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J - - 

S 

I 

4 



X. REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

H. R. Jory,  E. L. L i e n ,  and R .  S. Symons, Fina l  Report, "Millimeter 
Wave S t u d y  Program", Oak Ridge National Laboratory Order No. Y12 
1 1Y-49438 V ,  Varian Assoc ia tes ,  Inc , ,  November 1975. 

D. V. !Cisel, G. S. Korablev, V. G. Navel'yev, M. I. P e t e l i n  and Sn. E. 
Tsimring, "An Experimental Study of a Gyrotron, Operating a t  t h e  Second 
Harmonic of the  Cyclotron Frequency, w i t h  Optimized D i s t r i b u t i o n  of t h e  
High Frequency Fie ld  ," Radio Engineering and E lec t ron ic  Physics ,  Vol . 
19, No. 4, 95-100, 1974. 

S. Hegj i ,  H. Jory  and J .  Shive ly ,  "Development Program f o r  a 200 kW CW, 
28 GHz Gyroklystron" Q u a r t e r l y  Report No. 6,  Union Carbide Corporation 
Cont rac t  No. 53XO1617C. Varian Assoc ia tes ,  Inc. * J u l y  through September 
1977. 

H. Jo ry ,  S. Evans, S. Hegj i ,  J. Shive ly ,  R. Symons and N. Taylor 
"Developnent Program f o r  a 200 kW, CW, 28 GHz Gyroklystron",  Q u a r t e r l y  
Report No. 9 ,  Union Carbide Corporat ian Contract  No. W-7405-eng-26, 
ORNL Sub-01617/9, Varian Assoc ia tes ,  Inc ., Apri l  through June 1978. 

V. A .  Flyagin ,  e t  a l ,  "The Gyrotron", IEEE Trans. MTT-25, No. 6 pp. 
522-527, June 1977. 

J. F. Shive ly  e t  a l ,  "Recent Advances i n  Gyrotrons," 1980 I E E E  MTT-S 
I n t e r n a t i o n a l  Microwave Symposium Digest ,  28-30 May 1980, Washington, 
D.C. IEEE Catalog No. 80CH1545-3 MTT, pp 99-101, 

F. F r i ed lande r ,  E. Galli, H. Jory ,  F. Kinney, K. Miller, J. S h i v e l y  and 
R ,  Symons, "Development Program f o r  a 200 kW, CW 28 GHz Gyroklystron",  
Q u a r t e r l y  Report No. 1, Union Carbide Corporation Contract  No. 
53X01617C, Varian Assoc ia t e s ,  Inc. ,  October 1976. 

F. F r i ed lande r ,  E. G a l l i ,  tl. Jory ,  K. Miller, J. Snive ly ,  and R. 
Symons, "Developnent Program fo r  a 200 kW, CW, 28 GHz Gyroklystron," 
Q u a r t e r l y  Report No. 2, Union Carbide Corporation Contract  No. 
53X01617C, Varian Assoc ia t e s ,  fnc. October 1976. 

J. F. Shive ly ,  H. K. Cheng, S. J. Evans, T. J. Grant and D. S. Stone, 
"60 CHz Gyrotron Development Program" , Quar te r ly  Report No. 6, Union 
Carbide Corporation Contract  No. 53Y-21453C. Varian Assoc ia tes ,  I n c .  

K. R. Chu, Phys. F l u i d s  - 21, 2354 (1978).  

G. S. Nusinovich and R. E. E m ,  Elektronnaya Tekhnika, Series 1, 
E lek t ronika  UHF 1972, No. 8, pp 55-60. 

41 



3XN?/SUE-76/01617/ 
SJne 16. 1981 

INTERAAL C I ~ T R I B U T I O N  

1. 
2. 
3. 

4-7. 

8. 
9.  

10-12. 

13. 

14. 

25. 

26.  

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 
41. 

42. 
43. 
44. 

45. 

A.  L. Boch 

J. L.  Burke 

H. 0. Eason 

0. C .  Eldr idge 

R. P.  Jernigan 

C .  M .  Loring 

H .  C.  McCurdy 

0. 8. Morgan. J r .  

R .  J. C D l C h i n  

15. 

16-17. 

18. 

19. 

20- 21. 

22. 

23. 

24. 

T .  L .  White 

Laboratory Records Department 

Laboratory Records, O R N L - R C  

Y-12 DocuneRt Reference Sect ion 

Central Research Library 

Fusion Energy Division Library 

Fusion Energy Divis ion ComJnicat!ons Center 

O R N L  Patent  Off ice  

EXTERNAL O!STRIBUTION 

R .  A .  Dandl. 1122 Cal le  De Los Serranos. San Marcos, CA 92069 

R. J. IjeBellis. &Donne11 Douglas Astronaut ics  Co., P.O. Box 516, S t .  Loufs. HO 63166 

U. P. Ernst, Pr inceton Universi ty ,  Plasma Physics Laboratory, P.O. Box 451, Princeton, NJ 08540 

U. Fr iz .  AF+/Wt4, Wright Pat terson AFB. OH 45433 

1. Godlove. P a r t i c l e  Beam Program. Off ice  of I n e r t i a l  Fusion, Oepartment of Energy, Mail Stop 

t-4w’. Yashington, DC 20545 

V. L. Gr ina ts te in .  N a v a l  Research Labcrratory. Code 6740, Uashington, DC 20375 
G .  W. Haas. Component Developent  Branch. Off ice  o f  Fusion Energy ( E R I ) ,  Department of Energy, 

thil Stop G-234, Yashington. DC 20545 

6 .  Y.  Hamilton. Reactor Design, MFE Program. Lawrence Livennore National Laboratory, L6-64. 

P.O. Box 5511. Livennore. CA 94550 

J. L. Hi rshf ie ld .  Yale Universi ty ,  Department of Engineering and Applied Science, P.O.  Box 2159. 

Yale S t a t i o n ,  N n  Haven, CT 06520 

J. V.  Lebacqz. Stanford Linear  Accelerator  Center ,  P.0. Box 4349. Stanford.  CA 94305 

U. Lindquist. E lec t ronics  Engineering Deparhent .  Laurence Livennore Laboratory, 

P.D. Box 808/L-443. Livennorc. CA 94550 

K. 6 .  Moses. TRU Defense h Space Systems, 1 Space Park. Bldg. R-1.  Redondo Beach, CA 90278 

H. R. Murphy. Off ice  o f  Fusion Energy (Em). P e p a r t m n t  of Energy, Mail Stop 6-236. Uashington. 

M: 20545 

J. H. Pfannmuller. HcDonnell Douglas Astronaut ics  Co. .  c/o Oak Ridge National Laboratory. 

P.O. Box I,  Bldg. 9983-32. Oak Ridge, TN 37830 

6. f. Pierce.  53 Lunond Drive, Inverness, IL 60067 

8. H. Qwn. TRU Defense h Space S y s t m ,  1 Space Park. Bldg. R-1. Redondo Beach, CA 90278 

M. E .  Read. Naval Research Laboratory. Code 6740. Washington, DC 20375 

0.. 6. Rrmsen, h n e r r l  Atomic Company. P.O. Box 816oB. San Oicgo. CA 92138 

6. Slmonis. Harry Diamond Laboratory. 2800 Pcuder Mill Road, Adelphi, MD 20783 

I). S t r l l a r d .  Lawrence L4vermorc Laboratory. Universi ty  of Cal t forn ia .  L-437. P.O. Box 808. 

Llvennorc. U 94550 
H. 5. Statcn.  Office of Fusion Energy (Em), Departmnt  of Encqy. Mall Stop 6-234, Uashington. 
DC 20545 

4 2  



O R Y L / ' S U E - 7 6 ~ ~ i i 6 1 ? /  
June 16. 1981 

+ 46. P. 1. Tailerlco,  A T - ] ,  Accelerator Technology Civis ion.  Los A l a r w s  S c i e r . t i f i c  Laboratory, 

chi1 S t o p  817, P . O .  Box 1663, Los Alamos. NM 87545 

forrence. CA 90509 
R. J. Yenkin. tG?tional Hai;net Laboratory, Massachusetts Ins t i tu te  of Technology, Cantridge. 

R.4 02139 

47. J. J .  Tancredi. Hughes Aircraft  Company. Electron Dynamics Division, 3100 W .  torrita Elvd., 

48. 

49. A.  Trivelpiece. Science Applications, Inc.. 1200 Prospect Stree t ,  P .O .  Box 2351, LaJolla. 

50. Director. U.S. Army S a l t i s t i c  Missle Defense Advance Technology Center, Attn.: 0. Schenk. 

CA 92038 

A T C - R ,  P.O. 2 o x  1500. Kuntsville. AL 35807 

51-52. Cepcrvent o f  Energy Technical Infomation Center, Oak Ridge. TN 37830 

53. WCC/GCTP. Gr i f f i s s  AFB, NY 13441 
54. Office o f  Assistant Manager for Energy Research and kvc1opner.t. Oak Ridge Operations O f f i c e ,  

Department of Energy. Oak Ridge, TN 37830 

43 



,i 

i" /" 
, i 

VARIAN DISTRIBUTION 

55. 
56. 
5 7. 
5 8 .  
59 
60. 
61. 
62. 

64. 

69. 
70. 

63. 

65-6 8. 

71 
72. 
73-75. 

R. Berry 
S. Evans 
S. Evers 
K. Felch 
P. Ferguson 
C. Huffman 
G. Jacobson 
H. Jory 
J. Hama 
J. b r a n  
3.F. S n i v e l y  
S. Spang 
A. Staprans 
D. Stone 
R. Symons 
R . M .  West 

4 4  


