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QUARTERLY REPORT NO.  14 

JULY th rough  SEPTEMBER 

1979 

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

c a p a b l e  of  producing 200 kW CW power o u t p u t  a t  28 GHz. The use  of t h e  

g y r o t r o n  o r  c y c l o t r o n  resonance i n t e r a c t i o n  i s  be ing  pursued. 

Testing of  miter bend t u b e  S/N 2R9 was con t inued  beyond t h e  work 

d e s c r i b e d  i n  Q u a r t e r l y  Report  No. 13. It f a i l e d  a t  63 kW CW a f t e r  several 

hour s  of o p e r a t i o n ,  due t o  a cracked c o l l e c t o r  ceramic. 

miter bend t u b e ,  S/N 7 ,  i n c o r p o r a t e s  s e v e r a l  changes in t ended  t o  reduce t h e  

heating of t h a t  ceramic. 

The succeeding 

Tube S/N 5, an  axisymmetric t u b e ,  was p u l s e  t e s t e d  t o  195 kW a% 1.2% 

du ty .  After c o n s u l t a t i o n  w i t h  ORNL,  tests were i n t e r r u p t e d  and t h e  t e s t  

s t a t i o n  was ass igned  t o  t u b e  8 7 .  

Most of t h e  a s sembl i e s  of tube  S/N 6 ,  a n o t h e r  axisymmetric t u b e ,  were 

completed.  However, it was decided t o  d e l a y  complet ion o f  t h e  tube  t o  a l low 

i n c o r p o r a t i o n  of a r e v i s e d  c o l l e c t o r  ceramic d e s i g n .  

fV 



I. INTRODUCTION 

The o b j e c t i v e  o f  t h i s  program is t o  deve lop  a microwave a m p l i f i e r  or 

o s c i l l a t o r  capab le  of producing 200 kW of CW power a t  a frequency o f  28 GHz. 

I n  a d d i t i o n ,  it is in t ended  t h a t  t h e  program w i l l  s e r v e  as the first s t e p  

toward development o f  a dev ice  t o  produce a similar power l e v e l  a t  a 

f r equency  o f  110 GHz. F e a s i b i l i t y  for  t h e  110 GHz d e v i c e  w i l l  be 

demonst ra ted ,  whenever p r a c t i c a l ,  i n  t h e  d e s i g n  of t h e  26 GHz g y r o t r o n .  

T u n a b i l i t y  or bandwidth is n o t  cons ide red  an impor tan t  parameter  i n  t h e  

d e s i g n ,  bu t  e f f i c i e n c y  is. Mode p u r i t y  i n  the o u t p u t  waveguide is n o t  a 

requi rement  f o r  t h e  d e v i c e ,  bu t  t h e  c i r c u l a r  TE mode is cons idered  d e s i r a b l e  

because of its low loss  p r o p e r t i e s .  

With t h e s e  o b j e c t i v e s  i n  mind, t h e  d e c i s i o n  was made t o  pursue an  

approach based on a c y c l o t r o n  resonance 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 .  The d e t a i l e d  arguments l e a d i n g  t o  t h i s  c h o i c e  are 

con ta ined  i n  the  f i n a l  r e p o r t  of t h e  preceding  s tudy  program . The d e v i c e  

c o n f i g u r a t i o n  of p a r t i c u l a r  i n t e r e s t ,  called a g y r o t r o n ,  has  been d i scussed  

i n  r e c e n t  Russian l i t e r a t u r e  . It employs a hol low 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  o f  t h e  TEOm, c l a s s .  

expe r imen ta l  g y r o t r o n s  d e s c r i b e d  i n  the l i t e r a t u r e  have a l l  been of t h e  form 

o f  s i n g l e - c a v i t y  o s c i l l a t o r s .  

moderate  (16 dB) g a i n  as an a m p l i f i e r .  

1 

2 

The 

However, a s i m i l a r  device3  h a s  demonstrated 

The optimum beam f o r  the  c y c l o t r o n  resonance i n t e r a c t i o n  is one i n  

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  pe rpend icu la r  t o  

t h e  axial magnet ic  f i e ld .  

of ax ia l  v e l o c i t y  be e s s e n t i a l l y  t h e  same fo r  a l l  e l e c t r o n s .  An e l e c t r o n  

which has a d i f f e r e n t  axial v e l o c i t y  w i l l  n o t  i n t e r a c t  e f f i c i e n t l y .  

Another requi rement  i s  t h a t  the' sma l l  component 

Genera t ion  of a beam wi th  h igh  t r a n s v e r s e  v e l o c i t y  and small axia l  v e l o c i t y  

s p r e a d  is a n o t h e r  impor t an t  d e s i g n  problem. 
* 

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 

l i k e  t he  one used i n  t he  d e v i c e s  described i n  the  Russian l i t e r a t u r e .  With 

t h i s  t ype  of gun,  t h e  shaping  of t h e  magnet ic  f i e l d  i n  t he  gun r e g i o n  

becomes q u i t e  impor t an t .  

1 



As a r e s u l t  o f  t h e  e x c e l l e n t  performance of t h e  pulsed o s c i l l a t o r ,  

producing up t o  248 kW of peak power a t  28 GHz w i t h  good e f f i c i ency ' ,  t h e  

emphasis of t h e  program has been s h i f t e d  t o  stress the  c o n s t r u c t i o n  and 

d e l i v e r y  of CW o s c i l l a t o r s .  

During the  per iod  covered by t h i s  r e p o r t ,  two tubes  in tended  f o r  CW 

o p e r a t i o n ;  ser ia l  number 5,  an axisymmetric ou tpu t  t y p e ,  and se r i a l  n m b e r  

2R9, a miter-bend output  t ype ;  were opera ted  under p u l s e d  c o n d i t i o n s  and 

ano the r  p a i r ,  with the same two t y p e s  of  ou tpu t  arrangements  (ser ia l  numbers 

6 a n d  7 )  were i n  d i f f e r e n t  s t a g e s  of c o n s t r u c t i o n .  The fo l lowing  

o b s e r v a t i o n s  on these t u b e s  are r epor t ed  here i n  t h e  o r d e r  i n  which t h e y  

were tested o r  assembled. 

2 



SI. CU OSCILLATOR NO. 2, NINTH REBUILD (S/N 2R9) 

The changes s p e c i f i c  t o  t h i s  miter bend ou tpu t  t ube  were desc r ibed  i n  

Q u a r t e r l y  Report  No. 13. A t  t h e  t ime of t h a t  r e p o r t ,  t h e  tube  had been 

pulse t e s t e d  t o  s l i g h t l y  over  100 kW peak a t  20% d u t y ,  also 16 kW of CW 
power had been ob ta ined .  

The s p e c i f i c  goal f o r  t h i s  t u b e  was o p e r a t i o n  on EBT-S a t  the  50 kW 

l e v e l .  To ach ieve  t h i s ,  t h e  t e s t i n g  was t o  be c a r r i e d  o u t  a t  t h e  60 kW 

l e v e l  f o r  a t o t a l  per iod  of  10 hours .  It was expected t h a t  t h e  tube  would 

run un in te rup ted  f o r  p e r i o d s  of a t  l ea s t  30 minutes  du r ing  t h e  10 hours  of 

o p e r a t i o n .  

The CW power l e v e l  was i nc reased  g r a d u a l l y  t o  a va lue  of 63 kW. 

D i f f i c u l t y  was exper ienced  i n  keeping t h e  tube  llonll a t  t h i s  l e v e l  f o r  more 

than  a f e u  minutes  because of a c t i v a t i o n  of t h e  crowbar by power supply  

o v e r c u r r e n t .  The o v e r c u r r e n t s  were caused by e i ther  t r a n s i e n t  gas b u r s t s  o r  

microwave power reaching  t h e  gun. 

During t h e  t e s t i n g  of tube  #2R9, t h e  tempera ture  of t h e  h e l i a r c  weld i n  

t h e  v i c i n i t y  of t h e  c o l l e c t o r  ceramic was monitored us ing  thermocouples .  

Ca re fu l  rf s h i e l d i n g  was necessa ry  t o  prevent  e r roneous  r ead ings  due t o  rf 

power radiating through t h e  c o l l e c t o r  i n s u l a t o r .  

After s e v e r a l  runs of approximate ly  one hour d u r a t i o n ,  t h e  c o l l e c t o r  

ceramic cracked and t h e  tube  went "down t o  a i r" .  

c r a c k  h i g h l i g h t e d  by dye. 

created by t h e  nonuniform power flow through t h e  ceramic and t h e  hea t ing  due 

t o  rf l o s s e s  i n  t h e  ceramic and a d j o i n i n g  metal p a r t s  caused t h e  f a i l u r e .  

F i g u r e s  1 and 2 show t h e  

It would appear  t h a t  c i r c u m f e r e n t i a l  stress 

. . .  e c t o r  - R e s a a n c e  I-ced 

Under a g iven  set  of o p e r a t i n g  c o n d i t i o n s ,  t h e  g y r o t r o n  w i l l  o s c i l l a t e  

a t  a frequency which is  determined by parameter v a l u e s  and by t h e  n a t u r e  of 

t h e  microwave l o a d .  Inc luded  i n  t h e  microwave load is some coupl ing  t o  a 

h igh ly  r e a c t i v e  c o l l e c t o r .  Cold t e s t i n g  i n d i c a t e s  a high d e n s i t y  of 
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c o l l e c t o r  resonances  which p e r t u r b  t h e  resonance curve  of t h e  gy ro t ron  

c a v i t y .  

w i t h  t h e  e l e c t r o n  beam, t he  high Q resonances  caus ing  them have d i f f e r e n t  

d i s t r i b u t i o n s  of microwave s t o r e d  energy and energy loss i n  t h e  c o l l e c t o r ,  

as well as i n  t h e  c o l l e c t o r  i n s u l a t o r  r eg ion .  A jump from one resonance t o  

ano the r  i n  t h e  c o l l e c t o r  can r e s u l t  i n  t r a n s i e n t  g a s  b u r s t s ,  which, upon 

r e a c h i n g  t h e  gun,  may cause a gun f a u l t .  To minimize t h i s  problem, t u b e s  

must be processed over  a f a i r  range of parameters  w i t h  g r a d u a l l y  i n c r e a s i n g  

power l e v e l s .  However, even a f te r  fo l lowing  such procedures  and success-  

f u l l y  o p e r a t i n g  f o r  extended p e r i o d s  of  time under a p a r t i c u l a r  se t  of  

c o n d i t i o n s ,  a change i n  f requency could cause s u f f i c i e n t  ou t -gass ing  due t o  

rf power r e d i s t r i b u t i o n  i n  t h e  c o l l e c t o r  t o  cause a crowbar f i r i n g .  

mile t h e s e  p e r t u r b a t i o n s  do n o t  g r o s s l y  affect  t h e  i n t e r a c t i o n  

The proposed s o l u t i o n s  t o  s u c h  i n s t a b i l i t i e s  i nvo lve  means t o  ( 1 )  

minimize t h e  rf coupl ing  of t h e  g y r o t r o n  c a v i t y  t o  t h e  c o l l e c t o r  and (2 )  t o  

reduce the Q of the  c o l l e c t o r  resonances .  Tube number 7 i n c o r p o r a t e s  bo th  

such improvements, where t h e  Q-damping is accomplished by c l o s e l y  coupl ing  

an e x t e r n a l  microwave load  t o  t h e  c o l l e c t o r  th rough a 2.5-inch d iameter  

gu ide  a t  t h e  t o p  of t he  c o l l e c t o r .  

6 



111. TUBE NO. 5R1 

Tube number 5R1 was r e t u r n e d  t o  t e s t  after reassembling and 

r ep rocess ing .  

t h e  d e s i r e d  l i m i t s .  

of 195 kW was measured. Th i s  is the  h i g h e s t  peak power a t t a i n e d  i n  t h e  

program t o  d a t e  on a tube  des igned  f o r  CW o p e r a t i o n .  The frequency v e r s u s  

magnet ic  f i e l d  c h a r a c t e r i s t i c  w i t h  t h e  r e a d j u s t e d  window, was improved (as  

shown i n  F i g u r e  3 )  bu t  was s t i l l  n o t  as  broad as had been ob ta ined  i n  

ear l ier  pulsed  tube  des igns  w i t h  s i n g l e  d i s c  ou tpu t  windows. A small 

r ead jus tmen t  gave f u r t h e r  improvement i n  t h e  f requency c h a r a c t e r i s t i c  bu t  

t h e  maximum power ou tpu t  was e s s e n t i a l l y  unchanged. 

The two d i s c s  of t h e  window were c a r e f u l l y  p o s i t i o n e d  w i t h i n  

Under 1.2% du ty  pulsed  c o n d i t i o n s  a peak power o u t p u t  

The r e d u c t i o n  i n  loaded  C of t he  c a v i t y ,  from about  1400 t o  e v e n t u a l l y  

450, a f f e c t e d  t h e  o p e r a t i o n  of  t h e  tube  i n  o t h e r  ways beside t h e  i n c r e a s e  i n  

e f f i c i e n c y .  It was more d i f f i c u l t  t o  b r i n g  t h e  t u b e  i n t o  o s c i l l a t i o n  i n  t h e  

TEOz1 mode. 

TE221 (26.7 GHz) mode, f o r  example. 

c u r r e n t  i n  magnet number 2 ;  however, t h e  tube  s t i l l  r e q u i r e d  p a t i e n c e  t o  

b r i n g  i n t o  o s c i l l a t i o n .  T h i s  is, o f  c o u r s e ,  t h e  e f f e c t  one would expect,; 

t h e  lower t h e  loaded Q of t h e  desired mode, t h e  ha rde r  t h e  s t a r t i n g .  

There was a marked tendency f o r  o s c i l l a t i o n  t o  start  i n  t h e  

T h i s  was prevented  by i n c r e a s i n g  t h e  

Opera t ing  CW, t h e  tube  was r u n  112 hour a t  48 kW, ( 4 A ,  70 kV) and (1 /2  

h r  + 1/2 h r  + 314 h r )  a t  66 kW, ( 6 A ,  80 kV) When the  c o o l i n g  wat.er was 

tu rned  on t h e  c o l l e c t o r  and body t h e  morning a f t e r  66 kW o p e r a t i o n ,  a small 

l e a k  developed i n  t he  c o l l e c t o r  ceramic seal ( i o n  pump p r e s s u r e  t o r r ) .  

The leak appeared t o  be i n  t h e  b raze  and was r e a d i l y  s topped  by app ly ing  

s e a l a n t .  The p rev ious  pulsed  measurements were then  reproduced ,  j..e., 190 

t o  200 kW of  peak power a t  1.2% 

however, it was decided  through 

f u r t h e r  testing of  number 5 and 

t u b e  number 7 f o r  EBT-S. 

du ty .  Before r e t u r n i n g  t o  CW o p e r a t i o n ,  

c o n s u l t a t i o n  w i t h  Oak Ridge, t o  postpone 

i n s t e a d  t o  proceed w i t h  t e s t i n g  miter bend 

7 



28.00 

27.99 

27.98 

27.97 

27.96 

27.95 

27.94 

27.93 

27.92 

190 

180 

170 

160 

150 

140 

130 

120 

PB - 7 - t 
27.6 G H z  
MODE 

110 TE221 TE02 1 

0 

400 450 500 550 

MAGNET NO. 2 FIELD CURRENT 

FIGURE 3. FREQUENCY AND POWER CHARACTERISTICS 
FOR CW TUBE NUMBER 5R IN PULSED TESTING 

8 



IV. TUBE NO. 7 

T h i s  miter bend t u b e  w i t h  reduced c o l l e c t o r  c o u p l i n g  and i n c r e a s e d  

c o l l e c t o r  l o a d i n g  provided a pulsed rf ou tpu t  o f  120 kW a t  80 k i l o v o l t s ,  

8 amperes and 1.2% du ty .  

the h igh  loaded Q (750) t h a t  was chosen f o r  t h i s  t u b e .  

very advantageous as fa r  as ease of s t a r t i n g  o s c i l l a t i o n  i n  t h e  proper  mode. 

T h i s ;  combined wi th  t h e  reduced coup l ing  t o  t h e  c o l l e c t o r  (smaller diameter 

d r i f t  t u b e ,  t o  c u t  off t h e  TE2, mode a t  t h e  o p e r a t i n g  f r e q u e n c y ) ,  t h e  

i n c r e a s e d  c o l l e c t o r  l o a d i n g  (waveguide o u t p u t ,  p l u s  Kanthal  on t h e  lower 

c o l l e c t o r  cone ) ,  and the s e l e c t i v e  mode s u p p r e s s i o n  i n  t h e  c a v i t y  r e s u l t e d  

i n  an e x c e p t i o n a l l y  well  behaved tube .  

Only p a r t  of t h e  low o u t p u t  could be a t t r i b u t e d  t o  

The c h o i c e  o f  Q was 

An a t t e m p t  t o  change t h e  l o a d i n g  by a d j u s t i n g  t h e  window s p a c i n g  

r e s u l t e d  i n  a f r a c t u r e d  o u t e r  window due t o  t he  p r e s s u r e  of t h e  con ta ined  

FC-75 between t h e  Hansen fittings. T h i s  o u t e r  window was r e p l a c e d ,  t h e  

pu l sed  r e s u l t s  checked, and CW measurements t hen  s ta r ted .  I n  less t h a n  2 

days t h e  CW rf power o u t p u t  was brought  up t o  t h e  50 kW l e v e l .  

F a i l u r e  o f  some po lye thy lene  t u b i n g  used i n  t h e  c o l l e c t o r  waveguide 

water load  t h e n  occur red  due t o  l o c a l  ove rhea t ing .  T h i s  n e c e s s i t a t e d  

removing t h e  tube  and magnet, d i sa s sembl ing  and d r y i n g  t h e  i n d i v i d u a l  magnet 

c o i l s  and removing t h e  water from t h e  H V  o i l  t a n k .  

I n  r e p e a t i n g  t h e  o p e r a t i o n  w i t h  a new conical-ceramic c o l l e c t o r  water 

load  i n  p l a c e ,  t h e  50 kW t o  60 kW l e v e l  was q u i c k l y  r e a t t a i n e d .  Following 

one day of e x p l o r a t o r y  o p e r a t i o n ,  t h e  t u b e  was run  f o r  10 h o u r s  i n  t h e  r ange  

of 65 t o  70 kW; a summation o f  o p e r a t i n g  p e r i o d s ,  each of which was greater  

t h a n  1/2 hour  and two of which i n d i v i d u a l l y  exceeded 1 1 / T  hours .  

During v a r i o u s  stages o f  testing t h e  t u b e ,  c y c l i n g  of t h e  emission 

c u r r e n t  l e v e l  was observed f o r  a pe r iod  of 1 t o  4 minu tes .  Typ ica l  c u r r e n t  

v a r i a t i o n  for t h e  c y c l i n g  is from 7 .4  amperes t o  9 amperes, a l though  under 

one set of c o n d i t i o n s ,  it v a r i e d  from 5.5 amperes t o  8 . 4  amperes.  
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There are c u r r e n t l y  two s e p a r a t e  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  c y c l i n g  

b e h a v i o r ,  bo th  invo lv ing  mechanical problems i n  t he  gun. One is t h e  

c r a c k i n g  observed i n  the heater 's  ceramic p o t t i n g  material and t h e  o t h e r  is  

t h e  c rack ing  of  a weld i n  a ca thode  suppor t  member. I n v e s t i g a t i o n  of both 

suspec ted  problems determined t h e  w e l d  c r a c k i n g  could  be prevented  by minor 

m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  par ts .  These m o d i f i c a t i o n s  w i l l  be 

i n c o r p o r a t e d  immediately i n  a l l  new guns.  

p o t t i n g  could best be deal t  w i t h  by r edes ign ing  t h e  assembly w i t h  r a d i a n t  

ca thode  h e a t i n g .  Work on t h i s  approach h a s  begun, however, t h e  t u b e s  w i l l  

n o t  have t h e  new d e s i g n  b e f o r e  March of nex t  yea r .  

The c r a c k i n g  of  t h e  ceramic 

F o r t u n a t e l y ,  rf performance of tube  number 7 i s  s o  s tab le  t h a t  no r e a l  

problem r e s u l t s  even du r ing  t h e  c y c l i n g  emiss ion .  I n  a d d i t i o n ,  i f  t h e  

filament is hea ted  r a p i d l y ,  by i n i t i a l l y  ho ld ing  its h e a t i n g  c u r r e n t  a t  9 

amperes ra ther  t h a n  a t  6 amperes ,  t h e  assembly appea r s  t o  mechanica l ly  

*lock" i t s e l f  i n  a s table  e q u i l i b r i u m  c o n f i g u r a t i o n  and emiss ion  c y c l i n g  i s  

e l i m i n a t e d  o r  g r e a t l y  reduced. 

After running  %he 10-hour t e s t ,  an a d d i t i o n a l  hour o f  s e n s i t i v i t y  

measurements were made d u r i n g  which a l l  of  t h e  t e s t  parameters  were v a r i e d  

s l i g h t l y  and  t h e  ou tpu t  power and f requency  changes recorded  (F igu re  4 ) .  

It was noted  t h a t  f o r  a 10% change i n  modulat ing anode v o l t a g e  t he re  

was a cor responding  45% change i n  o u t p u t  power. I n  looking  a t  t h e  beam 

v o l t a g e  v a r i a t i o n  it was seen  t h a t  f o r  a 1.8% change i n  beam v o l t a g e  t h e r e  

was a 19% change i n  o u t p u t  power (F igu re  5 ) .  A 10% change i n  beam c u r r e n t  

r e s u l t e d  i n  a 20% change i n  o u t p u t  power. 

It is o f  n o t e  t h a t  t h e  tube  remained "ont1 du r ing  a l l  of these  

v a r i a t i o n s  of  o p e r a t i n g  c o n d i t i o n s .  
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V. TUBE NO. 6 

Most of the assembly brazes were completed on t h i s  tube. Some 

diff iculty was experienced i n  brazing the water cooling channel section of 

the transverse magnet region. Also,  the collector seal weld flanges 

distorted appreciably when they were brazed to the collector ceramic. 

Design modifications may be required i n  order to successfully construct the 

collector seal assembly. 
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VI. PROGRAM SCHEDULE AND PLANS 

A r e v i s e d  m i l e s t o n e  chart is shown i n  F i g u r e  6. No f u r t h e r  e f fo r t  i s  -_ . - 

planned f o r  t ube  S/N 2 and 4. 

Tube SIN 7 w i l l  be shipped t o  Oak Ridge dur ing  the  first week of  t h e  

nex t  r e p o r t  pe r iod .  

Tube S/N 5R1 w i l l  be r e t u r n e d  t o  test  t o  i n s u r e  re l iab le  CW ope ra t ion  

a t  60 kW. 

Bui ld ing  of t ube  SIN 6 w i l l  be completed i n  October ,  fol lowed by 

November t e s t i n g .  

A proposa l  t o  complete t h e  200 kW CW, 28 GHz gyro t ron  p r o j e c t  was 

submi t ted  t o  Union Carbide Corpora t ion  on Sep tember  2 4 ,  1979. That and 

subsequent  d i s c u s s i o n s  are expected t o  result  i n  f u r t h e r  schedule  changes.  
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