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ABSTRACT 

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  

capable  of producing 200 kW ck' power output  a t  28 GHz. The use of t h e  

gyro t ron  or  c y c l o t r o n  resonance i n t e r a c t i o n  is be ing  pursued.  

During t h i s  r e p o r t i n g  pe r iod ,  t e s t i n g  of axisymmetric t u b e  5R.2 was 

cont inued w i t h  v a r i o u s  output  gu ide  components s imula t ing  t h e  EETS l o a d .  

T h i s  t ube  was shipped t o  ORNL and s u c c e s s f u l l y  i n s t a l l e d  and ope ra t ed .  

Miter bend t u b e  12M i n s t a l l a t i o n  was completed a t  ORNL and t h e  tube  

opera ted  s u c c e s s f u l l y  i n t o  EBTS. 

Axisymmetric tube  f 6  was de l ive red  t o  f i n a l  t es t  and opera ted  t o  200 kW 

a t  2% d u t y .  

Work on 5" axisymmetr ical  t u b e s ,  SIN 9 and 10, has  been s topped and a l l  

e f f o r t  is be ing  directed t o  t h e  2.5" a x i s y m e t r i c a l  t u b e s .  

Cons t ruc t ion  o f  2.5" axisymmetr ical  t u b e s  8 and 1 1  is p rogres s ing .  

A Q u a l i t y  Assurance Report on the  f a i l u r e  of  t he  h e a t e r  i n  tube  7RlM 

was completed and s e n t  t o  O R N L .  

Design of a h igh  power mode f i l t e r  was completed and c o n s t r u c t i o n  was 

i n i t i a t e d .  



I .  TNTEODUCTION 

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  

capab le  of producing 200 kW o f  CW power a t  a frequency of 28 Gtiz. I n  

a d d i t i o n ,  it is in tended  t h a t  t h e  program w i l l  s e rve  as  t h e  f i rs t  s t e p  

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

frequency of  60 and 110 GHz. F e a s i b i l i t y  f o r  t h e  60 and 110 GHz des igns  

w i l l  be demonstrated,  whenever p r a c t i c a l ,  i n  t h e  des ign  of t h c  28 GHz 

dev ice .  T u n a b i l i t y  o r  bandwidth is not  cons idered  an important  parameter i n  

t he  des ign ,  b u t  e f f i c i e n c y  is. Mode p u r i t y  i n  the output  waveguide is  not a 

requirement fo r  t h e  dev ice ,  b u t  t h e  c i r c u l a r  TE mode is  cons idered  des i r ab le  

because  of  its low l o s s  properties. 

With these 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 tc  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 de t a i l ed  arguments l ead ing  t o  t h i s  choice  are 

conta ined  i n  t h e  f i n a l  r e p o r t  o f  t h e  preceding s tudy  program . The dev ice  

c o n f i g u r a t i o n  o f  p a r t i c u l a r  i n t e r e s t  , c a l l e d  a gy ro t ron ,  has  been d iscussed  

i n  r e c e n t  l i t e r a t u r e .  2 9 3  

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  TE c l a s s ,  

1 

It t y p i c a l l y  employs a hollow e l e c t r o n  beam 

Om 1 

The optimum beam f o r  t h e  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 o f  t h e i r  energy i n  v e l o c i t i e s  perpendicular  t o  

t h e  a x i a l  magnetic f i e l d .  Another requirement  is t h a t  t h e  small component 

o f  a x i a 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 f o 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  a x i a l  v e l o c i t y  w i l l  no t  i n t e r a c t  e f f i c i e n t l y .  

Genera t ion  of  a beam w i t h  h igh  t r a n s v e r s e  v e l o c i t y  and sinal1 a x i a l  v e l o c i t y  

spread is  another  important  des ign  g o a l .  

The approach chosen t o  gene ra t e  t h e  beam is a magnetron type  o f  gun 

l i k e  t h e  one used i n  t h e  dev ices  desc r ibed  i n  t h e  Russian l i t e r a t u r e .  Wi th  

t h i s  type of  gun, t h e  shaping o f  t h e  magnetic f i e l d  i n  t he  gun r eg ion  

becomes q u i t e  impor tan t .  

A s  a r e s u l t  o f  the  excellent performance of t h e  pulsed o s c i l l a t o r  
4 

producing up t o  248 kW of peak power a t  28 GHz w i t h  good e f f i c i e n c y  , t h e  

1 



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 t h e  per iod  covered by t h i s  r e p o r t ,  th ree  tubes ,  S/N's 5 and 6 ,  

both axisymmetric t ypes ,  and S/N 12M, a miter bend ou tpu t  t ype ,  were 

opera ted  under p u l s e  and CW cond i t ions .  A Q u a l i t y  Assurance i n v e s t i g a t i o n  

o f  S/N 7M's heater f a i l u r e  was made and a r e p o r t  submit ted t o  O R N L .  

Cons t ruc t ion  of axisymmetric t ubes  6 ,  8 and 1 1  was cont inued .  A h igh  power 

mode f i l t e r  was designed and c o n s t r u c t i o n  was i n i t i a t e d .  

The fol lowing obse rva t ions  on t h e s e  tubes  are r epor t ed  here i n  the  

order i n  which they were t e s t e d  o r  assembled. 

. 
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11. TECHNICAL DISCUSSION 

A .  

The tube  was d e l i v e r e d  t o  Oak Ridge on March 19. D i f f i c u l t y  was 

encountered i n  attempting t o  i n c r e a s e  beam c u r r e n t  and power output  due  t o  

f r equen t  crowbar a c t i v i t y  of t h e  system. After some r e p a i r s  t o  t he  power 

supply and some aging  of  t h e  t u b e  t h e  power was increased  t o  t h e  65 kW 

range .  The tube  was s u c c e s s f u l l y  opera ted  i n t o  EBTS w i t h  approximately 60 

kW out of  t h e  tube  and 50 kW i n t o  EBTS. After EBTS experiments were 

sa t i s f ied ,  t h e  t u b e  was removed from t h e  socket t o  a l low a l t e r a t i o n s  t o  be 

made t o  i n s t a l l  S/N 5R2. 

P u l s e  experiments on t h e  mode f i l t e r s  and miter bends were 

concluded. The tube  was reconnected f o r  CW o p e r a t i o n  and a series o f  

experiments were conducted. Some de lay  was incur red  due t o  window a r c i n g  

which was traced t o  f o r e i g n  matter on t h e  window be l i eved  t o  have 

accumulated dur ing  t h e  i n s t a l l a t i o n  of t h e  load  on t h e  t u b e .  

The t es t  set has been plumbed t o  allow up t o  7 gal/min. o f  water 

flow through each mode f i l t e r  t o  pe rmi t  power d i s s i p a t i o n  approaching 18 kW 

CW; close t o  t h e  maximum l e v e l  p red ic t ed  by  t h e  p u l s e  mode f i l t e r  data.  

The fo l lowing  arrangements of tube  and r f  components were 

assembled and tested w i t h  power d i s s i p a t i o n s  as noted .  

1 )  Gyrotron - Load 

131.5 kW CW O u t p u t  Power 

3 
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Gyrotron - MF # I  - Load 

148 kW CW i n  Waterload 

0.4 kW CW i n  MI? # l  

148.4 kW CW T o t a l  Output Power 

Gyrotron - MF 81 - Miterbend - Load 

127.4 kW @w i n  Waterload 

3.0 kW CW i n  MF # 1  

130.4 kW CW T o t a l  Output Power 

Gyrotron - MF b l  - Miterbend - MF #2 - Load 

140 kW CW i n  Waterload 

3.63 kW CW i n  MF # 1  

(Power i n  MF #2 no t  measured because of  i n s t rumen ta t ion  
problem) 

143.63 kW CW T o t a l  Output Power 

Gyrotron - MF # 1  - MF #2 - Miterbend - Load 

De ta i l ed  power measurements were not completed due t o  window fa i lure .  Th i s  

was caused by a cracked alumina disc  on t h e  atmosphere s i d e  of t h e  window 

assembly. The vacuum side ceramic disc  was i n t a c t  and no change of tube  

p r e s s u r e  was noted .  The atmosphere s ide  of the  window was cracked 

d i a m e t r i c a l l y  a c r o s s  t h e  d i s c  and showed s t r o n g  c i r c u l a r  whi te  r i n g s ,  which 

were found t o  be due  t o  fus ing  of  t h e  alumina. The FC-75 side of t h e  window 

had a number of  cracks. The samples of t h e  material from t h e  window were 

examined i n  de t a i l .  The FC-75 coo l ing  system and t h e  crowbar firing time 

were checked and found t o  be o p e r a t i n g  c o r r e c t l y .  A more detai led 

d i s c u s s i o n  o f  t h e  window f a i l u r e  is conta ined  i n  s e c t i o n  2.  

The e x t e r n a l  window was replaced, r e a d j u s t e d  t o  the c o n f i g u r a t i o n  

p rev ious ly  employed, and t e s t i n g  of t h e  tube  was cont inued .  

The t u b e  was t e s t e d  aga in  a t  200 kW a t  4% du ty .  It was then  

opera ted  a t  140 kW CW f o r  about 1 hour and appeared t o  o p e r a t e  normal ly ,  

similar t o  its performance p r i o r  t o  t h e  breaking  of  the  window. 

4 



After c o n s u l t a t € o n  w i t h  ORNL, t h e  t u b e  was removed from i ts  

s o c k e t ,  dressed and packed fo r  shipment t o  Oak Ridge. Included i n  t h e  

sh ipping  c o n t a i n e r  were three a c c e l e r a t i o n  s e n s o r s  (Sensory Products ,  I n c .  

Model A 1 - 2 ) .  
t u b e .  These s e n s o r s  are designed t o  record t h e  maximum GIs experienced i n  

shipment i n  the  X, Y and Z axes  of t h e  c o n t a i n e r .  The r e s u l t s  were 8 ,  10, 

17 G's  r e s p e c t i v e l y  and are judged t o  be moderate shock, t y p i c a l  of normal 

hand1 i n g  . 

They were placed on each ax i s  of t h e  inner  box c o n t a i n i n g  t h e  

A t  t h e  reques t  of ORNL,  the  next gyro t ron  shipment w i l l  c o n t a i n  

two a d d i t i o n a l  acce lerometers  which w i l l  perrnit t h e  record ing  of X and Y 

a x i s  maximum shock at  each end of t h e  inne r  box. ORNL has suppl ied  a 

record ing  acce lerometer ,  (Impact-0-Graph Model 2 1 C )  which w i l l  a lso  be 

i n s t a l l e d  i n  t h e  next  shipment 

The t u b e  was unpacked, placed i n  Its socket  at  Oak Ridge and 

s u c c e s s f u l l y  opera ted  there a t  122 kW CW i n t o  a matched rf load by ORNL and 

Varian personnel .  

reques t  of Oak Ridge. The plan is t o  perform a series of t e s t s  i n  t h e  

100 kW t o  140 kW range and t h e n  v e n t u r e  t o  h igher  power as determined by Oak 

Ridge personnel .  A t  t h e  end of the  q u a r t e r ,  t h e  waveguide components t o  b e  

used i n  the  output  of  t he  t u b e  were be ing  assembled. It is planned t o  have 

the  t u b e  followed by a system of mode f i l t e r s  and miter bends t e r m i n a t i n g  In 
a matched rf waterload which c l o s e l y  s i m u l a t e s  the guide system t ha t  w i l l  be 

used t o  connect t o  EBT-S. Operat ion of t h e  t u b e  i n  the  new c o n f i g u r a t i o n  is 

scheduled t o  begin J u l y  8 w i t h  Varian and Oak Ridge personnel  p r e s e n t .  

T e s t i n g  beyond t h i s  power l e v e l  was not a t tempted p e r  t h e  

As more data becomes a v a i l a b l e  from t u b e  # 5  and subsequent t u b e s ,  

t he  effor t  to  better undelsstand the e f fec t  on the  c i r c u l a r  and non-c i rcu lar  

mode conten t  of the  forward, reflected and mode converted pcwer i n  t h e  

system w i l l  cont inue  . 

5 



The VGA-8000 S/N 5R2 has been opera ted  i n t e r m i t t e n t l y  s i n c e  t h e  

f a l l  o f  1979. I n  February it was opera ted  a t  212 kW CW and dur ing  A p r i l  and 

May it was opera ted  pulsed and CW w i t h  v a r i o u s  output  guide c o n f i g u r a t i o n s .  

On May 6 ,  1980 t h e  tube  was opera ted  a t  t h e  120 kW l e v e l  CW f o r  

approximately 30 minutes and a t  140 kW CW f o r  5 minutes w i t h  t h e  t e s t  se t -up  

as  shown i n  F i g u r e  1 A .  The guide  c o n f i g u r a t i o n  was then  changed as shown i n  

F igu re  1B. The t u b e  would not ope ra t e  above 25 kW and a t  t h i s  l e v e l  there 

were s i x  success ive  crowbars, each o f  which tu rned  off t h e  t u b e .  Three o r  

f o u r  of these were a c t i v a t e d  f i r s t  by t h e  waveguide a r c  d e t e c t o r .  The 

waveguide was then  examined. FC-75 was d r ipp ing  out of t h e  waveguide 

i n d i c a t i n g  a crack i n  t h e  o u t e r  window ceramic (F igu re  2 ) .  

There was a crack  ex tending  t o  both  edges and pass ing  through t h e  

c e n t e r  of t h e  o u t e r  ceramic. There were also many black specs  and whi te  

c o n c e n t r i c  r i n g s  on the a i r  s i d e  of t h e  window. The ceramic a l s o  showed a 

g e n e r a l  brownish c o l o r  presumably from x-ray d i s c o l o r a t i o n  (F igu re  3 ) .  No 

damage was apparent  on the FC-75 s i d e  o f  t h e  i n n e r  (vacuum) window. 

were no marks o r  d i s c o l o r a t i o n s  on t h e  FC-75 s i d e  of t h e  o u t e r  ( a i r )  window. 

There 

A sample of t h e  ceramic window was removed and analyzed u t d l i z i n g  

a Scanning E l e c t r o n  Microscope (SEMI and X-ray Emission Spectroscopy ( X E S ) .  

Th i s  showed tha t  t h e  white c o n c e n t r i c  r i n g s  were formed from mel t ing  and 

f u s i n g  o f  t h e  alumina. The depth of t h e  fused  reg ion  is 2 . 5  t o  3 x 

inches  at t h e  c e n t e r  of t h e  r i n g s .  The r i n g s  are a s i n g l e  crystal structure 

which has  sepa ra t ed  from the  m u l t i - c r y s t a l  alumina ceramic ( F i g u r e s  4 - 6); 
The energy r equ i r ed  t o  form t h e  rings is about 400 j o u l e s  and t h e  

tempera ture  necessary  t o  fuse alumina is 205OOC. 

means of  a t t a i n i n g  these t empera tu res  is by a r c i n g  a t  the window s u r f a c e .  

The only iden t  t f i ab l e  

The arc d e t e c t o r  was o p e r a t i o n a l  and has s i n c e  been tested and 

found t o  be o p e r a t i n g  normally. The time from a l i g h t  sou rce  t r i g g e r  t o  

crowbar input is 5 microseconds.  Assuming a l l  the output  power might be 

coupled i n t o  an arc at  the  window dur ing  t h e  5 microsecond i n t e r v a l ,  t h e  

6 
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Figure 1. VGA-8000 S/N 5R2 Test Configuration 



Figure 2. Gyrotron Double Disc Window 

8 



,-White Concentric Rings 

7 Brown Discdoration of Ceramic 

Crack 
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3 t o t a l  energy would be 25 x 10 W x 5 x s = 0.125 j o u l e s ;  f a r  less than  

t h e  400 j o u l e s  r equ i r ed  t o  f u s e  t h e  ceramic as desc r ibed  above. 

Another c u r i o s i t y  is the  m u l t i p l i c i t y  of r i n g s .  Normally an a r c  

can only be s u s t a i n e d  a t  t h e  innermost ring o r  l i n e  of h ighes t  e l e c t r i c  

f i e l d .  

The b l ack  p a r t i c l e s  were analyzed wi th  t h e  SEpl and XES machines 

and found t o  be  s i l i c o n  and s i l i c o n  w i t h  copper.  The copper is probably due 

t o  the  sc rap ing  of t h e  f l a n g e s  while i n s t a l l i n g  t h e  waveguide and changing 

load c o n f i g u r a t i o n s .  A b e t t e r  suppor t  f o r  t h e  output  load  is be ing  designed 

t o  minimize t h i s  problem i n  the  f u t u r e .  The s i l i c o n  is probably from a 

c l e a n s e r  p a s t e  used t o  c l e a n  t h e  ceramic.  

The FC-75 system was also i n v e s t i g a t e d .  There were no traces o f  

contaminants i n  t h e  FC-75 and t h e  system p res su re  was normal. T h i s  is 

covered in de ta i l  i n  S e c t i o n  3. 

Recommendations have been made i n  coope ra t ion  w i t h  Varian QA and 

t h e s e  are d i scussed  i n  t h e  QA r e p o r t  o f  t h e  window fa i lu re .  

3. FC-75 svs ta 

Some improvements have been i n i t i a t e d  in  t h e  FC-75 system f o r  

coo l ing  t h e  output  window. The e x i s t i n g  system has a h igh-pressure  pump 

w i t h  marginal f low c a p a b i l i t y .  The re fo re ,  t o  f a c i l i t a t e  more flow, a 

high-flow, lox-pressure  pump has been ordered .  A p r e s s u r e  r e l i e f  va lve  

a c r o s s  t h e  pump w i l l  keep t h e  a b s o l u t e  p re s su re  set a t  a low va lue .  There 

w i l l  be a p re s su re  s w i t c h  at  t h e  window which w i l l  s h u t  o f f  t h e  t u b e  and t h e  

FC-75 u n i t  i n  t h e  event t h a t  t h e r e  is excess ive  p re s su re .  T h i s  double 

p r o t e c t i o n  system w i l l  gua ran tee  t h a t  t h e  p r e s s u r e  is kept low w h i l e  

experimenting wi th  FC-75 f low and t u b e  parameters.  

As a f u r t h e r  follow-up t o  t h e  rup tu red  output  window, t h e  FC-75 

window coo l ing  system was i n v e s t i g a t e d .  An ou tpu t  window model, t den t  ical  

in flow characterist ics,  b u t  w i t h  c lear  p l a s t i c  d i s c s ,  was i n s e r t e d  i n  p l a c e  
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of  t h e  normal window and analyzed for  possible bubbles  accumulating dur ing  

o p e r a t i o n .  It was found t h a t  bubbles  accumulated i n  t h i s  r eg ion  when t h e  

FC-75 was turned  o f f ,  b u t  d i sappeared  wi th in  15 seconds after the  FC-75 was 

turned  on. It is  doubted t h a t  t h i s  c o n t r i b u t e d  t o  t h e  window fai lure  

desc r ibed  i n  S e c t i o n  2 .  

The 

FC-75 system : 

(3) 

fo l lowing  mod i f i ca t ions  are planned t o  f u r t h e r  improve t h e  

Raise t h e  r e s e r v o i r  so t h a t  t h e  t u b e  window is not t h e  

h ighes t  po in t  i n  t h e  sys tem.  

I n s t a l l  a p r e s s u r e  i n t e r l o c k  switch i n  t h e  FC-75 l i n e  a t  t h e  

window t o  s t o p  t h e  FC-75 pump and t u r n  o f f  t h e  t u b e  h igh  

v o l t a g e  i n  t h e  event  o f  a p re s su re  surge. 

Add a p r e s s u r e  bypass  va lve  a c r o s s  t h e  pump t o  limit t h e  

m a x i m u m  p r e s s u r e  i n  t h e  system. 

4. &e Detector- 

The arc d e t e c t o r  system was i n v e s t i g a t e d  and found t o  be 

func t ion ing  normally.  The de lay  t ime (time between l i g h t  input  and crowbar 

t r igger)  was measured by i n j e c t i n g  a l i g h t  pu l se  from a green  l i g h t  e m i t t i n g  

d iode  i n t o  t h e  t u b e ' s  arc d e t e c t o r  l i g h t  p ipe  and measuring t h e  time d e l a y  

t o  t he  po in t  where t h e  crowbar was t r i g g e r e d .  The measurement was made 

s e v e r a l  times and was repea tab ly  5 microseconds. T h i s  cor responds  t o  200 x 
103 w x 5 x 

absorbed by t h e  t u b e .  

s = 1 joule at f u l l  cw power; an energy l e v e l  safely 

1. Th i s  t u b e  was d e l i v e r e d  t o  test  on June 17. It was hi -pot ted  wi th  

no d i f f i c u l t y  and as of t h e  end of t h e  q u a r t e r  had been p u l s e  tes ted a t  2% 

du ty  up t o  200 kW and at 10% d u t y  t o  140 kW. 

12 



2. - 
T h i s  t ube  c o n t a i n s  a new c o l l e c t o r  seal which is made e n t i r e l y  of 

ceramic and metal, u n l i k e  t h a t  of t u b e  f 5 .  D i f f i c u l t y  was encountered i n  

f a b r i c a t i n g  t h i s  assembly due  t o  c rack ing  i n  t h e  ceramic caused by excess ive  

d i f f e r e n t i a l  thermal expansion between t h e  metal and ceramic. After f u r t h e r  

c o n s u l t a t i o n  with our ceramic s p e c i a l i s t s ,  t h e  seal  was redesigned t o  reduce 

thermal stresses. In  a d d i t i o n ,  a longe r  furnace  b r a z i n g  c y c l e  and e l e c t r o n  

beam welding were employed. 

completed seal was h y d r o s t a t i c a l l y  p r e s s u r e  tested t o  180 l b f / i n  and i t s  

pressure-flow characterist ic determined. 

P r i o r  t o  inco rpora t ion  i n  the  tube ,  t he  
2 

3. 

The pressure-flow character is t ic  o f  each cooled assembly was 

measured and t h e  water coo l ing  system was u l t i m a t e l y  reduced t o  three 

coo l ing  c i r cu i t s  as shown i n  F igu re  7. 

It is p o s s i b l e  t o  inco rpora t e  t h e  c o l l e c t o r  seal c i rcu i t  with t h e  

body and window c i rcu i t s  i f  c o o l i n g  were t h e  only  i s s u e .  However, 

c o l l e c t o r  seal power d i s s i p a t i o n  was found t o  be a u s e f u l  and important 

parameter i n  a d j u s t i n g  VGA-8000 S/M 5 f o r  optimum o p e r a t i o n .  

r eason ,  t h i s  c i r c u i t  w i l l  remain Independent so t h a t  t h e  flow rate can be 

optimized f o r  a c c u r a t e  c a l o r i m e t r y  i n  con j u n c t i o n  with i n l e t  and o u t l e t  

thermocouples connected t o  a d i f f e r e n t i a l  d i g i t a l  readout .  

For t h i s  

After having s u c c e s s f u l l y  opera ted  a t  55 kW CW at ORNL s i n c e  

December, t h i s  t ube  ceased t o  o p e r a t e  i n  March. The problem was traced t o  

an open heater i n  t he  gun assembly. The tube was re tu rned  t o  P a l o  Alto 

where a Quality Assurance i n v e s t i g a t i o n  was conducted. A detailed r e p o r t  

was prepared and submitted t o  ORNL in May. The fo l lowing  are h igh l igh t s  

t aken  from t h i s  r e p o r t .  
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Figure 7 .  VGA-8000 S/N 6 Water Cooling Circuits 



The gun assembly (K-8000) was removed and analyzed ( F i g u r e s  8 ,  9, 
and 10) .  The fo l lowing  items were noted: 

( 1 )  The t o p  focus  e l e c t r o d e  r e t a i n i n g  screw head was eroded due  

t o  p o s i t i v e  ion bombardment. 

(2) The s t a i n l e s s  s t ee l  modulation anode was spark  eroded. The 

"greening" c o a t i n g  was removed due  t o  a r c i n g .  

( 3 )  The high-voltage seal o p p o s i t e  t h e  modulation anode was 

s p u t t e r e d  wi th  s t a i n l e s s  steel which came from t h e  modulation 

anode and t h e  t o p  focus  e l e c t r o d e  r e t a i n i n g  screw. 

. 

( 4 )  A ye l lowish  d i s c o l o r a t i o n  of t h e  alumina ceramic immediately 

below t h e  s p u t t e r e d  metal area o f  t h e  upper seal was noted. 

Th i s  is normal x-ray d i s c o l o r a t i o n  and is not d e t r i m e n t a l  t o  

t h e  t u b e ' s  performance. 

( 5 )  The lower heater ceramic had a l i g h t  c o a t i n g  o f  copper which 

d isappeared  a f t e r  two days  (F igu re  IO). It may have been 

caused by evapora t ion  of nearby b raze  dur ing  a gas b u r s t  o r  

p o s s i b l e  r f  o s c i l l a t i o n  due t o  an unusual combination of  t u b e  

o p e r a t i n g  parameters. It should not have effected t h e  t u b e ' s  

o p e r a t  ion 

( 6 )  An open c i r c u i t  was found i n  t h e  heater lead a t  t h e  heater 

tab t o  heater leg l a s e r  weld j o i n t  ( F i g u r e  l o ) .  This  was t h e  

cause o f  t h e  tube  f a i l u r e  and is be l i eved  t o  be caused by 

i n s u f f i c i e n t  s t r a i n  r e l i e f  be ing  inco rpora t ed  a t  t h e  time 

o f  assembly. 

Microphotography of  t h e  moly wire i n  t he  weld area revea led  a 

r e c r y s t a l l i z a t o n  of t h e  g r a i n  s t r u c t u r e  e m b r i t t l i n g  t h e  wire. Scanning 

e l e c t r o n  microscopy and e l e c t r o n  emission spec t roscopy a n a l y s i s  o f  t h e  area 
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revea led  d i s t i n c t  pa tches  of moly and cupron icke l .  

cupronicke l  were r i c h  i n  n i c k e l .  

Some areas of t h e  

Tube 7R1 (M) has been placed i n  s t o r a g e .  There is no p lan  a t  t h i s  

time t o  r e b u i l d  it. 

E.  TUBE #8 

T h i s  t u b e  w i l l  have a c o l l e c t o r  s e a l  similar t o  the  one i n  t u b e  66  

b u t  somewhat improved. The o u t e r  r i n g s  w i l l  be made from rnonel r e p l a c i n g  

t h e  s t a i n l e s s  s t ee l  used p rev ious ly .  This was done t o  be t te r  match t h e  

tempera ture  c o e f f i c i e n t s  of  t h e  metals and ceramic and t o  fu r the r  minimize 

d i f f e r e n t i a l  expansion and t h e  r i s k  o f  c racking  t h e  ceramic.  

Work has been done u s i n g  new parameters t o  achieve  a be t te r  match 

for t h e  double d i s c  ou tpu t  FC-75 window. Cold test o f  t h e  new window 

i n d i c a t e s  a be t te r  match a t  28 GHz and a lower VSWR a t  t h e  f r equenc ie s  above 

and below 28 GHz. 
( F i g u r e s  1 1  and 12) are better than  t h e  alumina windows (Figure 13) as far 

as bandwidth is concerned. The new Be0 window has a t h i c k n e s s  of ceramic 

and FC-75 which combine t o  be 2.599 wavelengths which y i e l d s  a bandwidth, 

de f ined  as VSWR less than  1.2, o f  0.8 GHz. T h i s  is a 205 wider bandwidth 

t h a n  p rev ious  windows. From the  figures it is a l s o  apparent  t h a t  t h e  VSWR 

above and below 28 GHz is compara t ive ly  lower f o r  the new Be0 window which 

w i l l  improve performance by load ing  unwanted f r e q u e n c i e s  out  of t h e  t u b e .  

The computer p l o t s  show t h a t  bo th  b e r y l l i a  windows 

The Be0 window, i n c o r p o r a t i n g  new ceramic and FC-75 d b e n s i o n s  was 

s u c c e s s f u l l y  co ld  tested and i n d i c a t e d  a 20% improvement i n  bandwidth. The 

f i n a l  assembly for t u b e  88 has been completed. 
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Figure 11. Tube No. 8 Betyllia Window 
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Computed VSWR f o r  28 GHz Double-disk Window 
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Figure 12. Tube No. 6 Beryllia Window 
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F. 

This t ube  is intended t o  be i d e n t i c a l  t o  tube  #8 except f o r  a p o s s i b l e  

c a v i t y  mod i f i ca t ion .  

Cold test work has been done on s h i f t i n g  c a v i t y  resonances away from 

t he  d e s i r e d  frequency a t  28 GWz. Some i n t e r f e r e n c e  from o t h e r  modes has  

been seen dur ing  tube  ope ra t ion .  O f  p a r t i c u l a r  no te  a r e  t he  TEZ2,  down from 

26.6 GMz t o  26.0 GMz and t h e  TE3*, from 31.7 GHz up t o  greater t h a n  32.0 GHz 

by  changing the  c a v i t y  geometry. In so doing, a new mode has  been t rapped  

i n  t h e  t a p e r e d  s e e t i o n  of t he  c a v i t y  which appears t o  i n t e r a c t  well w i t h  t h e  

beam. It is of very h igh  Q and is e a s i l y  loaded b y  a small load  r i n g  0.030" 

long i n  t h e  wall of t,he c a v i t y .  A con t inu ing  problem is t h a t  q u i t e  o f t e n  

when one mode is detuned out  of t h e  frequency range ,  anokher is detuned i n t o  

t h e  frequency range because of  t h e  large c a v i t y  s i z e .  

A new mode f i l t e r  (VFA-8000-A3) (F igu re  111) has been designed and a 

pro to type  is under c o n s t r u c t i o n .  It is similar t o  t h e  mode f i l t e r s  

desc r ibed  i n  ear l ier  r e p o r t s ,  except t ha t  it has an increased  water flow 

c a p a b i l i t y  which w i l l  permit h ighe r  rf power d i s s i p a t i o n .  The p rev ious  

model VGA-8000-A2 has been t e s t e d  t o  14.5 kW CW with a maximum flow r a t e  of  

5.6 g a l h i n .  

determined on t u b e  # 6 *  

The power handl ing  c a p a b i l i t y  o f  t h e  VFA-8000-A3 w i l l  be 

The VFA-8000-83, as the  p rev ious  A2 v e r s i o n ,  has a 2.511 i n s i d e  d iameter  

which mates d i r e c t l y  t o  the  waveguide f l anges .  There are e l even  c o n c e n t r i c  

s l o t s  i n  t h e  inne r  conductor which are open t o  a ceramic c y l i n d e r  behind 

which coo l ing  water is c i r c u l a t e d .  C i r c u l a r  modes are propagated wi th  

n e g l i g i b l e  lass whi le  non-c i rcu lar  modes are a t t e n u a t e d  by approximately 

4.7 dB. 

21 



I 

I 

. 

I -  

*,,# ." 

, I ,  :. 
I .. 



FPth t h e  shipment of ax isymetr ica l  t u b e  #5R2, the remaining e f fo r t  

r s i l l  be  devoted to t h e  eomplet,iun of axisyrnmetvical t u b e s ,  numbers 6 ,  8 and 

1 1  descr ibed  ear l ie r  in t h i s  r epor t .  
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