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ABSTRACT 

The objective of th is  program is to develop a microwave amplifier or 

osci l lator capable of producing 200 kW CU power output at  110 GHz. The use 

of cyclotron resonance interacton is being pursued. 

The early design phases of th is  'three and one half year program are 

discussed. 



I. INTRODUCTION 

The o b j e c t i v e  o f  t h i s  program i s  t o  develop a  microwave a m p l i f i e r  o r  

o s c i l l a t o r  capable  o f  producing 200 kW of CW power a t  110 GHz. Tunab i l i t y  

o r  bandwidth is no t  considered an important  parameter i n  t h e  des ign ,  but  

e f f i c i e n c y  is. Mode p u r i t y  i n  t h e  ou tpu t  waveguide is  no t  a requirement  f o r  

t h e  dev ice ,  b u t  t h e  c i r c u l a r  e l e c t r i c  mode i s  cons idered  d e s i r a b l e  because 

o f  i ts  low l o s s  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, an approach based on a  cyc lo t ron  

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  i s  being 

pursued. The d e t a i l e d  arguments l ead ing  t o  t h i s  approach a r e  contained i n  
1  t h e  f i n a l  r e p o r t  o f  a  preceding s tudy  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 r e s t ,  c a l l e d  a  gy ro t ron ,  have been d iscussed  i n  r e c e n t  

l i t e r a t ~ r e ~ - ~ .  They employ a  hollow e l e c t r o n  beam i n t e r a c t i n g  wi th  

c y l i n d r i c a l  r e s o n a t o r s  o f  t he  TEOml c l a s s .  The experimental  gy ro t rons  
2-5 descr ibed  have been of  both t h e  a m p l i f i e r 3  and o s c i l l a t o r  type .  A t  28 

GHz an a m p l i f i e r  with 76.0 kW peak output  power and 41 dB g a i n  has  been 
3  r e p o r t e d  . 

The goa l  of t h i s  development program is t o  ach ieve  an a m p l i f i e r  wi th  20 

dB ga in .  S t a b i l i t y  of  an ampl i f i e r  i s  a  very  important  t e c h n i c a l  

c o n s i d e r a t i o n .  To c a p i t a l i z e  f u l l y  on t h e  advantages o f  t h e  c y c l o t r o n  

resonance i n t e r a c t i o n ,  d iameters  l a r g e  wi th  r e s p e c t  t o  a  wavelength a r e  

used. ' This  exposes t h e  device  t o  t h e  e f f e c t  o f  microwave coupl ing  between 

a m p l i f i e r  s t a g e s  through t h e  beam tunne l .  Prevent ion o f  t h i s  coupl ing i s  a n  

impor tan t  cons ide ra t i on  i n  t he  des ign .  

The optimum beam f o r  t he  cyc lo t ron  resonance i n t e r a c t i o n  is  one i n  

which t h e  e lec ' t rons  have most o f  t h e i r  energy i n  v e l o c i t i e s  perpendicu la r  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  spread i n  t h e  

a x i a l  components o f -  t h e  e l e c t r o n  v e l o c i t i e s  be a s  small  a s  pos s ib l e .  

E l e c t r o n s  which have d i f f e r e n t  a x i a l  v e l o c i t i e s  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 .  



The approach chosen to  g e n e r a t e  t h e  beam is a magnetron t y p e  of gun 697 

as is  used on t h e  28 GHz g y r o t r o n ,  a l s o  developed f o r  Oak Ridge N a t i o n a l  

Labora to ry .  With t h i s  t y p e  o f  gun ,  t h e  s h a p i n g  o f  t h e  magne t i c  f i e l d  i n  t h e  

gun r e g i o n  becomes q u i t e  i m p o r t a n t .  

T h e . e a r l y  p h a s e s  o f  t h e  200 kW pu lsed  o s c i l l a t o r  d e s i g n  a r e  d i s c u s s e d  

i n  t h i s  r e p o r t ,  i n c l u d i n g  t h e  e l e c t r o n  gun ,  s o l e n o i d  magnet,  i n t e r a c t i o n  

c i r c u i t ,  o u t p u t  c o u p l i n g  schemes,  c o l l e c t o r ,  and o u t p u t  .window. 

T h e ' e l e c t r o n  gun d e s i g n  is n e a r i n g  comple t ion  w i t h  a c a t h o d e  l o a d i n g  o f  
2 4 A/cm and a maximum c o l d  n e g a t i v e  e l e c t r i c  f i e l d  g r a d i e n t  o f  <I00 kV/cm. 

The s u p e r c o n d u c t i n g  s o l e n o i d  magnet computer d e s i g n  f o r  t h e  gun and 

main i n t e r a c t i o n  r e g i o n s  is  n e a r i n g  comple t ion .  

A TEO2, o s c i l l a t o r  c a v i t y  f o r  t h e  p u l s e d  t u b e  h a s  been des igned  and 

p a r t s  a r e  on o r d e r .  

Cold t e s t  hardware f o r  e v a l u a t i n g  v a r i o u s  o u t p u t  c o u p l i n g  schemes i n  

c o n j u n c t i o n  w i t h  t h e  c o l d  test o s c i l l ' a t o r  c a v i t i e s  is  a v a i l a b l e .  R e c e i p t  o f  

commercial  c o l d  test equipment components h a s  been a l i m i t i n g  item. 

An o u t p u t  window microwave d e s i g n  is n e a r i n g  comple t ion .  Long l e a d  

t i m e  ce ramic  p a r t s  a r e  on o r d e r .  

The e x i s t i n g  d r i v e  power f a c i l i t y  h a s  been ana lyzed  and r e q u i r e d  

m o d i f i c a t i o n s  de te rmined .  

Waterload p a r t s  are on o r d e r .  The power sample r  and a r c  d e t e c t o r  

d e s i g n  is n e a r i n g  comple t ion .  



11. 200 KW CW OSCILLATOR 

A .  . -ON GUN COMPU'ULWUX 

The des ign  of t h e  gyro t ron  gun was i n i t i a t e d  t ak ing  i n t o  account 

* p r e v i o u s . g y r o t r o n  gun des igns  and ana lyses  a t  Varian and elsewhere.  For a  

ca thode  s loped 10' wi th  r e s p e c t  t o  the  axis, e s t i m a t e s  were made of  t h e  

e f f e c t s  o f  vary ing  mean cathode r a d i u s  and l e n g t h  t o  ach ieve  given va lues  o f  

ca thode  loading  ( i . e . ,  c u r r e n t  d e n s i t y ) .  The c o n s t a n t s  i n  t he  s imple p lanar  

gun equa t ions  were ad jus t ed  t o  f i t  t h e  r e s u l t s  from a  r e p r e s e n t a t i v e  

computer s o l u t i o n  f o r  a gyro t ron  gun. The s imple equa t ions  used were: 

and . 

'a = d/cose 
1  k 

where : 8 - 
k - 

d = 
s lope  angle  of cathode 

spacing along normal from cathode t o  f i r s t  anode 

maximum spacing of o u t e r  beam envelope from cathode 

magnetic f i e l d  a t  ca thode  = 0 . 9 8 E B 0  
k  

magnetic f i e l d  i n  i n t e r a c t i o n  c i r c u i t ,  45 kGs I 

mean beam r a d i u s  i n  i n t e r a c t i o n  c i r c u i t ,  0.798 mm 

mean r a d i u s  of  cathode 

e l e c t r i c  f i e l d  component a t  cathode t h a t  i s  normal t o  

magnetic f i e l d  



U 
l o  = des i r ed  t r a n s v e r s e  v e l o c i t y  i n  i n t e r a c t i o n  c i r c u i t ,  1.35 

8 x 10 m / s  o r  0.449 c  ( f o r  64 K e V  t r a n s v e r s e  energy and 

<80 KeV t o t a l  energy) 

V a l  = vo l t age  rise .from cathode t o  f i r s t  anode 

n = charge/mass r a t i o  f o r  e l e c t r o n  

1 
Fur the r  s t u d y , v e r i f i e d  t h a t  f o r  a  g iven  cathode l e n g t h  t o  mean r a d i u s  r a t i o ,  

t h e  space charge l i m i t e d  c u r r e n t  v a r i e s  approximately a s  t h e  i n v e r s e  t h i r d  . 
power of  t h e  mean r a d i u s .  

The maximum cathode loading  considered was 7.5 li/crn2 and the  minimum 
2  was 3.0 A/cm . It was assumed d e s i r a b l e  t o  ope ra t e  a s  low a s  p o s s i b l e  i n  

t h i s  range ,  f o r  s t a b l e  reasonably  'uniform emission and f o r  t h e  maximum 

d u r a t i o n  of  u se fu l  cathode l i f e ,  

I t . w a s  f u r t h e r  assumed t h a t  t h e  space charge l i m i t e d  c u r r e n t  should be 

a t  l e a s t  t h r e e  t imes  t h e  ope ra t i ng  c u r r e n t ,  o r  24 amperes, t o  avoid 

d e l e t e r i o u s  and seve re  e f f e c t s  due t o  space charge.  I n  p a r t i c u l a r  t h i s  

assumption l i m i t e d  t h e  maximum permissable  cathode r a d i u s .  

It .was a l s o  assumed t h a t  t h e  r a t i o  of  l eng th  t o  mean r a d i u s  f o r  t he  
L 

cathode should not  be g r e a t e r  than  about  1.75, t o  avoid d e l e t e r i o u s  

v a r i a t i o n s  i n  the  beam. This  and t h e  l i m i t  assumed f o r  cathode loading  

r e s u l t e d  i n  a  lower limit. f o r  cathode r a d i u s .  Another disadvantage of  us ing  

a  small  cathode r a d i u s  is the  h igh  e l e c t r i c  f i e l d  g r a d i e n t s  i n  t h e  gun t h a t  

a r e  r equ i r ed .  

This  s tudy r e s u l t s  in  four  i n i t i a l  c a s e s  worthy of  f u r t h e r  

cons ide ra t i on .  These a r e  t abu la t ed  i n  Table  I. 



Table I 
Ear ly  Cathode Cases Considered 

Mean Cathode Cathode Space Charge . 

Cathode2Loading Radius Length/Radius Limited Curren t  E 
A/  cm Inches  Amps k~ / b m  

Considerat ion of  t h e  high e l e c t r i c  f i e l d  g r a d i e n t  expected f o r  t h e  f o u r t h  

case  led t o  its e l i m i n a t i o n .  A s  a  reasonable  t r a d e  o f f  between minimizing 

'cathode loading  and maximizing s'pace charge l i m i t e d  c u r r e n t ,  t h e  t h i r d  c a s e  

above was chosen a s  t h e  i n i t i a l  case  f o r  op t imiza t ion  on the  computer. The 

i n i t i a l  'magnet ic  f i e l d  shape considered had a  po in t  o f  i n f l e c t i o n  i n  t h e  

f l u x  l i n e s  a t  t he  plane tangent  t o  the  t i p  of  t he  f r o n t  focus e l e c t r o d e ,  and 

a  s lope  o f  6 degrees  a t  t h a t  plane ( f o r  t h e  f l u x  tube  th reading  t h e  

oenter-plane of t he  cathode a t  a r a d i u s  1 %  g r e a t e r  than the  mean cathode 

r a d i u s ) .  A t  t h e  end of  t h e  cathode f u r t h e s t  from t h e  c i r c u i t ,  t h e  s lope  o f  

t h e  f l u x  l i n e  was assumed to  be zero.  Experience has  i nd i ca t ed  t h i s  

approximates an optimum f i e l d  shape f o r  a  t l shor t t t  cathode.  , For t h e  "longI1 

cathode s tud i ed  i n i t i a l l y ,  t h i s  d id  not  appear t o  be t r u e .  I n  a d d i t i o n ,  i t  

was found t h a t  t h i s  magnetic f i e l d  shape could no t  be achieved with t h e  

r e l a t i v e l y  l a r g e  diameter  f i e l d  c o i l s  r equ i r ed  f o r  t h i s  dev ice .  

- 
Cons'ideration was a l s o  given t o  t r y i n g  an " inside-out"  gun approach, 

f o r  which the  f i r s t  anode would be i n s i d e  a  hollow con ica l  cathode.  It was 

. determined t h a t  t h i s  approach had no advantage over t h e  convent ional ,  

gy ro t ron  gun approach using a  cathode o f  t h e  .same mean r a d i u s ,  and was, i f  

any th ing ,  more d i f f i c u l t . t o  des ign .  

A number o f  e l e c t r o d e  and magnetic f i e l d  con f igu ra t i ons  were , s imula ted  

by t h e  computer f o r  t h e  10' cathode case .  One o f  - the  b e t t e r  c a s e s  i s  shown 

i n  F igure  1; The accompanying graph,  F igure  2 ,  shows the  t r a n s v e r s e  energy 

a s  a  func t ion  of  t r a j e c t o r y  number. The numbering s t a r t s  a t  t h e  r e a r  o f  t h e  
2 ca thode .  The cathode loading  f o r  t h i s  case  is 5.0 A/cm . Some t r i a l s  had 



FIGURE 1 ELECTRON TRAJECTORIES FOR A TEN DEGREE CAMODE ANGLE 



lo0 ANGLE 

TRAJECTORY NUMBER 

FIGURE 2 TRANSVERSE ENERGY PROFILE FOR lo0 CATHODE WITH 5 A/cM2 LOADING 



been made f o r  7.5 ~/cm' load ing  before  it was decided t h a t  t h i s  high a  

l oad ing  was untenable .  

Although the  v e l o c i t y  v a r i a t i o n  f o r  t h i s  case  is o f  t h e  o r d e r  o f  &5%, 

t h e ' t r a j e c t o r i e s  a r e  ou t  of phase. Therefore ,  based on t h e  r e s u l t s  
8 . d e s c r i b e d  i n  an a r t i c l e  by the Russians , s imu la t i ons  were made us ing  a  

cathode angle  o f  23'. The Russian r e s u l t s w e r e  achieved by assuming a  

d e s i r e d  flow', and from t h i s ,  by a n a l y t i c  c o n t i n u a t i o n ,  determining the  

e l e c t r o d e  boundary parameters  necessary .  The magnetic f i e l d  was assumed t o  

be uniform. 

@The v e l o c i t y  v a r i a t i o n  is c a l c u l a t e d  by s c a l i n g  the  t r a n s v e r s e  
e n e r g i e s  of  each t r a j e c t o r y  up t o  45 kG from i ts  va lue  ' in t h e  uniform f i e l d  
r eg ion  a t  t he  r i g h t  end o f  t h e  t r a j e c t o r y  p l o t .  The inne r  t r a j e c t o r i e s  a r e  
weighted by a  f a c t o r  of  two 'by  f i nd ing  t h e  s t a t i s t i c s  o f  a  sample c o n s i s t i n g  

. of  each inne r  t r a j e c t o r y  counted twice and each o u t e r  counted once. The 
formulas used a r e :  

N 2 2 (NT 51) wherc NT = numher nf t r a j e c t o r i e s  

En = t r a n s v e r s e  energy a s s o c i a t e d  with observa t ion  n .  

The v e l o c i t y  v a r i a t i o n  is 2. 1/2 0 ,  o r  more a c c u r a t e l y  (JG- 1 1 ,  



Figures  3, 4 and 5 show t h e  t r a j e c t o r i e s  f o r  a  23' ca thode  with 

d i f f e r e n t  l e n g t h s  o f  f r o n t  focus  e l e c t r o d e s .  The s h o r t e r  t h e  e l e c t r o d e  t h e  ' 

higher  t h e  t r a n s v e r s e  energy and t h e  s t e e p e r  t h e  s lope  o f  t r a n s v e r s e  energy 

v s  t r a j e c t o r y  number, a s  can be seen i n  t h e  p l o t s  i n  F igu re  6. 

The mean t r a n s v e r s e  energy and v e l o c i t y  v a r i a t i o n  a t  t he  magnetic 

f i e l d  s t r e n g t h  i n  t h e  i n t e r a c t i o n  c i r c u i t  f o r  t h e s e  t h r e e  c a s e s ,  wi th  4 

~/cm' cathode load ing ,  is given in -Table 11: 

Table I1 
Transverse Energy and v e l o c i t y  Spread f o r  Three Gun Designs 

Front  Focus 
E lec t rode  

Shor t  
Medium 
Long 

Mean Transverse 
Energy, eV 

Veloc i ty  
Var i a t i on  

The t r a j e c t o r i e s  f o r  the  b e s t  des ign  with 5 l/cm2 loading  a r e  shown i n  

F igu re  7. The v a r i a t i o n  of  t r a n s v e r s e  energy among t r a j e c t o r i e s  is' shown i n  

F igure  8. 

The mean t r a n s v e r s e  energy. f o r  t h i s  ca se  is 64904. The v e l o c i t y  

v a r i a t i o n  i s  2.1%. 

Work is con t inu ing  t o  determine t h e  optimum cathode ang le  and t o  see i f  

t h e  cathode loading  c a n  be reduced t o  3 l/cm2 while  main ta in ing  a  v e l o c i t y  

v a r i a t i o n  of  2.5%. 

Once the  b e s t  des ign  is determined,  s e v e r a l  computer c a l c u l a t i o n s  w i l l  

be made t o  r e so lve  t h e  s e n s i t i v i t y  o f  t h e  t r a n s v e r s e  energy c h a r a c t e r i s t i c s  

t o  small changes i n  boundary and' electric and magnetic f i e l d  parameters .  

This  w i l l  provide u s e f u l  informa t i o n  f o r  s p e c i f y i n g  product ion t o l e r a n c e s .  



CATHODE ANGLE WlTH A SHORT FRONT FOCUS ELECTRODE 

FIGURE 4 ELECTRON TRAJECTORIES FOR A TWENTY-THREE DEGREE 

CATHODE ANGLE WlTH A MEDIUM FRONT FOCUS ELECTRODE 

FIGURE 5 ELECTRON TRAJECTORIES FOR A WENTY-THREE DEGREE b 

CATHODE ANGLF WlTH A I CINC ERnkIT snc11c CI c p r m n n e  



23O ANGLE 
90 - 

TRANSVERSE 
VELOCITY > VARIATION 

8 0 -  SHORT + 6.8% * 
0 
K 
W 

E 70 - 
W 
V) 
K 

5 MEDIUM z a 
K 
I- 

LONG v 

FIGURE S VARIATION OF TRANSVERSE ENERGY PROFILE WITH LENGTH OF FRONT FOCUS ELECTRODE 





i 5 AMPSICM~ CATHODE LOADING 

* 2.1% TRANSVERSE VELOCITY VARIATION 

23' ANGLE 

10 - 
I I I 1 I I 1 1 I 

1 2 3 4 5 6 7 8 9 

TRAJECTORY NUMBER 

FIGURE 8 TRANSVERSE ENERGY PROFILE FOR 23O CATHODE WITH 5 A ICM~ LOADING 



B. CONDUCTING SQLENOID W E T  COW- 

A superconduct ing magnet was designed us ing  a .020 inch diameter  wi re  . 

of  f i l amen ta ry  niobium-titanium (NbTi) embedded in a copper mat r ix  with a 

copper t o  NbTi r a t i o  o f  1.8 t o  1. The wire  has  t h e  t y p i c a l  s h o r t  sample 

c h a r a c t e r i s t i c s  shown i n  Table 111. 

. Table I11 
Typica l  Superconducting Niobium-titanium Shor t  Sample C h a r a c t e r i s t i c s  

F i e l d  Maximum Curren t  
Before Q u e n c ~  

45 KG 131 AMPS 
50 119 . 

5 5 106 
6 0 95 
65 85 
7 0 7 7 

The magnet c o n s i s t s  of a Helmholtz p a i r  cen te red  a t  t h e  c i r c u i t  t o  g ive  a 

homogeneous ( t o  0.5%) f i e l d  reg ion  a t  45 KG 2 112 inches  long.  A small  

bucking c o i l  is  included a s  p a r t  o f  t he  c o i l  system t o  g ive  t he  des i r ed  

f i e l d  p r o f i l e  c h a r a c t e r i s t i c s  i n  t h e  gun reg ion .  The c a l c u l a t e d  f i e l d  

p r o f i l e  is shown i n  Table I V .  

The superconduct ing magnet has  t h e  s p e c i f i c a t i o n s  given i n  Table V .  

Table  V 
Main Superconducting Solenoid Magnet S p e c i f i c a t i o n s  

I D  
OD 

Length 
Cen t r a l  F i e l d  

Peak F i e l d  
Amp Turns 

Curren t  
Turns 

Conductor 
No. Layers  

~ u r n s / L a y e r  

6" (winding) 
8.25" (winding) 
3" (pe r  c o i l  of Helmholtz p a i r )  
45 KG 
67.6 K G  ( a t  winding I D )  
315980 x 2 
81 AMPS 
3900 x 2 
0.020" Dia .  Nb-Ti Mult, if i lamentary 1.8:1 Cu Rat io  
52 
150 

The magnet may be housed in a 4" warm hole  dewar cons t ruc t ed  from superinsu- 

l a t i o n .  However, a hold t ime o f  g r e a t e r  ' t h a n  e i g h t  hours f o r  t h e  l i q u i d  
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helium would be h igh ly  d e s i r a b l e .  The bore a x i s ' w i l l  be v e r t i c a l .  The 

dewar w i l l  be a b l e  t o  be f i l l e d  from a  h o r i z o n t a l  . f i l l  l i n e  i n  o rde r  t o  

o b v i a t e  t he  need f o r  acces s  t o  t h e  t o p  of t h e  dewar. 

1. TE021 Cavi ty  Design 

The TEOpl o s c i l l a t o r  c a v i t y  dimensions have been sca l ed  d i r e c t l y  

from t h e  28 GHz c a v i t y .  I n  a n t i c i p a t i o n  o f  t h e  t i g h t e r  machining t o l e r a n d e s  

r equ i r ed  a t  110 GHz,'we have b u i l t  co ld  t e s t  c a v i t i e s  a s  wel l  a s  a c t u a l  

c a v i t y . t u b e  p a r t s  i n  o r d e r  t o  i n v e s t i g a t e  d i f f i c u l t i e s  encountered with t h e  

r e q u i s i t e  t o l e r a n c e s .  We a r e  a l s o  explor ing  o p t i c a l  t echniques  f o r  checking 

t h e  c a v i t y  p a r t s  a f t e r  f a b r i c a t i o n .  

'' TE031 Cavi ty  Design 

A 110 GHz o s c i l l a t o r  c a v i t y  ope ra t i ng  i n  t h e  TE mode is  a l s o  
03 1  

under c o n s i d e r a t i o n  f o r  s e v e r a l  reasons .  F i r s t ,  t h e  l a r g e r  r a d i u s  o f  a  

TE031 c a v i t y  s i m p l i f i e s  mechanical de s ign ,  machining, and a l lows  l a r g e r  

t o l e r a n c e s  f o r  t h e  c a v i t y  dimensions. Also a s  i s  shown i n  F igure  9 ,  t h e  

f i g u r e  of m e r i t  f o r  tilbe ope ra t i on  wi th  a  TE031 c a v i t y  i s  50% b e t t e r  than 

t h a t  f o r  t h e  TE021. c a v i t y .  
. . 

- 
Cold t e s t  c a v i t i e s  a t  28 GHz' and 110 ~ ~ z , ? n d  output  tapers  have 

been f a b r i c a t e d  and a r e  being t e s t e d  f o r  resonance c h a r a c t e r i s t i c s  and mode 

p u r i t y .  

Seve ra l  d i f f e r e n t  op t ions  a r e  being pursued f o r  t h e  ou tput  coupl ing  

( s e e  F igure  10)  i nc lud ing  (1 )  a  g radua l  t a p e r  t o  a  2  1/2" c y l i n d r i c a l  

waveguide, (2) a gradua l  t a p e r  t o  a  two-section compound t a p e r  t o  a  5" 

waveguide, ( 3 )  a  s i n g l e  m i t e r  bend t o  a  2  1/ZU waveguide, and ( 4 )  a  t r i p l e  

miter bend t o  a  2  1/2" waveguide. 



AS A FUNCTION O F  MODE INDEX FOR TEONl MODES 

N FOR TEONl 

FIGURE 9 FIGURE OF MERIT FOR CIRCULAR ELECTRIC MODES 



A) GRADUAL TAPER TO A 2.5 INCHES DIAMETER CYLINDRICAL WAVEGUIDE u 
0 )  GRADUAL TAPER TO A TWO SECTION COMPOUND TAPER TO A FIVE INCH DIAMETER WAVEGUIDE 

To Cnity t 

C) SINGLE MITER BEND TO A 2.5 INCHES DIAMETER WAVEGUIDE 

D) TRIPLE MITER BEND TO A 2.5 INCHES DIAMETER WAVEGUIDE 

FIGURE 10 OUTPUT COUPLING OPTIONS BEING PURSUED 



\ St ronges t  cons ide ra t i on  is being given t o  the  first two op t ions  a t  

p r e sen t  a l though all  f o u r  p o s s i b i l i t i e s  are being inves t ig ' a ted  i n  cold t e s t .  

'The s t r a i g h t  through c o l l e c t o r  op t ions  (1  and 2 )  o f f e r  t he  b e s t  mode p u r i t y  

- a t  t h e  ou tput  and should al low less r e f l e c t i o n  back i n t o  t h e  o s c i l l a t o r  

' c a v i t y  than t h e  mi t e r  bend output  op t ions  ( 3  and 4 ) .  On t h e  o t h e r  hand, 

thermal  des ign  o f  t h e  c o l l e c t o r  w i l l  be more d i f f i c u l t  i f  o p t i o n s  ( 1  o r  2 )  

a r e  adopted as these  des igns  w i l l  r e q u i r e  a  smaller s u r f a c e  a r e a  f o r  , 
, 

e l e c t r o n  beam c o l l e c t i o n .  

( 1 ) -a1 Taber t o  2 1 /Zn Waveguide 

This  is t h e  most l i k e l y  candida te  f o r  ou tput  coupl ing  i n  t h e  

experimental  pulsed o s c i l l a t o r ,  a s  it w i l l  provide t he  b e s t  mode p u r i t y  wi.th 

t h e  s imp le s t  c o n s t r u c t i o n  and pe rmis s ib l e  va lues  o f  average e l e c t r o n  beam 

power dens i ty  a t  t he  c o l l e c t o r  walls. The problem of  mode conversion from 

t h e  TEO2 t o  o t h e r  TEon modes which w i l l  occur  a t  t h e  j unc t ion  o f  t h e  c o n i c a l  
0 taper1 and the  c y l i n d r i c a l  2  1/2" guide has  been analyzed.  For a  5 t a p e r ,  

roughly 301 o f  t h e  TEO2 mode power i s  converted t o  both t h e  TEOl and TE 0 3 
modes, wi th  5% of  t he  power going I n t o  t he  TE04 and h igher  o rde r  TEon modes, 

a s  shown i n  F igure  11. 9 

This  o p t i o n ,  which would be more compatible  with t h e  high average power 

c o l l e c t o r  all loading  in a CW t ube ,  is a s o l u t i o n  t o  t h e  s eve re  mode 

conversion which would occur i n  extending a  s imple t a p e r  t o  a  5" diameter  

gu ide .  The f r a c t i o n  of  r f  power, Pm2, converted from the  TEO2 t o  o t h e r  TEo, 

modes a t  a c o n i c a l - c y l i n d r i c a l  j unc t ion ,  s c a l e s  accbrding , t o ,  

f o r  small t a p e r  ang le s  0 . I0  The wave f'requency is f ,  and D i s  the  

c y l i n d r i c a l  waveguide diameter .  I n  going from a 2 1 /2" t o  5" diameter  

c o n i c a l - c y l i n d r i c a l  j unc t ion ,  t h e  mode conversion i n c r e a s e s  by a  f a c t o r  

o f  4. 





To c o r r e c t  t h e  mode c o n v e r s i o n ,  we have s t a r t e d  d e s i g n  on a compound 

t a p e r ,  shown in '  F i g u r e  lob .  One a d d i t i o n a l  t a p e r ,  s e c t i o n  is r e q u i r e d  f o r  

c a n c e l l a t i o n  o f  each unwanted TEon mode. A two-sec t ion  compound t a p e r  is  

. - t h e r e f o r e  n e c e s s a r y  i n  t h i s  c a s e  because  t h e  s imple  c o n i c a l - c y l i n d r i c a l  

' . junction t e n d s  t o  c o n v e r t  t h e  TEO2 mode predominan t ly  i n t o  two o t h e r  

unwanted modes, t h e  TEO1 and TEO3. The a n g l e s  i n  t h e  compound t a p e r  a r e  

chosen to  create s p e c i f i c  mode c o n v e r s i o n  c o e f f i c i e n t s  f o r  t h e s e  two 

unwanted modes. The l e n g t h s  o f  t h e s e  a d d i t i o n a l  t a p e r  s e c t i o n s  a r e  t h e n  

chosen s o  t h a t  upon s u p e r p o s i t i o n ,  c o n t r i b u t i o n s  from t h e  unwanted modes 

d e s t r u c t i v e l y  i n t e r f e r e .  

( 3 )  Power Mode P r o b e  

Mechanical  d e s i g n  o f  a h igh power mode probe is complete ( s e e  F igure  

1 2 ) ,  and p a r t s  a r e  on o r d e r .  T h i s  i n s t r u m e n t  w i l l  p rov ide  u s  w i t h  a 

oomplete  p i c t u r e  o f  t h e  g y r o t r o n  o u t p u t  rf f i e l d  p a t t e r n .  When mounted on a 

2 112" o r  5" waveguide, t h e  d e v i c e  may probe t h e  magnitude and d i r e c t i o n  o f  

t h e  rf f i e l d  bo th  r a d i a l l y  and a z i m u t h a l l y  a c r o s s  t h e  gu ide . '  The probe 

mount h a s  been des igned  t o  minimize wave r e f l e c t i o n  back down t h e  waveguide. 

A p i e c e  o f  WR-10 gu ide  wi th  a c o u p l i n g  a p e r t u r e  on one end w i l l  be b e d  a s  

t h e  p rob ing  e lement  and w i l l  c o u p l e  t h e  sampled r f  power i n t o  a broadband 

c r y s t a l  d e t e c t o r .  The coup l ing  a p e r t u r e  s i z e  may be v a r i e d ,  depending on 

t h e  peak rf power d e n s i t i e s  expec ted  i n  t h e  o u t p u t  waveguide o f  t h e  t u b e .  

The i n s t r u m e n t  is des igned  t o  be o p e r a t e d  by remote c o n t r o l  d u r i n g  t e s t s  on 

l i v e  t u b e s ,  b u t  o f  c o u r s e ,  may be used i n  c o l d  t e s t  exper iments  as w e l l .  .We 

a n t i c i p a t e  t h a t  o u r  t u b e s  may be t e s t e d  w i t h  t h i s  d e v i c e  a t  f u l l  peak power 

and up t o  1 t o  2'kW average  power. 

#iorowavc dooigno f o r  f l o u r o c a r b o n  l i q u i d  f a o e  ooolod double  d ioo  

a lumina and b e r y l l i a  windows a r e  n e a r l y  completed.  The l o n g  l e a d  t ime  

a lumina and b e r y l l i a  d i s c s  a r e  on o r d e r .  D e l i v e r i e s  a r e . e x p e c t e d  t o  begin  

i n  October .  Mechanical  d e s i g n  o f  t h e  r e s t  of  t h e  remain ing  p a r t s  i s  

expec ted  t o  be complete i n  Oc tober .  
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The des ign  of  t he  alumina window c o n s i s t s  o f  a 5X /2 t h i c k  vacuum 
g 

window, a h a l f  l e n g t h  o f  f lourocarbon  l i q u i d  and a 2X t h i c k  a i r  window. 
g 

The des ign  of  t he  b e r y l l i a  window c o n s i s t s  o f  two 2X t h i c k  windows 
I g 

- s e p a r a t e d  by one-half wavelength o f  f lourocarbon  l i q u i d .  

These des igns  w i l l  a l low a t  l e a s t  s i x t y  pounds per square  inch abso lu t e  

p re s su re  c a p a b i l i t y  f o r  t h e  vacuum windows. 

Assuming a 1 o s s . t a n g e n t  o f  0.006, a l o s s  of  3.7 k i l o w a t t s  is expected 

i n  t h e  f lourocarbon l i q u i d .  To ta l  l o s s  i n  t h e  two d i s c s  is  expected t o  be  

0.5 k i l o w a t t s  f o r  alumina and 1.0 k i l o w a t t  f o r  b e r y l l i a .  It should be 

pos s ib l e  t o  handle t h e s e  l o s s e s  with a flow of  four  t o  s i x  g a l l o n s  pe r  

minute of FC-75 f lourocarbon  l i q u i d .  



111. 200 KW CW AMPLIFIER DRIVE POWER FACILITY 

An i n v e s t i g a t i o n  was i n i t i a l l y  made t o  determine which test s t a t i o n  

could be used most e x p e d i t i o u s l y  on t h i s  program. The s t a t i o n s  having t h e  

c a p a b i l i t i e s  r equ i r ed  were eva lua ted  along wi th  t h e i r  usage based on 

e x i s t i n g  schedules  and t h e  amount o f  f l o o r  space  a v a i l a b l e ,  s i n c e  t h e  d r i v e  

f a c i l i t y  had t o  be i n  proximity t o  t h e  a m p l i f i e r  f a c i l i t y .  The d e c i s i o n  was 

made t o  u t i l i z e  t h e  super  power f a c i l i t y  which was being used f o r  t h e  

development of  t h e  28 GHz gyro t ron .  The l a t t e r  p r o j e c t  w i l l  be moved t o  a  

new l o c a t i o n .  

Following t h i s  d e c i s i o n ,  it was determined what mod i f i ca t i ons  and new 

equipment would be r equ i r ed  t o  produce a  complete d r i v e r  f a c i l i t y  based on 

t h e  p r o j e c t  requirements .  

The bas i c  requirements  f o r  t h e  gy ro t ron  d r i v e r  socke t  a r e  a  h igh  

vo l t age  beam power supply source with p rope r ly  i n t e r f a c e d  i n t e r l o c k  

p r o t e c t i o n  and a  mult ichannel  crowbar l o g i c  scheme t o  d i v e r t  t h e  c a p a c i t o r  

banks energy s t o r a g e  i n  t h e  event  o f  a  load  f a u l t .  Also r equ i r ed  i s  .. 

a c c u r a t e l y  c a l i b r a t e d  i n s t rumen ta t i on  to, p rope r ly  monitor t h e  parameters  of  

t h e  be+ power supply vo l t age  and load  c u r r e n t s .  

A new crowbar l o g i c  assembly w i l l  be i n t e r f a c e d  t o  t h e  e x i s t i n g  power 

supply which a l lows  accu ra t e  read-out o f  t h e  f a u l t  s i g n a l ' s  t r i p  l e v e l s  i n  

each of t h r e e  a v a i l a b l e  i npu t  channels .  The u n i t  w i l l  p rov ide  p r o t e c t i o n  

a g a i n s t  excess ive  peak pu l se  o r  average c u r r e n t  l e v e l s  from s e n s o r s  placed 

i n  t he  c i r c u i t s  of  concern. 

Another power supply w i l l  be r e t r o f i t t e d  t o  provide both t h e  pu lse  

vo l t age  parameters  i n  t h e  first s t a g e s  o f  development and l a t e r  t h e  dc  

v o l t a g e s  r equ i r ed  fo r  t h e  modulating anode of t h e  gyro t ron  device .  

Accurately c a l i b r a t e d  i n s t rumen ta t i on  f o r  both modes o f  opera ton  w i l l  be 

i n s t a l l e d  t o  proper ly  eva lua t e  t h e  d r i v e r s  performance. 



The gy ro t ron  socke t  w i l l  be i n  an o i l  f i l l e d  tank  which w i l l  be 

designed and b u i l t  to a l s o  i n t e r f a c e  t o  t h e  superconduct ing magnet dewar. 

The tank  w i l l  a l s o  con ta in  t h e  pu l se  i n s t rumen ta t i on  components. 

High l e v e l  t e rmina t ions  w i l l  be ducted between t h e  power supply  cab ine t  

and t h e  o i l  t ank .  

For convenience In s e r v i c i n g  t h e  t ube  o r  components w i th in  t h e  o i l  

t ank ,  t h e  tank  w i l l  be plumbed t o  i n t e r f a c e  t o  an o i l  f i l l  and d r a i n  system. 

A s e p a r a t e  water manifold w i l l  be designed and b u i l t  t o  p rope r ly  

channel and c o n t r o l  t h e  d r i v e r ' s  coo lan t .  This  i n c l u d e s  f low 

in s t rumen ta t i on  and flow i n t e r l o c k  p r o t e c t i o n .  A s p e c i a l  hea t  exchanger 

u t i l i z i n g  FC-75 w i l l  a l s o  be i n t e r f a c e d  i n t o  t h e  cdo lan t  system t o  provide . . 

output  windows' coo lan t .  

For p r o t e c t i o n  a g a i n s t  waveguide a r c s ,  a new a rc -de t ec to r  w i l l  be 

i n s t a l l e d  i n  t h e  d r i v e  waveguide and i n t e r f a c e d  t o  t h e  e l e c t r o n i c  f a u l t  

p r o t e c t i o n .  The cryogenic  system requ i r ed  f o r  cool ing  both t h e  a m p l i f i e r  

and d r i v e r  magnet assembl ies  w i l l  a l s o  have t o  be designed and i n s t a l l e d .  

The magnet power s u p p l i e s  w i l l  be s p e c i f i e d ,  procured and i n s t a l l e d  t o  

proper ly  i n t e r f a c e  with t h e  a s s o c i a t e d  magnets and t h e  necessary  f a u l t  

p r o t e c t i o n .  

Based on the  ou t l i ned  tasks, an estimate o f  t h e  manpower requi red  t o  I 

accomplish t h e  work has  been determined s o  t h a t  a v a i l a b l e  personnel  can be 

scheduled accord ingly .  



- I V .  WATERLOAD, POWER SAMPLER AND ARC DETECTOR 

The waterload planned to be used on the 110 GHz tube is identical t o  

that used on the 28 GHz tube and is shown i n  Figure 13. 

Design of a combination power sampler and arc detector is expected to 

be completed in October. 





V .  PROGRAM SCHEDULE AND P L A N S  

The program schedule  is shown' i n  F i g u r e  14.  A l l  f a c e t s  o f  t h e  program 
-. . 

are on s c h e d u l e  wi th  t h e  e x c e p t i o n  o f  t h o s e  r e q u i r i n g  110 G H z  c o l d  test  

equipment.  

During t h e  n e x t  q u a r t e r  t h e  e l e c t r o n  gun computer and mechanical  d e s i g n  

and drawings  w i l l  be completed.  Gun p a r t s  w i l l  be  o r d e r e d  f o r  t h e  first two 

t u b e s .  The superconduc t ing  s o l e n o i d  magnet and room tempera tu re  c o l l e c t o r  

s o l e n o i d  magnet d e s i g n s  and s p e c i f i c a t i o n s  w i l l  be  completed.  The f irst  

u n i t  w i l l  be o r d e r e d .  The i n t e r a c t i o n  c i r c u i t  c o l d  t e s t s  w i l l  be completed.  

The c o l d  t e s t i n g  of o u t p u t  c o u p l i n g  schemes w i l l  be w e l l  under way. The 

o u t p u t  window p a r t s  w i l l  be o r d e r e d .  The d r i v e  power f a c i l i t y  d e s i g n  w i l l  

be 'complete. The power sampler  and a r c  d e t e c t o r  drawings  w i l l  be  comple te .  
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t OORIGINAL START , REVISED START QMAJOR MILESTONE 

MI LEST.ONE CHART AND STATUS REPORT . V INTERMEDIATE OR DECIS~ON POINT 0 PROPOSED SCHEDULED DEVIATION 
FOR A MAJOR MILESTONE 

*'lsTATus TIME - ACTIVITY SCHEDULED . - ACTIVITY COMPLETED 

PROGRAM JOB NO. STATUS REPO'RT OATE I 1 

EBT-P 110 GHz DEVELOPMENT 28 SEPTEMBER 1979 
1980 1981 

DESCRIPTION O I N ~ D  J I F  ~ M I A I M ~ J  I J  ~ A ~ s I o ' ~ N I @  J ( F    MIA 

B. 200 KW CW AMPLIFIER (Cont) 
7.0 Emperimental f ube 
7.1 Final Assembly Drawing 
7.2 Convert From Oscillator 

7.5 Retest I 
7.6 Modify & Reassemble II 

8.0 Amplifier Delivery Decision 

C. WATERLOAD, POWER SAMPLER 
AND ARC DETECTOR 
1.1 W'ateiload Assembly Dra\hing 
1.2 Build one Waterload 

2.1 Power Sampler and Arc 
Detector Assembly 9rawing 

2.2 Build one Power. Sampler 
and Arc Detector 
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