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Microwave  heating  apparatus. "I" 

In  a  microwave  heating  apparatus  for  heating  process 
material  carried  on  a  belt  (21)  in  a  microwave  chamber  (12), 
such  as  a  continuous  vacuum  drying  process,  there  are 
launched  several  directional  beams  (24,  25)  of  circularly  polar- 
ized  microwave  radiation  from  different  positions  along  the  in- 
side  walls  of  the  enclosure,  the  beams  each  being  directed  to 
illuminate  the  subject  material  and  overlapping  each  other 
where  suitable. 



B a c k g r o u n d   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   t'o  m i c r o w a v e   h e a t i n g   a p p a r a t u s  

and  p a r t i c u l a r l y   to  h igh   power  h e a t i n g   a p p a r a t u s   for   p r o c e s s i n g  

m a t e r i a l   moved  by  c o n v e y o r   t h r o u g h   a  m ic rowave   c h a m b e r .  

H e r e t o f o r e ,   i t   is  known  to  p r o v i d e   in  i n d u s t r y   a  c o n t i n u o u s  

p r o c e s s   s y s t e m   fo r   h e a t i n g   and  d r y i n g   s u b j e c t   m a t e r i a l   moved  on 

a  c o n v e y o r   t h r o u g h   a  m i c r o w a v e   chamber   t h a t   is  s e a l e d   a n d  

e v a c u a t e d   and  i n t o   which  m i c r o w a v e   e n e r g y   is  l a u n c h e d :   T h e s e  

s y s t e m s   are   now  of  l a r g e   p h y s i c a l   s i z e   and  l a u n c h   many  k i l o w a t t s  

of  c o n t i n u o u s   m i c r o w a v e   e n e r g y   i n t o   the  chamber   from  a  m u l t i t u d e  

of  s o u r c e s .   A  s y s t e m   of  t h i s   s o r t   is  d e s c r i b e d   in  U.S.  p a t e n t  

# 4 , 0 4 5 , 6 3 9   wh ich   i s s u e d   to  N i c o l a s   M e i s e l ,   et  al  on  Augus t   3 0 ,  

1977.  The  f u n c t i o n   of  such  a p p a r a t u s   is  to  f e ed   m i c r o w a v e  

e n e r g y   c o n t i n u o u s l y   i n t o   the  p r o c e s s   m a t e r i a l   w i t h   as  u n i f o r m  

d i s t r i b u t i o n   of  the  e n e r g y   as  can  be  a c h i e v e d ,   w h i l e   the  m a t e r i a l  



is  moved  t h r o u g h   the  chamber   on  a  c o n v e y o r .   Large   s y s t e m s   of  t h i s  

s o r t   may  use  s i x   or  more  m a g n e t r o n s ,   each  o p e r a t i n g   c o n t i n u o u s l y  

and  p r o d u c i n g   many  k i l o w a t t s   of  power.   Hence ,   the   t o t a l   m i c r o -  

wave  power  l a u n c h e d   i n t o   the   chamber   is  l a r g e   and  may be in   t h e  

r a n g e   of  50  to  100  k i l o w a t t s   c o n t i n u o u s   p o w e r .  

O p e r a t i n g   at  such  h i g h   power  l e v e l s   c l e a r l y   r e q u i r e s   t h e  

use  of  h i g h   power  s o u r c e s   in  o r d e r   to  a v o i d   h a v i n g   an  e x c e s s i v e l y  

l a r g e   number   of  s o u r c e s .   M a g n e t r o n s   of  such  h i g h   power  h a v e  

a  n a r r o w   l i m i t a t i o n   on  the  a l l o w a b l e   amount   o f  p o w e r   t h a t   may 

r e e n t e r   them,  e i t h e r   as  a  r e f l e c t i o n   of  the   m a g n e t r o n s '  o w n   o u t -  

put   or  as  " c r o s s - t a l k "   from  o t h e r   m a g n e t r o n s   in  the  s y s t e m .   I t  

has  been   s u g g e s t e d   by  some  to  use  c i r c u l a t o r s   to  avo id   t h i s  

p r o b l e m ;   h o w e v e r ,   c i r c u l a t o r s   a r e  r e l a t i v e l y   e x p e n s i v e   and  t h e y  

do  n o t  s o l v e   o t h e r   p r o b l e m s   t h a t   accompany  h i g h   power  d e l i v e r y  

i n t o   a  m i c r o w a v e   chamber .   A l s o ,   where  vacuum  d r y i n g   is  c a r r i e d  

on  s i m u l t a n e o u s l y   w i t h   m i c r o w a v e   h e a t i n g ,   i t   is  ve ry   d i f f i c u l t  

to  p r e v e n t   i o n i z a t i o n  o f   gas  in  the  chamber   by  the  m i c r o w a v e  

e l e c t r i c   f i e l d s .   I o n i z a t i o n   p e r m i t s   a r c i n g   t h a t   w a s t e s   the  m i c r o -  

wave  e n e r g y   and,   i t   can  a l s o   d e g r a d e   the  q u a l i t y   of  the  p r o c e s s  

m a t e r i a l   and  is  g e n e r a l l y   d e s t r u c t i v e   of  the  a p p a r a t u s .  

I t   has   been   s u g g e s t e d   to  use  arc   d e t e c t o r s   w i t h i n   t h e  

chamber   t h a t   d e t e c t   the  o c c u r r a n c e   of  an  a rc   and  q u i c k l y   i n t e r r u p t  

m i c r o w a v e   power  t o  m i n i m i z e   the  harm  t h a t   is  done  by  the  a r c i n g .  

However ,   f r e q u e n t   i n t e r r u p t i o n s   make  the  h e a t i n g   p r o c e s s  

very   i n e f f i c i e n t   and  in  the  p r o c e s s i n g   of  some  m a t e r i a l s   t h e  

i n t e r r u p t i o n s   are   no t   at   a l l   a c c e p t a b l e .  

Some  of  the  o b j e c t s   of  the  p r e s e n t   i n v e n t i o n   a r e   to  o v e r -  

come  t h e s e - p r o b l e m s   of  u n i f o r m   h igh   power ,   c o n t i n u o u s   h e a t i n g ,  

r e f l e c t i o n   i n t o   the  m a g n e t r o n s ,   as  w e l l   as  c r o s s - t a l k .   A n o t h e r  

o b j e c t   is  to  r e d u c e   i o n i z a t i o n   and  a r c i n g   p r o b l e m s   where   m i c r o -  

waves  a re   used   w i t h i n   an  e v a c u a t e d   c h a m b e r .  



Summary  o f   the  I n v e n t i o n  

The  u n i f o r m   d i s t r i b u t i o n   of  c o n t i n u o u s   h i g h   mic rowave   p  w e r  

i n t o   the   p r o c e s s   m a t e r i a l   is  a c c o m p l i s h e d   by  l a u n c h i n g ,   p r e f e r a b l y  

at  r e g u l a r   p l a c e s   a long   the  i n s i d e   of  the  c h a m b e r ,   d e f i n e d   b e a m s  

of  c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e   r a d i a t i o n ,   each   beam  b e i n g  

d i r e c t e d   to  i l l u m i n a t e   a  p r e s c r i b e d   p o r t i o n   o f  t h e   p r o c e s s  

m a t e r i a l   or  a  p r e s c r i b e d   a r e a   t h r o u g h   which   the   p r o c e s s   m a t e r i a l  

i s   moved.  Mic rowave   beams  are   w e a k e r  n e a r   t h e i r   edges   than   at  t h e  

c e n t e r   and  so  they   are  o v e r l a p p e d   to  c o m p e n s a t e   f o r   t h i s   a n d  

p r o v i d e   i l l u m i n a t i o n   t h a t   is  e s s e n t i a l l y   u n i f o r m  a c r o s s   the  w i d t h  

of  the  p a t h   of  the  p r o c e s s   m a t e r i a l .   O v e r l a p p i n g   may  a l s o   b e  

e f f e c t i v e   to  c o m p e n s a t e   fo r   n o n - u n i f o r m   d i s t r i b u t i o n   of  the  p r o c e s s  

m a t e r i a l   on  the  c o n v e y o r .   Thus,   the  i l l u m i n a t i o n   does  not   d e p e n d  

upon  the  use  of  mode  s t i r r e r s   or  t u r n t a b l e s   or  any  o t h e r   e q u i p m e n t  

d e s i g n e d   to  r e f l e c t   the  m i c r o w a v e   e n e r g y   a b o u t   t h e  c h a m b e r   and  i t  

does  no t   depend   p a r t i c u l a r l y   upon  the  g e o m e t r y   of  the  c h a m b e r .  

I t   p e r m i t s   the  chamber   to  be  d e s i g n e d   in  v iew  of  the  p r e s s u r e  

or  vacuum  c o n d i t i o n s   of  o p e r a t i o n .   For  e x a m p l e ,   i t   p e r m i t s   a  

long  c y l i n d r i c a l   chamber   which   is  the  p r e f e r r e d   shape   for   w i t h -  

s t a n d i n g   vacuum  and  s t i l l   p r o v i d e   fo r   the  c o n t i n u o u s   p r o c e s s i n g  

of  the  s u b j e c t   m a t e r i a l s   on  a  c o n v e y o r   b e l t .  

In  the   p a s t   where  m i c r o w a v e   h e a t i n g   has  been   a c c o m p l i s h e d  

in  a  c y l i n d r i c a l   chamber ,   the  p r o c e s s   m a t e r i a l   was  not   d i r e c t l y  

i l l u m i n a t e d   by  mic rowave   e n e r g y   l a u n c h e d   i n t o   the  c h a m b e r s .   As  a  

c o n s e q u e n c e ,   the  t e n d a n c y   was  to  c o n c e n t r a t e   the   m ic rowave   e n e r g y  

nea r   the  w a l l s   of  the  c y l i n d r i c a l   chamber   and  t h e r e   would  be  a  

d e f i c i e n c y   of  e n e r g y   a long   the  c y l i n d e r   a x i s   ( a l o n g   the  c e n t e r   o f  

the  c o n v e y o r ) .   Thus,   m a t e r i a l   c a r r i e d   t h r o u g h   the  chamber  on  t h e  

c o n v e y o r   wou ld   be  h e a t e d   more  a l ong   the  edges   of  the  c o n v e y o r   t h a n  



at   the  c e n t e r .   Where  the  p r o c e s s   of  m i c r o w a v e   h e a t i n g   o c c u r s  

w h i l e   at  the   same  t ime  vacuum  d r y i n g   o c c u r s ,   the  vacuum  p r e s s u r e  

p r o d u c e d   in  the  chamber   is  o f t e n   in  the  r ange   in  which  i o n i z a t i o n  

by  the  m i c r o w a v e   e l e c t r i c   f i e l d s   and  a r c i n g   a re   ve ry   d i f f i c u l t   t o  

p r e v e n t .   In  the  p r e s e n t   i n v e n t i o n   a  s t r u c t u r e   is  p r o v i d e d   so  t h a t  

the  peak  v a l u e s   of  e l e c t r i c   f i e l d s   of  the   m i c r o w a v e   e n e r g y   a t   a  

window  where   the  m i c r o w a v e   e n e r g y   e n t e r s   the  chamber   from  t h e  

a m b i e n t   p r e s s u r e   e x t e r i o r   a re   s e v e r l y   l i m i t e d .   E x p e r i e n c e   as  w e l l  

as  t h e o r y   show  t h a t   h igh   i n t e n s i t y   m i c r o w a v e   e l e c t r i c   f i e l d s   a r e  

p r o d u c e d   a t   the   " b o t t l e   neck"   where   the  m i c r o w a v e   is  t r a n s m i t t e d  

from  the  a m b i e n t   e x t e r i o r   r e g i o n   t h r o u g h   some  s o r t   of  m i c r o w a v e  

t r a n s p a r e n t ,   p r e s s u r e   w i t h s t a n d i n g   window,   i n t o   the  e v a c u a t e d  

i n t e r i o r  o f   the  chamber .   E l s e w h e r e ,   w i t h i n   the  chamber ,   t h e  

i n t e n s i t y   of  the  e l e c t r i c   f i e l d s   is  u s u a l l y   much  lower   a n d  

i o n i z a t i o n   p r o b l e m s   are   r e d u c e d .  

In  an  embodiment   of  the   p r e s e n t   i n v e n t i o n   d e s c r i b e d   h e r e i n ,  

a  c y l i n d r i c a l   m i c r o w a v e   chamber   is  p r o v i d e d   t h r o u g h   which  a  

c o n v e y o r   b e l t   moves  the  p r o c e s s   m a t e r i a l   at  a b o u t   the  c e n t e r  '  

of  the  c y l i n d e r .   O p p o s i t e   the  m a t e r i a l   a l ong   the   w a l l s   of  t h e  

chamber ,   at   r e g u l a r l y   s p a c e d   p l a c e s ,   s e p a r a t e   b e a c o n s   l a u n c h  

beams  of  m i c r o w a v e   e n e r g y   i n t o   the  chamber ,   d i r e c t e d   t o w a r d   t h e  

p r o c e s s   m a t e r i a l .   Each  b e a c o n   beam  i l l u m i n a t e s   a  p r e s c r i b e d   a r e a  

of  the  c o n v e y o r   b e l t   and  the  beams  o v e r l a p   p a r t i c u l a r l y   a l o n g   t h e  

c e n t e r   of  the  b e l t   so  as  to  p r o d u c e   a  u n i f o r m   or  an  i n t e n t i o n a l l y  

" t a i l o r e d "   h e a t i n g   p a t t e r n .   The  c o n f i g u r a t i o n   of  each  beam  i s  

formed  by  a  d i e l e c t r i c   l ens   t h a t   i n t e r c e p t s   the  m i c r o w a v e   e n e r g y  

j u s t   b e f o r e - i t   e n t e r s   the  chamber   t h r o u g h   the  window  and  f o c u s e s  

and  d i r e c t s   the  beam  t oward   the  c o n v e y o r .  

In  o r d e r   to  r e d u c e   a r c i n g   in  the  m i c r o w a v e   chamber ,   i t   i s  

n e c e s s a r y   to  m i n i m i z e   the  i n t e n s i t y   of  the  m i c r o w a v e   e l e c t r i c   f i e l d s  



a n d , t h e r e b y   m i n i m i z e   i o n i z a t i o n   w i t h i n   the  c h a m b e r ,   which   o c c u r s  

when  the  chamber   is  e v a c u a t e d ,   as  in  a  h e a t i n g - d r y i n g   o p e r a t i o n .  

This   is  done  by  l a u n c h i n g   beams  of  m i c r o w a v e   e n e r g y   t h a t   is  c i r -  

c u l a r l y   p o l a r i z e d   and  in  the  TE  mode  over   s u b s t a n t i a l l y   t h e  

whole  a r e a   of  the  r e l a t i v e l y   l a r g e   window  t h r o u g h   which   the  m i c r o -  

wave  beam  is  l a u n c h e d   i n t o   the  c h a m b e r .  

In  o r d e r   to  h e a t   u n i f o r m a l l y   and  a v o i d   t h o s e   p r o b l e m s   in  p r i o r  

s y s t e m s   where  h e a t i n g   is  e x c e s s i v e   at   the  edges   of  t h e  c o n v e y o r  

and  d e f i c i e n t   at  the  c e n t e r ,   the  r a d i a t i o n   is  fo rmed   by  the  l e n s  

and  l a u n c h e d   d i r e c t l y   at  the  p r o c e s s   m a t e r i a l ,   i m p i n g i n g   u p o n  

the  m a t e r i a l   at  the  " f i r s t   p a s s " .   A n o t h e r   d e s i g n   f e a t u r e   t h a t  

c o n t r i b u t e s   to  u n i f o r m   h e a t i n g   is  to  p r o v i d e   s e p a r a t e   m i c r o w a v e  

power  s o u r c e s   fo r   the  b e a c o n s   t h a t   a re   no t   m u t u a l l y   c o h e r e n t .  

In  the  p r e f e r r e d   e m b o d i m e n t ,   each  of  the  i n d i v i d u a l   b e a m s  

is  g e n e r a t e d   o u t s i d e   of  the  c h a m b e r , s h a p e d   by  the  l ens   a n d  

l a u n c h e d   i n t o   the  chamber   t h r o u g h   a  t r a n s p a r e n t   window  at  t h e  

chamber   w a l l .   Thus ,   t h e r e   are  a  m u l t i t u d e   of  l e n s e s   and  t r a n s -  

p a r e n t   windows  a r r a n g e d   a l o n g   the  chamber   w a l l   t h r o u g h   each  o f  

which   a  fo rmed  beam  of  c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e   r a d i a t i o n  

is  l a u n c h e d   d i r e c t l y   toward   the  p r o c e s s   m a t e r i a l .   The  w i n d o w  

is  a  h a l f   wave  l e n g t h   of   the  m i c r o w a v e   in  t h i c k n e s s   to  m i n i m i z e  

r e f l e c t i o n s   from  the  w i n d o w .  

In  o r d e r   to  m i n i m i z e   the  l i k e l i h o o d   of  i o n i z a t i o n   a r o u n d  

the  window  on  the  i n s i d e   of  the  chamber ,   the  a r e a   of  the  w i n d o w  

is  made  as  l a r g e   as  p r a c t i c a l ,   the  beam  l a u n c h e d   t h r o u g h   i t   i s  

p r e d o m i n a n t l y   TE  mode  waves  r a t h e r   t han   TM  mode  waves  and  i s  

e s s e n t i a l l y   a  s i n g l e   mode  beam  r a t h e r   than   a  m i x t u r e   of  m o d e s  

'and  the  s i n g l e   mode  is  c i r c u l a r l y   p o l a r i z e d .   One  a d v a n t a g e   o f  



c i r c u l a r   p o l a r i z a t i o n   is  t h a t   t w i c e   as  much  power   is  t r a n s m i t t e d  

as  fo r   a  p l a n e   p o l a r i z e d   beam  fo r   a  g i v e n   peak  v a l u e   of  t h e  

m i c r o w a v e   e l e c t r i c   f i e l d .  

I t   is  an  a d v a n t a g e   in  some  e m b o d i m e n t s   of  the   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  d i e l e c t r i c   l ens   or  p r i s m   n e a r   t h e  

d i e l e c t r i c   window.  This   a l l o w s   the  b e a c o n   a p p a r a t u s   t h a t   p r o d u c e s  

the  c i r c u l a r l y - p o l a r i z e d ,   s i n g l e - m o d e   TE  beam  s p r e a d   ove r   t h e  

e n t i r e   a r e a   of  the  r e l a t i v e l y   l a r g e   window  to  be  v e r t i c a l l y  

o r i e n t e d   above  the  chamber   (and  above   the  c o n v e y o r ) , w i t h   t h e  

b e a c o n   m a g n e t r o n   u p r i g h t   and  not   " t i p p e d " .   M a g n e t r o n   p e r f o r m a n c e  

and  l i f e   is  b e s t   when  o p e r a t e d   u p r i g h t .   F u r t h e r m o r e   t h i s  

o r i e n t a t i o n   of  the  b e a c o n   a p p a r a t u s   and  the  m a g n e t r o n   t h e r e i n  

is  o f t e n   p r e f e r r e d   from  the  s t a n d p o i n t   of:   t o t a l   f l o o r   a r e a  

r e q u i r e d   for   the  h e a t i n g   a p p a r a t u s ;   ea se   and  c o n v e n i e n c e   o f  

m a i n t e n a n c e ;   and  c o s t   of  m a n u f a c t u r e .  

V e r t i c a l   o r i e n t a t i o n   of  the   b e a c o n s   on  top  of  the  c y l i n d r i c a l  

chamber   a l s o   f a c i l i t a t e s   c h a n g i n g   the  a x i s   of  a  b e a c o n   so  t h a t  

the  beam  t h e r e f r o m   can  be  d i r e c t e d   to  one  s i d e   or  the  o t h e r   o f  

v e r t i c a l   and  so  p o i n t e d   as  n e e d e d   at  o n e r e g i o n   o r  a n o t h e r   o f  

the  c o n v e y o r .   The  v e r t i c a l   o r i e n t a t i o n   of  b e a c o n s   can  be  a l o n g  

the  a x i a l   p l a n e   of  symmetry   of  the  c y l i n d r i c a l   chamber   a n d  

c o n v e y o r   t h e r e i n ;   or  t h e  b e a c o n s   c a n  b e   s e t   o f f   to  e i t h e r   s i d e   o f  

t h a t   p l a n e   by  the  e f f e c t   of  a  p r i s m   l e n s ,  a n d   send   skewed  b e a m s  

t o w a r d   the  c o n v e y o r .   The  skewed  beam  does  no t   d e f i n e   a  f i g u r e   o f  

r e v o l u t i o n  a n d   does  no t   i l l u m i n a t e   the  c o n v e y o r   u n i f o r m a l l y  

e v e r y w h e r e   i t   s t r i k e s ,   but   e q u a l   skewed  beams  from  o p p o s i t e   s i d e s  

of  t h a t   p l a n e   can  b a l a n c e   each  o t h e r   and  even  p r o v i d e   c o m b i n e d  

i l l u m i n a t i o n   t h a t   is  u n i f o r m   a c r o s s   the  c o n v e y o r .  

I t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   h i g h  

power  m ic rowave   a p p a r a t u s   for   c o n t i n u o u s l y   h e a t i n g   p r o c e s s  



m a t e r i a l   u n i f o r m l y   t h r o u g h o u t   even  when  the  m a t e r i a l   is  s p r e a d  

over   a  r e l a t i v e l y   l a r g e   s u r f a c e .  

I t   is  a n o t h e r   o b j e c t   to  p r o v i d e   such  a p p a r a t u s   w h e r e i n   some 

of  the  d i f f i c u l t i e s   and  p r o b l e m s   of  the  p a s t   a re   a v o i d e d .  

I t   is  a n o t h e r   o b j e c t   to  p r o v i d e   a p p a r a t u s   f o r   m i c r o w a v e  

h e a t i n g   and  vacuum  d r y i n g   w h e r e i n   some  of  t h e . p r o b l e m s  o f   p r i o r  

a p p a r a t u s   of  t h i s   s o r t   are   a v o i d e d .  

I t   is  a  f u r t h e r   o b j e c t   to  p r o v i d e   m i c r o w a v e   h e a t i n g   a n d  

d r y i n g   a p p a r a t u s   w h e r e i n   p r o b l e m s   of  a r c i n g   a re   r e d u c e d   or  a v o i d e d .  

I t   is  a n o t h e r   o b j e c t   to  p r o v i d e   m i c r o w a v e   h e a t i n g   and  d r y i n g  

a p p a r a t u s   w h e r e i n   the  p r o b l e m s   of  r e f l e c t i o n   i n t o   the  s o u r c e   o f  

m i c r o w a v e   e n e r g y ,   c r o s s - t a l k ,   u n i f o r m   h i g h   power  c o n t i n u o u s  

h e a t i n g ,   i n o i z a t i o n   and  a r c i n g   are  r e d u c e d   a n d / o r   a v o i d e d .  

I t   is  a n o t h e r   o b j e c t   to  p r o v i d e   a  m i c r o w a v e   l ens   fo r   s h a p i n g  

a n d / o r   d i r e c t i n g   and  f o c u s i n g   a  p a t t e r n   of  m i c r o w a v e   e n e r g y  

l a u n c h e d   i n t o   m i c r o w a v e   h e a t i n g   a p p a r a t u s .  

I t   is  a  f u r t h e r   o b j e c t   to  p r o v i d e   i m p r o v e d   m ic rowave   h e a t i n g  

a p p a r a t u s .  

D e s c r i p t i o n   o f  t h e   D r a w i n g s  

F i g u r e   1  is  a  c r o s s   s e c t i o n   of  c o n t i n u o u s   p r o c e s s   m i c r o w a v e  

h e a t i n g   and  vacuum  d r y i n g   a p p a r a t u s   fo r   t r e a t i n g   a  p r o c e s s  

m a t e r i a l ;  

F i g u r e   2  shows  the  same  a p p a r a t u s   in  c r o s s   s e c t i o n   t a k e n  

l o n g i t u d i n a l l y   t h r o u g h   the  a p p a r a t u s ;  

F i g u r e s   3  and  4  show  in  d e t a i l   the  s t r u c t u r e   6  for  c o n v e r t i n g  

l i n e a r l y   p o l a r i z e d   r a d i a t i o n   to  c i r c u l a r l y   p o l a r i z e d   r a d i a t i o n ,  

a n d :  



F i g u r e   5  is  a  s i d e   c r o s s   s e c t i o n   view  of  s t r u c t u r e   f o r  

p r o v i d i n g   a  d i e l e c t r i c   p r i s m   l ens   a d j a c e n t   to  the  o u t s i d e   of  t h e  

chamber   window  for   d i r e c t i n g   a n d / o r   s h a p i n g   or  f o c u s i n g   t h e  

c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e   r a d i a t i o n   as  a  skewed  b e a m  

. t o w a r d   the  c o n v e y o r .  

F i g u r e   6  is  the  top  v iew  of  the  d i e l e c t r i c   p r i s m   l e n s  

s t r u c t u r e   8 ;  

F i g u r e   7  is  the  top  view  of  the  l a y e r s   of  d i e l e c t r i c   s h o w i n g  

c o n s t r u c t i o n   of  the  p r i s m   l e n s ;   a n d  

F i g u r e s   8  and  9  are   a  s i d e   c r o s s   s e c t i o n   v iew  and  top  v i e w  

of  t h e  l a y e r s   of  d i e l e c t r i c   f o r   a n o t h e r   l ens   c o n f i g u r a t i o n  

for   f o r m i n g   a  d i r e c t   f o c u s e d   beam  t h a t   is  n o t   skewed  as  the   b e a m  

formed  by  the  l ens   shown  by  F i g u r e s   5,  6  and  7 .  

D e s c r i p t i o n   of  An  Embodiment   of  the  I n v e n t i o n  

T u r n i n g   f i r s t   to  the  F i g u r e s   1  and  2,  t h e r e   is  shown  a  

s e c t i o n   of  c y l i n d r i c a l   m i c r o w a v e   chamber .   The  chamber   i s  

d e f i n e d   by  the  chamber   w a l l   12  t h a t   is  e l e c t r i c a l l y   c o n d u c t i v e .  

I t   is  c y l i n d r i c a l   in  s h a p e ,   b e c a u s e   t h a t   shape   i s   i n t r i n s i c a l l y  

s t r o n g   and  b e s t   a b l e   to  w i t h s t a n d   the  p r e s s u r e s   p r o d u c e d   o n  

the  chamber   when  i t   is  e v a c u a t e d   a s ,  f o r   e x a m p l e ,  i n   a  m i c r o w a v e  

h e a t i n g   and  vacuum  d r y i n g   p r o c e s s .   W i t h i n   the   chamber   is   a  

c o n v e y o r   b e l t   21,  a  s e c t i o n   of  which   is  shown  in  the  F i g u r e s ,  

p o s i t i o n e d   s u b s t a n t i a l l y   a t   the   c e n t e r   of  the   chamber   a n d  



e x t e r d i n g   longi tudina l ly   therethrough.  The  conveyor  belt  c a r r i e s  

the  process  material   22  usually  d i s t r ibu ted   evenly  along  and 

across  the  b e l t .  

Only  a  section  of  the  complete  chamber  is  shown  in  these 

Figures.  It  is  the  section  where  the  process  material  is  

i l lun ina ted   by  the  high  power  d i rec t ional   microwave  beams  to 

heat  the  material .   There  are  well  known  s t ructures   and  techniques 

for  vacuum  sealing  the  ends  of  such  a  cy l indr ica l   chamber. 

for  mounting  and  powering  a  conveyor  system  within  the  chamber 

and  for  feeding  the  orocess  material  on-to  and  off-of  the 

conveyor  belt.   Also,  there are   many  known  techniques  for  s ea l i ng  

the  chamber  against  leakage  of  microwave  energy  from  the  chamber 

that  could  be  hazardous  and/or  wasteful.  In  as  much  as  none  of  

those  techniques  are the  par t icu la r   subject  of  the  p resen t  

invention,  they  are  not  described  he r e in .  

Along  the  section  of  the  cy l indr ica l   chamber  disclosed  in  

the  drawings,  all  on  the  same  side  of  the  conveyor  belt  21, 

six  beams  of  microwave  energy  are  launched  into  the  chamber, 

each  beam  coming  from  a  d i f ferent   beacon  and  directed  to  a  s p e c i f i c  

area  of  the  belt  (presuming  the  belt  to  be  s ta t ionary  for  the 

moment).  The  spat ia l   arrangement  of  the  beams  is  regular;  they 

are  uniformly  spaced  longi tudinal ly   along  the  belt  in  p a i r s ,  

each  pair  including  the  left   beam  and  the  right  beam  (as  viewed 

in  the  d i rect ion  of the  moving  be l t  -   Fig.  1).  Thus,  the 

arrangement  of  the  beams  along  the  chamber  is  symmetrical  about 

the  plane  defined  by  line  23  shown  in  Figure  1. 

The  microwave  radiat ion  contained  within  each  beam  is  

preferably  of  subs tan t ia l ly   uniform  in tcns i ty   across  the  beam 

and  is  c i r cu la r ly   polarized.  Furthermore,  where the  beams  e n t e r  

the  cy l indr ica l   chamber,  defined  by  walls  12,  through  an opening 

13  in  the  chamber,  the beam  subs tan t ia l ly   completely  f i l ls   t ha t  



opening.  As  shown  in  Figures  1  and  2,  the  beams  are  def ined 

by  broken  lines  and  are  denoted  24,  26  and  23  along  the  l e f t  

side  of  the  chamber  25,  27  and  29  along  the  right  side  of 

the  chamber.  Each  beam  preferably  overlaps  the  adjacent  beams 

and  so  insures  that  along  this  microwave  heating  section  of  the 

chamber  subs tan t i a l ly   the  whole  area  of  the  conveyor  belt  21 

is  i l luminated  by  the-beacons.  Furthermore,  by  overlapping  the 

beams,  the  tendency  is  to  compensate  for  the  reduced  i n t e n s i t y  
of  radia t ion  at  the  edges  of  the  beams. 

The  uniform  arrangement  of  equal  beams  is  p r e f e r r e d .  

If  unequal  beams  are  used  and/or  the  beam  spacing  is  not  r e g u l a r ,  

pa r t i cu l a r   heating  effect   chould  be  achieved;  however  the 

problem  becomes  complicated.  The  pa r t i cu la r   embodiment 

described  herein  suggests  using  equal  beams  'all  of  the  same 

in tens i ty   and  size,  uniformly spaced  along  the  chamber and  over-  

lapping  where  they  i l luminate  the  conveyor  belt  just   enough  to 

insure  complete  i l luminat ion  along  and  from  side  to  side  t he r eo f  

in  the  microwave  heating  section  of  the  apparatus.   Furthermore, 

each  of  the  beams  is  from  a  d i f fe rent   beacon  or  source  wherein 

the  microwave  energy  is  generated,  converted  to  a  l i n e a r l y  

polarized  TE  mode,  then  converted  to  c i rcu lar   p o l a r i z a t i o n ,  

spread,  redirected  and  launched  into  the  chamber.  The  separa te  
beacons  or  sources,  denoted  34, 36  and  38  on  the  lef t   side  and 

35,  37  and  39  on  the  right  (one  for  each  beam),  may  be  cons t ruc ted  

subs t an t i a l l y   ident ical   to  each  other  as  a  matter  of  convenience. 

The  process  material   is  cdrried  through  the  microwave  hea t ing  

section  shown  in  Figures  1  and  2  on  the  conveyor  belt  and  heated  

by  the  direct   radiat ion  of  the  beams.  Thus ,   the  process  m a t e r i a l  

is  primarily  heated  by the  f i r s t   pass  of  microwave  energy  from 

the  microwave  sources  and  there  is  no  primary  dependance  upon 



re f lec t ions   of  the  microwave  energy  within  the  chamber  to  d i r e c t  

it  to  the  process  material .   Hence,  there  is  no  need  of  micro- 

wave  mcde  s t i r r e r s   within  the  chamber.  In  the  p r e f e r r ed  

embodiment,  each  beam  is  derived  from  a  d i f fe ren t   beacon  or 

source  and there  is  no  phase  coherence  between  the  beams 

so,  ag;tin,  there  is  no  need  for  mode  s t i r r e r s   within  the  chamber. 

In  the  preferred  embodiment  there  is  no  direct  radiation  from 

one  beacon  into  another  beacon  and  since  the  beacon  r a d i a t i o n  

is  c i rcu la r ly   polarized,   a  negl igible   amount  of  radiat ion  from 

a  beacon  that  may  re f l ec t   within  the  chamber  will  re-enter   the 

beacon  it  came  from. 

Thus,  reent rant ,   c ross - ta lk   and  moding  problems  that  have 

occurrad  with  prior  systems  are  avoided. 

Beacons 

The  beams  24  through  29  are  produced  by  beacons  or  sources 

34  through  39  respect ively .   These  beacons  may  be  cons t ruc ted  

subs t an t i a l ly   all  the  same  and  so  only  one  of  them,  beacon  34 

is  described  in  detai l   herein  below. 

The  beacon  generator  consists  of  a  microwave  power  source 

and  polar iza t ion   convertor  and  a  microwave  beam  forming  assembly 

which  includes  a  sealed  t ransparent   d i e l e c t r i c   window  in  the 

chamber  and  a  d i e l ec t r i c   lens.  The  microwave  power  source  i s  

magnet:ron  1.  The  coaxial  output  section  2  from  the  magnetron 
feeds  a  standard  wave  guide  section  3,  also  called  a  launcher,  

that  launches  the  microwave  energy  into  the  polarizing  and  beam 

forming  portions  of  the  beacon  g e n e r a t o r .  
The  polarizing  section  of  the  beacon  includes  a  qua r t e r  

wave  length  transformer  section  5  between  the  launcher  3  a n d  



the  po la r i za t ion   converter  6.  The  converter  6  consists   of  a 

square  waveguide  and  means,  denoted  7,  within  the  square  wave- 

guide  for  converting  l inearly  polarized  radiat ion  from  the 

launcher  into  c i r cu la r ly   polarized  radia t ion .   Thus,  the  micro- 

wave  radia t ion   flowing  out  of  the  convertor  6  is  c i r c u l a r l y  

p o l a r i z e d   and  flows  into  the  beam  forming  section  of  the  beacon 

at  the  square  top  end  of  conical  wave  guide  coupling  8  that  t r ans -  

forms  to  the  conical  shape  at  the  bottom  end  thereof  and  contains 

a  d i e l ec t r i c   lens  9  at  the  wide  c i rcular   bottom  end  thereof.  The 

lens  is  immediately  adjacent  and  above  the  d i e l e c t r i c   window  10 

that  is  larger  diameter  than  the  lens  and  seals  to  holder  19  t h a t ,  

in  turr,   seals  to  cy l indr ica l   channel  11,  connected  d i rec t ly   to 

an  opering  13  in  the  wall  of  the  chamber  12.  Suitable  f langes 

at  14,  15,  16,  17  and  18  connect  these  various  parts  and  sec t ions  

together  as  shown  in  the  Figures.  All  of  these  flanges  must 

p r o v i d e   contiguous  conductive  connections  between  the  parts  to 

i n s u r e   ideal  operation  without  arcing  or  leakage  of  microwave 

energy  or  mode  transformation.  In  addition,   flange  18  must  sea l  

against  the  vacuum within  the  chamber  when  the  equipment  is  used 

for  vacuum  drying  and  microwave  heating  and,  as  mentioned  above, 

the  window  must  be  sealed  to  its  holder  19. 

The  curve  9a  of  the  d i e l ec t r i c   lens,  the  e l e c t r i c a l   thickness  

of  the  d i e l e c t r i c   window  10  and the  dimensions  of  the  c y l i n d r i c a l  

chimney  11  are  all  designed to  produce  the  pa r t i cu l a r   beam 

direct ion  and  shape  that  is  desired.  More  p a r t i c u l a r l y ,   it  i s  

- generally  des i red  tha t   the  beam  24  from  beacon  34 be  d i r e c t e d  

to  uniformly  i l luminate  an  area  of  the  conveyor 21  that  begins 

at  the  outside  edge  21a  of  the  conveyor  and  extends  across  the 

conveyor  past  the  center  at  21b.  Similarly,   beacon  35  produces - 

the  beam  25  that  uniformly  i l luminates   the  conveyor  from the 

opposite edge  21c  somewhat  past  the  middle  at  21b;  and  so  at  the 



middle,  the  two  beams  24  and  25  overlap  to  some  extent.  This 

i n s u r e s   complete  i l lumination  from  side  21a  to  side  21b  of  the 

conveyor. 
Beacon  35  can  be  constructed  ident ica l   to  beacon  34,  but 

would  be  a  mirror  image  of  it,   as  viewed  in  Figure  1.  Thus, 

these  beacons  tend  to  produce  beams  directed  radia l ly   inward 

from  the  edge  of  the  cyl indr ica l   chamber  12  toward  the  center  

of  the  chamber  and  the  subsequent  pairs  of  beacons,  36  and  37  and 

38  and  39  do  the  same.  Clearly,  beacons  34,  36  and  38  can  be 

constructed  ident ical   to  each  other  and  beacons  35,  37  and.39 

can  be  constructed  ident ical   to  each  other  and  the  even  numbered 

beacons  are  mirror  images  of  the  odd  numbered  beacons. 

Figures  3  and  4  show  detai ls   of  construct ion  of  the  po la r -  

izat ion  converter  6.  It  consists  of  a  square  wave  guide  s e r t i o n  

6a  in  which  are  mounted  d i e l ec t r i c   plates  7a  and  7b  contiguous 

to  each  other  across  a  diagonal  of  the  square.  These  p l a t e s  

are  longi tudina l ly   staggered  along  the  length  of  the  square 

wave  guide.  They  are  the  same  length,  (L1  plus  L2)  and  one  i s  

staggered  ahead  of  the  other  by  the  dimensions L2.  L1  is  of 

such  a  length  t h a t :  

where 
and  m  is  greater  than  n. 

The  d i e l ec t r i c   prism  lens  9  may  be  constructed  as  i l l u s t r a t e d  

by  Figures  5,  6  and  7.  The  experimentally  shaped  curve  9a  of 

this  lens  is  establ ished  by  a  stack  of  d i e l e c t r i c   plages  9a  to 

9j,  shown  in  the  side  cross  section  view  by  Figures  5  and  a 

plan  view  by  Figures  7.  The  purpose  of the  d i e l ec t r i c   lens 

in  the  beacon  is  to  form  and  direct  the  beam  launched  from  the 

conical  wave  guide  8,  skewed  toward  the  center  of  the  chamber. 

This  prism  lens  s t ructure  is  clearly  not  a  figure  of 

r e v o l u t i o n   about  the  beacon  axis 30.  It  is  symmetrical  with 



.  respect  to  the  plane  through  the  beacon  axis,  perpendicular  to 

the  chamber  axis.  The  thickness  of  this  lens  varies  around  the 

edge  or  periphery  of  the  stack.  Thus,  it  is  generally  prism- 

shaped.  It  is  thicker  at  the  inside  edge  toward  the  chamber 

plane  of  symmetry  23,  than  at  its  edge  away  from  plane  23. 

The  effect   of  this  lens  is  to  form  or  focus  the  beam  so  t ha t  

it  is  d i rec t iona l   and  direct  it  to  one  side  of  the  beacon  axis  

30,  toward  the  center  21b  of  the  conveyor  in  the  chamber. 

The  d i e l ec t r i c   lens  is  immediately  adjacent  d i e l e c t r i c  

window  10.  The  thickness  D10  of  the  window  is  one  half  wave 

length  of  the  microwave  radiat ion  in  the  d i e l e c t r i c   material  of  

which  tte  window  is  made.  Hence,  D10  is  expressed  as  fol lows:  

D10 = λ 2K  where K  =  r e l a t ive   d i e l e c t r i c   p e r m i a b i l i t y  
of  the  m a t e r i a l  

The  conical  wave  guide  connects  to  the  d i e l e c t r i c   window  by 

flange  17  and  the  window  connects  to  the  cy l indr ica l   chimney  11 

by  flange  18.  At  flange  18  the  window  seals  to  the  chimney 

by  an  0-ring  gasket  vacuum  seal  20  and  so  the  i n t e r io r   of  the 

chamber  is  vacuum  sealed  from  the  exter ior   ambient  and  is  a l so  

sealed  from  the  beacon  s t r u c t u r e .  

Between  the  flanges  17  and  18,  completely  enclosing  the 

d i e l e c t r i c   window,  the  holder  19  provides  e l e c t r i c a l   con t inu i ty  

between  the  wide  end  of  the  conical  wave  guide  and  the 

cy l ind r i ca l   chimney  11.-  Thus,.microwave  currents  conducted  by 

the  conical  wave  guide  8,  holder  19  and  chimney  11  bound  the 

propagating  fields  of  the  microwave  energy  that  flows  into  the 

cy l indr ica l   treatment  chamber  12,  and  is  launched  as  the  beam 24. 

By  this  construction,   the  beam  of  microwave  radiat ion  i s  

s u b s t a r t i a l l y   all  in  a  single  TE  mode ,  c i rcu la r ly   polarized  and 

fully  blankets  the  d i e l ec t r i c   window.  As  a  consequence  o f  t h e s e  

condi t ions ;   the  instantaneous  peak  value  of  the  microwave  e l e c t r i c  

f ield  at  the  d i e l ec t r i c   window  on  the  vacuum  side  (the  chamber 



s i d e )   is  maintained  low.  It  is  maintained  s u f f i c i e n t l y   low  tha t  

is  does  not  cause  ionization  of  the  gas  inside  the  chamber  even 

at  the  low  operating  pressures  desirable   for  vacuum  drying.  

Another  d ie l ec t r i c   lens  s t ruc ture   is  shown  by  Figures  8 

and  9.  This  s t ructure  is  symmetrical  with  respect  to  all  planes 

through  the  beacon  axis  30.  It  defines  a  figure  of  r evo lu t ion  

about  the  axis 30  and  so  the  axis  of  the  pattern  of  r a d i a t i o n  

that  defines  the  beam  issuing  from  this  lens  is  a  con t inua t ion  

of  the  axis  30.  This  lens  is  spherical   and  has  no  prism.  Using 

this  lens  to  direct  the  beam  toward  the  center  of  the  conveyor 

may  require  that  the  beacon  be  located  or  oriented  with  i t s  

axis  toward  the  center  of  the  conveyor  and  so  the  beacon  ax i s  

would  be  subs tan t i a l ly   axial  with  respect  to  the  c y l i n d r i c a l  

chamber  in  which  the  center  of  the  conveyor  is  at  the  c en t e r  

of  the  chamber  cy l inde r .  

Beacons  each  with  a  lens  constructed  as  in  Figures  8  and  9 

are  preferably  all  in  line  along  the  cy l indr ica l   chamber  d i r e c t l y  

a b o v e   the  conveyor  and  so  all  such  beacons  would  have  the  beacon 

axis  in  the  symmetrical  plane  23  of  the  cy l indr ica l   chamber.  This 

lens  is  made  up  of  a  stack  of  d i e l ec t r i c   plates  31a,.b,  c 

and  d  each  being  ring-shaped.  The  outer  peripheries  of  these 

plates  are  all  about  the  same  and  their   inner  per ipher ies   are  

successively  larger  and  so  the  stack  defines  the  d i e l ec t r i c   l e n s  

curve  32  and  focuses  the  rad ia t ion   into  a  rather  narrow  highly 

di rect ional   beam  directed  along  the  beacon axis  30. 

The  embodiment of  the  invention  described  hereinabove 

i n c l u d e s   and  incoroorates  all  of  the  features  of  the  invent ion  

and  this  embodiment  is  capable  of  microwave  heating  of  m a t e r i a l s  

i n   a  continuous  process,  while,  at  the  same  time,  (or  at  l e a s t  

in the  same  chamber),  exposing  the  materials  to  a  low  pressure  
for  vacuum  drying.  Thus,  the apparatus   is  sui table   for  microwave 



heating  and  vacuum  drying  and  many  of  t.he  features  of  c o n s t r u c t i o n  

provide  an  advantage  for  both  heating  by  microwave  and  vacuum 

drying.  However,  it  should  be  kept  in  mind  that  some  of  these  

features  can  be  applied  in  other  equipments  intended  onlv  fo r  

microwave  heating  and  in  processes  that  are  not  continuous,  a l l  

without  departing  from  the  sp i r i t   and  scope  of  the  invent ion  

as  set  forth  in  the  appended  claims.  



Claim  1.  Microwave   h e a t i n g   a p p a r a t u s   for   h e a t i n g   a  s u b j e c t  

m a t e r i a l   in  a  p r o c e s s   c o m p r i s i n g ,  

(a)  a  m i c r o w a v e   e n e r g y   e n c l o s u r e   c o n t a i n i n g   the  s u b j e c t  

m a t e r i a l ,  

(b)  a  s o u r c e   of  c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e   e n e r g y ,   a n d  

(c)  means  for   l a u n c h i n g   s a i d   c i r c u l a r l y   p o l a r i z e d   m i c r o -  

wave  e n e r g y   i n t o   the  e n c l o s u r e   as  a  d i r e c t i o n a l   b e a m  

d i r e c t e d   to  i l l u m i n a t e   the  s u b j e c t   m a t e r i a l .  

Cla im  2.  A p p a r a t u s   as  in  Cla im  1  w h e r e i n   t h e r e   are  a  p l u r a l i t y  

of  s a i d   beams  of  c i r c u l a r l y   p o l a r i z e d   r a d i a t i o n   l a u n c h e d  

i n t o   the  e n c l o s u r e ,   a l l   as  d i r e c t i o n a l   beams  and  a l l   d i r e c t l y  

i l l u m i n a t i n g   the  s u b j e c t   m a t e r i a l .  

Cla im  3.  A p p a r a t u s   as  in  Claim  2  w h e r e i n ,   a  s e p a r a t e   s o u r c e  

of  c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e   e n e r g y   is  p r o v i d e d   fo r   e a c h  

of  s a i d   b e a m s .  

Cla im  4.  A p p a r a t u s   as  in  Claim  3  w h e r e i n ,   fo r   each   beam  a  

s e p a r a t e   means  for   l a u n c h i n g   c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e  

e n e r g y   i n t o   t h e   e n c l o s u r e   is  p r o v i d e d .  

Cla im  5.  A p p a r a t u s   as  in  Claim  4  w h e r e i n ,   s a i d   p l u r a l i t y   o f  

beams  o v e r l a p   where  they  i l l u m i n a t e   the  s u b j e c t  m a t e r i a l .  

Cla im  6.  A p p a r a t u s   as  in  Claim  5  w h e r e i n ,   s a i d   s e p a r a t e   m e a n s  

for   l a u n c h i n g   s a i d ' b e a m s   are   u n i f o r m l y   s p a c e   from  each  o t h e r  

on  the  i n s i d e   w a l l   of  the  e n c l o s u r e  



Claim  7.  A p p a r a t u s   as  in  Claim  1,  w h e r e i n ,  

(a)  s a i d   means  for   l a u n c h i n g   i n c l u d e s   a  window  in  t h e  

w a l l   of  s a i d   e n c l o s u r e c t r a n s p a r e n t   to  s a i d   m i c r o w a v e  

e n e r g y   a n d  

(b)  s a i d   c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e   e n e r g y   is  t r a n s -  

m i t t e d   t h r o u g h   s a i d   window  as  a  s u b s t a n t i a l l y   s i n g l e  

TE  m o d e .  

Claim  8.  A p p a r a t u s   as  in  Claim  7  w h e r e i n ,   the  i n t e n s i t y   of  s a i d  

m i c r o w a v e   e n e r g y   t r a n s m i t t e d   t h r o u g h   s a i d   window  is  s u b s t a n t i a l l y  

u n i f o r m   over   the  whole  a rea  o f   the  w i n d o w .  

Cla im  9.  A p p a r a t u s   as  in  Claim  8  w h e r e i n ,   s a i d   m i c r o w a v e  

e n e r g y   l a u n c h e d   t h r o u g h   s a i d   window  is  c i r c u l a r l y   p o l a r i z e d   a n d  

h i g h l y   d i r e c t i o n a l .  

Cla im  10.  A p p a r a t u s   as  in  Claim  9  w h e r e i n ,   the  window  is   o f  

u n i f o r m   t h i c k n e s s   t h r o u g h o u t   and  i s  c i r c u l a r   as  v i ewed   p e r p e n d i c u l a r  

to  the  p l a n e   of  the  w i n d o w .  

Cla im  11.  A p p a r a t u s   as  in  Claim  1  w h e r e i n ,   a  p l u r a l i t y  o f   s u c h  

beams  a re   so  l a u n c h e d   and  d i r e c t e d   i n t o   the  e n c l o s u r e   to  i l l u m i n a t e  

the  s u b j e c t   m a t e r i a l  a n d   s a i d   p l u r a l i t y   of  beams  o v e r l a p   w h e r e  

they   i l l u m i n a t e   the  s u b j e c t   m a t e r i a l .  

Cla im  12.  A p p a r a t u s   as  in  Cla im  1  w h e r e i n ,  

(a)  a  m a t e r i a l   c o n v e y o r   is  p r o v i d e d   in  the  e n c l o s u r e ,  

(b)  the  m a t e r i a l   is  c a r r i e d   in  the  e n c l o s u r e   on  t h e  

c o n v e y o r ,   a n d  

(c)  the  c o n v e y o r   c a r r i e s   the  m a t e r i a l   t h r o u g h   the  b e a m .  



Claim  13.  A p p a r a t u s   as  in  Cla im  12  w h e r e i n ,   a  p l u r a l i t y   of  s u c h  

beams  are   so  l a u n c h e d   and  d i r e c t e d   i n t o   the  e n c l o s u r e   to  i l l u m i n a t e  

the  s u b j e c t   m a t e r i a l   and  s a i d   p l u r a l i t y   of  beams  o v e r l a p   w h e r e  

they   i l l u m i n a t e   the  s u b j e c t   m a t e r i a l .  

Cla im  14.  A p p a r a t u s   as  in  C la im  3  w h e r e i n ,  

(a)  the  e n c l o s u r e   d e f i n e s   an  e l o n g a t e d   s p a c e ,  

( b )   the  c o n v e y o r   moves  the  m a t e r i a l   from  one  end  to  t h e  

o t h e r   end  l o n g i t u d i n a l l y   t h r o u g h   s a i d   e l o n g a t e d   space   a n d  

(c)  the  beam  i l l u m i n a t e s   at   l e a s t   a  p o r t i o n   of  t h e  

c o n v e y o r ,  

( d )   w h e r e b y   s u b s t a n i t a l l y   a l l   m a t e r i a l   c a r r i e d   by  t h e  

c o n v e y o r   is  i l l u m i n a t e d   by  the  b e a m .  

Cla im  15.  A p p a r a t u s   as  in  Cla im  14  w h e r e i n   a  p l u r a l i t y   of  s u c h  

beams  a re   so  l a u n c h e d   and  d i r e c t e d . i n t o   the  e n c l o s u r e   t o  

i l l u m i n a t e   the  s u b j e c t   m a t e r i a l   and  s a i d   p l u r a l i t y   of  b e a m s  

o v e r l a p   where   they   i l l u m i n a t e   the  s u b j e c t   m a t e r i a l .  

Cla im  16.  A p p a r a t u s   as  in  C la im  15  w h e r e i n ,   s a i d   s e p a r a t e   m e a n s  

fo r   l a u n c h i n g   s a i d   beams  are  u n i f o r m l y   s p a c e d   from  each  o t h e r  

on  the  i n s i d e   w a l l   o f  t h e   e n c l o s u r e .  

Cla im  17.  A p p a r a t u s   as  in  Cla im  16  w h e r e i n ,  

(a)  s a i d   means  for   l a u n c h i n g   i n c l u d e s   a  window  in  the  w a l l  

of  s a i d   e n c l o s u r e   t r a n s p a r e n t   to  s a i d   m ic rowave   e n e r g y  

a n d  

(b)  s a i d   c i r c u l a r l y   p o l a r i z e d   m i c r o w a v e   e n e r g y   is  t r a n s m i t t e d  

t h r o u g h   s a i d   window  in  a  s u b s t a n t i a l l y   s i n g l e   TE  m o d e .  



Claim  18.  A p p a r a t u s   as  in  Cla im  17  w h e r e i n ,   the  i n t e n s i t y   o f  

s a i d   m i c r o w a v e   e n e r g y   t r a n s m i t t e d   t h r o u g h   s a i d   window  is  s u b -  

s t a n t i a l l y  u n i f o r m   over   the  whole   a r e a   of  the  w i n d o w .  

Claim  19.  A p p a r a t u s   as  in  Cla im  18  w h e r e i n ,   s a i d   m i c r o w a v e  

e n e r g y   l a u n c h e d   t h r o u g h   s a i d   window  is  c i r c u l a r l y   p o l a r i z e d   a n d  

h i g h l y   d i r e c t i o n a l .  

Claim  20.  A p p a r a t u s   as  in  C la im  19  w h e r e i n ,   the  window  is  o f  

u n i f o r m   t h i c k n e s s   t h r o u g h o u t   and  is  c i r c u l a r  a s   v i e w e d  

p e r p e n d i c u l a r   to  the  p l a n e   of  the  w i n d o w .  

Cla im  21.  A p p a r a t u s   as  in  Cla im  1  w h e r e i n   a  d i e l e c t r i c   l e n s  

s i t u a t e d   in  t h e  p a t h   of  the  beam  n e a r   the  r e g i o n   of  e n t r y   o f  

t h e   beam  i n t o   the  e n c l o s u r e   is  p r o v i d e d   for   m o d i f y i n g   the  b e a m .  

Claim  22.  A p p a r a t u s   as  in  C la im  21  w h e r e i n   the   l ens   m o d i f i e s  

the  beam  p a t t e r n .  

Claim  23.  A p p a r a t u s   as  in  Cla im  21  w h e r e i n   the  lens   m o d i f i e s  

the  beam  d i r e c t i o n .  

Cla im  24.  In  m i c r o w a v e   h e a t i n g   a p p a r a t u s   f o r  h e a t i n g   a  s u b j e c t  

m a t e r i a l   in  a  p r o c e s s   w h e r e i n   a  m i c r o w a v e   e n e r g y   e n c l o s u r e  

c o n t a i n s   the  s u b j e c t   m a t e r i a l   and  m i c r o w a v e   e n e r g y   is  l a u n c h e d  

i n t o   the  e n c l o s u r e   as  a  d i r e c t i o n a l   beam,  the  i m p r o v e m e n t  

c o m p r i s i n g ,  

(a)  a  m i c r o w a v e   r a d i a t i o n   l ens   t h a t   i n t e r c e p t s   the   e n e r g y  

b e f o r e   i t   i l l u m i n a t e s   the  s u b j e c t   m a t e r i a l   and  f o c u s e  

the  e n e r g y   t o w a r d   the  s u b j e c t   m a t e r i a l   as  a  b e a m ,  

(b)  the  l ens   i n c l u d i n g   a  body  of  d i e l e c t r i c  m a t e r i a l   t h a t  

v a r i e s   in  i t s   d i m e n s i o n   in  the  beam  d i r e c t i o n  a c r o s s  

the  body  t r a n s v e r s e   to  the  beam  d i r e c t i o n .  



Claim  25.  A p p a r a t u s   as  in  Cla im  24  w h e r e i n   s a i d   body  d i m e n s i o n  

is  t h i c k n e s s   and  is  g r e a t e s t   a t  a n   edge  of  the  body,   the  e d g e  

b e i n g   a t   the   o u t e r   p e r i p h e r y   t h e r e o f .  

Claim  26.  A p p a r a t u s   as  in  Claim  25  w h e r e i n   the  t h i c k n e s s   i s  

l e s s   at   the  g e o m e t r i c   c e n t e r   of  the  d i e l e c t r i c   body  t han   at  a n  

edge  t h e r e o f .  

Claim  27.  A p p a r a t u s   as  in  Cla im  25  w h e r e i n   the  t h i c k n e s s   i s  

l e s s   at   a n o t h e r   edge  than  at  the  g e o m e t r i c   c e n t e r   t h e r e o f .  

Claim  28.  A p p a r a t u s   as  in  Claim  24  w h e r e i n   the  d i e l e c t r i c  b o d y  

is  c o m p r i s e d   of  a  p l u r a l i t y   of  i n d i v i d u a l   l a y e r s   of  d i e l e c t r i c  

m a t e r i a l   of  d i f f e r e n t   p e r i p h e r a l   d i m e n s i o n s ,   s t a c k e d   up,  o n e  

upon  a n o t h e r .  

Cla im  29.  A p p a r a t u s   as  in  Claim  24  w h e r e i n   the  t h i c k n e s s   i s  

l e s s   at  the   g e o m e t r i c   c e n t e r   of  the  d i e l e c t r i c   body  than   a t  

any  p l a c e   a l ong   the  p e r i p h e r y   t h e r e o f .  

Cla im  30.  A p p a r a t u s   as  in  Claim  2 9  w h e r e i n   the  d i e l e c t r i c  b o d y  

is  c o m p r i s e d   of  a  p l u r a l i t y   of  i n d i v i d u a l   l a y e r s   of  d i e l e c t r i c  

m a t e r i a l ,   s t a c k e d   up,  one  upon  a n o t h e r ,   the   d i r e c t i o n   of  t h e  

s t a c k   b e i n g   s u b s t a n t i a l l y   p a r a l l e l   to  the   d i r e c t i o n   of  t h e  

m i c r o w a v e   e n e r g y   i n t e r c e p t e d  b y   the  l e n s   and  a t   l e a s t   some  o f  

the  l a y e r s   a re   r i n g   s h a p e d .  
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