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@  A  novel  cover  (38,  40,  48)  arrangement  is  described  for  use 
with  foodstuff  holding  pans  (30)  to  be  heated  in  a  microwave 
oven.  The  cover  is  one  which  in  terms  of  microwave  energy,  does 
not  transmit  reflected  energy.  Thus,  the  cover  acts  in  a  manner 
analogous  with  non-reflecting  coatings  in  optics  and  permits 
passage  of  the  microwave  radiation  into  the  container  holding  the 
foodstuff  (18),  while  substantially  preventing  escape  of  micro- 
wave  radiation  reflected  from  the  foodstuff  surface  and  container 
bottom  (32).  In  this  manner  the  microwave  energy  is  retained  and 
concentrated  within  the  container,  resulting  in  more  efficient  and 
uniform  heating  of  the  foodstuff.  The  novel  cover  is  particularly 
valuable  when  used  with  aluminium  foil  pans,  which  without  the 
cover  of  this  invention  seriously  reflect  microwave  radiation. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  microwave   e n e r g y  
c o o k i n g   and  more  p a r t i c u l a r l y   to  an  improved  package   f o r  

f o o d s t u f f s   to  be  h e a t e d   or  cooked  wi th   microwave   e n e r g y .  
The  h e a t i n g   of  f o o d s t u f f s   wi th   mic rowave   e n e r g y   h a s  

now  become  commonplace .   I t   i s ,   of  c o u r s e ,   h i g h l y   d e s i r a b l e  
to  be  ab l e   to  hea t   f o o d s t u f f s   in  an  i n e x p e n s i v e   d i s p o s a b l e  
s h i p p i n g ,   h e a t i n g   a n d  s e r v i n g   c o n t a i n e r   or  p a c k a g e .   The 

most  d e s i r a b l e   such  c o n t a i n e r   or  package   for  f o o d s t u f f s  
has  t r a d i t i o n a l l y   been  made  from  a  me ta l   f o i l ,   such  a s  
aluminum  f o i l .   The  use  of  a luminum  f o i l   for  t h i s   p u r p o s e  
has  many  a d v a n t a g e s   i n c l u d i n g   economy,   ease   of  m a n u f a c t u r e ,  
c o n t a i n e r   s t r e n g t h ,   s a n i t a t i o n ,   e t c .  

However ,   t h e r e   have  r e m a i n e d   some  very  s e r i o u s  
d r a w b a c k s   in  the  use  of  a luminum  f o i l   c o n t a i n e r s ,   e . g .  
p a n s ,   as  microwave  h e a t i n g   c o n t a i n e r s   in  t h a t   the  a l u m i n u m  
is  a  c o n d u c t o r   which  a c t s   as  a  s h i e l d   and  t ends   to  r e f l e c t  
the  microwave   r a d i a t i o n .   The  r e f l e c t i v e   q u a l i t i e s   of  t h e  
aluminum  f o i l   r e s u l t s   in  uneven  h e a t i n g   of  the   f o o d s t u f f  
in  the  c o n t a i n e r .   M o r e o v e r ,   the  r e f l e c t e d   r a d i a t i o n   may 
damage  the  oven,   i n c l u d i n g   the  m a g n e t r o n ,   and  i t   may  a l s o  

u p s e t   t h e  t u n i n g   of  the  oven ,   r e s u l t i n g   in  r a d i a t i o n  

l e a k a g e .  
There   have  been  p r o p o s a l s   to  package   food  p r o d u c t s  



in  boxes  or  c o n t a i n e r s   formed  in  p a r t   of  a  m i c r o w a v e  

r e f l e c t i v e   m a t e r i a l   such  as  aluminum  f o i l   hav ing   h o l e s  
in  s e l e c t e d   a r e a s .   Th is   was  based  on  the  idea   t h a t   t h e  
mic rowave   r a d i a t i o n   would  e n t e r   the  ho les   and  be  r e f l e c t e d  
a b o u t   w i t h i n   the  package   by  the  aluminum  f o i l ,   t h e r e b y  
f a c i l i t a t i n g   the  h e a t i n g   of  the  p r o d u c t .   The  m i c r o w a v e  

e n e r g y   a c t u a l l y   a c t i n g   on  the  food  was  m o d e r a t e d   o r  
a t t e n u a t e d   in  the  hope  of  i m p r o v i n g   i t s   d i s t r i b u t i o n  
w i t h i n   the  food  t h e r e b y   u n i f o r m l y   h e a t i n g   the  food .   T h i s  

t e c h n i q u e   not  only   weakened  and  i n c r e a s e d   the  c o s t   of  t h e  

p a c k a g e ,   but  the  use  of  p e r f o r a t e d   aluminum  f o i l   as  a  p a r t  
of  the   package   i t s e l f   was  found  to  be  u n s a t i s f a c t o r y .   On 
t he   o t h e r   hand,   the  p r e s e n t   i n v e n t i o n   f o c u s e s   or  i n c r e a s e s  
the   mic rowave   e n e r g y   a c t i n g   on  the  food  t h e r e b y   i m p r o v i n g  
the   e f f i c i e n c y   of  h e a t i n g .  

U.S.  P a t e n t   4 , 1 9 0 , 7 5 7   d e s c r i b e s   a  d i s p o s a b l e   m i c r o w a v e  

s h i p p i n g ,   h e a t i n g   and  s e r v i n g   package   for   food  composed  o f  

a  p a p e r b o a r d   c a r t o n   and  a  l o s s y   microwave   ene rgy   a b s o r b e r  
which   becomes  hot  when  e x p o s e d   to  microwave   r a d i a t i o n .  
The  a b s o r b e r   h e a t s   the  a d j a c e n t   s u r f a c e   of  the  food  by 
c o n d u c t i o n   to  a  s u f f i c i e n t l y   h igh  t e m p e r a t u r e   to  p r o v i d e  
s e a r i n g   or  b rowning   w h i l e   mic rowave   e x p o s u r e   c o n t r o l l e d  

by  a  s h i e l d   h e a t s   the   i n s i d e .   Th i s   is  a  very   e x p e n s i v e  
s t r u c t u r e   compared  w i th   a  me t a l   f o i l   pan  and  the  e n e r g y  
a b s o r b e r   is  w a s t e f u l   of  e n e r g y .   This   p r i o r   a r t  

a r r a n g e m e n t   does  not  f ocus   or  i n c r e a s e   the  m i c r o w a v e  

e n e r g y   a c t i n g   on  the   f o o d .  
In  U.S.  P a t e n t   4 , 2 3 0 , 9 2 4   t h e r e   is  d e s c r i b e d   a  f o o d  

p a c k a g e   which  i n c l u d e s   a  f l e x i b l e   w r a p p i n g   s h e e t   o f  
d i e l e c t r i c   m a t e r i a l   c a p a b l e   of  c o n f o r m i n g   to  the  shape  o f  
t h e   f o o d .   The  d i e l e c t r i c   w r a p p i n g   s h e e t   has  a  f l e x i b l e  
m e t a l l i c   c o a t i n g ,   such  as  a luminum,   in  the  form  of  a  f i l m  

or  f o i l ,   the  c o a t i n g   be ing   s u b d i v i d e d   i n t o  a   number  o f  
i n d i v i d u a l   m e t a l l i c   i s l a n d s   s e p a r a t e d   by  n o n - m e t a l l i c  

g a p s .   With  t h i s   a r r a n g e m e n t ,   a  p a r t   of  the  m i c r o w a v e  

e n e r g y   is  c o n v e r t e d   i n t o   hea t   by  the  m e t a l l i c   c o a t i n g   s o  



as  to  brown  or  c r i s p e n   the  a d j a c e n t   food.   The  m e t a l l i c  

c o a t i n g   is  p r e f e r a b l y   c o n t i g u o u s   to  the  food  and  the  h e a t  

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

the  food  w i t h o u t   hav ing   to  be  r a d i a t e d   t h r o u g h   any  i n t e r -  

ven ing   s p a c e .   Once  a g a i n ,   t h i s   a r r a n g e m e n t   does  not  f o c u s  

or  i n c r e a s e   the  mic rowave   e n e r g y   a c t i n g   on  the  food  a s  
does  the  p r e s e n t   i n v e n t i o n .  

I t   is  the  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  d e v e l o p   a  

very   i n e x p e n s i v e   m o d i f i c a t i o n   whereby   the  s t a n d a r d   a l u m i n u m  
f o i l   c o n t a i n e r s , . . e . g .   p a n s ,   now  used  in  the  food  i n d u s t r y  

may  be  used  for  h e a t i n g   w i t h i n   a  microwave   o v e n .  
In  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n ,   i t   has  now  b e e n  

d i s c o v e r e d   t h a t   the   s t a n d a r d   m e t a l ,   e . g .   a luminum,   f o i l  

p a c k a g i n g   c o n t a i n e r s   can  be  used  in  microwave  ovens  p r o -  
v ided   t hey   are  used  in  a s s o c i a t i o n   with  a  s p e c i a l   c o v e r  
which  is  spaced  a  d i s t a n c e   from  the  s u r f a c e   of  t h e  
f o o d s t u f f   in  the  me ta l   f o i l   c o n t a i n e r .  

More  p a r t i c u l a r l y ,   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  

a  cover   for  meta l   c o n t a i n e r s   which  in  terms  of  m i c r o w a v e  

e n e r g y ,   does  not  t r a n s m i t   r e f l e c t e d   e n e r g y .   Thus ,   t h e  

cover   a c t s   in  a  manner  a n a l o g o u s   wi th   n o n - r e f l e c t i n g  
c o a t i n g s   in  o p t i c s   and  p e r m i t s   p a s s a g e   of  the  m i c r o w a v e  

r a d i a t i o n   i n to   the  c o n t a i n e r   h o l d i n g   the  f o o d s t u f f ,   w h i l e  

s u b s t a n t i a l l y   p r e v e n t i n g   e s c a p e   of  microwave  r a d i a t i o n  
r e f l e c t e d   from  the  f o o d s t u f f   s u r f a c e   and  c o n t a i n e r   b o t t o m .  
In  t h i s   manner  the  mic rowave   e n e r g y   is  r e t a i n e d   and  c o n c e n -  
t r a t e d   w i t h i n   the  c o n t a i n e r ,   r e s u l t i n g   in  more  e f f i c i e n t  
and  un i fo rm  h e a t i n g   of  the  f o o d s t u f f .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  d e t a i l   w i t h  
the  aid  of  some  examples   and  wi th   the  aid  of  t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is  an  i d e a l i z e d   s c h e m a t i c   d i ag ram  w h i c h  

e x p l a i n s   the  f u n c t i o n   a c h i e v e d   by  the  p r e s e n t   i n v e n t i o n ;  

F ig .   2  is  a  p e r s p e c t i v e   view  of  an  example  of  t h e  

p r e s e n t   i n v e n t i o n   employed  on  a  g e n e r a l   r e c t a n g u l a r   p a n ;  
F i g .   3  is  a  p e r s p e c t i v e   view  of  an  example  of  t h e  



p r e s e n t   i n v e n t i o n   employed  on  a  g e n e r a l l y   c i r c u l a r   p a n ;  
a n d  

F i g .  4   is   a  p e r s p e c t i v e   view  of  an  example   of  a  m u l t i -  

c o m p a r t m e n t   pan  u t i l i z i n g   the  p r e s e n t   i n v e n t i o n .  

The  nove l   r e f l e c t e d   e n e r g y   i m p e n e t r a b l e   c o v e r ,   r e f e r r e d  

to  h e r e i n a f t e r   as  the  " n o n - r e f l e c t i n g   e n e r g y   cove r "   o r  
" c o v e r "   has  a  high  e f f e c t i v e   d i e l e c t r i c   c o n s t a n t   a n d  

p r e c i p i t a t e s   d e s t r u c t i v e   i n t e r f e r e n c e   wi th   mic rowave   r a d i -  
a t i o n   r e f l e c t e d   from  the  f o o d s t u f f   s u r f a c e   and  c o n t a i n e r  
b o t t o m .   I t   is  known  t h a t   a  high  d i e l e c t r i c   c o n s t a n t   i n t e r -  

f ace   p r o v i d e s   a  r e f l e c t i o n   of  ene rgy   at  the  i n t e r f a c e .  

However ,   the   p r e s e n t   i n v e n t i o n   combines   the  use  of  a  h i g h  
d i e l e c t r i c   c o n s t a n t   i n t e r f a c e   wi th   d e s t r u c t i v e   i n t e r f e r e n c e  

so  t h a t   t he   m a j o r i t y   of  mic rowave   e n e r g y   e n t e r s   t h e  
c o n t a i n e r   and  the  m a j o r i t y   of  microwave  e n e r g y   s t a y s  
w i t h i n   the  c o n t a i n e r   and  is  a b s o r b e d   by  the  f o o d s t u f f .  
The  cover   may  be  c o m p r i s e d   of  s u b s t a n t i a l l y   u n i f o r m  
d i e l e c t r i c   m a t e r i a l s   h a v i n g   d i e l e c t r i c   p r o p e r t i e s   as  d e s -  
c r i b e d   h e r e i n a f t e r ,   and  for  which  the  c h a r a c t e r i s t i c s   o f  
r e f l e c t a n c e   and  t r a n s m i t t a n c e   are  f u n c t i o n s   of  t h i c k n e s s .  
The  n o n - r e f l e c t i n g   e n e r g y   cover   may  a l s o   be  in  the  f o r m  
of  an  a r t i f i c i a l   d i e l e c t r i c   c o m p r i s e d   of  m e t a l   powder  o r  
f l a k e s   d i s p e r s e d   in  or  on  a  d i e l e c t r i c   s u b s t r a t e ,   f o r  
which   the  c h a r a c t e r i s t i c s   of  r e f l e c t a n c e   and  t r a n s m i t t a n c e  

a r e   at  l e a s t   e q u i v a l e n t   to  t h o s e   o b t a i n e d   from  the  a b o v e  
u n i f o r m   d i e l e c t r i c   m a t e r i a l .   A l t e r n a t i v e l y ,   the   n o n -  
r e f l e c t i n g   e n e r g y   cover   may  be  c o m p r i s e d   of  a r r a y s   o f  

c o n d u c t o r s ,   e . g .   me t a l   or  me t a l   f o i l   s h a p e s ,   on  or  e m b e d d e d  
in  a  d i e l e c t r i c   s u b s t r a t e ,   the  r e f l e c t a n c e   and  t r a n s m i t -  
t a n c e   c h a r a c t e r i s t i c s   t h e r e o f   be ing   at  l e a s t   e q u i v a l e n t   t o  
t h o s e   which  a re   o b t a i n e d   from  the  above  un i fo rm  d i e l e c t r i c  
m a t e r i a l .  

The  n o n - r e f l e c t i n g   e n e r g y   cover   must  be  spaced   from  t h e  
s u r f a c e   of  the   f o o d s t u f f   in  the  c o n t a i n e r   and  the  d i s t a n c e  
be tween   the  cover   and  the  s u r f a c e   of  the  f o o d s t u f f   i s  
d e t e r m i n e d   by  the  p r o p e r t i e s   and  s t r u c t u r e   of  the  cover   a n d  



a l so   by  the  c o n d u c t i v i t y   and  d i e l e c t r i c   c o n s t a n t   of  t h e  

f o o d s t u f f .   In  g e n e r a l ,   as  the  c o n d u c t i v i t y   of  the  f o o d -  

s t u f f   i n c r e a s e s ,   the  optimum  d i s t a n c e   be tween  the  c o v e r  
and  f o o d s t u f f   d e c r e a s e s .   The  d i s t a n c e   be tween  the  c o v e r  
and  the  s u r f a c e   of  the  f o o d s t u f f   is  u s u a l l y   in  the  r a n g e  
of  about   0.8  to  2  cm.,  w i th   the  optimum  be ing   about   1.2  t o  

1.5  cm.  at  a  microwave   f r e q u e n c y   of  2450  MHz. 
For  a  f l a t   f o o d s t u f f   s u r f a c e ,   the  n o n - r e f l e c t i n g   e n e r g y  

cover   is  p r e f e r a b l y   a l s o   f l a t   and  d i s p o s e d   s u b s t a n t i a l l y  

p a r a l l e l   to  the  f o o d s t u f f   s u r f a c e ,   a l t h o u g h   i t   may  be 

c o n t o u r e d   to  improve  u n i f o r m i t y   of  a b s o r p t i o n   of  m i c r o w a v e  

e n e r g y   by  the  f o o d s t u f f .   If  the  s u r f a c e   of  the  f o o d s t u f f  
is  c u r v e d ,   then  the  cover   may  a l so   be  p r o v i d e d   wi th   a  
s i m i l a r   c u r v a t u r e ,   so  as  to  m a i n t a i n   a  c o n s t a n t   s p a c i n g  
from  the  f o o d s t u f f   s u r f a c e .  

The  s u b s t a n t i a l l y   u n i f o r m   d i e l e c t r i c   m a t e r i a l s   u s e d  
for   the  n o n - r e f l e c t i n g   e n e r g y   cover   of  t h i s   i n v e n t i o n   a r e  
d i e l e c t r i c s   hav ing   d i e l e c t r i c   c o n s t a n t s   g r e a t e r   than  1 0 .  
These  are  e x e m p l i f i e d   by  po rous   media  c o n t a i n i n g   l a b i l e  

w a t e r ,   the  d i e l e c t r i c   c o n s t a n t s   t h e r e o f   be ing   a t t r i b u t a b l e  

to  the  p r e s e n c e   of  w a t e r ,   whose  d i e l e c t r i c   c o n s t a n t   c a n  
a p p r o a c h   80 .  

Covers   made  of  t h e s e   s u b s t a n t i a l l y   u n i f o r m   d i e l e c t r i c  
m a t e r i a l s   must  be  q u i t e   t h i c k ,   e . g .   0.4  to  1  cm.  at  an  
o p e r a t i n g   f r e q u e n c y   of  2450  MHz.,  and  a l s o   must  be  s p a c e d  
from  the  f o o d s t u f f   by  a  r e l a t i v e l y   smal l   d i s t a n c e   to  be 
e f f e c t i v e   in  b l o c k i n g   r e f l e c t e d   e n e r g y .   Because   of  t h e  

r e l a t i v e l y   smal l   d i s t a n c e   be tween   the  cover   and  t h e  
f o o d s t u f f   s u r f a c e ,   the  e f f e c t i v e n e s s   of  t h i s   cover   is  v e r y  
s e n s i t i v e   to  u n e v e n n e s s   in  the  f o o d s t u f f   s u r f a c e .  

There   was,  t h e r e f o r e ,   a  need  for  a  n o n - r e f l e c t i n g  

e n e r g y   cover   m a t e r i a l   which  could   p r o v i d e   a  t h i n   c o v e r  
hav ing   a  high  e f f e c t i v e   d i e l e c t r i c   c o n s t a n t ,   e . g .   m o r e  
than   100.  I t   has  been  found  t h a t   a  t h i n   cover   m e e t i n g  
t h e s e   r e q u i r e m e n t s   can  be  o b t a i n e d   by  us ing   e i t h e r   m e t a l  

powders   or  f l a k e s   d i s p e r s e d   in  or  on  a  d i e l e c t r i c   s u b s t r a t e  



or  a r r a y s   of  me t a l   or  me ta l   f o i l   shapes   on  or  embedded  in  a 
d i e l e c t r i c   s u b s t r a t e .  

The  me ta l   powder  or  f l a k e s   d i s p e r s e d   in  or  on  a  
d i e l e c t r i c   s u b s t r a t e   c r e a t e   an  a r t i f i c i a l   d i e l e c t r i c   m e e t i n g  
the  r e q u i r e d   c h a r a c t e r i s t i c s   of  the  i n v e n t i o n .   The  m e t a l  

powder  or  f l a k e s   may  be  a p p l i e d   in  the  form  of  p a i n t   or  i n k  

c o a t i n g s   hav ing   a luminum  or  bronze   f l a k e s   d i s p e r s e d   t h e r e i n .  

The  minimum  t h i c k n e s s   of  the   m e t a l l i c   i s l a n d s   is  d e t e r m i n e d  

by  the  s i z e   of  the  c u r r e n t   c i r c u l a t i n g   in  each  of  the  m e t a l  
i s l a n d s   and  t h a t   c u r r e n t ' s   a s s o c i a t e d   ohmic  h e a t i n g .   By 
d i m e n s i o n i n g   the  s i z e   of  the  i s l a n d s   i t   has  been  found  t h a t  

m e t a l l i z e d   i s l a n d s   as  t h i n   as  600  Angs t roms   have  b e e n  

o p e r a b l e .   On  the  o t h e r   hand,   t h i c k n e s s e s   for  the  m e t a l l i c  
i s l a n d s   in  the   n e i g h b o r h o o d   of  0 .001"   have  been  found  to  be  

c o n v e n i e n t .  
The  a r r a y s   of  c o n d u c t o r s   on  or  in  a  d i e l e c t r i c   s u b s t r a t e  

are  e x e m p l i f i e d   by  a r r a y s   of  me ta l   or  me t a l   f o i l   s q u a r e s   o r  
o t h e r   g e o m e t r i c a l   s h a p e s   on  a  d i e l e c t r i c   s u b s t r a t e ,   t h e  
d i m e n s i o n s   of  such  s q u a r e s   or  o t h e r   s h a p e s   and  the  s p a c i n g s  
t h e r e b e t w e e n   be ing   s u b s t a n t i a l l y   l e s s   than  one  w a v e l e n g t h   o f  
t he   mic rowave   e n e r g y .   For  bes t   e f f e c t s   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   the  a r e a   of  the  me ta l   f o i l   shapes   s h o u l d   be  50  t o  
80%  of  the   t o t a l   a r e a   of  the   n o n - r e f l e c t i n g   e n e r g y   c o v e r .  
The  f o i l   shapes   are   p r e f e r a b l y   a r r a n g e d   as  i s l a n d s ,   in  t h a t  
each   shape   is  s u r r o u n d e d   by  a  s t r i p   of  d i e l e c t r i c .   T h e s e  

s h a p e s   can  vary   q u i t e   w i d e l y   in  s i de   d i m e n s i o n s ,   a l t h o u g h   i t  
is  d e s i r a b l e   t h a t   each  cover   c o n s i s t   of  a  p l u r a l i t y   of  f o i l  
i s l a n d s .  

The  d i e l e c t r i c   s u b s t r a t e s   shou ld   be  r e l a t i v e l y   l o w  
d i e l e c t r i c   l o s s   f a c t o r   m a t e r i a l s   which  are  r e s i s t a n t   t o  
b reakdown  under  m ic rowave   c o n d i t i o n s .   They  are   t y p i c a l l y  
s h e e t s   or  f i l m s   of  c e l l u l o s i c   or  p l a s t i c   r e s i n o u s   m a t e r i a l s ,  
and  may,  for  e x a m p l e ,   i n c l u d e   low  d i e l e c t r i c   l o s s   p a p e r s ,  
p o l y o l e f i n   f i l m ,   such  as  p o l y e t h y l e n e ,   p o l y e s t e r   f i l m ,   s u c h  

as  p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) .  
The  microwave   r a d i a t i o n   e n t e r s   the  c o n t a i n e r   t h r o u g h   t h e  



novel   n o n - r e f l e c t i n g   ene rgy   c o v e r .   However,   the  very   h i g h  

e f f e c t i v e   d i e l e c t r i c   c o n s t a n t   of  the  c o v e r ,   combined  w i t h  

the  s p a c i n g   of  the  cover   from  the  s u r f a c e   of  the  f o o d s t u f f ,  

c r e a t e s   a  d e s t r u c t i v e   i n t e r f e r e n c e   wi th   m i c r o w a v e  

r a d i a t i o n   r e f l e c t e d   from  the  f o o d s t u f f   s u r f a c e   a n d  
c o n t a i n e r   bo t tom.   S ince   t h i s   r e s u l t s   in  the  m i c r o w a v e  

ene rgy   being  r e t a i n e d   and  c o n c e n t r a t e d   w i t h i n   the  c o n -  

t a i n e r ,   ene rgy   is  c o n s e r v e d   in  t h a t   the  microwave   e n e r g y  
is  s u b s t a n t i a l l y   a l l   used  to  d i r e c t l y   heat   the  f o o d s t u f f .  

With  the  n o n - r e f l e c t i n g   e n e r g y   cover   of  t h i s   i n v e n t i o n ,  
f i e l d s   have  been  c r e a t e d   in  the  space   be tween  the  f o o d s t u f f  
s u r f a c e   and  the  cover  which  may  be  as  much  as  80  t i m e s   t h e  
f i e l d   w i t h i n   the  f o o d s t u f f .   The  r e s u l t   of  t h i s   ve ry   h i g h  
f i e l d   is  not  only   more  u n i f o r m   h e a t i n g   of  the  f o o d s t u f f ,  
but  a l s o   a  h i g h l y   d e s i r a b l e   b rowning   a n d / o r   c r i s p i n g   o f  

the  s u r f a c e   of  the  f o o d s t u f f .   I t   w i l l ,   of  c o u r s e ,   be  

a p p r e c i a t e d   t h a t   the  cover   may  a l so   be  used  t o g e t h e r   w i t h  

a  mic rowave   t r a n s p a r e n t   c o n t a i n e r   to  o b t a i n   the  b e n e f i t   o f  
i t s   a b i l i t y   to  brown  a n d / o r   c r i s p   the  f o o d s t u f f   s u r f a c e .  

Methods  of  M e a s u r e m e n t  
The  i n t e n s e   f i e l d s   of  microwave   oven  c a v i t i e s   p r e c l u d e  

most  c o n v e n t i o n a l   in  s i t u   m e a s u r e m e n t s   e i t h e r   of  t h e s e  
f i e l d s   or  of  l o c a l   food  t e m p e r a t u r e s .   Thus,   s h i e l d e d  

p r o b e s   or  t h e r m o c o u p l e s   are  e a s i l y   d e s t r o y e d ,   w i t h  

s p u r i o u s   r e a d i n g s   be ing   o b t a i n e d   from  those   r e m a i n i n g  
i n t a c t .  

With  the  e x c e p t i o n   of  r e c e n t   IR  s c a n n i n g   d e v i c e s   f o r  

s e n s i n g   food  s u r f a c e   t e m p e r a t u r e s ,   methods   of  m e a s u r e m e n t  
used  both  in  the  t e s t i n g   of  foods   and  in  oven  d e s i g n   h a v e  
r e m a i n e d   c r u d e ,   being  g e n e r a l l y   based  on  t e m p e r a t u r e - r i s e  
m e a s u r e m e n t s   for  water   or  a c t u a l   food  l o a d s .   V a r y i n g   t h e  

p o s i t i o n   of  a  smal l   wa te r   load   in  an  oven  might  be  u s e d  

to  d e t e r m i n e   c o n s t a n c y   of  the  f i e l d s ,   wh i l e   a  l a r g e   w a t e r  

sample   is  used  to  d e t e r m i n e   p resumed  maximum  o u t p u t .  
Power  o u t p u t   for  a  wate r   load  is  found  by  c o n v e r t i n g  
the  heat   a b s o r p t i o n   so  d e t e r m i n e d   i n t o   Watt  u n i t s  



[ A T ( O C ) X w t ( g m . ) x 4 . 1 8 4 0 0 / t ( s e c ) ] .   D e t e r m i n a t i o n   of  t h e  

power  a b s o r b e d   by  foods   is  l e s s   s t r a i g h t f o r w a r d ,   o w i n g  
to  the  g e n e r a l l y   wide  f l u c t u a t i o n s   of  t e m p e r a t u r e - r i s e  
o b s e r v e d .   M o r e o v e r ,   the  use  of  c a l o r i m e t r y   to  c i r c u m v e n t  
t h i s   p rob lem  is  p rone   to  e r r o r   b e c a u s e   of  wide  v a r i a t i o n s  
of  food  hea t   c a p a c i t y   w i th   t e m p e r a t u r e .   F u r t h e r m o r e ,   IR  
methods   on ly   p r o v i d e   s u r f a c e   t e m p e r a t u r e s ,   which  are  n o t  
n e c e s s a r i l y   i n d i c a t i v e   of  bulk  t e m p e r a t u r e   d i s t r i b u t i o n s .  

Power  a b s o r p t i o n   by  foods   is  gove rned   by  t h r e e  

q u a n t i t i e s ,   as  f o l l o w s :  

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

a b s o r p t i o n ,   but  not   in  i t s e l f   c o n t r i b u t i n g   to  a b s o r p t i o n ,  
(2)  d i e l e c t r i c   l o s s e s ,   r e s u l t i n g   from  r e l a x a t i o n   p r o c e s s e s ,  
for   e x a m p l e ,   and  p r o v i d i n g   the   major   p o r t i o n   of  f o o d  

a b s o r p t i o n ,   for  foods   wi th   low  e l e c t r o l y t e   c o n t e n t ,   a n d ,  
(3)  e l e c t r i c a l   c o n d u c t i v i t y ,   caused   by  the  p r e s e n c e   o f  
f r e e   ions   t h r o u g h   wa te r   and  e l e c t r o l y t e   d i s s o c i a t i o n ,   a n d  

g i v i n g   r i s e   to  ohmic  or  n e a r - o h m i c   l o s s e s .  
In  e v a l u a t i n g   power  a b s o r p t i o n ,   c o n d u c t i v i t y   a n d  

d i e l e c t r i c   l o s s e s   are  g r o u p e d   as  a  s i n g l e   l o s s   t e r m  
( " c o n d u c t i v i t y " ) .   For  many  f o o d s ,   i t   is  found  t h a t   b o t h  

c o n d u c t i v i t y   and  d i e l e c t r i c   p r o p e r t i e s   are  d e t e r m i n e d  

p r i m a r i l y   by  the  p r e s e n c e   of  w a t e r ,   wa te r   be ing   a  m a j o r  
c o n s t i t u t e n t ,   and  wa te r   c o n d u c t i v i t y   and  d i e l e c t r i c  
c o n s t a n t   v a l u e s   be ing   far   g r e a t e r   than  t h o s e   of  the  o t h e r  

c o m p o n e n t s   p r e s e n t .   T a k i n g   i n t o   a c c o u n t   d e v i a t i o n s   o f  
food  p r o p e r t i e s   from  t h o s e   of  w a t e r ,   wa te r   power  a b s o r p -  
t i o n   m e a s u r e m e n t s   n e v e r t h e l e s s   p r o v i d e   a  s imp le   means  o f  

t e s t i n g   and  s i m u l a t i n g   food  p e r f o r m a n c e   in  mic rowave   o v e n s .  
V a r i o u s   embod imen t s   of  the   i n v e n t i o n   w i l l   now  be  

i l l u s t r a t e d   by  the  f o l l o w i n g   e x a m p l e s :  
Example  1 

Water  A b s o r p t i o n   R e s u l t s :   Compar i son   of  F o i l   C o n t a i n e r s  
With  N o n - R e f l e c t i n g   Ene rgy   C o v e r s   A g a i n s t   U n m o d i f i e d  
C o n t a i n e r s  



Because   of  t h e i r   s i m p l i c i t y   of  d e s i g n ,   Alcan  ( t r a d e  

mark)  C a t a l o g u e   No.  441-3  f o i l   c o n t a i n e r s   were  used  i n  

t h i s   s e r i e s   of  t e s t s .   Th i s   s i z e   of  c o n t a i n e r   is  t y p i c a l  
of  many  of  the  f o i l   c o n t a i n e r s   used  in  consumer  f r o z e n  

food  a p p l i c a t i o n s   ( i . e .  -   the  s o - c a l l e d   " e n t r e e   d i s h " ) .  

To  be s t   s i m u l a t e   p e r f o r m a n c e   wi th   f o o d s ,   t h e s e   c o n t a i n e r s  

were  f i l l e d   with  310  gm  of  t a p - w a t e r ,   i t   be ing  f e l t   t h a t  
the  e l e c t r o l y t e   c o n c e n t r a t i o n   of  t h i s   water   would  g i v e  

a c c e p t a b l y   s i m i l a r   p e r f o r m a n c e   to  t h a t   of  a  r ange   o f  

f o o d s .   In  a l l   c a s e s ,   a  L i t t o n   ( t r a d e   mark)  80-08 ,   700  W 
c o m m e r c i a l   oven  was  u sed ,   t h i s   oven  hav ing   s i m i l a r   w a t t a g e  
and  a  s i m i l a r   c a v i t y   s i z e   to  a  l a r g e   p o r t i o n   of  t h e  

consumer   microwave  oven  m a r k e t ,   with  a  microwave   f r e q u e n c y  
of  2450  MHz. 

I t   was  found  in  the  o p e r a t i o n   of  t h i s   type  of  o v e n  
t h a t   the  py roce ram  f l o o r   e x h i b i t e d   v a r y i n g   t e m p e r a t u r e s  
d u r i n g   oven  o p e r a t i o n ,   p r e s e n t i n g   p rob l ems   of  e x p e r i m e n t a l  

e r r o r .   A c c o r d i n g l y ,   s t y r o f o a m   s p a c e r s   of  abou t   1 / 8 "  
t h i c k n e s s   were  used  to  p r o v i d e   t h e r m a l   i s o l a t i o n   f r o m  

the   oven  f l o o r ,   a  smal l   t h i c k n e s s   be ing   used  to  m i n i m i z e  

p e r t u r b a t i o n   of  normal   oven  o p e r a t i o n .   When  c o n d u c t i v i t y ,  
p r e s u m a b l y   from  the  f l o o r   was  c o n s i d e r e d ,   r e s u l t s   wi th   t h e  

s p a c e r   gave  good  a g r e e m e n t   wi th   the  mean  of  o r d i n a r y   t e s t  
r e s u l t s .   However,   s t a n d a r d   d e v i a t i o n   was  r e d u c e d   to  a b o u t  
3.5%  from  the  p r e v i o u s ,   n e a r l y   10%.  In  a l l   c a s e s ,   t o  
e l i m i n a t e   oven  t imer   or  r e l a y   e r r o r ,   oven  o p e r a t i o n   was  a t  
the  "HI"  s e t t i n g .   Each  s e r i e s   of  runs  was  on ly   commenced  
a f t e r   an  a d e q u a t e   oven  warm-up  i n t e r v a l .  

(i)  Unmod i f i ed   C o n t a i n e r   R e s u l t s :  
Based  on  s ix  runs  of  1  minute   d u r a t i o n ,   a  w a t e r  

t e m p e r a t u r e - r i s e   of  16.5°C  was  i n d i c a t e d ,   g i v i n g   a n  
a b s o r b e d   power  l e v e l   of  r o u g h l y   357  w a t t s .  
( i i )   N o n - R e f l e c t i n g   Energy  Cover  Compr i sed   of  F o i l   S q u a r e  

A r r a y s   on  P a p e r  
Fo i l   s qua re s   were  c a r e f u l l y   cut  and  mounted  w i t h  

a d h e s i v e   on  a  dry  p a p e r .   S q u a r e s   were  cut   in  2  mm 



i n c r e m e n t s   from  1  cm  on  a  s i d e   to  2.4  cm,  and  were  s p a c e d  
in  i n c r e m e n t s   of  1  mm  from  2  mm  to  10  mm.  S t y r o f o a m  

s p a c e r s   were  cu t   in  1/40  i n c r e m e n t s   from  1/4"  to  1"  i n  

t h i c k n e s s ,   wi th   a  p e r i p h e r a l   c r o s s - s e c t i o n ,   so  t h a t   t h e  
w i d t h   of  t he   r e s u l t i n g   s p a c e r   frame  was  abou t   1/4"  t o  
m i n i m i z e   any  e f f e c t   from  the  p r e s e n c e   of  the  s t y r o f o a m .  
B lank   t e s t s   w i th   wa te r   and  on ly   the  f rame  i n d i c a t e d   no 
change   in  power  a b s o r p t i o n   by  the  w a t e r .   The  n o n -  
r e f l e c t i n g   e n e r g y   c o v e r s   d e s c r i b e d   above  were  mounted  w i t h  
a d h e s i v e   t ape   on  the  s t y r o f o a m   s u p p o r t s ,   and  t e m p e r a t u r e -  
r i s e s   for   runs   wi th   310  gm  of  water   and  of  1  m i n u t e  
d u r a t i o n   n o t e d .   R e s u l t s   were  as  f o l l o w s :  

(a)  in  a l l   c a s e s ,   b e s t   power  a b s o r p t i o n   u s u a l l y   o c c u r r e d  
at   s u p p o r t   t h i c k n e s s e s   of  1 /4"   and  1 / 2 " .  
(b)  t y p i c a l   maximum  t e m p e r a t u r e - r i s e s   w e r e :  

S q u a r e   s i d e  

In  each  of  t h e s e   t e s t s ,   a  s u b s t a n t i a l   improvemen t   o f  

power  a b s o r p t i o n   r e s u l t e d   from  use  of  the  n o n - r e f l e c t i n g  

e n e r g y   c o v e r s ,   the   l a r g e s t   improvement   g e n e r a l l y   c o r r e s -  
p o n d i n g   to  a  r ange   of  f o i l   a r ea   of  from  50  to  80%  of  t o t a l  

cover   a r e a ,   the   n o n - r e f l e c t i n g   ene rgy   c o v e r s   hav ing   t y p i c a l  
d i m e n s i o n s   of  14.1  by  11 .3   cm.  I t   is  b e l i e v e d   t h a t   power  
a b s o r p t i o n   was  l i m i t e d   by  d i e l e c t r i c   s t r e n g t h   of  the  p a p e r  
and  by  l ack   of  p r e c i s i o n   in  p r e p a r a t i o n   and  m o u n t i n g   o f  
the   f o i l   s q u a r e s .  



Example  2 
Fo i l   S q u a r e s   On  Other   S u b s t r a t e s :  

(a)  Using  the  f o r e g o i n g   p r o c e d u r e   and  n o n - r e f l e c t i n g   e n e r g y  
c o v e r s   us ing   f o i l   s q u a r e s   22  mm  on  a  s i de   mounted  on  . 0 0 4 5 "  
M y l a r  ®  a n d   .010"  o r i e n t e d   p o l y s t y r e n e   s h e e t   at  1 / 2 "  
s e p a r a t i o n   from  a  f i l l   c o m p r i s e d   of  310  gm  of  w a t e r ,  
t e m p e r a t u r e - r i s e s   of  22.0  and  23.5  C  were  r e c o r d e d ,   r e s -  

p e c t i v e l y ,   r e p r e s e n t i n g   33.3  and  42.4%  i m p r o v e m e n t s ,   a n d  

power  l e v e l s   of  476  and  508  w a t t s .  
The  g r e a t e r   t e m p e r a t u r e - s t a b i l i t y   of  the   Mylar  s u b -  

s t r a t e   p e r m i t t e d   e x t e n d e d   r u n s .   For  2  m i n u t e   r u n s ,   t h e  
b lank  gave  a  24.0°C  t e m p e r a t u r e   r i s e ,   wh i l e   a  Mylar  n o n -  
r e f l e c t i n g   e n e r g y   cover   us ing   f o i l   s q u a r e s   2.2  cm  on  a  
s ide   gave  a  43.5°C  r i s e ,   for  an  improvemen t   of  81.3%,  a n d  

r e s p e c t i v e   power  l e v e l s   of  259  and  470  w a t t s .   C o m p a r a t i v e  
e x p e r i m e n t s   were  a l s o   run  for  the  t h a w i n g   of  ice  at  - 2 0 ° C .  

(b)  Using  the  same  n o n - r e f l e c t i n g   e n e r g y   c o v e r ,   t h a w i n g ,  
gauged  by  the  w e i g h t   of  l i q u i d   as  a  f u n c t i o n   of  t i m e ,   was  
about   20%  more  r a p i d ,   and  m e l t i n g   was  q u a l i t a t i v e l y   m o r e  
un i fo rm  than   for   the  u n m o d i f i e d   c o n t a i n e r .  

Example  3 
Use  of  C o m p o s i t i o n s   of  Meta l   P a r t i c l e s   in  D i e l e c t r i c -  
Aluminum  P a i n t :  

N o n - R e f l e c t i n g   e n e r g y   c o v e r s   were  p r e p a r e d   u s i n g  
s t a t i o n a r y   p a p e r ,   as  b e f o r e ,   to  which  was  a p p l i e d   c o m p o s i -  
t i o n s   of  o r d i n a r y ,   d o m e s t i c   aluminum  s p r a y   p a i n t .   I n  

a t t e m p t i n g   to  a c h i e v e   as  un i fo rm  c o v e r a g e   as  p o s s i b l e ,  
p a i n t   t h i c k n e s s e s   of  about   .001"  were  o b t a i n e d .   The 

r e s u l t i n g   n o n - r e f l e c t i n g   ene rgy   c o v e r s   were  mounted   o n  
a  1 /2"   s t y r o f o a m   s u p p o r t ,   as  d i s c u s s e d   a b o v e ,   and  power  
a b s o r p t i o n   r e s u l t s   for  310  gm  wa te r   s amp le s   were  c o m p a r e d  
wi th   p r e v i o u s   b lank   r e s u l t s .   A  t y p i c a l   t e m p e r a t u r e   r i s e  
of  20.0°C  was  o b t a i n e d ,   r e p r e s e n t i n g   an  a b s o r p t i o n   i n c r e a s e  
of  21.2%  and  a  power  a b s o r p t i o n   r a t e   of  432  w a t t s .  



Example  4 
Commerc i a l   Foods  P r o d u c t s  
1.  PROCEDURE:  A  b a s i c   c a l o r i m e t e r   was  c o n s t r u c t e d ,   u s i n g  

a  p o l y e t h y l e n e   box  of  s u f f i c i e n t   s i z e   to  accommodate  a  f o o d  

s a m p l e ,   and  800  ml  of  w a t e r ,   or  1200  ml  of  water   a l o n e ,  
such  t h a t   2"  t h i c k   s t y r o f o a m   box  e n c l o s e d   the  p o l y e t h y l e n e  
box.  The  s t y r o f o a m   box  was  l i n e d   wi th   aluminum  f o i l ,   a s  

was  i t s   c o v e r ,   and  the  cover   was  g a s k e t e d   with  a  d o u b l e  
bead  of  s i l i c o n e   r u b b e r   m a t e r i a l .   S u b s e q u e n t   to  m i c r o w a v e  

oven  h e a t i n g   of  a  food  s a m p l e ,   t h e  s a m p l e   was  p l a c e d   in  t h e  

p o l y e t h y l e n e   box  wi th   800  ml  of  water   and  a  t h e r m o m e t e r ,  
both  box  and  t h e r m o m e t e r   be ing   p r e - e q u i l i b r a t e d   to  t h e  
wa te r   t e m p e r a t u r e ,   and  the  p o l y e t h y l e n e   box  was  p l a c e d  
w i t h i n   t he   e n c l o s i n g   s t y r o f o a m   box  for  a  s u f f i c i e n t   i n t e r -  
val   to  g ive   e q u i l i b r a t i o n   be tween  the  food  and  wi th   t h e  

w a t e r ,   t h e r m o m e t e r ,   and  p o l y e t h y l e n e   box,  t h i s   i n t e r v a l  

r a n g i n g   from  6  to  10  m i n u t e s .   I t   was  found  t h a t   for  a  
1200  ml  w a t e r   b l ank   r u n ,   and  a  t e m p e r a t u r e   d i f f e r e n c e   o f  

24.5°C  be tween   the  wate r   (and  p o l y e t h y l e n e   box)  and  r o o m ,  
the   h e a t   l o s s   was  o n l y   of  the   o r d e r   of  4.5  w a t t s   over  a  
10  m i n u t e   m e a s u r i n g   i n t e r v a l .   Combined  w a t e r ,   t h e r m o m e t e r ,  
and  p o l y e t h y l e n e   box  hea t   c a p a c i t i e s   were  c a l c u l a t e d   a t  
893 .5   c a l / C .  
2.  TYPICAL  FOOD  TEST:  Using  S t o u f f e r  ®   " S c a l l o p e d  
C h i c k e n   and  N o o d l e s "   s a m p l e s   o b t a i n e d   d i r e c t l y   from  t h e  
m a n u f a c t u r e r   and  n o m i n a l l y   w e i g h i n g   326  gm,  which  use  t h e  
A lcan   C a t a l o g u e   No.  445-3  f o i l   c o n t a i n e r ,   c o m p a r a t i v e  
t e s t s   were  r u n .   Samples   wi th   the  f o i l / c a r d b o a r d   l i n e r  
removed  were  h e a t e d   for   6  m i n u t e s ,   and  then   t e s t e d   a c c o r d -  

ing  to  the  p r o c e d u r e   no t ed   above .   For  the  u n m o d i f i e d  

b l a n k ,   a  food  t e m p e r a t u r e - r i s e   of  29 .0°C  was  n o t e d ,   w h i l e  
the   wa t e r   (and  p o l y e t h y l e n e   box)  t e m p e r a t u r e - r i s e   was  
8 . 0 ° C .   With  a  n o n - r e f l e c t i n g   e n e r g y   cover   at  an  a p p r o x i -  
m a t e l y   13  mm  s e p a r a t i o n   from  the  f i l l   and  us ing   20  f o i l  

s q u a r e s   22  mm  on  a  s i d e ,   the   r e s p e c t i v e   t e m p e r a t u r e - r i s e s  



were  31.5  and  10 .5°C .   Assuming  a  food  heat   c a p a c i t y   o f  

0 .7 ,   the  m o d i f i e d   c o n t a i n e r   showed  a  20.2%  i n c r e a s e   i n  

a b s o r p t i o n   over  the  b l a n k .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h  

r e s p e c t   to  the  f i g u r e s .  
F i g u r e   1  is  an  e m p i r i c a l   r e p r e s e n t a t i o n   of  the  e f f e c t  

of  the  p r e s e n t   i n v e n t i o n .   A  cover   hav ing   an  e f f e c t i v e l y  
high  d i e l e c t r i c   c o n s t a n t   is  shown  at  10.  This   cover  i s  

c o m p r i s e d   of  a  d i e l e c t r i c   m a t e r i a l   l i d   12  hav ing   a 

p l u r a l i t y   of  m e t a l l i c   i s l a n d s   14  l o c a t e d   t h e r e o n .   The 

c o m b i n a t i o n   forms  a  d i e l e c t r i c   a r r a y   top .   The  m e t a l l i c  

i s l a n d s   can  be  r e c t a n g u l a r   and  have  w i d t h s   and  l e n g t h s  
which  are  a d v a n t a g e o u s l y   l e s s   than   o n e - q u a r t e r   w a v e l e n g t h  
of  the  microwave  e n e r g y .   I t   is  p r e f e r r e d   t h a t   they   h a v e  
d i m e n s i o n s   which  are  l e s s   than   o n e - h a l f   a  w a v e l e n g t h   i n  

o r d e r   to  avoid   the  p r o p a g a t i o n   of  modes  which  y i e l d   h i g h  
e l e c t r i c   f i e l d   v o l t a g e s   a long   the  p e r i m e t e r s   of  t h e  
i s l a n d s   to  p r e v e n t   a r c i n g .   I t   has  been  found  t h a t   a  h i g h  
e f f e c t i v e   d i e l e c t r i c   c o n s t a n t   can  be  a c h i e v e d   u s ing   many  
sma l l   i s l a n d s   which  p r o v i d e   good  i n i t i a l   t r a n s m i s s i o n   o f  

the  microwave   ene rgy   i n t o   the  volume  d e f i n e d   by  the  p a n  
and  l i d .  

A  ground  p lane   16  is  p r o v i d e d   e i t h e r   by  u s ing   a  
m e t a l l i c   pan  having   a  m e t a l l i c   bot tom  and  s i d e s   or  by  a  
n o n - m e t a l l i c   pan  having   a  c o n d u c t i v e   bot tom  i n t i m a t e l y  
a s s o c i a t e d   t h e r e w i t h .   Such  a  bot tom  could   be  a  m e t a l l i c  
f o i l   a p p l i e d   to  a  paper  or  p l a s t i c   p a n .  

F i g u r e   1  does  not  show  the  pan  which  is  b a s i c a l l y  
i r r e l e v a n t   to  the  i n v e n t i o n   as  long  as  a  m e t a l l i c   g r o u n d  
p l a n e   is  p r o v i d e d .   I t   s hou ld   be  no ted   t h a t   a  ground  p l a n e  
is  not  e s s e n t i a l   to  the  o p e r a t i o n   of  the  i n v e n t i o n   s i n c e  

the  f o o d s t u f f   i t s e l f   can  be  c o n s i d e r e d   to  be  poor  g r o u n d  
p l a n e .   However,   optimum  r e s u l t s   are  a c h i e v e d   us ing   a 
ground  p lane   as  w i l l   be  seen  from  F i g u r e   1 .  



A  f o o d s t u f f   18  to  be  h e a t e d   is  l o c a t e d   d i r e c t l y   on  t h e  

g round   p l a n e   16  and  s p a c e d   below  the  a r r a y   d i e l e c t r i c   t o p  
10.  As  was  m e n t i o n e d   a b o v e ,   t h i s   s p a c i n g   r a n g e s   f r o m  

be tween   .8  and  2  cm.  at  the  c u r r e n t l y   used  m i c r o w a v e  

f r e q u e n c y   of  2450  MHz.  I t   s h o u l d   be  no ted   t h a t   t h i s   r a n g e  
of  s p a c i n g   w i l l   change  if   the  microwave   f r e q u e n c y   i s  

a l t e r e d   and  is   more  g e n e r a l l y   e x p r e s s e d   as  from  X/15  t o  

A/6  of  a  w a v e l e n g t h   of  the  mic rowave   e n e r g y   u s e d .  
The  a c t i o n   of  the  c o m b i n a t i o n   of  a r r a y   d i e l e c t r i c   t o p ,  

f o o d s t u f f   and  g round   p l a n e   is  very   s c h e m a t i c a l l y   shown  i n  

F i g .   1.  D e s t r u c t i v e   i n t e r f e r e n c e   in  the  p l a n e   of  the  h i g h  
d i e l e c t r i c   top  a c c o m p l i s h e s   the  d e s i r e d   e f f e c t .   I n c i d e n t  

e n e r g y   20  a r r i v e s   at  t he   top   p l a n e   and  the  m a j o r i t y   of  t h e  

e n e r g y   e n t e r s   a i r   space   22  and  f o o d s t u f f   18.  A  s m a l l  

amount  of  the   e n e r g y   24  is  shown  be ing   r e f l e c t e d   from  t h e  

t o p   p l a n e .   The  e n e r g y   which  p a s s e s   t h rough   the  top  p l a n e  
e n t e r s   the   f o o d s t u f f   18  w h i c h ,   b e c a u s e   is  i t   l o s s y ,  
a b s o r b s   e n e r g y   and  i s  c o o k e d .   Some  of  the  e n e r g y   p a s s e s  
t h r o u g h   the   f o o d s t u f f   and  is  r e f l e c t e d   from  the  g r o u n d  
p l a n e   16  and  i s   r e t r a n s m i t t e d   t h r o u g h   the  f o o d s t u f f   18 
where   i t   i s   f u r t h e r   a b s o r b e d .   Some  of  the  ene rgy   26,  i s  
r e f l e c t e d   d i r e c t l y   from  the  s u r f a c e   of  the  f o o d s t u f f .  
The  e n e r g y   which  was  not  a b s o r b e d   by  the  f o o d s t u f f   in  i t s  
f i r s t   r e f l e c t i o n   from  the  g round   p l a n e   a r r i v e s ,   o n c e  
a g a i n ,   at  the   top   p l a n e   where   the  v a s t   m a j o r i t y   i s  
r e f l e c t e d   back  i n t o   the  f o o d s t u f f .   This   p r o c e s s   i s  
c o n t i n u e d   u n t i l   a l l   the   e n e r g y   is  e i t h e r   a b s o r b e d   by  t h e  
f o o d s t u f f   or  t r a n s m i t t e d   back  out  i n t o   the  g e n e r a l   i n t e r i o r  
of  the   mic rowave   oven  t h r o u g h   the  top  p l a n e .   The  r a t i o   o f  

e n e r g y   a b s o r b e d   by  the  f o o d s t u f f   to  the  e n e r g y   e s c a p i n g  
from  the   top  p l ane   has  been  found  to  be  very  h igh .   T h i s  

p r o c e s s   r e s u l t s   in  a  very   e f f i c i e n t   c o n c e n t r a t i o n   o f  

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

a d v a n t a g e o u s   r e s u l t   of  an  even  cook ing   of  the  f o o d s t u f f   i n  
the   h o r i z o n t a l   p l a n e .  



As  can  be  seen  from  F i g .   1  a  smal l   d e g r e e   o f  

r e f l e c t i o n   does  take  p l ace   in  the  p l ane   of  the  c o v e r .  

However ,   s i n c e   the  amount  of  r e f l e c t i o n   is  so  smal l   t h e  

term  " n o n - r e f l e c t i n g   e n e r g y   cover"   is  m a i n t a i n e d  

t h r o u g h o u t   the  d i s c l o s u r e .  

F i g u r e   2  shows  a  g e n e r a l l y   r e c t a n g u l a r   c o n t a i n e r   30 

c o n t a i n i n g   a  f o o d s t u f f   which  f i l l s   the  c o n t a i n e r   t o  

a p p r o x i m a t e l y   the  t op .   The  c o n t a i n e r   can  be  of  a  p l a s t i c  
m a t e r i a l   with  a  m e t a l l i c   ground  p lane   (not  shown)  a f f i x e d  
to  i t s   bo t tom.   A  more  p r e f e r a b l e   embod imen t ,   and  t h e  

embodiment   shown,  u t i l i z e s   a  m e t a l l i c   c o n t a i n e r   hav ing   a 
bottom  32  and  s i d e s   34.  A  m e t a l l i c   l i p   36  s u r r o u n d s   t h e  

top  of  the  pan  p o r t i o n   of  the  c o n t a i n e r .   The  c o n t a i n e r   i s  

c o m p l e t e d   wi th   a  l i d   38.  The  l i d   is  made  of  a  d i e l e c t r i c  
m a t e r i a l   having   a  r e l a t i v e l y   low  d i e l e c t r i c   l o s s   f a c t o r .  

An  example  of  a  s u i t a b l e   m a t e r i a l   is  p o l y e t h y l e n e   p o l y e s t e r  
f i l m .  

The  top  40  of  the  l i d   is  g e n e r a l l y   f l a t   and  i s  

o r i e n t a t e d   so  as  to  be  g e n e r a l l y   p a r a l l e l   to  the  s u r f a c e  

of  the  f o o d s t u f f .   A  s ide   r e g i o n   42  is  p r o v i d e d   a round   t h e  

p e r i m e t e r   of  the  l i d   and  mates   with  a  c i r c u m f e r e n t i a l   s t e p  
44  which  is  d e s i g n e d   to  r e s t   on  l i p   36  of  the  pan.   The 
s ide   r e g i o n   42  has  a  h e i g h t   d i m e n s i o n   which  l o c a t e s   t h e  

top  s u r f a c e   40  w i t h i n   the  range   above  the  s u r f a c e   of  t h e  
f o o d s t u f f   d e s c r i b e d   above .   A  p r e f e r r e d   embodiment   of  t h e  
l i d   has  a  downwardly   and  o u t w a r d l y   s l o p i n g   s k i r t   46 
a t t a c h e d   to  the  s t e p   44.  This   s k i r t   l i m i t s   the  p r o x i m i t y  
of  the  p l a c e m e n t   of  the  m e t a l l i c   pan  to  the  mic rowave   o v e n  
w a l l s   which  e f f e c t i v e l y   e l i m i n a t e s   any  p o s s i b i l i t y   o f  

a r c i n g .   The  s k i r t   a l s o   t ends   to  lock  or  hold  the  l i d   on  
the  pan  by  v i r t u e   of  f r i c t i o n   due  to  the  l i p   of  the  p a n .  

M e t a l l i c   i s l a n d s   48  are   p l a c e d   on  the  top  s u r f a c e   40 
and,  as  m e n t i o n e d   a b o v e ,   combine  with  the  d i e l e c t r i c  
m a t e r i a l   of  the  l i d   to  p r o v i d e   a  r e g i o n   of  e f f e c t i v e   h i g h  
d i e l e c t r i c   over  v i r t u a l l y   the  e n t i r e   s u r f a c e   a rea   of  t h e  

l i d .   The  s u r f a c e   a rea   of  the  m e t a l l i c   i s l a n d s   s h o u l d  



p r e f e r a b l y   be  be tween  50  and  80  p e r c e n t   of  the  s u r f a c e  

a r e a   of  the  top  of  the  l i d   40.  The  a r r a y   of  i s l a n d s   48 

are   shown  in  F i g .   2  as  be ing   r e c t a n g u l a r   i s l a n d s   fo rming   a 

r e g u l a r   r e c t a n g u l a r   a r r a y .   This   p a r t i c u l a r   c o n f i g u r a t i o n  
is  not  e s s e n t i a l   to  the  o p e r a t i o n   of  the   i n v e n t i o n   but  h a s  

been  found  to  f u n c t i o n   w e l l .  

F i g u r e   3  is   the  c i r c u l a r   embod imen t .   In  t h i s   f i g u r e  
e l e m e n t s   which  are   the  same  as  e l e m e n t s   in  F i g u r e   2  b e a r  
l i k e   r e f e r e n c e   n u m e r a l s .   The  m e t a l l i c   i s l a n d s   48  a r e  
a r r a n g e d   in  two  a x i a l l y   s y m m e t r i c a l   r i n g s .   Once  a g a i n ,  
the  c o n f i g u r a t i o n   shown  p r o v i d e s   a  m e t a l l i c   s u r f a c e   a r e a  
which  is  in  the   n e i g h b o r h o o d   of  from  50  to  80  p e r c e n t   o f  
the  s u r f a c e   a r e a   of  the  top  40.  In  the  c o n f i g u r a t i o n  
shown  t h e r e   a re   s ix   i s l a n d s   in  the  i n n e r   r i n g   and  e i g h t   i n  

the  o u t e r   r i n g .   The  c o n f i g u r a t i o n   shown  p r o v i d e s   for  an  

even  h e a t i n g   of  the   f o o d s t u f f   in  the  h o r i z o n t a l   p l a n e .  
F i g u r e   4  is   a  p e r s p e c t i v e   view  of  a  m u l t i - c o m p a r t m e n t  

c o n t a i n e r   for   use  in  h e a t i n g ,   for  e x a m p l e ,   a  "TV"  d i n n e r  

( t r a d e   m a r k ) .   By  u s i n g   the  p r o c e s s   d e s c r i b e d   above ,   a  
c o n t r o l l e d   h e a t i n g   of  v a r i o u s   c o m p a r t m e n t s   w i t h i n   pan  30 

can  be  a c h i e v e d .   In  F i g .   4,  pan  30  i n c l u d e s   o u t e r   s i d e  
w a l l s   34  and  i n t e r i o r   compar tmen t   w a l l s   which  f o r m  

c o m p a r t m e n t s   50,  51,  52  and  53.  C o m p a r t m e n t s   50  and  53 
c o n t a i n   f o o d s t u f f s   r e q u i r i n g   high  h e a t i n g   as ,   for  e x a m p l e ,  
meat  and  p o t a t o e s .   In  o r d e r   .to  do  t h i s ,   an  a r r a y  
d i e l e c t r i c   c o n s i s t i n g   of  d i e l e c t r i c   m a t e r i a l   40  a n d  
m e t a l l i c   i s l a n d s   48  is  l o c a t e d   on  the  l i d   38  d i r e c t l y   o v e r  
t h e s e   c o m p a r t m e n t s .   A  high  heat   c o n c e n t r a t i o n   a n d  

u n i f o r m i t y   of  h e a t i n g   is  a c h i e v e d   in  t h e s e   c o m p a r t m e n t s   a s  
was  d i s c u s s e d   a b o v e .   Compar tment   52  r e q u i r e s   medium 

h e a t i n g   to  warm,  for  e x a m p l e ,   a  f r o z e n   d e s s e r t ,   a n d  
t h e r e f o r e   m e r e l y   has  the  d i e l e c t r i c   m a t e r i a l   d i r e c t l y   o v e r  
i t .   Compar tmen t   52  is  hea t ed   in  the  c o n v e n t i o n a l   m a n n e r .  

Compar tmen t   51  c o n t a i n s ,   for  e x a m p l e ,   a  green  v e g e t a b l e  
and  r e q u i r e s   l i t t l e   h e a t i n g .   As  a  r e s u l t ,   m e t a l l i c   s h i e l d  



54  is  a f f i x e d   d i r e c t l y   over  t h i s   c o m p a r t m e n t .   S u f f i c i e n t  

microwave   e n e r g y   l e a k s   a round  the  s h i e l d   to  heat   t h e  

c o n t e n t s   of  t h i s   c o m p a r t m e n t .   In  a d d i t i o n ,   the  c o n t e n t s  
of  the  compar tmen t   are  p a r t i a l l y   h e a t e d   by  c o n d u c t i v e  

h e a t i n g   from  the  s u r r o u n d i n g   c o m p a r t m e n t s .  
In  the  embodiment   shown  in  F i g .   4,  v a r i o u s   f o o d s t u f f s  

r e q u i r i n g   v a r i o u s   h e a t i n g   needs   are  h e a t e d   so  t h a t   a l l   t h e  

f o o d s t u f f s   are  r e ady   for  c o n s u m p t i o n   at  the  same  t i m e .  

I t   s hou ld   be  no ted   t h a t   any  of  the  c o v e r s   d e s c r i b e d  
above  can  be  f i t t e d   wi th   v e n t i n g   a p e r t u r e s   t o  a l l o w   s t e a m  

g e n e r a t e d   in  the  cook ing   p r o c e s s   to  e s c a p e   w i t h o u t  

d e f o r m i n g   e i t h e r   the  pan  or  c o v e r .  
I t   s h o u l d   a l so   be  noted   t h a t   the  cover   d e s c r i b e d  

h e r e i n   cou ld   be  used  wi th   a  r i g i d   r e u s a b l e   d i sh   o r  

p e r m a n e n t   c o o k i n g   c o n t a i n e r   and  t h a t   the  cover   i t s e l f  
cou ld   be  r e u s a b l e .  



1.  A  package   c o n t a i n i n g   an  a r t i c l e   of  f o o d s t u f f ,   s a i d  
f o o d s t u f f   be ing   c a p a b l e   of  being  h e a t e d   in  a  m i c r o w a v e  

o v e n ,  
s a i d   package   be ing   c h a r a c t e r i z e d   by 
a  f o o d s t u f f   h o l d i n g   pan  (30 ) ,   sa id   pan  hav ing   a  b o t t o m  

( 3 2 ) ,   s i d e   w a l l s   (34)  and  an  open  top  and  a  n o n - r e f l e c t i n g  

e n e r g y   cover   (38)  for   s a i d   pan,   s a id   cover   (38)  be ing   i n  

the  form  of  s u b s t a n t i a l l y   un i fo rm  d i e l e c t r i c   m a t e r i a l s  

(40)  hav ing   d i e l e c t r i c   c o n s t a n t s   g r e a t e r   than   10  and  f o r  
which  the  c h a r a c t e r i s t i c s   of  r e f l e c t a n c e   and  t r a n s m i t t a n c e  

are   f u n c t i o n s   of  t h i c k n e s s   or  in  the  form  of  a  d i e l e c t r i c  
s u b s t r a t e   hav ing   m e t a l   powder  or  f l a k e s   d i s p e r s e d   t h e r e i n  

or  t h e r e o n   and  for   which  the  c h a r a c t e r i s t i c s   of  r e f l e c t a n c e  
and  t r a n s m i t t a n c e   are   at  l e a s t   e q u i v a l e n t   to  t h o s e   o b t a i n e d  

from  s a i d   un i fo rm  d i e l e c t r i c   m a t e r i a l s   or  in  the  form  o f  

a r r a y s   of  c o n d u c t o r s   (48)  on  or  embedded  in  a  d i e l e c t r i c  

s u b s t r a t e   and  for   which  the  c h a r a c t e r i s t i c s   of  r e f l e c t a n c e  
and  t r a n s m i t t a n c e   are   at  l e a s t   e q u i v a l e n t   to  t h o s e   o b t a i n e d  
from  s a i d   u n i f o r m   d i e l e c t r i c   m a t e r i a l s ,   and  be ing   s p a c e d  
from  the  top  s u r f a c e   of  the  f o o d s t u f f   (18)  a  d i s t a n c e   o f  

abou t   0.8  to  2  cm.  at  a  f r e q u e n c y   of  2450  MHz.,  t h e  
c h a r a c t e r i s t i c s   of  the  cover   and  the  s p a c i n g   t h e r e o f   f r o m  

the   f o o d s t u f f   p e r m i t t i n g   p a s s a g e   of  microwave   r a d i a t i o n  

t h r o u g h   the  cover   i n t o   the  p a c k a g e  w h i l e   i n t e r f e r i n g   w i t h  

r e f l e c t e d   r a d i a t i o n   w i t h i n   the  p a c k a g e ,   t h e r e b y   r e t a i n i n g  
and  c o n c e n t r a t i n g   the  mic rowave   ene rgy   w i t h i n   the  p a c k a g e .  

2.  A  package   a c c o r d i n g   to  c l a im  1  f u r t h e r  

c h a r a c t e r i z e d   by  the  pan  (30)  is  an  aluminum  f o i l   p a n .  
3.  A  package   a c c o r d i n g   to  c la im  2  f u r t h e r  

c h a r a c t e r i z e d   by  s a i d   cover   (38)  is  c o m p r i s e d   of  a  
d i e l e c t r i c   s u b s t r a t e   (40)  hav ing   meta l   powder  or  f l a k e s  

(48)  d i s p e r s e d   t h e r e i n   or  t h e r e o n   and  for  which  t h e  

c h a r a c t e r i s t i c s   of  r e f l e c t a n c e   and  t r a n s m i t t a n c e   are  a t  



l e a s t   e q u i v a l e n t   to  t h o s e   o b t a i n e d   from  sa id   u n i f o r m  
d i e l e c t r i c   m a t e r i a l s .  

4.  A  package   a c c o r d i n g   to  c l a im  3  f u r t h e r  

c h a r a c t e r i z e d   by  the  d i e l e c t r i c   s u b s t r a t e   (40)  is  a  l o w  

l o s s   d i e l e c t r i c   p a p e r .  
5.  A  package   a c c o r d i n g   to  c l a im  2  f u r t h e r  

c h a r a c t e r i z e d   by  sa id   cover   (38)  is  c o m p r i s e d   of  s a i d  

a r r a y s   of  c o n d u c t o r s   (48)  on  or  embedded  in  a  d i e l e c t r i c  

s u b s t r a t e   (40)  and  for  which  the  c h a r a c t e r i s t i c s   o f  

r e f l e c t a n c e   and  t r a n s m i t t a n c e   are  at  l e a s t   e q u i v a l e n t   t o  
t h o s e   o b t a i n e d   from  s a id   un i fo rm  d i e l e c t r i c   m a t e r i a l s .  

6.  A  package   a c c o r d i n g   to  c l a im  5  f u r t h e r  

c h a r a c t e r i z e d   by  the  c o n d u c t o r s   (48)  are  me ta l   or  m e t a l  
f o i l   shapes   hav ing   s ide   d i m e n s i o n s   and  s p a c i n g   from  e a c h  

o t h e r   of  l e s s   t han   one  w a v e l e n g t h   of  the  microwave   e n e r g y .  
7.  A  package   a c c o r d i n g   to  c l a im   6  f u r t h e r  

c h a r a c t e r i z e d   by  the  me ta l   f o i l   s h a p e s   (48)  form  i s l a n d s  

on  or  in  the  d i e l e c t r i c   s u b s t r a t e   (40) ,   wi th   the  f o i l  

s h a p e s   r e p r e s e n t i n g   50  to  80%  of  the  t o t a l   a rea   of  t h e  

c o v e r .  
8.  A  package   a c c o r d i n g   to  c l a im   7  f u r t h e r  

c h a r a c t e r i z e d   by  the  d i e l e c t r i c   s u b s t r a t e   (40)  is  a 
c e l l u l o s i c   or  p l a s t i c   r e s i n o u s   s h e e t   or  f i lm  hav ing   a  l o w  

d i e l e c t r i c   l o s s   f a c t o r .  

9.  A  package   a c c o r d i n g   to  c l a im   8  f u r t h e r  
c h a r a c t e r i z e d   by  the  f o i l   s h a p e s   (48)  are  aluminum  f o i l  

s h a p e s .  
10.  A  package   a c c o r d i n g   to  c l a i m   9  f u r t h e r  

c h a r a c t e r i z e d   by  the  f o i l   s h a p e s   (48)  are  g e n e r a l l y  

r e c t a n g u l a r   or  s q u a r e .  
11.  A  package   a c c o r d i n g   to  c l a im   7  f u r t h e r  

c h a r a c t e r i z e d   by  the  d i s t a n c e   be tween   the  top  of  t h e  
f o o d s t u f f   (18)  and  the  n o n - r e f l e c t i n g   e n e r g y  c o v e r   (10)  i s  

abou t   1.2  to  1.5  cm.  at  a  f r e q u e n c y   of  2450  MHz. 
12.  A  method  of  h e a t i n g   in  a  mic rowave   oven ,   a 

f o o d s t u f f   in  a  f o o d s t u f f   h o l d i n g   pan  ( 3 0 ) ,  



the   method  b ieng  c h a r a c t a r i z e d   by  the  s t e p s   o f :  

p l a c i n g   over  the  open  top  of  the  pan  at  a  d i s t a n c e   o f  
abou t   0.8  to  2  cm.  at  a  f r e q u e n c y   of  2450  MHz.  above  t h e  
f o o d s t u f f   a  n o n - r e f l e c t i n g   e n e r g y   cover   (38) ,   s a i d   c o v e r  
be ing   in  the  form  of  s u b s t a n t i a l l y   un i fo rm  d i e l e c t r i c  
m a t e r i a l s   hav ing   d i e l e c t r i c   c o n s t a n t s   g r e a t e r   than  10  a n d  
for   which  the  c h a r a c t e r i s t i c s   of  r e f l e c t a n c e   a n d  

t r a n s m i t t a n c e   are   f u n c t i o n s   of  t h i c k n e s s   or  in  the  form  o f  

a  d i e l e c t r i c   s u b s t r a t e   (40)  hav ing   me ta l   powder  or  f l a k e s  

(48)  d i s p e r s e d   t h e r e i n   or  t h e r e o n   and  for  which  t h e  

c h a r a c t e r i s t i c s   of  r e f l e c t a n c e   and  t r a n s m i t t a n c e   are  a t  
l e a s t   e q u i v a l e n t   to  t h o s e   o b t a i n e d   from  s a id   u n i f o r m  
d i e l e c t r i c   m a t e r i a l s   or  in  the   form  o f  a r r a y s   o f  
c o n d u c t o r s   (48)  on  or  embedded  in  a  d i e l e c t r i c   s u b s t r a t e  

(40)  and  for   which  the  c h a r a c t e r i s t i c s  o f   r e f l e c t a n c e   a n d  

t r a n s m i t t a n c e   are  at  l e a s t   e q u i v a l e n t   to  t hose   o b t a i n e d  
from  s a i d   un i fo rm  d i e l e c t r i c   m a t e r i a l s ,   and  s u b j e c t i n g  
s a i d   n o n - r e f l e c t e d   e n e r g y   cover   (10)  and  f o o d s t u f f   (18)  t o  
mic rowave   e n e r g y   for   a  p e r i o d   of  t ime  s u f f i c i e n t   to  h e a t  

or  cook  the  f o o d s t u f f ,   s a i d   cover   p e r m i t t i n g   p a s s a g e   o f  
mic rowave   r a d i a t i o n   i n t o   the  pan  w h i l e   i n t e r f e r i n g   w i t h  
r e f l e c t e d   r a d i a t i o n   w i t h i n   the  p a c k a g e ,   t h e r e b y   r e t a i n i n g  
and  c o n c e n t r a t i n g   the  mic rowave   e n e r g y   w i t h i n   the  p a n .  

13.  A  method  a c c o r d i n g   to  c l a i m   12  f u r t h e r  
c h a r a c t e r i z e d   by  the  pan  (30)  is  an  aluminum  f o i l   p a n .  

14.  A  method  a c c o r d i n g   to  c l a i m   12  or  13  f u r t h e r  
c h a r a c t e r i z e d   by  the  mic rowave   e n e r g y   is  a p p l i e d   for  a  
t ime  and  i n t e n s i t y   s u f f i c i e n t   to  hea t   or  cook  the  f o o d s t u f f  

(18)  and  brown  a n d / o r   c r i s p e n   the  s u r f a c e   t h e r e o f .  
15.  A  c o n t a i n e r   for  use  in  h e a t i n g   a  f o o d s t u f f   (18)  

wi th   microwave   e n e r g y  
s a i d   c o n t a i n e r   be ing   c h a r a c t e r i z e d   by 
a  f o o d s t u f f   h o l d i n g   pan,   (30)  and  a  top  cover   ( 3 8 ) ,  

s a i d   top  cover   hav ing   a  s h o u l d e r   p o r t i o n   (42)  and  a 
s u b s t a n t i a l l y   p l a n a r   top  s u r f a c e   (40 ) ,   s a id   s h o u l d e r  

p o r t i o n   being  d i m e n s i o n e d   so  as  to  e l e v a t e   s a id   t o p  
s u r f a c e   abou t   from  V15  to  V6  of  s a i d   microwave   e n e r g y  



above  the  s u r f a c e   of  s a i d   f o o d s t u f f ,   s a i d   top  s u r f a c e  

being  c o m p r i s e d   of  an  a r r a y   d i e l e c t r i c ,   s a i d   a r r a y  
d i e l e c t r i c   being  c o m p r i s e d   of  a  p l u r a l i t y   of  m e t a l l i c  
i s l a n d s   (48)  l o c a t e d   on  a  d i e l e c t r i c   s u b s t r a t e   ( 4 0 ) .  

16.  The  c o n t a i n e r   of  c l a im  15,  f u r t h e r   c h a r a c t e r i z e d  

by  s a i d   pan  has  a  m e t a l l i c   bot tom  (32)  which  a c t s   as  a 
ground  p l a n e   to  s a i d   microwave  e n e r g y .  

17.  The  c o n t a i n e r   of  c la im  15,  f u r t h e r   c h a r a c t e r i z e d  

by  s a id   pan  (30)  is  a  m e t a l .  
18.  The  c o n t a i n e r   of  c l a im  15,  f u r t h e r   c h a r a c t e r i z e d  

by  each  of  s a i d   m e t a l l i c   i s l a n d s   (48)  is  c o m p r i s e d   of  a  
m e t a l l i c   f i lm   or  f o i l   bonded  to  s a i d   d i e l e c t r i c   s u b s t r a t e  

( 4 0 ) .  
19.  The  c o n t a i n e r   of  c l a im  18,  f u r t h e r   c h a r a c t e r i z e d  

by  s a i d   f i lm  or  f o i l   is  a p p r o x i m a t e l y   0.001  i n c h e s   t h i c k .  

20.  The  c o n t a i n e r   of  c l a im  15,  f u r t h e r   c h a r a c t e r i z e d  

by  the  m e t a l l i c   i s l a n d s   (48)  have  a  t o t a l   s u r f a c e   a r e a  
which  is  be tween  50  and  80  p e r c e n t   of  the  s u r f a c e   a rea   o f  
the  top  s u r f a c e .  

21.  The  c o n t a i n e r   of  c l a im  15,  f u r t h e r   c h a r a c t e r i z e d  

by  each  of  s a i d   m e t a l l i c   i s l a n d s   (48)  is  c o m p r i s e d   of  a  
m e t a l l i c   f i lm  or  f o i l   embedded  w i t h i n   s a i d   d i e l e c t r i c  
s u b s t r a t e .  

22.  The  c o n t a i n e r   of  c l a im  17,  f u r t h e r   c h a r a c t e r i z e d  

by  sa id   pan  (30)  and  top  cover   (38)  are  g e n e r a l l y  
r e c t a n g u l a r   wi th   cu rved   c o r n e r s   and  w h e r e i n   s a id   pan  has  a 

r a d i a l l y   o u t w a r d l y   e x t e n d i n g   l i p   (36)  and  s a i d   top  c o v e r  
has  a  r a d i a l l y   e x t e n d i n g   s t e p   (44)  c o n n e c t e d   to  s a i d  
s h o u l d e r   p o r t i o n   (42)  for  f r i c t i o n a l   c o o p e r a t i o n   with  s a i d  

l i p .  
23.  The  c o n t a i n e r   of  c la im  22,  f u r t h e r   c h a r a c t e r i z e d  

by  a  downward ly   and  o u t w a r d l y   e x t e n d i n g ,   i n s u l a t i v e   s k i r t  

(46)  is  a t t a c h e d   to  s a i d   s t e p   ( 4 4 ) .  
24.  The  c o n t a i n e r   of  c l a im  17,  f u r t h e r   c h a r a c t e r i z e d  

by  s a i d   pan  (30)  and  s a i d   top  cover   (38)  are   g e n e r a l l y  



c i r c u l a r   and  w h e r e i n   s a i d   pan  has  a  r a d i a l l y   o u t w a r d l y  
e x t e n d i n g   l i p   (36)  and  s a i d   top  cover   has  a  r a d i a l l y  
e x t e n d i n g   s t e p   (44)  c o n n e c t e d   to  s a i d   s h o u l d e r   p o r t i o n  
(42)  for   f r i c t i o n a l   c o o p e r a t i o n   wi th   s a i d   l i p .  

25.  The  c o n t a i n e r   of  c l a im  24,  f u r t h e r   c h a r a c t e r i z e d  

by  a  downward ly   and  o u t w a r d l y   e x t e n d i n g ,   i n s u l a t i v e   s k i r t  

(46)  is  a t t a c h e d   to  s a i d   s t e p   ( 4 4 ) .  
26.  A  c o n t a i n e r   for  use  in  h e a t i n g   a  f o o d s t u f f   (18)  

wi th   mic rowave   e n e r g y ,  
s a i d   c o n t a i n e r   be ing   c h a r a c t a r i z e d   by 

a  g e n e r a l l y   r e c t a n g u l a r   m e t a l l i c   pan  (30)  hav ing   a  

s u b s t a n t i a l l y   f l a t   bot tom  (32) ,   o u t e r   s i de   w a l l s   (34)  a n d  
i n n e r   p a r t i t i o n   w a l l s   f o r m i n g   a  p l u r a l i t y   of  c o m p a r t m e n t s  
(50,  51,  52,  53);  s a i d   c o n t a i n e r   f u r t h e r   i n c l u d i n g   a  

c o o p e r a t i n g   top  cover   ( 3 8 ) ,   s a i d   top  cover   hav ing   a  
s h o u l d e r   p o r t i o n   which  is  c o m p r i s e d   of  an  e x t e r i o r  

s h o u l d e r   p o r t i o n   (42)  and  i n t e r i o r   p a r t i t i o n   s h o u l d e r s ,  
g e n e r a l l y   c o n g r u e n t   wi th   s a i d   inner   p a r t i t i o n   w a l l s   t o  

t h e r e b y   form  a  p l u r a l i t y   of  top  s u r f a c e s   (40) ,   one  o v e r  
each  of  s a i d   p l u r a l i t y   of  c o m p a r t m e n t s   in  a  o n e - t o - o n e  

c o r r e s p o n d e n c e ,   s a i d   e x t e r i o r   s h o u l d e r   p o r t i o n   and  s a i d  
i n n e r   p a r t i t i o n   s h o u l d e r s   be ing   d i m e n s i o n e d   so  as  t o  
e l e v a t e   s a i d   p l u r a l i t y   of  top  s u r f a c e s   above  s a i d  
f o o d s t u f f   from  be tween   X/15  and  X/6  of  s a i d   m i c r o w a v e  

e n e r g y ,   s a i d   top  cover   c o m p r i s i n g   a  d i e l e c t r i c   m a t e r i a l  

(40)  at  each  of  s a i d   p l u r a l i t y   of  top  s u r f a c e s ,   w h e r e i n  
s e l e c t e d   top  s u r f a c e s   f u r t h e r   i n c l u d e   a r r a y s   of  m e t a l l i c  
i s l a n d s   (48)  so  t h a t   s a i d   s e l e c t e d   top  s u r f a c e s   form  a r r a y  
d i e l e c t r i c s   hav ing   r e l a t i v e l y   high  d i e l e c t r i c   c o n s t a n t s ,  
and  w h e r e i n   o t h e r   s e l e c t e d   top  s u r f a c e s   i n c l u d e   a  m e t a l l i c  
f i lm   or  f o i l   (54)  on  s u b s t a n t i a l l y   the  e n t i r e   s u r f a c e   a r e a  
t h e r e o f .  

27.  A  top  (38)  for  use  wi th   a  pan  in  the  m i c r o w a v e  

c o o k i n g   of  a  f o o d s t u f f   ( 1 8 ) ,  
s a i d   top  be ing   c h a r a c t a r i z e d   by 

a  s h o u l d e r   p o r t i o n   (42)  and  a  top  s u r f a c e   p o r t i o n  

(40 ) ,   s a i d   s h o u l d e r   p o r t i o n   be ing   d i m e n s i o n e d   to  c o n t r o l  
the  e l e v a t i o n   of  s a i d   top  s u r f a c e   p o r t i o n   above  s a i d  



f o o d s t u f f   to  from  λ/15  to  V6  of  s a i d   microwave   e n e r g y ,  
s a id   top  s u r f a c e   p o r t i o n   being  c o m p r i s e d   of  a  d i e l e c t r i c  

s u b s t r a t e   (40)  and  a  p l u r a l i t y   of  m e t a l l i c   i s l a n d s   (48)  
fo rming   an  a r r a y   d i e l e c t r i c   hav ing   a  r e l a t i v e l y   h i g h  
d i e l e c t r i c   c o n s t a n t .  

28.  The  top  (38)  a c c o r d i n g   to  c l a im  27  f u r t h e r  
c h a r a c t e r i z e d   by  the  t o t a l   s u r f a c e   a rea   of  s a i d   m e t a l l i c  
i s l a n d s   (48)  is  be tween  50  and  80  p e r c e n t   of  the  s u r f a c e  

a rea   of  s a i d   top  s u r f a c e   p o r t i o n .  
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