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@  Optical  cross  point  switch. 

©  An  optical  crosspoint  switch  has  a  mode-sensitive  reflec- 
tor  (121)  at  the  crosspoint  of  two  crossed  optical  waveguide 
channels  (36,  51).  Mode  switches  (61,  101)  are  coupled  to  the 
channels,  one  (61  )  in  one  channel  upstream  of  the  reflector 
and  the  other  (101)  in  the  other  channel  downstream  of  the 
reflector.  With  the  mode  switches  in  a  non-converting  state 
optical  energy  passes  through  the  crosspoint  without  being 
redirected.  With  the  mode  switches  in  a  converting  state  the 
optical  energy  is  changed  in  mode  by  one  of  the  mode 
switches,  reflected  into  the  other  channel,  and  then  changed 
back  again  in  mode  by  the  other  mode  switch. 

Switches  according  to  the  invention  can  be  used  in  a 
switching  array  suitable  for  use  in  telecommunications 
switching. 
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A n   optical  crosspoint  switch  has  a  mode-sensitive  reflec- 
tor  (121)  at  the  crosspoint  of  two  crossed  optical  waveguide 
channels  (36,  51).  Mode  switches  (61,  101)  are  coupled  to  the 
channels,  one  (61)  in  one  channel  upstream  of  the  reflector 
and  the  other  (101)  in  the  other  channel  downstream  of  the 
reflector.  With  the  mode  switches  in  a  non-converting  state 
optical  energy  passes  through  the  crosspoint  without  being 
redirected.  With  the  mode  switches  in  a  converting  state  the 
optical  energy  is  changed  in  mode  by  one  of  the  mode 
switches,  reflected  into  the  other  channel,  and  then  changed 
back  again  in  mode  by  the  other  mode  switch. 

Switches  according  to  the  invention  can  be  used  in  a 
switching  array  suitable  for  use  in  telecommunications 
switching. 



The  i n v e n t i o n   r e l a t e s   t o   o p t i c a l   c r o s s p o i n t  
s w i t c h e s   f o r   s e l e c t i v e l y   r e d i r e c t i n g   o p t i c a l   wave  e n e r g y  
f r o m   a  f i r s t   one  to   a  s e c o n d   one  of   a  p a i r   of   o p t i c a l  

w a v e g u i d i n g   c h a n n e l s .  

S e v e r a l   p r o p o s a l s   h a v e   b e e n   made  i n   t h e   p a s t  

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

a c o u s t i c - o p t i c   i n t e r a c t i o n   f o r   s e l e c t i v e l y   d e f l e c t i n g   a n  

i n p u t   beam  of   l i g h t   e n e r g y   p r o p a g a t i n g   a l o n g  t h e  a x i s  

o f   an  o p t i c a l   c h a n n e l ,   S u c h   c h a n n e l   i s   c o n v e n t i o n a l l y  

d e f i n e d ,   e . g . ,   on  a  s u b s t r a t e - s u p p o r t e d   f i l m .  

E a c h   o f   s u c h   p r o p o s e d   a c o u s t i c - o p t i c   a r r a n g e m e n t s  

h a s   one  o r   more   d i s a d v a n t a g e s .   In  one  t e c h n i q u e ,   f o r  

e x a m p l e ,   s e p a r a t e   p i e z o e l e c t r i c   t r a n s d u c e r s   m u s t   be  a f f i x e d  

to   t h e   l a t e r a l   e d g e s   of   t h e   s u b s t r a t e   a t   e a c h   of   t h e  

c r o s s p o i n t s ;   t h i s   l e a d s   to   a  c o m p l i c a t e d   a n d   b u l k y   a s s e m b l y .  

In   a n o t h e r   o f   s u c h   a r r a n g e m e n t s ,   t h e   i n p u t   a n d  

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

f a s h i o n   on  o p p o s i t e   s u r f a c e s   of   a  common  s u b s t r a t e .   I n  

a d d i t i o n   to   t h e   c o m p l e x   p r o c e s s i n g   s t e p s   n e c e s s a r y   f o r  

t h i s ,   s u c h   d e s i g n   r e q u i r e s   f o r   i t s   s w i t c h i n g   o p e r a t i o n   t h e  

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

d i s p o s e d   a t   t h e   o p p o s i t e   s u r f a c e s   of  t h e   s u b s t r a t e .  

O p t i c a l   c r o s s p o i n t   m a t r i x   d e s i g n s   u s i n g  

m a g n e t o - o p t i c   c o n v e r s i o n  h a v e   a l s o   b e e n   p r o p o s e d .   T h e s e  

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

a t   l e a s t   one  d i r e c t i o n a l   c o u p l e r   to   e x t r a c t   o n l y   a  p o r t i o n  

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

The  I n s e r t i o n   l o s s   e x h i b i t e d   by  s u c h   s c h e m e   i s   r e l a t i v e l y  



l a r g e   a n d   c u m u l a t i v e   o v e r   t h e   p a t h   of   p r o p a g a t i o n   o f  

an  o p t i c a l   beam  t h r o u g h   t h e   d e v i c e .  

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

i n   t h e   s e c o n d   mode  i n   t h e   f i r s t   c h a n n e l   and   i n c i d e n t   o n  

t h e   s w i t c h   w i l l ,   i f   t h e   m o d e - s w i t c h i n g   m e a n s   a r e  

i n o p e r a t i v e ,   p a s s   t h r o u g h   t h e   s w i t c h   and   c o n t i n u e   p r o p a -  

g a t i n g   in   t h e   s e c o n d   mode  i n   t h e   f i r s t   c h a n n e l .   I f   t h e  

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

c o n v e r t e d   to   t h e   f i r s t   mode  by  t h e   f i r s t   m o d e - s w i t c h i n g  

m e a n s ,   r e d i r e c t e d   to   t h e   s e c o n d   c h a n n e l   by  t h e   m o d e -  

s e n s i t i v e   m e a n s ,   a n d   t h e n   be  r e c o n v e r t e d   to   t h e   s e c o n d  

mode  by  t h e   s e c o n d   m o d e - s w i t c h i n g   m e a n s .  

The  i n v e n t i o n   i s   p a r t i c u l a r l y   s u i t e d   t o  

f a b r i c a t i o n   by  t h i n - f i l m   t e c h n i q u e s   and   c an   be  m a d e  

i n e x p e n s i v e l y   a n d   w i t h   l ow  i n s e r t i o n   l o s s .  

An  e m b o d i m e n t   o f   t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  o f   e x a m p l e   w i t h   r e f e r e n c e   t o   t h e  

a c c o m p a n y i n g   d r a w i n g s   o f   w h i c h : -  

FIG.   1  i s   a  p l a n   v i e w   of   an  o p t i c a l   c r o s s p o i n t  

a r r a y   e m p l o y i n g   t h i n - f i l m   l i g h t   g u i d i n g   p a t h s   t h e r e i n   a n d  

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

i n v e n t i o n ,  

FIG.   2  i s   a  f r a g m e n t a r y   e l e v a t i o n   v i e w   o f   a  

p o r t i o n   o f   t h e   a r r a y   o f   FIG.   1,  i l l u s t r a t i n g   a  t e c h n i q u e  

f o r   c o u p l i n g   i n c i d e n t   l i g h t   e n e r g y   o n t o   a  g u i d e d - w a v e  

mode  f o r   p r o p a g a t i o n   a l o n g   one  of   t h e   t h i n - f i l m   p a t h s   o f  

FIG.   1 ,  

FIG.   3  i s   an  e n l a r g e d   f r a g m e n t a r y   p l a n   v i e w  

of   a  t y p i c a l   c r o s s p o i n t   s w i t c h   o f   t h e   a r r a y   o f   F IG .   1,  a n d  

FIG.   4  i s   a  p l a n   v i e w   s i m i l a r   t o   F IG.   1 ,  

i l l u s t r a t i n g   a  s y s t e m   of   p u l s e - o p e r a t e d   "X"  a n d   " Y "  

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

R e f e r r i n g   to   t h e   d r a w i n g s ,   FIG.   1  d e p i c t s  

g e n e r a l l y   an  o p t i c a l   c r o s s p o i n t   s w i t c h i n g   a r r a y   11  i n c l u d i n g  

c r o s s p o i n t   s w i t c h e s   i n   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .   F o r  

s i m p l i c i t y ,   o n l y   f o u r   c r o s s p o i n t s   ( d e s i g n a t e d  1 2 2 - 1 2 8 )   o f  

t h e   a r r a y   11  a r e   i l l u s t r a t e d   f o r   c o u p l i n g   one  o f   a  p a i r  



of   i n p u t   o p t i c a l   w a v e g u i d e s   132  and   134  to   one  of   a  p a i r  
of   o u t p u t   o p t i c a l   w a v e g u i d e s   142  and   144 .   In   g e n e r a l ,  
o f   c o u r s e ,   any   d e s i r e d   n u m b e r   M  x  N  of   c r o s s p o i n t s   may  b e  

p r o v i d e d   in   t h e   a r r a y   11  f o r   c o u p l i n g   one  of   M  i n p u t  

w a v e g u i d e s   to   one  of   N  o u t p u t   w a v e g u i d e s .  

The  a r r a y   11  may  i l l u s t r a t i v e l y   f o r m   a  p a r t   o f  

an  o p t i c a l   t e l e p h o n e   c o m m u n i c a t i o n s   s y s t e m .   T h u s ,   f o r  

e x a m p l e ,   t h e   a r r a y   11  may  be  s i t u a t e d   i n   a  c e n t r a l  

o f f i c e ,   w h i l e   a  u n i q u e   i n p u t   w a v e g u i d e   132 ,   134  and   a  

c o r r e s p o n d i n g   u n i q u e   o u t p u t   w a v e g u i d e   142 ,   144  may  b e  

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

For   l o c a l - t o - l o c a l   s u b s c r i b e r   c o m m u n i c a t i o n s   t h r o u g h   s u c h  

c e n t r a l   o f f i c e ,   t h e   o p e r a t i o n   o f   one  of   t h e   c r o s s p o i n t s   1 2  

w i t h i n   t h e   m a t r i x   11  ( e . g . ,   by  m a g n e t o - o p t i c   i n t e r a c t i o n  

in   t h e   m a n n e r   to   be  d e s c r i b e d )   w i l l   c o n n e c t   two  l o c a l  

s u b s c r i b e r s   a t   t h e   a r r a y   11.   In  s u c h   c o n t e m p l a t e d  

a p p l i c a t i o n ,   t h e   w a v e g u i d e s   1 3 2 ,   142  may  t a k e   t h e   f o r m  

of   o p t i c a l   f i b r e   t r a n s m i s s i o n   l i n e s ,   and   w i l l   be  r e f e r r e d  

to   as   f i b r e s   i n   t h e   f o l l o w i n g   d e s c r i p t i o n .  

The  c r o s s p o i n t s   1 2 2 - 1 2 4   a r e   d i s p o s e d   a t   t h e  

i n t e r s e c t i o n s   o f   d i s c r e t e   l i g h t   p a t h s   t h r o u g h   t h e   a r r a y   1 1 .  

In   t h e   p a r t i c u l a r   a r r a n g e m e n t   of   FIG.   1  and   2  s u c h   l i g h t  

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

t h i n   p l a n a r   o p t i c a l   f i l m   21  d i s p o s e d   on  a  s u b s t r a t e   2 2 .  

I l l u s t r a t i v e l y ,   t h e   f i l m   21  i s   a  m a g n e t i c  

s i n g l e - c r y s t a l   i r o n - g a r n e t   l a y e r   t h a t   i s   e p i t a x i a l l y  

g r o w n   on  a  c h e m i c a l l y   p r o c e s s e d   [ 1 . 1 , 1 ] G d 3 G a 5 O 1 2  
s u b s t r a t e .   By  p r o p e r   c h o i c e   o f   t h e   l a t t i c e   c o n s t a n t s  

of   t h e   s u b s t r a t e   a n d   t h e   m a g n e t i c   t h i n - f i l m ,   a  m a g n e t i c  

a n i a o t r o p y   can   be  i n d u c e d ,   w i t h   t h e   e a s y   a x i s   t h e r e o f  

p a r a l l e l   to   t h e   p l a n e   o f   t h e   f i l m   21.   In  a d d i t i o n ,   b y  

p r o p e r   c h o i c e   of   t h e   f i l m   t h i c k n e s s   and   p r o p e r   s e l e c t i o n  

of   t h e   r e l a t i v e   r e f r a c t i v e   i n d i c e s   of   t h e   f i l m   21  a n d  

t h e   s u b s t r a t e   22 ,   t h e   g u i d e d   modes   in   t h e   f i l m   may  b e  

r e s t r i c t e d   t o   t h e   l o w e s t - o r d e r   TE  and   TM  m o d e s  

( d e s i g n a t e d   TEa  a n d   TMo).   S u c h   e x p e d i e n t s   a r e   w e l l  

known  t o   t h o s e   s k i l l e d   i n   t h e   a r t .  

S u c h   a r r a n g e m e n t   o f   t h e   f i l m   and   s u b s t r a t e   n o t  



o n l y   y i e l d s   a  l a r g e   d i f f e r e n c e   in   r e f r a c t i v e   i n d e x  

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

o b t a i n e d   i f   b o t h   t h e   f i l m   and   t h e   s u b s t r a t e   w e r e  

i s o t r o p i x ,   b u t   a l s o   p r o v i d e s   a  l a r g e   d i f f e r e n c e ,   w i t h i n  

t h e   f i l m   21  i t s e l f . ,   b e t w e e n   t h e   e f f e c t i v e   r e f r a c t i v e  

i n d i c e s   r e s p e c t i v e l y   p r e s e n t e d   to   t h e   TE0  a n d   TM0  m o d e s .  

O p t i c a l   e n e r g y   f r o m   t h e   o u t p u t   end   o f   t h e  

f i b r e   132  i s   c o u p l e d ,   v i a   a  t h i n - f i l m   g r a t i n g   3 2  

f a b r i c a t e d   on  t h e   s u r f a c e   o f   t h e   f i l m   21 ,   o n t o   a  f i r s t  

g u i d e d - m o d e   o p t i c a l   p a t h   36.   As  b e s t   shown   i n   F IG.   2,  t h e  

o p t i c a l   wave  e n e r g y   f r o m   t h e   f i b r e   132  i m p i n g e s  

o b l i q u e l y   d o w n w a r d l y   o n t o   t h e   g r a t i n g   32,   w h i c h   c o n v e r t s  

a  p o r t i o n   of   t h e   i n c i d e n t   r a y s   i n t o   t h e   d e s i r e d   f i l m -  

g u i d e d   wave  p r o p a g a t i n g   a l o n g   t h e   p a t h   36.  By  s u i t a b l e  

c h o i c e   o f   t h e   p o l a r i z a t i o n   o f   t h e  



i n c i d e n t   beam  f rom  t he   f i b r e   132 ,   a  d e s i r e d   one  of  t he   TE 

and  TM  modes   can  be  s e l e c t e d   by  the   g r a t i n g   32  as  t h e  

p o l a r i z a t i o n   f o r   t h e   f i l m - g u i d e d   waves   p r o p a g a t i n g   a l o n g  

t he   l i g h t   c h a n n e l   36;  and  i t   w i l l   be  a s s u m e d t h a t   t h e  

p o l a r i z a t i o n   of  t h e   beam  in  t he   f i b e r   132  and  t h e  

c h a r a c t e r i s t i c s   of  t he   g r a t i n g   32  a r e   so  c h o s e n ,   in  a 

c o n v e n t i o n a l   m a n n e r ,   t h a t   t he   TEa  mode  is  s e l e c t e d   f o r  

p r o p a g a t i o n   a l o n g   the   p a t h   3 6 .  

The  g r a t i n g   32  may  be  c o n s t r u c t e d   as  d e s c r i b e d ,  

e . g . ,   in  an  a r t i c l e   by  M.  L.  D a c k s s   et   a l ,   ' ' G r a t i n g  

C o u p l e r   f o r   E f f i c i e n t   E x c i t a t i o n   of  O p t i c a l   G u i d e d   W a v e s  

in  T h i n - F i l m s " ,   A p p l i e d  P h y s i c s  L e t t e r s ,   V c l .   16,  No.  1 2 ,  

p a g e s   5 2 3 - 5 2 5   ( J u n e   15,  1 9 7 0 ) .   In  p a r t i c u l a r ,   t h e  

f a b r i c a t i o n   of  t he   g r a t i n g   32  may  be  a c c o m p l i s h e d  b y  

c o n v e n t i o n a l   h o l o g r a p h i c   t e c h n i q u e s ,   e . g . ,   by  e x p o s i n g  

a  p h o t o r e s i s t   l a y e r   on  t o p   of  t he   f i l m   21  to  t h e  

i n t e r f e r e n c e   of  a  c o l l i m a t e d   l a s e r   beam  and  a  c y l i n d r i c a l l y  

f o c u s e d   beam.   The  p h o t o r e s i s t   g r a t i n g   w h i c h   r e m a i n s  

a f t e r   d e v e l o p m e n t   s e r v e s   as  a  mask  t h r o u g h   w h i c h   t he   g r a t i n g  

may  be  r e p l i c a t e d ,   by  ion  e t c h i n g ,   o n t o   t h e   s u r f a c e   of  t h e  

f i l m .  

By  a n a l o g y   to  t he   a b o v e ,   a  t h i n - f i l m   g r a t i n g   42  

(FIG.   1)  i d e n t i c a l   to  t h e   g r a t i n g   32  may  be  d e f i n e d   on  t h e  

f i l m   21  f o r   c o u p l i n g   l i g h t   e n e r g y   f rom  t h e   o t h e r   i l l u s t r a t e d  

i n p u t   f i b e r   134  o n t o   a  s e c o n d   g u i d e d - m o d e   l i g h t   p a t h   43  

on  t h e   f i l m   21.   A g a i n ,   t he   p o l a r i z a t i o n   of  the   beam  f r o m  

the   f i b e r   134 ,   and  t he   c h a r a c t e r i s t i c s   of  t he   g r a t i n g   4 2 ,  

a r e   s u i t a b l y   c h o s e n   s u c h   t h a t   a  TEa  f i l m - g u i d e d   wave  i s  

l a u n c h e d   in  t h e   l i g h t   c h a n n e l   4 3 .  

A  p a i r   of  o u t p u t   t h i n - f i l m   g r a t i n g s   46,   4 7 ,  

i d e n t i c a l   to  t h e   g r a t i n g s   32  and  42,  a r e   a l s o   f a b r i c a t e d  

in  t he   f i l m   21  f o r   c o u p l i n g   l i g h t   e n e r g y   s e l e c t i v e l y  

r o u t e d   t h r o u g h   t he   a r r a y   11  to  one  of  t he   o u t p u t   f i b r e s   1 4 2  

and  144  v i a   l i g h t   c h a n n e l s   51,  52.  In  p a r t i c u l a r ,   t h e  

g r a t i n g   46  is  e f f e c t i v e   to  c o u p l e   l i g h t   e n e r g y ,   p r o p a g a t i n g  

in  t he   T E 0  m o d e   on  t he   l i g h t   c h a n n e l   51,  o n t o   t h e   o u t p u t  

f i b r e   142 ,   w h i l e   t h e   g r a t i n g   47  i s   e f f e c t i v e   to  c o u p l e  



l i g h t   e n e r g y ,   p r o p a g a t i n g   in  t h e   T E   mode  on  t h e  

c h a n n e l   52,  o n t o   t h e   o u t p u t   f i b r e   1 4 4 .  

The  o u t p u t   l i g h t  c h a n n e l   51  i n t e r s e c t s   t h e  

i n p u t   l i g h t   c h a n n e l s   36,  43  a t   t h e   c r o s s p o i n t s   122  and  1 2 6 ,  

r e s p e c t i v e l y .   S i m i l a r l y ,   t h e   o u t p u t   l i g h t   c h a n n e l   5 2  

i n t e r s e c t s   t h e   i n p u t   l i g h t   c h a n n e l s   36,  43  a t   t h e  

c r o s s p o i n t s   124  and  128 ,   r e s p e c t i v e l y .  

The  TE0  mode  l a u n c h e d   o n t o   t h e   l i g h t   p a t h   36 

f rom  t he   i n p u t   o p t i c a l   f i b r e   132  p a s s e s   t h r o u g h   a  f i r s t  

m a g n e t o - o p t i c   s e l e c t i o n   s w i t c h   61  a s s o c i a t e d   w i t h   t h e  

c r o s s p o i n t   122 .   The  s w i t c h   61  i n c l u d e s   a  p h o t o -  

l i t h o g r a p h i c a l l y   p a t t e r n e d ,   s e r p e n t i n e   c u r r e n t   c o n d u c t o r   6 2  

(F IG.   3)  w h i c h   may  be  e x c i t e d   by  c u r r e n t   p u l s e s   a s  

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

t h a t   is  d i r e c t e d   a l o n g   t h e   p a t h   36;  s u c h   RF  f i e l d   i s  

p e r i o d i c a l l y   r e v e r s e d   in  d i r e c t i o n   as  a  r e s u l t   of  t h e  

d e p i c t e d   g e o m e t r y .  
S u i t a b l e   DC  b i a s i n g   f a c i l i t i e s   ( n o t   shown)   m a y  

a l s o   be  a s s o c i a t e d   w i t h   t he   c o n d u c t o r   62  f o r   e s t a b l i s h i n g  

a  s t e a d y   m a g n e t i c   f i e l d   in  t he   p l a n e   of  t he   f i l m   21  a n d  

d i r e c t e d   a t   an  a c u t e   a n g l e   ( i l l u s t r a t i v e l y   45  d e g r e e s )   t o  

t h e   a x i s   of  t he   l i g h t   p a t h   36 .   B e c a u s e   of  t he   m a g n e t i c  

a n i s o t r o p y   c a u s e d ,   e . g . ,   by  t h e   m i s m a t c h   in  l a t t i c e   c o n s t a n t  

b e t w e e n   the   e p i t a x i a l l y   g r o w n   i r o n - g a r n e t   f i l m   21  and  t h e  

u n d e r l y i n g   c r y s t a l l i n e   s u b s t r a t e   22,   t he   t o t a l   m a g n e t i z a t i o n  

v e c t o r   in  t h e   p l a n e   of  t h e   p a t h   36  in  t he   r e g i o n   e n c o m p a s s e d  

by  t h e   c o n d u c t o r   62  may  be  r o t a t e d   by  t he   a p p l i c a t i o n   of  a  

r e l a t i v e l y   s m a l l   m a g n e t i z i n g   RF  f i e l d   in  t he   c o n d u c t o r   6 2 .  

T h u s ,   by  s u i t a b l y   p u l s i n g   t h e   c o n d u c t o r   62,   s u c h   m a g n e t i z a -  

t i o n   v e c t o r   ( w h i c h   i s   n o r m a l l y   o r i e n t e d   a t   45  d e g r e e s   t o  

t h e   p a t h   36)  can   be  p e r i o d i c a l l y   s w i t c h e d   i n t o   a  d i r e c t i o n  

a l o n g   t h e   a x i s   of  t h e   p a t h   36.  A l s o ,   w i t h   a  s u i t a b l e   c h o i c e  

of  t h e   p e r i o d i c   c o n s t a n t s   of  t he   c o n d u c t o r   62  and  t h e  

s t r e n g t h   of  t h e   t o t a l   m a g n e t i z a t i o n   v e c t o r   a l o n g   t h e  

p a t h   36  when  t h e   c o n d u c t o r   62  is   p u l s e d ,   a  s i g n i f i c a n t  

p o r t i o n   of  t h e   TE0  mode  e n e r g y   n o r m a l l y   p r o p a g a t i n g   in  t h e  

p a t h   36  is  c o n v e r t e d   i n t o , t h e   TM0  m o d e .  



A  d i s c u s s i o n   of  t he   a b o v e - m e n t i o n e d   m a g n e t o -  

o p t i c   e f f e c t ,   t o g e t h e r   w i t h   d e s i g n   c o n s i d e r a t i o n s   fo r   t h e  

s w i t c h   61 ,   is   s e t   f o r t h   in  an  a r t i c l e   by  K.  T i e n ,   e t   a l ,  

S w i t c h i n g   and  M o d u l a t i o n   of  L i g h t   in  M a g n e t o - O p t i c  

W a v e g u i d e s   of  G a r n e t   F i l m s " ,   A p p l i e d  p h y s i c s   L e t t e r s ,  
V o l .   21,  N o .  8 ,   p a g e s   3 9 4 - 3 9 6   ( O c t o b e r   15,   1 9 7 2 ) .  

The  c u r r e n t   p u l s e s   f o r   e x c i t i n g   t he   c o n d u c t o r   62  

may  i l l u s t r a t i v e l y   be  d e r i v e d   f rom  a  t i m e - d i v i s i o n  

s w i t c h i n g   p u l s e   g e n e r a t o r   of  t he   a b o v e - m e n t i o n e d   t e l e p h o n e  

c o m m u n i c a t i o n s   s y s t e n .   Such  p u l s e s   a re   p r e f e r a b l y  

s e l e c t i v e l y   a p p l i e d   v i a   p a r a l l e l   p u l s e   i n p u t s   on  an  "X" 

l e a d   91  and  a  "Y"  l e a d   92.   Under   n o n - c o i n c i d e n t   p u l s e  

c o n d i t i o n s ,   t h e   i n c o m i n g   TE0  mode  is  not   s i g n i f i c a n t l y  

a f f e c t e d ,   and  p r o c e e d s   u n c o n v e r t e d   t h r o u g h   the   s w i t c h   61  

t o w a r d  t h e   i n t e r s e c t i o n   of  t he   l i g h t   p a t h s   36  and  5 1 .  

A  s e c o n d   m a g n e t o - o p t i c   s w i t c h   101,   i d e n t i c a l  

to  t h e   s w i t c h   61 ,   is   a s s o c i a t e d   w i t h   t he   c r o s s p o i n t   1 2 2  

and  is  p o s i t i o n e d   in  t h e   o u t p u t   l i g h t   p a t h   51  of  t h e  

c r o s s p o i n t .   The  s w i t c h e s   61  and  101  a r e   a r r a n g e d   f o r  

j o i n t   e x c i t a t i o n ,   and  fo r   t h i s   p u r p o s e   t h e   s w i t c h   1 0 1  

is   c o n n e c t e d   i n  s e r i e s   w i t h   t he   s w i t c h   61  by  b o t h   t h e  

"X"  l e a d   91  and  t h e   "Y"  l e a d   92  as  s h o w n .  

S i n c e   t h e   m a g n e t o - o p t i c   e f f e c t   p r o v i d e d   b y  

t he   s w i t c h e s   61  and  101  is   r e c i p r o c a l ,   a  T M   m o d e  

p r o p a g a t i n g   d o w n w a r d l y   (as  shown  in  t he   f i g u r e )   f r o m  

t h e   i n t e r s e c t i o n   of  t he   p a t h s   36  and  51  t h r o u g h   t h e  

s w i t c h   101  w i l l   be  r e c o n v e r t e d   to  t he   TE0  mode  by  s u c h  

s w i t c h   when  a  s e r p e n t i n e   c o n d u c t o r   102  t h e r e o f   i s  

s i m u l t a n e o u s l y   p u l s e d   by  t he   c o n d u c t o r s   91  and  9 2 .  

A  g r a t i n g   121  is   d i s p o s e d   at   t he   i n t e r s e c t i o n  

of  t h e   p a t h s   36  and  51  in  mode  c o u p l i n g   r e l a t i o n   to  t h e  

a s s o c i a t e d   m a g n e t o - o p t i c   s w i t c h e s   51  and  101.   T h e  

g r a t i n g   121  is  p r e f e r a b l y   p o s i t i o n e d   at  45  d e g r e e s   t o  

t h e   a x e s   of  e a c h   of  t he   p a t h s   36  and  51.  The  g r a t i n g   1 2 1  

may  be  f a b r i c a t e d   h o l o g r a p h i c a l l y   on  the   f i l m   21  in  a  

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

o u t p u t   g r a t i n g s   32,   42,   46  and  47  of  t h e   a r r a y   1 1 .  



By  s u i t a b l e   c h o i c e   of   t h e   p e r i o d i c i t y   o f   t h e  

g r a t i n g   121 ,   t h e   a t t e n u a t i o n   c o n s t a n t s   p r e s e n t e d   t h e r e b y  

to   i n c i d e n t   TEO  and   TM0  m o d e s ,   r e s p e c t i v e l y ,   c a n   be  m a d e  

to   d i f f e r   s i g n i f i c a n t l y ;   t h i s   e f f e c t   i s   d i s c u s s e d ,   e . g . ,  
i n   A b s t r a c t   F3  on  p a g e   21  of   t h e   D i g e s t   of   T e c h n i c a l  

P a p e r s   f o r   t h e   1972  I n t e r n a t i o n a l   Q u a n t u m   E l e c t r o n i c s  

C o n f e r e n c e .   In   t h i s   way ,   t h e   g r a t i n g   121  f u n c t i o n s   a s  

an   e f f e c t i v e   p o l a r i z a t i o n   mode  f i l t e r ,   w h i c h   p r e s e n t s   a  

r e l a t i v e l y   low  i n s e r t i o n   l o s s   t o   an   i n c o m i n g   TEa  w a v e  

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

i n t e r f a c e   to   an  i n c o m i n g   TMO  w a v e .   S i n c e   i t   i s   o r i e n t e d  

a t   45  d e g r e e s   to   t h e   p a t h s   36  and   57  as   s h o w n ,   t h e  

g r a t i n g   121  w i l l   c a u s e   wave   e n e r g y   i n   t h e   TM0  mode  t o   b e  

d i r e c t e d   f r o m   t h e   i n c o m i n g   l i g h t   p a t h   36  i n t o   t h e  

i n t e r s e c t i n g   l i g h t   p a t h   5 1 .  

The  t r a n s p a r e n c y   o f   s u c h   a  45  d e g r e e   g r a t i n g   t o  

t h e   TEo  mode  i s   s u b s t a n t i a l l y   i n d e p e n d e n t   o f   t h e   d i r e c t i o n  

of   i n c i d e n c e   o f   t h e   wave   e n e r g y ;   t h a t   i s ,   t h e   d e s i r e d   l o w  

i n s e r t i o n   l o s s   w i l l   be  e x h i b i t e a   w h e t h e r   t h e   wave   e n e r g y  

i s   p r o p a g a t i n g   t o w a r d   t h e   c r o s s p o i n t   i n   one  o f   t h e   i n p u t  

w a v e g u i d e s   132 ,   134  o r   i n   one  o f   t h e   o u t p u t   w a v e g u i d e s  

142 ,   144 .   M o r e o v e r ,   t h e   g r a t i n g   121  w i l l   e f f e c t   no  s i g n i f -  

i c a n t   i n t e r a c t i o n   b e t w e e n   o p t i c a l   b e a m s   s i m u l t a n e o u s l y  

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

c o n s t i t u e n t   c r o s s e d   o p t i c a l   p a t h s .  

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

mode  f i l t e r s   a r e   p r e s e n t e d ,   e . g . ,   i n   U . S .   P a t e n t   3 , 8 9 1 , 3 0 2  

a n d   i n   an  a r t i c l e   by  T . P .   S o s n o w s k i ,   " P o l a r i z a t i o n   M o d e  

F i l t e r s   f o r   I n t e g r a t e d   O p t i c s " ,   O p t i c a l   C o m m u n i c a t i o n s ,   V o l .  

4,  N o .  6 ,   p a g e s   4 0 8 - 4 1 2   ( F e b r u a r y / M a r c h   1 9 7 2 ) .  

In   t h e   o p e r a t i o n   of   t h e   c r o s s p o i n t   122  a s  

d e s c r i b e d   a b o v e   ( e . g . ,   c o n s i s t i n g   o f   a  p a i r   o f   m a g n e t o -  

o p t i c   s w i t c h e s   61  and   101  m o d e - c o u p l e d   t o   t h e   45  d e g r e e  

g r a t i n g   121  a t   t h e   i n t e r s e c t i o n   of   t h e   p a t h s   36  a n d   5 1 ) ,  

t h e   f u n c t i o n i n g   of   s u c h   c r o s s p o i n t s   i n   t h e   a b s e n c e   o f  

c o i n c i d e n c e   o f   c u r r e n t   p u l s e s   on  t h e   l e a d s   91  a n d   92  w i l l  



f i r s t   be  d e s c r i b e d .   Under   s u c h   c o n d i t i o n s ,   a  g u i d e d   T E 0  
wave  l a u n c h e d   on  t he   l i g h t   p a t h   36  f rom  t h e   f i o e r   132  w i l l  

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

m a g n e t o - o p t i c   s w i t c h   61  and  w i l l   i m p i n g e   on  the   g r a t i n g   1 2 1  

a t   t he   i n t e r s e c t i o n .   B e c a u s e   of  t he   low  i n s e r t i o n   l o s s   o f  

t h e   g r a t i n g   to  t h e   TE0  mode,   s u c h   i m p i n g i n g   wave  e n e r g y  
w i l l   p a s s   t h r o u g h   t he   i n t e r s e c t i o n   and  t h e r e a f t e r   t h r o u g h  

the   r e m a i n i n g   u n o p e r a t e d   c r o s s p o i n t s   in  t he   p a t h   36  

( e . g . ,   t h e   c r o s s p o i n t   124  in  FIG.  1)  to  be  a b s o r b e d   in  a  

c o n v e n t i o n a l   r e f l e c t i o n l e s s   t e r m i n a t i o n   1 5 1 .  

Upon  a  s l m u l t a n e o u s   e x c i t a t i o n   of  t he   " X   a n d  

"Y"  l e a d s   91  and  92  a t   t he   c r o s s p o i n t   122,   b o t h   of  t h e  

s e r i a l l y - c o n n e c t e d   s w i t c h e s   61  and  101  at   t he   c r o s s p o i n t  

w i l l   be  o p e r a t e d   to  c o n v e r t   o p t i c a l   wave  e n e r g y   i n c i d e n t  

t h e r e o n   in  one  of  the   TE0  and  TM0  modes   i n t o   t he   o t h e r   o f  

s u c h   m o d e s .   In  p a r t i c u l a r ,   wave  e n e r g y   in  t he   TE0  m o d e  

e n t e r i n g   t h e   c r o s s p o i n t   122  on  t h e   p a t h   36  w i l l   b e  

i n i t i a l l y   c o n v e r t e d ,   by  the   s w i t c h   61,   i n t o   t h e   TM0  m o d e .  

When  t h e   s o - c o n v e r t e d   mode  r e a c h e s   t he   45  d e g r e e   g r a t i n g   121  

a t   t he   i n t e r s e c t i o n   of  the   p a t h s   36  and  51,  such   mode  w i l l  

be  r e f l e c t e d   by  t he   g r a t i n g   t o w a r d   t he   o t h e r   m a g n e t o - o p t i c  

s w i t c h   101  in  t h e   p a t h   51.  Such  s w i t c h   r e c o n v e r t s   t h e  

r e f l e c t e d   TMO  mode  to  t he   TE0  mode ,   w h i c h   in  t u r n   w i l l  

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

( e . g . ,   t he   c r o s s p o i n t   126)  d i s p o s e d   in  t he   p a t h   51  to  b e  

c o u p l e d   o n t o   t he   o u t p u t   f i b r e   1 4 2 .  

I t   w i l l   be  e v i d e n t   to  t h o s e   s k i l l e d   in  t h e   a r t  

t h a t   "X"  and  "Y'  c u r r e n t   e x c i t a t i o n   l e a d s   c o r r e s p o n d i n g   t o  

t h e   l e a d s   91  and  92  can  be  t h r e a d e d   in  c o o r d i n a t e   f a s h i o n  

t h r o u g h   t h e   v a r i o u s   c r o s s p o i n t s   of  t he   a r r a y   11  so  t h a t  

a  d e s i r e d   one  of  t he   c r o s s p o i n t s   can  be  o p e r a t e d   to  t h e  

e x c l u s i o n   of  a l l   o t h e r s .   For  e x a m p l e ,   as  shown  in  FIG.  4 ,  

t h e   "X"  l e a d   91  e x t e n d i n g   t h r o u g h   t he   c r o s s p o i n t   122  a l s o  

e x t e n d s   t h r o u g h   a l l   of  t he   o t h e r   r e m a i n i n g   c r o s s p o i n t s   i n  

t he   l i g h t   p a t h   36,   w h i l e   t h e   "Y"  l e a d   92  e x t e n d s   t h r o u g h  

a l l   of  t h e   r e m a i n i n g   c r o s s p o i n t s   in  t he   l i g h t   p a t h   5 1 .  

In  l i k e   m a n n e r ,   an  a d d i t i o n a l   "X"  l e a d   2 0 1  



e x t e n d s   t h r o u g h   a l l   of  t he   c r o s s p o i n t s   in  t h e   l i g h t   p a t h   4 3 ,  

w h i l e   an  a u x i l i a r y   "Y"  l e a d   202  e x t e n d s   t h r o u g h   a l l   of  t h e  

c r o s s p o i n t s   in  t h e   l i g h t   p a t h   52.  I t   w i l l   be  u n d e r s t o o d  

t h a t   t h e   c o i n c i d e n t   e x c i t a t i o n   of  a  d e s i r e d   p a i r   of  t n e  

i l l u s t r a t e d   l e a d s   "X",   "Y"  w i l l   o p e r a t e   o n l y   t h e   a s s o c i a t e d  

c r o s s p o i n t .  

B e c a u s e   of  t he   m a g n e t i c   n a t u r e   of  t h e   t h i n - f i l m   21 

and  the   m a g n e t o - o p t i c   o p e r a t i o n   of  t he   s w i t c h e s   61  and  101  

a t   e a c h   c r o s s p o i n t ,   i t   is   c o n v e n i e n t   to  p r o v i d e   s u i t a b l e  

r e t e n t i v e   memory  in  e a c h   of  t he   s w i t c h e s   61  and  101.   I n  

t h i s   way,  c u r r e n t   p u l s e s   of  one  p o l a r i t y   c o i n c i d e n t a l l y  

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

f rom  t he   r e l a t e d   X-Y  l e a d s   w i l l   e s t a b l i s h   one  of  two  b i s t a b l e  

s t a t e s   of  t he   c o r r e s p o n d i n g   s w i t c h e s   61  and  101 .   A  f i r s t  

one  of  such   s t a t e s   can   be  s u i t a b l y   a r r a n g e d   to  d i r e c t   a  

m o d e - c o n v e r t i n g   m a g n e t i c   e x c i t a t i o n   a l o n g   t he   d i r e c t i o n  

of  p r o p a g a t i o n   of  o p t i c a l   e n e r g y   in  t h e   a s s o c i a t e d   l i g h t  

p a t h   f o r   t h e   p u r p o s e   d e s c r i b e d .   Once  s u c h   s t a t e   i s  

s e l e c t e d ,   e x c i t a t i o n   of  t he   X-Y  l e a d s   may  be  r e m o v e d  

w i t h o u t   d e - e n e r g i z i n g   t h e   c r o s s p o i n t .   T h e r e f o r e ,   w h e n  

t h e   a r r a y   11  f o r m s   a  s w i t c h i n g   m a t r i x   in  a  c e n t r a l   o f f i c e ,  

a  s p e e c h   p a t h   may  be  m a i n t a i n e d   t h r o u g h   s u c h   c r o s s p o i n t  

f rom  an  i n p u t   s u b s c r i b e r s   f i b e r   1 3 2 , 1 3 4   to  an  o u t p u t   s u b s c r i b e r s  

f i b e r   1 4 2 , 1 4 4   u n t i l   t he   s t a t e   of  t h e   a s s o c i a t e d   m a g n e t o - o p t i c  

s w i t c h e s   is  c h a n g e d .   Such  c h a n g e   may  be  a c c o m p l i s h e d ,  

e . g . ,   by  s u i t a b l y   p u l s i n g   t he   a s s o c i a t e d   X-Y  l e a d s   w i t h  

t h e   o p p o s i t e   p o l a r i t y .  



1.  An  o p t i c a l   c r o s s p o i n t   s w i t c h   f o r   s e l e c t i v e l y  

r e d i r e c t i n g   o p t i c a l   wave   e n e r g y   f r o m   a  f i r s t   one  ( 3 6 )   t o  

a  s e c o n d   one  ( 5 1 )   of   a  p a i r   o f   o p t i c a l   w a v e - g u i d i n g  

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

c h a n n e l s   a r e   e a c h   s u p p o r t i v e   of   o p t i c a l   wave   e n e r g y   i n   a t  
l e a s t   a  f i r s t   mode  and   a  s e c o n d   mode ,   m o d e - s e n s i t i v e   m e a n s  
( 1 2 1 )   a r e   a r r a n g e d   t o   r e d i r e c t   o p t i c a l   wave   e n e r g y   i n   t h e  

f i r s t   mode  f r o m   t h e   f i r s t   c h a n n e l   to   t h e   s e c o n d   c h a n n e l   a n d  

to   p a s s   o p t i c a l   wave  e n e r g y   i n   t h e   s e c o n d   mode  w i t h o u t  

s u b s t a n t i a l   r e d i r e c t i o n ,   a n d   t h e   s w i t c h   i n c l u d e s   o p t i c a l  
m o d e - c o n v e r s i o n   means   i n c l u d i n g   f i r s t   m o d e - s w i t c h i n g   m e a n s  

( 6 1 )   c o u p l e d   to   t h e   f i r s t   c h a n n e l   u p s t r e a m   of   t h e  m o d e -  

s e n s i t i v e   m e a n s   s e l e c t i v e l y   o p e r a b l e   to   c o n v e r t   o p t i c a l  

wave   e n e r g y   f r o m   t h e   s e c o n d   mode  to   t h e   f i r s t   mode  a n d  

s e c o n d   m o d e - s w i t c h i n g   m e a n s   ( 1 0 1 )   c o u p l e d   t o   t h e   s e c o n d  

c h a n n e l   d o w n s t r e a m   of   t h e   m o d e - s e n s i t i v e   m e a n s   s e l e c t i v e l y  

o p e r a b l e   to   c o n v e r t   o p t i c a l   wave   e n e r g y   f r o m   t h e   f i r s t   m o d e  

to   t h e   s e c o n d   m o d e .  

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

wave  e n e r g y   t h r o u g h   a  c r o s s p o i n t   ( 1 2 2 )   of   a  p a i r   o f   c r o s s e d  

o p t i c a l   wave   g u i d i n g   c h a n n e l s   ( 3 5 ,   5 1 ) ,   e a c h   c h a n n e l   b e i n g  

s u p p o r t i v e   o f   o p t i c a l   Wave  e n e r g y   in   a t   l e a s t   f i r s t   a n d  

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

( 6 1 ,   1 0 1 )   a s s o c i a t e d   w i t h   t h e   c r o s s p o i n t   and   o p e r a b l e   f o r  

c o n v e r t i n g   wave   e n e r g y ,   i n c i d e n t   t h e r e o n   i n   one  of   t h e  

f i r s t   a n d   s e c o n d   m o d e s ,   i n t o   t h e   o t h e r   of   t h e   f i r s t   a n d  

s e c o n d   m o d e s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   a p p a r a t u s   i s  

p r o v i d e d   w i t h   m o d e - s e n s i t i v e   m e a n s   ( 1 2 1 )   a s s o c i a t e d   w i t h  

t h e   c r o s s p o i n t   ( 1 2 2 )   and   r e s p o n s i v e   to   t h e   i n c i d e n c e  

t h e r e o n   o f   o p t i c a l   wave   e n e r g y   f r o m   one  o f   t h e   c h a n n e l s  

( 3 6 )   i n   t h e   f i r s t   mode  f o r   d i r e c t i n g   s u c h   wave   e n e r g y   i n t o  

t h e   o t h e r   of   t h e   c h a n n e l s   ( 5 1 ) ;   a n d   t h a t   mode  s w i t c h i n g  

m e a n s   ( 6 1 ,   1 0 1 )   a r e   i n d i v i d u a l l y   d i s p o s e d   i n   j o i n t l y  

o p e r a b l e   r e l a t i o n   i n   e a c h   o f   t h e   c h a n n e l s   ( 3 6 ,   51)   i n   m o d e  

c o u p l i n g   r e l a t i o n   w i t h   t h e   d i r e c t i n g   m e a n s   ( 1 2 1 ) .  

3.  A p p a r a t u s   as   c l a i m e d   i n   c l a i m   2.  w h a r e i n   t h e  

d i r e c t i n g   m e a n s   ( 1 2 1 )   i s   s u b s t a n t i a l l y   t r a n s p a r e n t  



o p t i c a l   wave  e n e r g y   i n c i d e n t   t h e r e o n   f r o m   s a i d   one   c h a n n e l  

( 3 6 )   i n   t h e   s e c o n d   m o d e .  

4.  A p p a r a t u s   as   c l a i m e d   i n   c l a i m   2  o r   c l a i m  

3  w h e r e i n   m e a n s   ( 9 1 ,   92)   a r e   p r o v i d e d   f o r   o p e r a t i n g   t h e  

mode  s w i t c h i n g   m e a n s   ( 6 1 ,   1 0 1 )   a s s o c i a t e d   w i t h   t h e  

s e l e c t e d   c r o s s p o i n t   ( 1 2 2 ) .  

5.  A  s w i t c h   or   a p p a r a t u s   a s   c l a i m e d   i n   a n y   o f  

t h e   p r e c e d i n g   c l a i m s   w h e r e i n   one  of   t h e   f i r s t   and   s e c o n d  

m o d e s   i s   t h e   TEO  mode  and   t h e   o t h e r   o f   t h e   f i r s t   a n d  

s e c o n d   modes   i s   t h e   TMO  m o d e .  

6.  A  s w i t c h   or   a p p a r a t u s   a s   c l a i m e d   i n   a n y   o f  

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

a r e   c o n n e c t e d   t o g e t h e r   f o r   j o i n t   o p e r a t i o n .  

7.  A  s w i t c h   o r   a p p a r a t u s   a s   c l a i m e d   i n   a n y   o f  

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

m a g n e t o - o p t i c   a n d   a r e   s w i t c h a b l e   b e t w e e n   a  s t a b l e   n o n -  

m o d e - c o n v e r t i n g   s t a t e   and   a  s t a b l e   m o d e - c o n v e r t i n g   s t a t e .  

8.  A  s w i t c h   or   a p p a r a t u s   a s   c l a i m e d   i n   a n y   o f  

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

z h a n n e l s   a s s o c i a t e d   w i t h   t h e   mode  s w i t c h i n g   m e a n s   ( 6 1 ,  

1 0 1 )   a r e   f o r m e d   f r o m   a  m a g n e t i c   t h i n - f i l m   m a t e r i a l  

h a v i n g   a  l a t t i c e   c o n s t a n t   r e l a t e d   t o   t h a t   of   a  s u b s t r a t e  

( 2 2 )   on  w h i c h   t h e   c h a n n e l s   a r e  d i s p o s e d ,   p r o d u c i n g   a  

m a g n e t i c   a n i s o t r o p y   h a v i n g   an  e a s y   a x i s   p a r a l l e l   to   t h e  

p l a n e   o f   t h e   c h a n n e l .  

9.  A  s w i t c h   o r   a p p a r a t u s   a s   c l a i m e d   i n   a n y   o f  

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

c o m p r i s e s   a  r e f l e c t i o n - t y p e   mode  f i l t e r   ( 1 2 1 )   a t   t h e  

c r o s s p o i n t .  

10.   A  s w i t c h   o r   a p p a r a t u s   as   c l a i m e d   i n   a n y   o f  

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

( 6 1 ,   1 0 1 )   c o m p r i s e s   a  m a g n e t o - o p t i c   s w i t c h   w h i c h   i n c l u d e s  

p a r a l l e l   p u l s e   i n p u t   m e a n s   ( 1 9 ,   92 )   m a g n e t i c a l l y   c o u p l e d  

t o   m e a n s   ( 6 2 ,   1 0 2 )   f o r   p e r i o d i c a l l y   v a r y i n g   t h e  

m a g n e t i z a t i o n   o f   t h e   c h a n n e l   w i t h i n   t h e   s w i t c h   i n   t h e  

d i r e c t i o n   of   wave   p r o p a g a t i o n ,   f o r   s e l e c t i v e l y  

e s t a b l i s h i n g   a  m a g n e t i c   f i e l d   a l o n g   a s s o c i a t e d   c h a n n e l .  

11.   An  o p t i c a l   c r o s s p o i n t   s w i t c h i n g   a r r a y  



c h a r a c t e r i z e d   by  a  s w i t c h   o r   a p p a r a t u s   as   c l a i m e d  i n   a n y  
of   t h e   p r e c e d i n g   c l a i m s   a s s o c i a t e d   w i t h   e a c h   c r o s a p o i n t ,  

t h e   s w i t c h e s   b e i n g   d i s p o s e d   on  a  common  s u b s t r a t e   ( 2 2 ) .  

12.   An  a r r a y   as   c l a i m e d   in   c l a i m   11  w h e r e i n  

o p t i c a l   c o u p l i n g   m e a n s   ( 3 2 ,   42 ,   46 ,   47)   a r e   i n d i v i d u a l l y  

d i s p o s e d   on  t h e   s u b s t r a t e   ( 2 2 )   a t   i n p u t   e n d s   of   t h e   f i r s t  

c h a n n e l s   ( 3 6 ,   43)   and   a t   o u t p u t   e n d s   of   t h e   s e c o n d  

c h a n n e l s   ( 5 1 ,   52)   f o r   p r o v i d i n g   e x t e r n a l   c o u p l i n g   a c c e s s  

to   a n d   f r o m   t h e   a s s o c i a t e d   c h a n n e l s .  
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