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form  integrated-optics  devices. 

and  a  method  for  i  electing  these  materials  for 

rtc.  t  

CO 
w  
(0  

o  
o  
o  

Q. 
Ill 

Croydon  Printing  Company  Ud. 

A   device  includes  a  layer  (12)  of  one  material  epitaxially 
grown  on  another  material  (11).  The  material  have  lattice 
constants  which  are  in  the  ratio  of  an  integer  other then  unity. 
For  example  one  material  (12)  may  be  a  semiconductor  and 
the  other  a  garnet  (11).  Thut  magneto-optic  (15)  and  electro- 
optic  (13)  devices  can  be  combined  on  the  same  substrate  to 
form  integrated-optics  devices. 



The  i n v e n t i o n   r e l a t e s   to   d e v i c e s   i n c l u d i n g   a  

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

e p i t a x i a l l y   f o r m e d   on  a t   l e a s t   a  p o r t i o n   of  t he   f i r s t   l a y e r .  

E p i t a x i a l   g r o w t h   of   c r y s t a l s   w i l l   b e  

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

of   one  c r y s t a l   l a y e r  e x t e n d s   s m o o t h l y   i n t o   an  a d j a c e n t  

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

o n l y   m a t e r i a l s   t h e   l a t t i c e   c o n s t a n t s   of   w h i c h   w e r e   e q u a l  

or   n e a r l y   e q u a l   w e r e   t h o u g h t   to   be  s u i t a b l e   f o r  

e p i t a x i a l   g r o w t h .  

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

b e e n   to   p r o v i d e   e x t r e m e l y   h i g h   q u a l i t y   c r y s t a l s   c o m p r i s i n g  

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

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

o p t i c s   d e v i c e s .   I t   h a s   b e e n   f o u n d   t h a t   n o n e p i t a x i a l  

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

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

d e v i c e s   and   r e s u l t   in   t h e i r   e v e n t u a l   f a i l u r e .  

B e c a u s e   n o n e p i t a x i a l   c r y s t a l s   we re   u n s a t i s -  

f a c t o r y ,   and   e p i t a x i a l   g r o w t h   was  t h o u g h t  t o   be  r e s t r i c t e d  

to  c o m b i n a t i o n s   of   m a t e r i a l s   w i t h   l a t t i c e   c o n s t a n t s   t h a t  

m a t c h e d   e x a c t l y   or   n e a r l y   so ,   t h e   p r i o r   a r t   was  u n a b l e  

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

o f f e r   p r o m i s e   of   i m p r o v e d   p e r f o r m a n c e   in   a  w i d e   v a r i e t y  

of   a p p l i c a t i o n s .   Fo r   e x a m p l e ,   in   t h e   f i e l d   of   i n t e g r a t e d  



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

I I I - V   c o m p o u n d s   f o r   s e m i c o n d u c t o r   d e v i c e s   and   g a r n e t s  

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

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

d e v i c e s   on  t h e   same  s u b s t r a t e .  

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

d i f f e r e n t   l a t t i c e   c o n s t a n t s   i s   d i s c l o s e d   i n   U . S .   P a t e n t   N o .  

4 , 0 3 2 , 9 5 1 ,   t h a t   d i s c l o s e s   a  m e t h o d   of   e p i t a x i a l   g r o w t h  

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

a  t r a n s i t i o n   zone   b e t w e e n   two  c r y s t a l s   o f   d i f f e r e n t  

l a t t i c e   c o n s t a n t s .  

W i t h   t h e   p r e s e n t   i n v e n t i o n   as  c l a i m e d ,   m a t e r i a l s  

c an   be  c o m b i n e d   w h i c h   w e r e   n o t   p r e v i o u s l y   c o n s i d e r e d  

c o m p a t i b l e   f o r   u s e   i n   e p i t a x i a l l y   g r o w n   d e v i c e s .   F o r  

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

g a r n e t   l a y e r s   i n   a  s i n g l e   d e v i c e .   I t   i s   a l s o   p o s s i b l e   t o  

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

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

d e v i c e s .  

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

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

c h o i c e s   o f   t h e   m a t e r i a l s .   I t   i s . t o   be  u n d e r s t o o d ,  

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

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

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

c o m p a t i b i l i t y   o f   e p i t a x i a l l y   g r o w n   l a y e r s   i s   d e s i r e d .  

Some  e m b o d i m e n t s   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  s h o w s   an  i n j e c t i o n   d i o d e   l a s e r  

c o n s t r u c t e d   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

FIG.   2  s h o w s   a  p i c t o r i a l   v i e w   of   an  i n t e g r a t e d  

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

FIG.   2A  shows   a  s e c t i o n   t h r o u g h   FIG.   2;  a n d  

FIG.   3  shows   a  p l o t   of   t h e   l a t t i c e   c o n s t a n t s  

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

r a d i u s   of   t h e   a d d e d   r a r e - e a r t h   e l e m e n t .  

As  an  i l l u s t r a t i o n   of   a  d e v i c e   c o n s t r u c t e d  



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

h e t e r o s t r u c t u r e   i n j e c t i o n   d i o d e   l a s e r   shown  in   FIG.  1 ,  

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

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

e p i t a x i a l l y   g r o w n   s e c o n d   c r y s t a l l i n e   l a y e r   of  an  n - t y p e  

I I I - V   s e m i c o n d u c t o r   2  t h a t   i s   c o n d u c t i v e   and   s e r v e s   b o t h  

as  t h e   n - b u f f e r   l a y e r   and   as   one  c o n t a c t .   The  d o u b l e  

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

r e g i o n   3,  p - c l a d d i n g   l a y e r   4,  p+  l a y e r   5  and   c o n t a c t  

6  in   c o n v e n t i o n a l   f a s h i o n .  



I l l u s t r a t i v e l y ,   s u b s t r a t e   1  is  Y t t r i u m   A l u m i n u m  

G a r n e t   (YAG)  h a v i n g   a  l a t t i c e   c o n s t a n t   of  12  A n g s t r o m s   a n d  

the   I I I - V   c o m p o u n d   of  l a y e r   2  is  A l l n A s ,   c o m p o u n d e d   to  h a v e  

a  l a t t i c e   c o n s t a n t   of  6  A n g s t r o m s   and  an  e n e r g y   gap  o f  

.68  eV,  c a p a b l e   of  e m i t t i n g   r a d i a t i o n   at   1 . 82   µm. 
In  FIG.  2,  an  i n t e g r a t e d - o p t i c s   d e v i c e   f o r  

g e n e r a t i n g   an  o p t i c a l   c a r r i e r ,   m o d u l a t i n g   t he   c a r r i e r   a n d  

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

w a v e g u i d e   is  shown  in  w h i c h   s u b s t r a t e   11  and  t h i n   f i l m  

w a v e g u i d e   12  a r e   f o r m e d   of  a  g a r n e t   and  a  I I I - V   c o m p o u n d  

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

i n t e g r a l   r a t i o .  

L a s e r   13  is  a n o t h e r   v e r s i o n   of  t h e   s e m i c o n d u c t o r  

i n j e c t i o n   l a s e r   known  as  t he   t w i n - g u i d e   l a s e r ,   in  w h i c h  

l a s e r   l i g h t   g e n e r a t e d   in  a c t i v e   l a y e r   14  is  c o u p l e d   t o  

w a v e g u i d e   12  b e l o w ,   t h r o u g h   a  t a p e r e d   t r a n s i t i o n .  

W a v e g u i d e   12  a l s o   s e r v e s   as  one  of  t h e   e l e c t r i c   c o n t a c t s   o f  

the   l a s e r .   L a y e r s   4 ' ,   5 ' ,   and  6'  a r e   e q u i v a l e n t   to  l a y e r s  

4,  5,  and  6  in  FIG.  1.  The  r a d i a t i o n   f rom  l a s e r   13  t h e n  

t r a v e l s   t h r o u g h   w a v e g u i d e   12  i n t o   and  ou t   of   a  m a g n e t o - o p t i c  

s w i t c h   15  w h i c h   is  f o r m e d   f rom  a  g a r n e t - b a s e d   m a t e r i a l  

d i r e c t l y   on  g a r n e t   s u b s t r a t e   11.  The  m e t h o d   of   t h e   c o u p l i n g  

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

d e s c r i b e d   h e r e   a r e   e a r l i e r   i n v e n t i o n s   of  t he   p r e s e n t   i n v e n t o r  

( U . S .   P a t e n t   3 , 7 6 4 , 1 9 5   and  4 , 8 0 6 , 2 2 6 ) .   The  l a s e r ,   s w i t c h  

and  w a v e g u i d e s   of   v a r i o u s   s h a p e s   can  be  g rown  on  t h e   g a r n e t  

s u b s t r a t e   by  t h e   m e t h o d   of  " s e l e c t i v e   g r o w t h "   w h i c h   i s   w e l l  

known  in  e p i t a x i a l   t e c h n o l o g y .   S w i t c h   15,  c o n t r o l l e d   b y  

e l e c t r o n i c s   l o g i c   c i r c u i t   16,  i l l u s t r a t i v e l y   a  t i m e - d i v i s i o n  

m u l t i p l e x e r   t h a t   c o m b i n e s   i n p u t   b i t   s t r e a m s  ( a r r i v i n g   on  

c o n t a c t s   n o t   s h o w n ) ,   f o r m s   a  m o d u l a t e d   r a d i a t i o n   beam  t h a t  

c o n t i n u e s   t h r o u g h   w a v e g u i d e   12  to  o p t i c a l   f i b e r   17  f o r  

t r a n s m i s s i o n .  

FIG.  2A  shows  a  s e c t i o n   a l o n g   w a v e g u i d e   12  t h r o u g h  

t he   c e n t e r l i n e   of   d e v i c e s   13  and  15  and  of  w a v e g u i d e   1 2 ,  .  

i n d i c a t i n g   by  c r o s s - h a t c h i n g   t h e   g a r n e t   and  s e m i c o n d u c t o r  

c o m p o n e n t s   of   t h e   d e v i c e .   In  p a r t i c u l a r ,   a c t i v e   r e g i o n   14 



of  l a s e r   13  and  w a v e g u i d e   12  a r c   bo th   f o r m e d   from  I I I - V  

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

s w i t c h   15  and  s u b s t r a t e   11  a re   fo rmed   from  g a r n e t  b a s e d  

c o m p o u n d s .  

FIG.  3  shows  a  g r a p h   p l o t t i n g   the  l a t t i c e   c o n s t a n t s  

of   a l l   t he   i r o n ,   g a l l i u m   and  a l u m i n u m   g a r n e t s   a g a i n s t   i o n i c  

r a d i u s   of   the   a d d e d   r a r e - e a r t h   e l e m e n t .   I n d i v i d u a l   e l e m e n t s  

a r e   i n d i c a t e d   at  t he   a p p r o p r i a t e   i o n i c   r a d h u s ,   and  t h e  

p o s i t i o n s   of  t h r e e   w e l l - k n o w n   g a r n e t s   a re   i n d i c a t e d   by  
c i r c l e s  -   GGG  ( G d  -   Ga  -   G a r n e t ) ,   YAG  (Y -   A l  -   G a r n e t )   a n d  

L u A  G  ( L u  -   A l  -   G a r n e t ) .  

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

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

a p p r o p r i a t e  I I I - V   s e m i c o n d u c t o r   may  be  found   t o  p r o v i d e   a n  

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

c a l c u l a t i n g   the   c o m p o s i t i o n   of  a  I I I - V   compound   t h a t   has  a 

p a r t i c u l a r   l a t t i c e   c o n s t a n t   is  a  s t r a i g h t f o r w a r d   a p p l i c a t i o n  
of  V e g a r d ' s   law  and  is  w e l l   known  in  the   a r t .   (See  P h y s i c s  
of  I I I - V   C o m p o u n d s ,   M a d e l u n g   and  M e y e t h o f e r ,   W i l e y ,   N . Y . ,  

1964,   page   2 7 2 ) .  

As  an  e x a m p l e ,   c o m b i n a t i o n s   o f  a   g a r n e t   s u b s t r a t e  

w i t h   a  I I I - V   s e m i c o n d u c t o r   c o m p o u n d   are   i n d i c a t e d  i n   T a b l e  

I,   w h i c h   shows  f o r   each   of  t h r e e   g a r n e t s   the  l a t t i c e  

c o n s t a n t s   of  t he   g a r n e t ,   a  t e r n a r y   or  q u a t e r n a r y   I I I - V  

s e m i c o n d u c t o r   compound   w i t h   l a t t i c e   c o n s r a n t   h a l f   t h a t   o f  

t h e   g a r n e t ,   and  t h e   w a v e l e n g t h   of  l i g h t   e m i t t e d   by  a  l a s e r  

f o r m e d   f rom  t h a t   I I I - V   c o m p o u n d .   O t h e r   c o m b i n a t i o n s   o f  

g a r n e t s   and  I I I - V   c o m p o u n d s   w i l l   be  a p p a r e n t   to  t h o s e  

s k i l l e d   in  t he   a r t .  

In  a d d i t i o n   to  t he   i n j e c t i o n   l a s e r   d e s c r i b e d   a b o v e  

a n d  s h o w n   in  FIG.  1,  o p t i c a l l y   pumped  l a s e r s   may  be  f o r m e d  

from  t h e   m a t e r i a l s   shown  in  T a b l e   1.  The  g a r n e t s   a r e  

t r a n s p a r e n t   and  l o s s l e s s   at  w a v e l e n g t h s   c o n s i d e r e d .   T h e  

i n d i c e s   o f   r e f r a c t i o n   d i f f e r   c o n s i d e r a b l y   ( n  =   1 .8  or  1 , 9  

f o r   t he   g a r n e t s ,   and  n  >  3 .2  f o r   t he   I I I - V   c o m p o u n d s )   s o  

t h a t   e x c e l l e n t   w a v e g u i d e s   and  l a s e r s   can  be  m a d e .  



In  a d d i t i o n   to  t he   p r o d u c t i o n   of  s o l i d   s t a t e  

l a s e r s ,   t h e   i n v e n t i o n   may  be  u s e d   f o r   t he   p r o d u c t i o n   o f  

l i g h t - e m i t t i n g   d i o d e s   of   d e s i r e d   f r e q u e n c y ,   w h e r e   t h e  

f r e q u e n c y   of   t he   l i g h t   e m i t t e d   d e p e n d s   on  t he   c h e m i c a l  

c o m p o s i t i o n   o f  t h e   d e v i c e   and  t h e r e f o r e   on  the   l a t t i c e  

c o n s t a n t .  

I t   is  a l s o   p o s s i b l e   to  a p p l y   t h e   i n v e n t i o n   t o  

e l e c t r i c a l   d e v i c e s   o t h e r   t h a n   t h o s e   c o n s i d e r e d   a b o v e ,   s o  

t h a t   new  c o m b i n a t i o n s   of  c o m p o u n d s   w i l l   be  p o s s i b l e   in  t h e  

f a b r i c a t i o n   of  t r a n s i s t o r s   and  o t h e r   e l e c t r o n i c   d e v i c e s .  





1.  A  d e v i c e   i n c l u d i n g   a  f i r s t   c r y s t a l l i n e  

l a y e r   ( 1 , 1 1 )   h a v i n g   a  f i r s t   l a t t i c e   c o n s t a n t   A1  and   a  
s e c o n d   c r y s t a l l i n e   l a y e r   ( 2 , 1 2 )   e p i t a x i a l l y   f o r m e d   o n  

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

l a t t i c e   c o n s t a n t  A 2   c h a r a c t e r i s e d   in   t h a t   one  of   t h e   t w o  

r a t i o s   A 1 / A 2  a n d   A2/A1  of  t h e   f i r s t   and   s e c o n d   l a t t i c e  

c o n s t a n t s   i s   s u b s t a n t i a l l y   e q u a l   to   an  i n t e g e r   o t h e r   t h a n  

u n i t y .  

2.  A  d e v i c e   as   c l a i m e d   i n   c l a i m   1  w h e r e i n  

a t   l e a s t   one  of   t h e   l a y e r s   ( 2 , 1 2 )   i s   of   a  s e m i c o n d u c t o r  

m a t e r i a l .  

j .   A  d e v i c e   as  c l a i m e d   in   c l a i m   2  w h e r e i n   t h e  

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

g r o u p s   I I I   and  V  of   t h e   p e r i o d i c   t a b l e   of   e l e m e n t s .  

4.  A  d e v i c e   as   c l a i m e d   in   any   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   one  of   t h e   l a y e r s   (1 ,   11)   i s   of   a  

g a r n e t   m a t e r i a l .  

5.  A  d e v i c e   as   c l a i m e d   in   c l a i m   4  a s  

d e p e n d e n t   on  c l a i m   3  w h e r e i n   t h e   g a r n e t   m a t e r i a l   i s  

l u t e t i u m  -   a l u m i n i u m  -   g a r n e t ,   y t t r i u m  -   a l u m i n i u m  -   g a r n e t  

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

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

l a t t i c e   c o n s t a n t   s u b s t a n t i a l l y   e q u a l   to   h a l f   t h e   l a t t i c e  

c o n s t a n t   of   t h e   g a r n e t .  

6.  A  d e v i c e   as   c l a i m e d   in   any   of   t h e   p r e c e d i n g  

c l a i m s   c o m p r i s i n g   a t   l e a s t   two  o p t i c a l   d e v i c e s   ( 1 3 , 1 5 )  

e p i t a x i a l l y   g rown   r e s p e c t i v e l y   on  t h e   s e c o n d   l a y e r   a n d  

d i r e c t l y   on  t h e   f i r s t   l a y e r .  

7.  A  d e v i c e   as   c l a i m e d   i n   c l a i m   6  w h e r e i n   o n e  

of  t h e   d e v i c e s   ( 1 5 )   i s   a  m a g n e t o - o p t i c a l   d e v i c e .  

8.  A  d e v i c e   as   c l a i m e d   in   c l a i m   6  o r   c l a i m   7  

w h e r e i n   one  of   t h e   d e v i c e s   ( 1 3 )   i s   an  e l e c t r o - o p t i c a l  

d e v i c e .  

9.  A  d e v i c e   as   c l a i m e d   in   c l a i m   8  w h e r e i n   t h e  

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

10.  A  d e v i c e   as   c l a i m e d   in   c l a i m   9  w h e r e i n   t h e  

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



11.  A  m e t h o d   of   s e l e c t i n g   c r y s t a l l i n e  

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

f i r s t   c r y s t a l l i n e   s u b s t a n c e   f o r   f o r m i n g   a  f i r s t  

c r y s t a l l i n e   l a y e r   h a s   a  f i r s t   l a t t i c e   c o n s t a n t   A1  a n d  

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

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

A2  c h a r a c t e r i s e d  i n   t h a t   one  of   t h e   two  r a t i o s   A1/A2  a n d  

A2/A1  of   t h e   f i r s t   and   s e c o n d   l a t t i c e   c o n s t a n t s   i s  

s u b s t a n t i a l l y   e q u a l   to   an  i n t e g e r   o t h e r   t h a n   u n i t y .  
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