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B A C K G R O U N D   OF  THE  I N V E N T I O N :  

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

.  c r y s t a l   of  a  y t t r i u m - i r o n   g a r n e t   so l id   s o l u t i o n   hav ing   the  f o r m u l a  

w h e r e i n   R  r e p r e s e n t s   Y  and  o p t i o n a l l y   o t h e r   r a r e   e a r t h   e l e m e n t   and  M  

r e p r e s e n t s   Fe  and  o p t i o n a l l y   A l   or  G a .  

The  s ing le   c r y s t a l s   of  the  c o m p o u n d   hav ing   the  f o r m u l a  

have  been  p r o d u c e d   by  u s ing   P b O  -   P b F 2   type  flux,  BaO -   BaF2  type  f l u x  

or  L i 2 M o 0 4   type  flux  etc.  Most   of   t h e   s i n g l e   c r y s t a l s   of  t h e   c o m p o u n d  

h a v i n g   t he   f o r m u l a  

have  been  c o m m e r c i a l l y   p r o d u c e d   by  said  m e t h o d s .  



In  the  m e t h o d s ,   the  c o m p o u n d   of  R 3 M 5 O 1 2   has  been  d i s s o l v e d   i n  

the  flux  h a v i n g   a  low  m e n t i n g   p o i n t   and  t h e   s i n g l e   c r y s t a l   has   b e e n  

f o r m e d   by  g r a d u a l l y   c o o l i n g   i t   or  u t i l i z i n g   t h e   t e m p e r a t u r e   g r a d i e n t  

H o w e v e r ,   the  flux  has  been   i n c l u d e d   in  the  s i n g l e   c r y s t a l   as  i n c l u s i o n   o r  

i m p u r i t y   and  it  has  t a k e n   a  long  t i m e   for  the  s i n g l e   c r y s t a l   g r o w t h   and  t h e  

d i s t r i b u t i o n   of  Fe,   A l   and  Ga  c o m p o n e n t   in  the  y t t r i u m - i r o n   g a r n e t   has   n o t  

been   u n i f o r m   and  the  d e f e c t   r a t i o   has   been   i n c r e a s e d   and  the  cos t   for  t h e  

p r o d u c t i o n   has   been   d i s a d v a n t a g e o u s l y   i n c r e a s e d .   It  has   been   known  t o  

p r o d u c e   it  by  a  t r a v e l i n g   zone  m e t h o d ,   w h e r e i n   a  s m a l l   a m o u n t   of  a  s o l v e n t  

for   d i s s o l v i n g   the  c o m p o n e n t s   has  been   u s e d   a n d   the  p o w d e r y   or  m o l d e d  

c o m p o n e n t s   for  the  p r o d u c t   of  R 3 M 5 O 1 2   have  been   d i s s o l v e d   in  the  s o l v e n t  

m e l t e d   by  a  h e a t e r   ( r e s i s t a n t   h e a t i n g   type)  and  the  s i n g l e   c r y s t a l   o f  R 3 M 5 O 1 2  

has   been   f o r m e d   on  a  s eed   c r y s t a l   at  a  c o n s t a n t   s p e e d  

H o w e v e r ,   the  m a t e r i a l   of  the  h e a t e r   has   been   i n c l u d e d   in  the  s i n g l e  

c r y s t a l   as  i n c l u s i o n   or  i m p u r i t y   and  it  has  t a k e n   a  long  t i m e   for  the  s i n g l e  
t 

c r y s t a l   g r o w t h   b e c a u s e   of  no  s t i r r i n g .  

S U M M A R Y   OF  THE  I N V E N T I O N :  

It  is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  p r o c e s s   f o r  

p r o d u c i n g   a  s i n g l e   c r y s t a l   of  a  y t t r i u m - i r o n   g a r n e t   so l i d   s o l u t i o n   wi thou t   a  

c o n t a m i n a t i o n   in   a  s h o r t   t i m e .  

It  is  a n o t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  p r o c e s s  

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

h i g h   p u r i t y   at  high  s i ng l e   c r y s t a l   g r o w t h   r a t e   a t   low  c o s t .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s   of  the  p r e s e n t   i n v e n t i o n   have   b e e n  

a t t a i n e d   by  p r o d u c i n g   a  s i ng l e   c r y s t a l   of  an  y t t r i u m - i r o n   g a r n e t   or  a  s o l i d  

s o l u t i o n   t h e r e o f   h a v i n g   the  f o r m u l a  

by  c o n t a c t i n g   a  s o l v e n t   with  a  l o w e r   edge   of  a  rod   of  a  m i x t u r e   for  the  p r o d u c t  



and  an  u p p e r   edge  of  a  s e e d   c r y s t a l   and  h e a t i n g   the  s o l v e n t   p a r t   to  m e l t   i t  

and  f o r m i n g   the  s i n g l e   c r y s t a l   by  a  f l o a t i n g   zone  m e t h o d .  

D E T A I L E D   D E S C R I P T I O N   OF  THE  P R E F E R R E D   E M B O D I M E N T S :  

In  the  p r o d u c t i o n   of  the  s i ng l e   c r y s t a l   of  a  y t t r i u m - i r o n   g a r n e t  

so l id   s o l u t i o n ,   the  s o l v e n t   is  c o n t a c t e d   with  the  l o w e r   edge  of  the  rod   of  t h e  

m i x t u r e   for  the  p r o d u c t   and  the  s e e d   is  c o n t a c t e d   with  the  b o t t o m   of  the  s o l v e n t  

and  the  s o l v e n t   p a r t   is  h e a t e d   to  m e l t   it  by  the  f l o a t i n g   zone  m e t h o d   to  f o r m  

t h e   s i ng l e   c r y s t a l   of  the  p r o d u c t   of  R 3 M 5 O 1 2   w h e r e i n   R  r e p r e s e n t s   Y  a n d  

o p t i o n a l l y   o t h e r   r a r e   e a r t h   e l e m e n t   and  M  r e p r e s e n t s   Fe  and  o p t i o n a l l y   A l  

or  G a .  

The  rod  of  the  m i x t u r e   for   the  p r o d u c t   c o m p r i s e s  t h e   y t t r i u m  

oxide   type  c o m p o n e n t   and  the  i r o n   oxide   type  c o m p o n e n t   at  m o l a r   r a t i o  

o f   2.  5 :  5.  0  to  3.  5  :  5 .   0  w h e r e i n   the  y t t r i u m   oxide   type  c o m p o n e n t   c o m -  

p r i s e s   Y2O3  as  m a i n   c o m p o n e n t   and  o p t i o n a l l y   the  o t h e r   r a r e   e a r t h   o x i d e s  

as  a d d i t i o n a l   c o m p o n e n t ,   and  the  i r on   oxide  type  c o m p o n e n t   c o m p r i s e s  

F e 2 O 3   as  m a i n   c o m p o n e n t   and  o p t i o n a l l y   A l 2 O 3   or  Ga2O3  as  a d d i t i o n a l  

c o m p o n e n t .  

The  s o l v e n t   c o m p r i s e s   the  i r o n   o x i d e  t y p e   c o m p o n e n t   and  o p t i o n a l l y  
l e s s   than  0.6  m o l e   of  the  r a r e   e a r t h   oxide  c o m p o n e n t   pe r   1  m o l e   of  t h e  

i r o n   oxide  type  c o m p o n e n t .  

The  s i n g l e   c r y s t a l   of  the  y t t r i u m - i r o n   g a r n e t   hav ing   t h e  f o r m u l a  

and  hav ing   high  q u a l i t y   m e a n s   the  s i n g l e   c r y s t a l   h a v i n g   the  w i d t h   of  f e r r o -  

m a g n e t i c   r e s o n a n c e   a b s o r p t i o n   (ΔH)  of  l e s s   than   2  Oe  u n d e r   t h e   a l t e r n a t i n g  

f i e l d   of  9 , 3 0 0   MHz  as  a  s p h e r i c a l   bal l   hav ing   a  d i a m e t e r   of  1  m m .  

The   s i n g l e   c r y s t a l   h a v i n g   high  q u a l i t y   c a n   be  o b t a i n e d   b y  r e c r y s t a l -  

l i z i n g  t h e   r e s u l t i n g   s i n g l e   c r y s t a l  o f   R 3 M 5 O 1 2 .  



The   y t t r i u m   ox ide   and  the  o t h e r   r a r e   e a r t h   o x i d e s   can  be  t h e  

c o m m e r c i a l l y   a v a i l a b l e   ones   w i t h o u t   a n y  c h e m i c a l   t r e a t m e n t   and  p r e f e r a b l y   w i t h  

a  s m a l l e r   d i a m e t e r   so  as  to  p r o m o t e   the  r e a c t i o n   wi th   f e r r i c   o x i d e ,  

a l u m i n u m   oxide   or  g a l l i u m   ox ide ;   s u c h   as  l e s s   t han   1  m m   e s p e c i a l l y ,   l e s s  

than   1 0  µ m .  

The   p u r i t y   of  y t t r i u m   ox ide   and  the  o t h e r   r a r e   e a r t h   oxide   c a n  

be  of   s p e c i a l   g r a d e .   W h e n   the  s i n g l e   c r y s t a l   is  u s e d   as  a  m a g n e t i c   m a t e r i a l ,  

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

h i g h e r   p u r i t i e s   of  the  raw  m a t e r i a l s   a r e   p r e f e r a b l e .  

It  is  f u r t h e r   p r e f e r a b l e   fo r   p e r f o r m i n g   the  r e a c t i o n   to  use  t h e  

r a w   m a t e r i a l   o b t a i n e d   by  c a l c i n i n g   it  in  a i r   at  high  t e m p e r a t u r e   e . g .   1 0 0 0 ° C  

for   a  long  t i m e   e . g .   1  d a y .  

The   f e r r i c   ox ide   u sed   in  the  p r e s e n t   i n v e n t i o n ,   can  be  in  s p e c i a l  

g r a d e   and  p r e f e r a b l y   has  a  s m a l l d i a m e t e r   so  as  to  p r o m o t e   the  r e a c t i o n  

w i th   the  r a r e   e a r t h   o x i d e ,   a l u m i n u m   ox ide   or  g a l l i u m   o x i d e ,   s u c h   as  l e s s  

t han   1  m m   e s p e c i a l l y ,   l e s s   t han   1 0  µ m .  

The  a l u m i n u m   ox ide   u s e d   in  the  p r e s e n t   i n v e n t i o n ,   can  be  i n  

s p e c i a l   g r a d e   and  p r e f e r a b l y   has   a  s m a l l d i a m e t e r   so  as  to  p r o m o t e   t h e  

r e a c t i o n   wi th   the  r a r e   e a r t h   o x i d e ,   f e r r i c   ox ide   or  g a l l i u m   o x i d e ,   s u c h   a s  

l e s s   than  1  m m   e s p e c i a l l y ,   l e s s   than   1 0  µ m .  

The  g a l l i u m   o x i d e   u s e d   in  the  p r e s e n t   i n v e n t i o n ,   can  be  in  s p e c i a l  

g r a d e   and  p r e f e r a b l y   ha s  a  sma l l   d i a m e t e r   so  as  to  p r o m o t e   the  r e a c t i o n  

wi th   the  r a r e   e a r t h   o x i d e ,   f e r r i c   ox ide   or  a l u m i n u m   o x i d e ,   s u c h   as  l e s s  

than  1  m m   e s p e c i a l l y   l e s s   t han   1 0  µ m .  

In  the  m i x i n g   o p e r a t i o n ,   it  is  p r e f e r a b l e   t o   u n i f o r m l y   m i x   t h e  

raw  m a t e r i a l s .  T h e   m i x i n g   o p e r a t i o n   can  be  m a d e   by  v a r i o u s   m e t h o d s  

s u c h   as  a  m e t h o d   of  m i x i n g   t h e m   wi th   an  o r g a n i c   l i qu id   s u c h   as  a l c o h o l s  

a n d   a c e t o n e   in  a  m o r t a r ;   a  m e t h o d   of  m i x i n g   t h e m   in  a  m i x e r   s u c h   as  a  

ba l l   m i l l   o r   a  m e t h o d   of  c o p r e c i p i t a t i o n   a f t e r   d i s s o l v i n g   t h e m   in  an   a c i d  

e t c .  



T h e   a v e r a g e   d i a m e t e r   of  p o w d e r s   of  the  m i x t u r e   is  p r e f e r a b l y  

l e s s   than  1  m m   e s p e c i a l l y   l e s s   than   1 0  µ m .  

The  c o m p o s i t i o n  f o r   the  p r o d u c t   of  R3M5O12  u s e d  i n   the  p r e s e n t  

i n v e n t i o n   is  p r e f e r a b l y   a  m o l a r   r a t i o   of  2.  5 :  5.  0  to  3 .   5 :  5.  0  of  the  r a r e  

e a r t h   oxide  t o  the   to ta l   of  f e r r i c   o x i d e ,   a l u m i n u m   oxide  and  g a l l i u m   o x i d e .  

The  f e r r i c   oxide   is  u s u a l l y   u sed   as  the  m a i n   c o m p o n e n t   for   the  i r o n  o x i d e  

type  c o m p o n e n t   and  a  p a r t   can  be  s u b s t i t u t e d   wi th   a l u m i n u m   oxide   o r  

g a l l i u m   oxide  ( g r e a t e r   than   0.1  m o l e   e s p e c i a l l y   g r e a t e r   than   1  m o l e   %).  

The   m a g n e t i c   c h a r a c t e r i s t i c s   of  the  p r o d u c t   can   be  v a r i e d   by  v a r y i n g  

the  c o n t e n t   of  a l u m i n u m   ox ide   or  g a l l i u m   ox ide .   The   m a g n e t i c   or  e l e c t r i c  

c h a r a c t e r i s t i c s   of  the   p r o d u c t   m a y   be  i m p r o v e d  b y   add ing   a  s m a l l   a m o u n t  

of  the  c o m p o n e n t   of  Ca ,   S r ,   Ba ,   Sc,  T i ,   V,  C r ,   Mn,   Co,   N i ,  C u ,   Zn ,   S i  

or  Ge  if  n e c e s s a r y .  

The   s o l v e n t   u s e d   in  the  p r e s e n t   i n v e n t i o n   is  a  l iqu id   m e d i u m   f o r  

d i s s o l v i n g   the  m i x t u r e   for   the  p r o d u c t   of  R 3 M 5 O 1 2  a n d   f o r m i n g   the  s i n g l e  

c r y s t a l   of  R 3 M 5 O 1 2   f r o m   i t .  

In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   the  s o l v e n t   c o m p r i s e s  

f e r r i c   ox ide .   The   o t h e r   c o m p o n e n t s   of  a l u m i n u m   o x i d e ,   g a l l i u m   o x i d e ,  

t h e   r a r e   e a r t h   ox ides   can   be  i n c o r p o r a t e d .   The   m o l a r   r a t i o   of  the  t o t a l  

of  f e r r i c   ox ide ;   a l u m i n u m   o x i d e  a n d   g a l l i u m   oxide   to  the  r a r e   e a r t h   o x i d e  

is  u s u a l l y   1 :  0  to  1  :  0 . 6   p r e f e r a b l y   1 :  0.1  to  1 :  0 .3 .   The   m e l t i n g   p o i n t  

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

p r o d u c t   of  R 3 M 5 O 1 2 .  

ThE  c o n t e n t   o f  a l u m i n u m   o x i d e  o r   g a l l i u m   oxide   is  d e p e n d e n t  

upon  the  c o m p o s i t i o n   of  the  s o l i d   s o l u t i o n   of  the  y t t r i u m - i r o n   g a r n e t .  

When  the  m o l a r   c o n c e n t r a t i o n s   of  F e 2 O 3 ,   A l 2 O 3   and  G a 2 O 3  

in  the  s o l v e n t  a r e   d e s i g n a t e d   as  MsFe2O3,   MsAl2O3,   and  MsGa2G3,  a n d  

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



d e s i g n a t e d   as  McFe2O3,   McAl  2O3  
and  McGa2O3,  the  r a t i o  o f   M s A l 2 O 3 /  

M s F e 2 O 3   MsAAl2O3  +  M s G a 2 O 3 ) :   M c A l 2 O 3 / ( M c F e 2 O 3  +   McAl2O3 +  McGa2O3)  

is  p r e f e r a b l y   in  a  r a n g e   of  1  :  1 . 5   to  1 :  2. 5  e s p e c i a l l y   1  :  1 . 8   to  1 :  2 . 2 .  

It  is  p r e f e r a b l e   to  have   the  s a m e   r e l a t i o n s h i p   b e t w e e n   M s G a 2 O 3  a n d   McGa2O3 .  

In  t h e  c o m p r e s s i n g   m o l d i n g   of  the  m i x t u r e ,   it  is  p o s s i b l e   t o  

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

m e t h o d   or  two  d i r e c t i o n a l   c o m p r e s s i n g   m e t h o d .   H o w e v e r ,   in  o r d e r   t o  

p r e v e n t   the  c u r v e   of  the  rod  in  the  h e a t i n g   s t e p ,   it  is  p r e f e r a b l e   to  e m p l o y  

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

The   r u b b e r   p r e s s   m e t h o d   m e a n s   that   the  p o w d e r y   m i x t u r e   i s  

c h a r g e d   in  a  r u b b e r   tube  and  bo th   ends   of  the  r u b b e r   tube  a r e   s e a l e d   a n d  

the  r u b b e r   tube  is  c o m p r e s s e d   u n d e r   h igh   h y d r a u l i c   p r e s s u r e   in  a  s e a l e d  

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

500  K g / c m 2  p r e f e r a b l y   1  to  2  t o n / c m 2   The  h y d r a u l i c  

p r e s s u r e   is  u s u a l l y   a p p l i e d   for   l o n g e r   than   5  s e c o n d s   p r e f e r a b l y   1  m i n u t e .  

T h e  m o l d e d   p r o d u c t   p r e p a r e d   u n d e r   l o w e r   p r e s s u r e   is  e a s i l y  c r a c k e d .  

The  m o l d e d   m i x t u r e   c a n   h a v e   any   rod   t y p e   s h a p e   as  i t  i s  

used   in  the  f l o a t i n g   zone  m e t h o d .   It  is  e s p e c i a l l y   p r e f e r a b l e   to  u s e  a  

c y l i n d r i c a l   rod  h a v i n g   a  d i a m e t e r   of  1  m m   to  10  cm  and  a  l e n g t h   of  1  m m  

to  5  m  p r e f e r a b l y   a  d i a m e t e r   of  3  m m   to  1  cm  and  a  l e n g t h   of  5  m m   t o  

30  c m .  

In  the  c a l c i n a t i o n   of  the  m o l d e d   m i x t u r e ,   it  is  p o s s i b l e  t o   hea t   i t   w h i l  

h o l d i n g   i t   in   a  s u i t a b l e   c r u c i b l e   in  a  h o r i z o n t a l   f u r n a c e .   H o w e v e r ,  

i t   is  p r e f e r a b l e   to  hea t   it  in  a  v e r t i c a l   f u r n a c e   in   a  s u s p e n d e d   c o n d i t i o n  

so  a s  t o   p r e v e n t   a  c o n t a m i n a t i o n   w i t h   i m p u r i t i e s   and  n o t   to  c a u s e   a  

c u r v e   in   t h e   c a l c i n a t i o n .  

The  f u r n a c e   is  to  m a i n t a i n   g r e a t e r   than   10-2   a t m .   of  o x y g e n  

and  to  be  s t a b l e   at  the  m a x i m u m   t e m p e r a t u r e   of  1 , 6 5 0 ° C ,   and  p r e f e r a b l y  

to  m a i n t a i n   g r e a t e r   than   1  a t m .  o f   o x y g e n .  



T h e  f e m p e r a t u r e   for   c a l c i n i n g  t h e   m o l d e d   m i x t u r e   is  d e p e n d e n t  

u p o n   the  kind  of   the   r a r e   e a r t h   oxide  and  the  c o n t e n t  o f   A l   o r  G a  a n d   t h e  

p r e s s u r e   of  oxygen   in  the  e n v i r o n m e n t ,   and  it  is  p r e f e r a b l y   at  1,  500  t o  

1 ,750°C   in  the  case   of  the  m i x t u r e   for.  the  p r o d u c t   and  at  1 , 4 0 0   to  1,  4 5 0 ° C  

in  the  case   of  the  m i x t u r e   for  the  so lven t .   It  is  e s p e c i a l l y   p r e f e r a b l e   t o  

be  the  m a x i m u m   t e m p e r a t u r e { f o r m i n g   no  l iquid}   in  the  oxygen   e n v i r o n m e n t  

in  the  case   of  the  m i x t u r e   for  t h e  p r o d u c t   of  R 3 M 5 O 1 2 .  

The  t ime   for  c a l c i n i n g   the  m o l d e d   m i x t u r e   is  p r e f e r a b l y   l o n g e r  

and  it  is  p r e f e r a b l e   to  c a l c i n e   the  m o l d e d   m i x t u r e   to  give  a  b u l k  

d e n s i t y   of  g r e a t e r   than  80%  of  the  t rue   d e n s i t y .  

The  oxygen  p r e s s u r e   in  the  e n v i r o n m e n t   of  the  c a l c i n a t i o n   i s  

p r e f e r a b l y   h i g h e r   so  as  to  p r e v e n t   a  f o r m a t i o n   of  f e r r o u s   oxide  c o m p o n e n t  

in  the  p r o d u c t   of  R 3 M 5 O 1 2   b e c a u s e   the  f e r r o u s   oxide  c o m p o n e n t   c a u s e s  

i n f e r i o r   m a g n e t i c   c h a r a c t e r i s t i c s .   In  o r d e r   to  p r e v e n t   the  i n c o r p o r a t i o n   of  a n  
i n e r t   gas  in  t he   fo rm  of  b u b b l e s   in  t he   c a l c i n e d   p r o d u c t , i t   i s  

p r e f e r a b l e   to  p r e v e n t   t he   p r e s e n c e   of  an  i n e r t   gas  s u c h   n i t r o g e n  

or  a r g o n .   The  b u b b l e s   of  t he   i n e r t   gas  s u c h   as  n i t r o g e n   or  a r g o n  

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

g r o w t h   to  form  a  l a r g e   b u b b l e   and  when  t h e   b u b b l e   i s   b r o k e n ,   s m o o t h  

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

It  is  p r e f e r a b l e   to  g r a d u a l l y   heat   and  cool  a t  a   r a t e   of  l e s s   t h a n  

30°C  pe r   m i n u t e   at  the  i n i t i a t i o n   and  c o m p l e t i o n   of  the  c a l c i n a t i o n   in  o r d e r  

to  p r e v e n t   t h e r m a l   c r a c k i n g   of  the  m o l d e d   m i x t u r e .  

In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   w h e r e i n   the  m o l d e d  

m i x t u r e   for  R3M5O12   is  d i s s o l v e d   in  the  m o l t e n   s o l v e n t   and  the  s i n g l e  

c r y s t a l   of  R3M5O12   is  f o r m e d   on  the  s eed   c r y s t a l ,   the  r a d i a t i o n   c o n v e r -  

gence   type  f l oa t ing   z o n e  m e t h o d   is  e m p l o y e d   in  o r d e r   to  p r e v e n t   a  

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

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

c o m p o n e n t s   and  to  d e c r e a s e   t h e   d e f e c t s .  

The  f l o a t i n g   zone  m e t h o d   u s e d   in  the  p r o c e s s   of  the  p r e s e n t  

i n v e n t i o n   m e a n s   that  the  rod  for  the  p r o d u c t   is  r o t a t e d   and  fed  f r o m   t h e  



h i g h e r   p o s i t i o n   into  the  high  t e m p e r a t u r e   zone  m a i n t a i n i n g   the  t e m p e r a t u r e  

h i g h e r   than  the  m e l t i n g   point   of  the  rod ,   and  the  s e e d   c r y s t a l   i s  

r o t a t e d   in  the  r e v e r s e   d i r e c t i o n   and  fed  f r o m   the  l o w e r   p o s i t i o n   and  b o t h  

t h e   rod  and  the  s eed   c r y s t a l   a re   c o n t a c t e d   at  the  m o l t e n   zone  u n d e r   t h e  

c o n d i t i o n   hav ing   no  o t h e r   s u p p o r t   f o r   the  f l o a t i n g   zone  and  then,   b o t h  

t h e   rod  and  the  s e e d   c r y s t a l   a re   moved  d o w n w a r l d y   a t   a  c o n s t a n t   s p e e d  

w h e r e b y   the  rod   is  d i s s o l v e d   into  the  m o l t e n   s o l v e n t   and  the  s ing le   c r y s t a l  

is  f o r m e d   on  the  s eed   c r y s t a l   f r o m   the  m o l t e n   s o l v e n t .   The  high  t e m p e r a t u r e  

zone  is  m a i n t a i n e d   s t a b l y   (in  s p a c e   and  t i m e ) .  

The  high  t e m p e r a t u r e   zone  m a i n t a i n i n g   the  t e m p e r a t u r e   b e i n g  

h i g h e r   than  the  m e l t i n g   poin t   of  the  rod  in  the  s i ng l e   c r y s t a l   g r o w t h  

a p p a r a t u s   for  the  f l o a t i n g   zone  m e t h o d   shou ld   be  m a i n t a i n e d   at  h i g h e r   t h a n  

1,  450°C  of  the  m e l t i n g  p o i n t   of  the  s o l v e n t   for  3  to   15  m m   d e p e n d i n g   u p o n  

the  d i a m e t e r   of  the  rod  for  R 3 M 5 O 1 2 .  

The  l e n g t h   of  the  high  t e m p e r a t u r e   zone  to  be  m a i n t a i n e d  

h i g h e r   t h a n  1 ,   450°C  is  not  p r e f e r a b l y   l o n g e r   or  s h o r t e r   than  the  r a n g e .  

The  t e m p e r a t u r e   d i s t r i b u t i o n   e x c e p t   n e a r   the  high  t e m p e r a t u r e   zone  i s  

not  c r i t i c a l .  

The  s ing le   c r y s t a l   g r o w t h   a p p a r a t u s   u s e d   in  the  p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   shou ld   have  an  e q u i p m e n t   for  s e a l i n g   the  s i n g l e   c r y s t a l  

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

m e n t   as  d e s i r e d .  

The  r a d i a t i o n   c o n v e r g e n c e   type  f l o a t i n g   zone  m e t h o d   m e a n s  

the  f l o a t i n g   zone  m e t h o d   w h e r e i n   the  s t a b l e   high  t e m p e r a t u r e   zone  i s  

f o r m e d   by  the  c o n v e r g e n c e   of  r a d i a t i o n   f r o m   the  l igh t   s o u r c e   at  a  h i g h  

t e m p e r a t u r e   by  a  m i r r o r   or  a  l e n s .  

The  f l o a t i n g   zone  m e t h o d   of  the  p r e s e n t   i n v e n t i o n   has  the  f e a t u r e  

that   the  c o m p o s i t i o n   of  the  rod  for  R 3 M 5 O 1 2   is  d i f f e r e n t   f r o m   that   of  t h e  

s o l v e n t  T h i s   is  d i f f e r e n t   f r o m   the  c o n v e n t i o n a l   f l o a t i n g   zone  m e t h o d .  



T h a t   is ,   the  m o l t e n   zone  is  f o r m e d   by  a d h e r i n g   a  s m a l l   a m o u n t  

of  the  m o l t e n   s o l v e n t   at  the  l o w e r   edge  of  the  rod  for  R 3 M 5 O 1 2 .   In  t h i s   s t e p ,  

the  m o l t e n   s o l v e n t   can  be  a d h e r e d   on  the  top  of  the  s eed   c r y s t a l   or  on  b o t h  

of  the  l o w e r   edges of  the  rod  for  R 3 M 5 O 1 2   and  the  top  of  the  s eed   c r y s t a l .   T h e  

a m o u n t   of  the  m o l t e n   s o l v e n t   is  p r e f e r a b l y   that   of  a  s e m i - s p h e r i c a l   s i z e  

hav ing   the  d i a m e t e r   of  the  rod  f o r  R 3 M 5 O 1 2 .   When  the  m o l t e n   s o l v e n t   i s  

a d h e r e d   on  both  of  t h e m ,   the  a m o u n t   of  the  m o l t e n   s o l v e n t   is  p r e f e r a b l y  

that   of  each   s e m i - s p h e r i c a l   s i z e   hav ing   the  d i a m e t e r   of  the  rod  or  t h e  

s e e d   c r y s t a l .   The  m o l t e n   s o l v e n t   f o r m s   the   f l o a t i n g   zone  by  c o n t a c t i n g  

the  rod  for   R 3 M 5 O 1 2   with  the  s e e d   c r y s t a l   t h r o u g h   the  m o l t e n   s o l v e n t .  

The  s e e d   c r y s t a l   c a n  b e   any  kind  of  so l i d   w h i c h  i s   r e s i s t a n t  

to  high  t e m p e r a t u r e   and  i n e r t   to  the  s o l v e n t   and  it  is  p r e f e r a b l y   a  par t   o f  

the  c a l c i n e d   rod  for  R 3 M 5 O 1 2   e s p e c i a l l y   the  s ing le   c r y s t a l   of  R 3 M 5 O 1 2 .  

The  s i n g l e   c r y s t a l   g r o w t h   s p e e d   us ing  the  rod  for  R 3 M 5 0 1 2 ,   t h e  

s o l v e n t   and  the  s e e d   c r y s t a l   in  the  f l o a t i n g   zone  m e t h o d   is  equa l   to  the  d o w n w a r d  

f e e d i n g   s p e e d   of   t he   rod   and  t h e   s e e d   c r y s t a l .   The  s i n g l e   c r y s t a l  

of  R 3 M 5 0 1 2   is  f o r m e d   at  a  s p e e d   of  g r e a t e r   than  0.1  m m   per   h o u r .  

The  s p e e d   is  p r e f e r a b l y   g r e a t e r   but  i t . i s   p r e f e r a b l y   l e s s   than  10  cm  p e r  

h o u r   e s p e c i a l l y   l e s s   than  8  m m   per   h o u r ,   o p t i m u m l y   in  a  r a n g e   of  1  t o  

4  m m   per   h o u r .   When   it  is  too  s l o w ,   the  e f f i c i e n c y   for   p r o d u c i n g   t h e  

s i n g l e   c r y s t a l   of  R 3 M 5 O 1 2   is  l o w e r e d   and  the  cost   is  i n c r e a s e d .  

In  o r d e r   to  p r e v e n t   the  f o r m a t i o n   of  f e r r o u s   oxide  in  the  r e s u l t -  

ing  s i n g l e   c r y s t a l   and  to  m a i n t a i n   the  m i n i u m   e l e c t r i c a l   c o n d u c t i v i t y  

in  the  g rown  s i n g l e   c r y s t a l   of  R 3 M 5 0 1 2 ,   the  oxygen   p r e s s u r e   in  t h e  

e n v i r o n m e n t   is  m a i n t a i n e d   a t   at  l e a s t   10-2  a t m .   The   oxygen   p r e s s u r e   i s  

p r e f e r a b l y   h i g h e r   and  e s p e c i a l l y   in  a  r a n g e   of  1  to  100  a t m .  



W h e n   the  r e s u l t i n g   s i n g l e   c r y s t a l   is  u sed   i n s t e a d   of  the  c a l c i n e d  

rod  for   R 3 M 5 0 1 2   in  the  p r o d u c t i o n   of  the  s i n g l e   c r y s t a l   of  R 3 M 5 O 1 2 ,   t h e  

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

r e c r y s t a l l i z a t i o n   of  the  s i n g l e   c r y s t a l   of  R 3 M 5 0 1 2   on  the  s e e d   c r y s t a l   i s  

s t a b l e   and  the  s i n g l e   c r y s t a l   hav ing   high  q u a l i t y  c a n   be  o b t a i n e d .  

In  the  s p e c i f i c a t i o n   the  s i n g l e   c r y s t a l   of  R 3 M 5 O 1 2   h a v i n g   h i g h  

q u a l i t y   m e a n s   the  s i n g l e   c r y s t a l s   h a v i n g   a  w id th   of  f e r r o m a g n e t i c   r e s o n a n c e  

a b s o r p t i o n   of  l e s s   than  5 Oe  at  r o o m   t e m p e r a t u r e   t h o u g h   it  is  a f f e c t e d   b y  

the  c o n t e n t   of  A l   or  Ga  c o m p o n e n t .  

In  a c c o r d a n c e   wi th   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   t h e  

s i n g l e   c r y s t a l   of  R 3 M 5 0 1 2   hav ing   high  p u r i t y   and  u n i f o r m   d i s t r i b u t i o n   o f  

the  c o m p o n e n t s   can  be  o b t a i n e d   a t   l o w e r   cos t   in  c o m p a r i s o n   wi th   the  s i n g l e  

c r y s t a l   of  R 3 M 5 O 1 2   o b t a i n e d   by  the  c o n v e n t i o n a l   m e t h o d .  

The  s i n g l e   c r y s t a l   of  R 3 M 5 O 1 2   o b t a i n e d   by  the  p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   can  be  used   as  a  m a g n e t i c   m a t e r i a l   for   m i c r o w a v e s   w h i c h   i s  

the  m a i n   u s e o f t h o s e   o b t a i n e d   by  the  c o n v e n t i o n a l   m e t h o d .   I t  a l s o  c a n  b e  

used  in  the  o t h e r   f i e ld s   of  m a g n e t i c   m a t e r i a l s   s u c h   as  s p i n e l   t y p e  

f e r r i t e ,   e tc .   as  it  is  r e m a r k a b l y   low  in  c o s t .  

The  p r e s e n t   i n v e n t i o n   will   be  f u r t h e r   i l l u s t r a t e d   by  c e r t a i n  

e x a m p l e s .  



E X A M P L E   1 :  

S ingle   c r y s t a l   g r o w t h   of  Y 3 F e 4 .   5 A l 0 .   5 0 1 2  

Y 2 0 3   ( p u r i t y   of  g r e a t e r   than  9 9 . 9 % ) ,   F e 2 O 3   ( p u r i t y   of  g r e a t e r  

than   9 9 . 9 % )  a n d   A l 2 O 3   ( p u r i t y   of  g r e a t e r   t han   9 9 . 9 % )   in  p o w d e r y   f o r m s  

w e r e   m i x e d   at  m o l a r   r a t i o s   of  3 . 0  :   4.  5 :  0. 5  as  the  m i x t u r e   f o r  

Y 3 F e 4 . 5 A l 0 . 5 O 1 2   and  at  m o l a r ' r a t i o s   of  0 . 1 7  :   0 . 9 5 : 0 . 0 5   as  the  m i x t u r e  

for   the  s o l v e n t .  

E a c h   m i x t u r e   was   g r o u n d   wi th   a c e t o n e   in  a  m o r t a r   to  o b t a i n  

e a c h   of  two  types   of  m i x t u r e s   of  f ine  p o w d e r   h a v i n g   an  a v e r a g e   d i a m e t e r  

o f  1 µ m .  

In  a  th in   r u b b e r   tube   h a v i n g   a  d i a m e t e r   of  11  m m ,   abou t   12  g  

of  each   m i x t u r e   was  c h a r g e d   and  both  ends   of  the  r u b b e r   tube  w e r e   s e a l e d .  

The   r u b b e r   tube  was  i n s e r t e d   in  a  m o l d   h a v i n g   an  i n n e r   d i a m e t e r   of  11. 5  m m  

and  the  m i x t u r e   was  m o l d e d   u n d e r   a  p r e s s u r e   of  1  t o n / c m 2   for   a b o u t  

1  m i n u t e   in  an  oil  p r e s s u r e   type  h y d r a u l i c   a p p a r a t u s .  

E a c h   rod  h a v i n g   a  d i a m e t e r   of  about   8  m m   and  a  l e n g t h   o f  

a b o u t   80  m m   p r e p a r e d   by  the  m o l d i n g   s t e p   was   c a l c i n e d   in  a   v e r t i c a l   t y p e  

e l e c t r i c   f u r n a c e   at  1 , 5 5 0 ° C   for   the  p r o d u c t  a n d   at  1 , 4 0 0 ° C   for   the  s o l v e n t .  

The   c r a c k i n g   of  t h e   r ods   c a u s e d   by  r a p i d   h e a t i n g   and  q u e n c h i n g  

w a s   p r e v e n t e d   by  t ak ing   1  h o u r   fo r   i n s e r t i n g   and  d i s c h a r g i n g   the  r o d .  

The  rod  for   the  p r o d u c t   of  Y 3 F e 4 .   5Al0 .   5O12  h a v i n g   a  d i a m e t e r  

of  about   6. 5  m m   and  a  l e n g t h   of  about   6 0  m m   was   f ixed   on  an  u p p e r   r o t a r y  

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

ing  i n f r a r e d   r a d i a t i o n   c o n v e r g e n c e   m e t h o d .   The   rod   fo r   s o l v e n t   h a v i n g   a  

d i a m e t e r   of  about  7   m m   and  a  l eng th   of  a b o u t  2 0   m m   was   f ixed   on  a  l o w e r  

r o t a r y   sha f t   for   s e e d   c r y s t a l s .   O x y g e n   (1  a t o m )   was   fed  into  a  c r y s t a l   g r o w t h  

c h a m b e r   p a r t i t i o n e d   f r o m   t h e  a m b i e n t   by  a  f u s e d   q u a r t z   t u b e   t o  

p u r g e   a i r   and  the  h e a t i n g   o p e r a t i o n   was   i n i t i a t e d .   O x y g e n   was   fed  at  a  



l i n e a r   s p e e d   of  0.6  cm  pe r   s e c o n d   n e a r   the  f l o a t i n g   z o n e .   The   e d g e   o f  

the  rod  for   s o l v e n t   was   a d j u s t e d   to  the  p o s i t i o n   i m p a r t i n g   h i g h e s t   t e m p e r -  

a t u r e   in  a  s i n g l e   c r y s t a l   g r o w t h   a p p a r a t u s .   When   the  edge   was   m e l t e d   b y  

t he   h e a t i n g ,   the  t e m p e r a t u r e   was   kept   in  c o n s t a n t   and  the  rod   f o r  

Y 3 F e 4 . 5 A l 0 . 5 O 1 2   was   s h i f t e d   d o w n w a r d l y   i n t o   c o n t a c t   w i t h   t h e   r o d   f o r  

s o l v e n t   at  the  m o l t e n   p a r t .   T h e n ,   the  rod   fo r   s o l v e n t   was   cut  out  so  a s  

to  l e a v e   s u i t a b l e   a m o u n t   of  the  rod   f o r   s o l v e n t   at  the  l o w e r   edge   of  t h e  

rod  fo r   Y 3 F e 4 .   5 A l 0 .   5O12.   The   rod   fo r   s o l v e n t   was   r e m o v e d   f r o m   t h e  

a p p a r a t u s   wh i l e   c u t t i n g   the  r a d i a t i o n .   A  s i n t e r e d   rod   of  Y 3 F e 4 .   5 A l 0 .   5 O 1 2  

h a v i n g   a  d i a m e t e r   of  6. 5  m m   and  a  l e n g t h   of  20  m m   as  a  s e e d   c r y s t a l   w a s  

f ixed   on  the  l o w e r   r o t a r y   s h a f t   i n s t e a d   of  the  rod  f o r   s o l v e n t .  

The   s o l v e n t   a d h e r e d   at  the  l o w e r   edge   of  the  rod   f o r  

Y 3 F e 4 . 5 A l 0 . 5 O 1 2   was   m e l t e d   by  h e a t i n g   it.  The   s e e d   c r y s t a l   was   a d j u s t e d  

to  c o n t a c t   wi th   the  s o l v e n t   and  was   c o n t a c t e d   wi th   the  rod  fo r   p r o d u c t   t h r o u g h  

the  m o l t e n   p a r t .   The   s e e d   c r y s t a l   and  the  rod   fo r   p r o d u c t   w e r e   r e s p e c t i v e l y  

r o t a t e d   at  a  s p e e d   of  30  r p m   in  o p p o s i t e   d i r e c t i o n   e a c h   o t h e r   unt i l   c o m p l e t i n g  

the  c r y s t a l   g r o w t h .   The  c o n d i t i o n   f o r   i m p a r t i n g   s u i t a b l e   s i z e   of  the  m o l t e n  

p a r t   was   m a i n t a i n e d   by  f i n e l y   c o n t r o l l i n g   the  t e m p e r a t u r e   and  the  gap  b e t w e e n  

the  rod  for   p r o d u c t   and  the  s e e d   c r y s t a l .   T h e n ,   both   of  t h e m   w e r e   s h i f t e d  

d o w n w a r d l y   at  a  c o n s t a n t   s p e e d   of  2. 0  m m / h r   to  f o r m   a   s i n g l e   c r y s t a l   o f  

Y 3 F e 4 .   5 A l 0 .   5O12  on  the  s e e d   c r y s t a l .   P o l y c r y s t a l l i n e   p r o d u c t   was   i n i t i a l l y  

f o r m e d   but  a f t e r   the  g r o w t h   for   10  to  15  m m ,   the  p r o d u c t   had  a  s e c t i o n a l  

v iew  of  s i n g l e   c r y s t a l .  

W h e n   the  rod   fo r   Y 3 F e 4 .   5 A l 0 .   5O12  was   s u b s t a n t i a l l y   c o n s u m e d ,  

the  s i n g l e   c r y s t a l   was   cut  out  f r o m   the  rod   for   p r o d u c t   and  was   c o o l e d  

to  ob ta in   a  rod  of  s i n g l e   c r y s t a l   of  Y 3 F e 4 .   5 A l 0 .   5O12  h a v i n g   a  d i a m e t e r   o f  

6  m m   and  a  l eng th   of  40  m m .  



E X A M P L E   2 :  

Single   c r y s t a l   g r o w t h   of  Y 3 F e 4 A l O 1 2  

Y2O3  (pu r i t y   of  g r e a t e r   than  9 9 . 9 % ) ,   F e 2 O 3   ( p u r i t y   of  g r e a t e r  

than  9 9 . 9 % )  a n d   A l 2 O 3   ( p u r i t y   of  g r e a t e r   than  99 .9%)   in  p o w d e r y   f o r m s  

w e r e   m i x e d   at  m o l a r   r a t i o s   of  3. 0 :  4. 0 :   1 .0   as  the  m i x t u r e   f o r  

Y 3 F e 4 A l O 1 2   and  at  m o l a r   r a t i o s   of.  0 . 1 7  :   0 . 9  :  0 . 1   as  the  m i x t u r e   for  t h e  

s o l v e n t .  

E a c h   m i x t u r e   was   g r o u n d   wi th   a c e t o n e   in  a  m o r t a r   to  o b t a i n  

e a c h   of  two  types   of  m i x t u r e s   of  f ine   p o w d e r   hav ing   an  a v e r a g e   d i a m e t e r  

of  1  µ m .  

In  a c c o r d a n c e   with  the  p r o c e s s   of  E x a m p l e   1,  the  two  types   o f  

the  m i x t u r e s   w e r e   t r e a t e d   to  ob t a in   a  rod  of  s i n g l e   c r y s t a l   of  Y 3 F e 4 A l O 1 2  

hav ing   a  d i a m e t e r   of  6  m m   and  a  l eng th   of  40  m m .  

The  r e s u l t i n g   c y l i n d r i c a l   s i n g l e   c r y s t a l   was  s l i c e d   in  p a r a l l e l  

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

by  a  m i c r o s c o p e   to  find  no  u n u n i f o r m   p a r t .  

E X A M  P L E   3 :  

S ingle   c r y s t a l   g r o w t h   of  Y 3 F e 4 .   5Al0 .   5012  (high  q u a l i t y )  

The  s i n g l e   c r y s t a l   o b t a i n e d   by.  the  p r o c e s s   of  E x a m p l e   1  was  u s e d  

and  r e c r y s t a l l i z e d   in  a c c o r d a n c e   with  the  p r o c e s s   of  E x a m p l e   1  to  o b t a i n  

a  s i n g l e   c r y s t a l   hav ing   a  d i a m e t e r   of  6  m m   and  a  l eng th   of  40  m m   h a v i n g  

high  q u a l i t y .  

A  p a r t   of  the  r e s u l t i n g   s i n g l e   c r y s t a l   was  cut  out  and  was   p o l i s h e d  

to  f o r m   a  s p h e r i c a l   bal l   hav ing   a  d i a m e t e r   of  0.  5  m m   and  a  w id th   of  f e r r o -  

m a g n e t i c   r e s o n a n c e   a b s o r p t i o n   of  the  bal l   was   m e a s u r e d   to  r e s u l t   1.8  O e .  



E X A M P L E   4 :  

S ingle   c r y s t a l   g r o w t h   of  Y 3 F e 4 .   5Ga0.   5 0 1 2  

Y2O3  ( p u r i t y   of  g r e a t e r   than   9 9 . 9 % ) ,   F e 2 0 3   ( p u r i t y   of  g r e a t e r  

than  99 .9%)   and  Ga2O3   ( p u r i t y   of  g r e a t e r   than   9 9 . 9 % )  i n   p o w d e r y   f o r m s  

w e r e   m i x e d   at  m o l a r   r a t i o s   o f  3 .  0  :   4.  5 :   0. 5  as  the  m i x t u r e   f o r  

Y 3 F e 4 .   5Ga0.  5O12  a n d  a t   m o l a r   r a t i o s   of  0 . 1 7  :   0 . 9 5  :   0.  05  as  t h e  

m i x t u r e   for  the  s o l v e n t .  

E a c h   m i x t u r e   was  g r o u n d   wi th   a c e t o n e   in  a  m o r t a r   to  o b t a i n  

each   of  two  t ypes   of  m i x t u r e s   of  fine  p o w d e r   h a v i n g   an  a v e r a g e   d i a m e t e r  

of  1  µ m .  

In  a c c o r d a n c e   wi th   the  p r o c e s s   of  E x a m p l e   1,  the  two  t ypes   o f  

the  m i x t u r e s   w e r e   t r e a t e d   to  ob t a in   a  rod  of  s i n g l e   c r y s t a l   o f  

Y 3 F e 4 .   5Ga0.  5O12  h a v i n g   a  d i a m e t e r   of  6  m m   and  a  l eng th   of  40  m m .  

The  r e s u l t i n g   c y l i n d r i c a l   s i n g l e   c r y s t a l   was   s l i c e d   in  p a r a l l e l  

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

by  a  m i c r o s c o p e   to  find  no  u n u n i f o r m   p a r t .  

E X A M P L E   5: 

S ing le   c r y s t a l   g r o w t h   of  Y 3 F e 4 G a O 1 2  

Y203   ( p u r i t y   of  g r e a t e r   than   9 9 . 9 % ) ,   F e 2 O 3   ( p u r i t y   of  g r e a t e r  

than  99 .9%)   and  Ga2O3  ( p u r i t y   of  g r e a t e r   than   99 .9%)   in  p o w d e r y   f o r m s  

w e r e   m i x e d   at  m o l a r   rad ios   of  3.  0 :  4 .  0  :  1 .   0  as  the  m i x t u r e   f o r  

Y 3 F e 4 G a O 1 2   and  at  m o l a r   r a t i o s   of  0 . 1 7  :   0 . 9  :   0.  1 as  the  m i x t u r e  

fo r   the  s o l v e n t .  



E a c h   m i x t u r e   was  g r o u n d   with  a c e t o n e   in  a  m o r t a r   to  o b t a i n  

each   of  two  types   of  m i x t u r e s   of  fine  p o w d e r   hav ing   an  a v e r a g e   d i a m e t e r  

o f  1 µ m .  

In  a c c o r d a n c e   with  the  p r o c e s s   of  E x a m p l e   1 ,  t h e   two  types   of  

the  m i x t u r e s   w e r e   t r e a t e d   to  ob ta in   a  rod  of  s i n g l e   c r y s t a l   of  Y 3 F e 4 G a O 1 2  

hav ing   a  d i a m e t e r   of  6  m m   and  a  l eng th   of  40  m m .  

The  r e s u l t i n g   c y l i n d r i c a l   s i n g l e   c r y s t a l   was  s l i c e d   in  p a r a l l e l  

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

by  a  m i c r o s c o p e   to  find  no  u n u n i f o r m   p a r t .  

E X A M P L E   6 :  

S ingle   c r y s t a l   g r o w t h   of  Y2.  5Nd0.  5 F e 5 O 1 2  

Y203  ( p u r i t y   of  g r e a t e r   than  9 9 . 9 % ) ,   Nd2O3  ( p u r i t y   of  g r e a t e r  

than   99 .9%)   and  F e 2 O 3   ( p u r i t y   of  g r e a t e r   than  99 .9%)   in  p o w d e r y   f o r m s  

w e r e   m i x e d   at  m o l a r   r a t i o s   of  2.  5  :  0 .   5 :  5.  0  as  the  m i x t u r e   f o r  

Y 2 . 5 N d 0 . 5 F e 5 O 1 2   and  at  m o l a r   r a t i o s   of  0 . 1 4  :   0.  03 :   1.  0  as  the  m i x t u r e  

for   the  s o l v e n t .  

E a c h   m i x t u r e   was  g r o u n d   wi th   a c e t o n e   in  a  m o r t a r   to  o b t a i n  

e a c h   of  two  types   of  m i x t u r e s   of  fine  p o w d e r   hav ing   an  a v e r a g e   d i a m e t e r  

of  1 µ m .  

In  a c c o r d a n c e   with  the  p r o c e s s   of  E x a m p l e   1,  the  two  types   o f  

the  m i x t u r e   w e r e   t r e a t e d   to  ob t a in   a  rod  of  s i n g l e   c r y s t a l   o f  

Y 2 . 5 N d 0 . 5 F e 5 O 1 2   hav ing   a  d i a m e t e r   of  6  m m   and  a  l eng th   of  40  m m .  

The  r e s u l t i n g   c y l i n d r i c a l   s i n g l e   c r y s t a l   was   s l i c e d   in  p a r a l l e l  

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

by  a  m i c r o s c o p e   to  find  no  u n u n i f o r m   p a r t .  



EXAM  P L E   7 :  

S ingle   c r y s t a l   g r o w t h   of  Y 2 Y b F e 5 O 1 2  

Y2O3  ( p u r i t y   of  g r e a t e r   than  9 9 . 9 % ) ,   Yb2O3  ( p u r i t y   of  g r e a t e r  

than  9 9 . 9 % )   and  F e 2 O 3   ( p u r i t y   of  g r e a t e r   than  9 9 . 9 % )   in  p o w d e r y   f o r m s  

w e r e   m i x e d   at  m o l a r   r a t i o s   of  2.  0 :   1.  0 :  5. 0  as  the  m i x t u r e   f o r  

Y 2 Y b F e 5 O 1 2   and  at  m o l a r   r a t i o s   of  0 . 1 1  :   0. 6 :  1.  0  as  the  m i x t u r e   f o r  

the  s o l v e n t .  

E a c h   m i x t u r e   was  g r o u n d   wi th   a c e t o n e   in  a  m o r t a r   to  o b t a i n  

each   of  two  types   of  m i x t u r e s   of  f ine  p o w d e r   hav ing   an  a v e r a g e   d i a m e t e r  

of  1 µ m .  

In  a c c o r d a n c e   wi th   the  p r o c e s s   of  E x a m p l e   1,  the  two  t ypes   o f  

the  m i x t u r e s   w e r e   t r e a t e d   to  ob t a in   a  rod  of  s i n g l e   c r y s t a l   o f  

Y 2 Y b F e 5 G 1 2   h a v i n g   a  d i a m e t e r   of  6  m m   and  a  l eng th   of  40  m m .  

The  r e s u l t i n g   c y l i n d r i c a l   s i n g l e   c r y s t a l   was   s l i c e d   in  p a r a l l e l  

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

by  a  m i c r o s c o p e   to  find  no  u n u n i f o r m   p a r t .  

E X A M P L E   8 :  

S ing le   c r y s t a l   g r o w t h   of  Y2.  5Gd0.  5 F e 4 A l 0 .   5Ga0.  5 O 1 2  

Y2O3,   G d 0 3 ,   F e 2 0 3 ,   A l 2 O 3   and  G a 2 O 3 ,   wh ich   w e r e   in  p o w d e r y  

f o r m s   and  r e s p e c t i v e l y   had  p u r i t i e s   of  g r e a t e r   than  9 9 . 9 %   w e r e   m i x e d   a t  

m o l a r   r a t i o s   of  2.  5 :  0. 5 :  4.  0 :   0.  5 :  0. 5  as  the  m i x t u r e   f o r  

Y 2 . 5 G d 0 . 5 F e 4 A l 0 . 5 G a 0 . 5 G 1 2   and  at  m o l a r   r a t i o s   of  0 . 1 4  :   0 . 3  :  0 . 9 :   0 . 0 5  :  

0. 05  as  the  m i x t u r e   for   t h e  s o l v e n t .  

E a c h   m i x t u r e   was   g r o u n d   wi th   a c e t o n e   in  a  m o r t a r   to  o b t a i n  

each   of  two  t ypes   of  m i x t u r e s   of  f ine  p o w d e r   hav ing   an  a v e r a g e   d i a m e t e r  

of  1  µ m .  



In  a c c o r d a n c e   w i th   the   p r o c e s s   of  E x a m p l e   1,  the  two  t ypes   o f  

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

Y2.  5 C d 0 . 5 F e 4 A l 0 .   5 G a 0 . 5 O 1 2   h a v i n g   a  d i a m e t e r   of  6  m m   and  a  l e n g t h  

of  40  m m .  

The  r e s u l t i n g   c y l i n d r i c a l   s i n g l e   c r y s t a l   was   s l i c e d   in  p a r a l l e l   t o  

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

by  a  m i c r o s c o p e   to  find  no  u n u n i f o r m   p a r t .  



1.  A  p r o c e s s   for   p r o d u c i n g   a  s i n g l e   c r y s t a l   of  a  y t t r i u m - i r o n  

g a r n e t   so l id   s o l u t i o n   by  c o n t a c t i n g   a  s o l v e n t   with  a  l o w e r   edge   o f  

a  r o d   of  a  m i x t u r e   for  a  p r o d u c t   and  wi th   an  u p p e r   edge  of  a  s e e d   c r y s t a l   a n d  

h e a t i n g   the  s o l v e n t   p a r t   to  m e l t   it  and  f o r m i n g   a  s i n g l e   c r y s t a l ,   c h a r a c t -  

e r i  z e  d  by  u s i n g   a  m i x t u r e   c o m p r i s i n g   y t t r i u m   ox ide   type   c o m p o n e n t  

and  i r o n   oxide  type  c o m p o n e n t   as  the  rod   of  the  m i x t u r e   for   the  p r o d u c t   a n d  

u s i n g   a  m i x t u r e   c o m p r i s i n g   i r o n   ox ide   type  c o m p o n e n t   and  o p t i o n a l l y   r a r e  

e a r t h   oxide   c o m p o n e n t   as  the  s o l v e n t   and  f o r m i n g   the  s i n g l e   c r y s t a l   by  a  

f l o a t i n g   zone  m e t h o d .  

2.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   a  m o l a r   r a t i o   of  t h e  

y t t r i u m   oxide   type  c o m p o n e n t   to  the  i r o n   ox ide   type   c o m p o n e n t   is  2.  5 :  5.  0  

to  3.  5 :  5.  0  in  the  m i x t u r e   for   the  p r o d u c t .  

3.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  y t t r i u m   ox ide   t y p e  

c o m p o n e n t   c o m p r i s e s   y t t r i u m   ox ide   as  m a i n   c o m p o n e n t   and  the  o t h e r   r a r e  

e a r t h   oxide   c o m p o n e n t . a s   a d d i t i o n a l   c o m p o n e n t   and  the  i r o n   oxide   type   c o m p o n e n t  

c o m p r i s e s   i r o n   oxide   as  m a i n   c o m p o n e n t   and  a l u m i n u m  o x i d e   c o m p o n e n t   a n d  

g a l l i u m   oxide   c o m p o n e n t   as  a d d i t i o n a l   c o m p o n e n t   in  the  m i x t u r e   for   the  p r o d u c t .  

4.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  s o l v e n t   c o m p r i s e s  

i r o n   oxide   type   c o m p o n e n t .  

5   A  p r o c e s s   a c c o r d i n g   to  C l a i m   4  w h e r e i n   the  s o l v e n t   c o m p r i s e s  

l e s s   than   0. 6  m o t e   of  the  r a r e   e a r t h   oxide   c o m p o n e n t   p e r   1  m o l e   of  the  i r o n  

ox ide   type  c o m p o n e n t .  



6 .  A   p r o c e s s   a c c o r d i n g   to  C l a i m   5  w h e r e i n   the  i ron   oxide  t y p e  

c o m p o n e n t   c o m p r i s e s   i r o n   o x i d e   as  t h e   ma in   c o m p o n e n t   and  a l u m i n u m  

o x i d e   c o m p o n e n t   a n d / o r   g a l l i u m   o x i d e   c o m p o n e n t   as  t h e   a d d i t i o n a l  

c o m p o n e n t   in  t he   s o l v e n t .  

7.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  y t t r i u m   i ron   g a r n e t  

so l id   so lu t i on   has  the  f o r m u l a   of  R 3 M 5 O 1 2   w h e r e i n   R  r e p r e s e n t s   Y  a n d  

o p t i o n a l l y   the  o t h e r   r a r e   e a r t h   e l e m e n t s ;   M  r e p r e s e n t s   Fe  and  o p t i o n a l l y   A  

o r  G a .  

8.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   a  r a d i a t i o n   c o n v e r -  

gence   type  f l oa t ing   zone  m e t h o d   is  a p p l i e d .  

9.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  so lven t   pa r t   i s  

f o r m e d   b e t w e e n   the  rod  of  the  m i x t u r e   for  the  p r o d u c t   and  a  s e e d   c r y s t a l .  

10.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  so lven t   pa r t   i s  

f o r m e d   by  a d h e r i n g   the  s o l v e n t   on  the  l o w e r   edge  of  the  rod  of  the  m i x t u r e  

for  the  p r o d u c t   a n d / o r   the  u p p e r   edge  of  a  s eed   c r y s t a l .  

11.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  s i ng l e   c r y s t a l   i s  

f o r m e d   at  a  g r o w t h   r a t e   of  g r e a t e r   than  0.  1  m m   pe r   h o u r .  

12.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  s ing le   c r y s t a l  

g r o w t h   is  c a r r i e d   out  in  an  oxygen  a t m o s p h e r e   of  g r e a t e r   than  10 2  a t m .  

13.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   a  bulk  d e n s i t y   of  t h e  

rod  of  the  m i x t u r e   for  the  p r o d u c t   is  g r e a t e r   than  80%. 

14.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   the  r e s u l t i n g   s i n g l e  

c r y s t a l   is  r e c r y s t a l l i z e d   by  r e p e a t i n g   the  o p e r a t i o n .  
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