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@  Scintillation  crystal  and  method  of  making  it. 

  Scintillation  material  is  heated  either  at  or  slightly  be- 
low  its  melting  point.  The  material  is  held  at  that  tem- 
perature  for  4  to  10  hours,  and  is  cooled  down  to  room 
temperature,  preferably  in  two  steps. 



BACKGROUND  OF  THE  INVENTION 

The  i n v e n t i o n   r e l a t e s   to  s c i n t i l l a t i o n   c r y s t a l s .   (The  t e rm  

" c r y s t a l "   i n c l u d e s   bodies   which  are  used  as  s c i n t i l l a t o r s ;   such  

bodies  may  be  s i ng l e   c r y s t a l ,   p o l y c r y s t a l l i n e ,   amorphous,  e t c . )  

More  p a r t i c u l a r l y ,   the  i n v e n t i o n   r e l a t e s   to  th ick   s c i n t i l l a t i o n  

c r y s t a l s ,   i . e .   c r y s t a l s   which  are  s u f f i c i e n t l y   th ick   that   a  l a r g e  

f r a c t i o n   of  r a d i a t i o n   i n c i d e n t   on  the  c r y s t a l   loses   a l l   i t s   e n e r g y  
in  tne  c r y s t a l   as  a  r e s u l t   of  i n t e r a c t i o n s   with  i t .   In  p r a c t i c e ,  

th ick   s c i n t i l l a t i o n   c r y s t a l s  a r e   at  l e a s t   1/4  to  3/8  inch  th ick   when 

used  in  gamma  cameras,   and  may  be  s e v e r a l   inches   th ick   when  used  f o r  

o i l   well  logging ,   background  mon i to r ing ,   and  other   a p p l i c a t i o n s .  

Thin  s c i n t i l l a t i o n   c r y s t a l s   have  t h i c k n e s s e s   on  the  order  o f  

h u n d r e d s   of  microns  and  are  used  for  example  in  X-ray  equ ipmen t .  

Thick  s c i n t i l l a t i o n   c r y s t a l s   are  t r a d i t i o n a l l y   grown  as  l a r g e  

s ingle   c r y s t a l s .   This  is  slow  and  expens ive .   Fur thermore ,   t h e  

growth  process   r e q u i r e s   l a rge   and  expens ive   f u r n a c e s ,   and 

s u b s t a n t i a l   machining  is  r e q u i r e d   to  cut  and  po l i sh   the  rough 

s c i n t i l l a t i o n   c r y s t a l   in to   an  a p p r o p r i a t e   form  for  mounting  and 

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

Thick  s c i n t i l l a t i o n   c r y s t a l s   have  also  been  produced  by 

e v a p o r a t i o n   of  CsI(Na) .   The  end  product   of  t h i s   m a n u f a c t u r i n g  

process   is  a  t h i ck   c r y s t a l   with  a  n e e d l e - l i k e   p o l y c r y s t a l l i n e  

s t r u c t u r e .   C r y s t a l s   so  produced  are  unusable   for  a p p l i c a t i o n s   i n  

which  the  i n c i d e n t   r a d i a t i o n   is  gamama  rays,   because  the  c r y s t a l s  

are  not  c l ea r   enough,  have  poor  conver s ion   e f f i c i e n c y ,   and  poo r  

energy  r e s o l u t i o n .  

For  a p p l i c a t i o n s   r e q u i r i n g   very  th i ck   c r y s t a l s ,   o p t i c a l   c l a r i t y  

is  an  impor tan t   c h a r a c t e r i s t i c ,   because  the  c l e a r e r   is  a 



s c i n t i l l a t i o n   c r y s t a l ,   the  l e s s   a t t e n u a t e d   is  the  s c i n t i l l a t i o n  

l i gh t   genera ted   in  i t .   To  produce  th ick   s c i n t i l l a t i o n   c r y s t a l s   w i t h  

the  r equ i red   o p t i c a l   c l a r i t y ,   c o n v e n t i o n a l l y   grown  s c i n t i l l a t i o n  

c r y s t a l s   have  been  r e q u i r e d .   This  is  highly  e x p e n s i v e .  

One  ob jec t   of  the  i n v e n t i o n   is  to  produce  a  t h i ck   s c i n t i l l a t i o n  

c r y s t a l   without   r e q u i r i n g   the  la rge   and  expensive  fu rnaces   needed  t o  

produce  grown  c r y s t a l s .  

A  f u r t h e r   ob j ec t   is  to  provide   a  th ick   s c i n t i l l a t i o n   c r y s t a l  

which  is  o p t i c a l l y   c l e a r   enough  for  use  in  a p p l i c a t i o n s   such  a s  

o i l - w e l l   logging,   e t c .  

Yet  a  f u r t h e r   o b j e c t   is  to  provide   a  t h i ck   s c i n t i l l a t i o n   c r y s t a l  

which can  be  produced  more  cost   e f f e c t i v e l y   than  known  t h i c k  

s c i n t i l l a t i o n   c r y s t a l s .  

Yet  s t i l l   another   o b j e c t   is  in  gene ra l   to  improve  over  the  p r i o r  

a r t .  



SUM14ARY  OF  THE  INVENTION 

In  accordance  with  the  i n v e n t i o n ,   s c i n t i l l a t i o n   m a t e r i a l   i s  

heated  e i t h e r   c lose   to  or  at  i t s   mel t ing   point   for  between  4  and  10 

hours.   T h e r e a f t e r ,   the  m a t e r i a l   is  cooled  to  room  t e m p e r a t u r e .  

Advantageously ,   the  coo l ing   is  in  two  s t eps ,   the  f i r s t   being  to  c o o l  

the  c r y s t a l   to  a  t e m p e r a t u r e   of  about  400°  C  at  one  p r e d e t e r m i n e d  

r a t e ,   and  the  second  being  to  cool  the  c r y s t a l   down  to  room 

tempera tu re   at  ano ther   f a s t e r   r a t e .  

In  one  advantageous   embodiment,  the  m a t e r i a l   is  m a i n t a i n e d  

s l i g h t l y   below  i t s   mel t ing   p o i n t .   This  produces  an  o p t i c a l l y  

t r a n s l u c e n t   s c i n t i l l a t i o n   c r y s t a l   having  a  c r y s t a l   s t r u c t u r e   i n  

w h i c h   the re   are  many  o p t i c a l l y   v i s i b l e   i r r e g u l a r l y   shaped  domains ,  

i . e .   i r r e g u l a r l y   shaped  domains  which  can  be  v i s u a l l y   pe rce ived   w i t h  

the  unaided  eye.  The  c r y s t a l   is  ready  for  e n c a p s u l a t i o n   a f t e r   i t  

has  been  cooled  down. 

In  a  second  advantageous   embodiment,  the  s c i n t i l l a t i o n   m a t e r i a l  

is  a c t u a l l y   melted  and  held  at  i t s   mel t ing   p o i n t .   This  produces  an  

o p t i c a l l y   t r a n s p a r e n t   c r y s t a l   with  an  amorphous  c r y s t a l   s t r u c t u r e .  

The  c r y s t a l   so  produced  has  a  meniscus  at  i t s   edge;  the  m e n i s c u s  

should  be  ground  off  before  the  c r y s t a l   can  b e  u s e d .  

In  accordance  with  the  i n v e n t i o n ,   there   is  produced  a  new  t h i c k  

s c i n t i l l a t i o n   c r y s t a l .  

The  i n v e n t i o n   wi l l   be  b e t t e r   unders tood   with  r e f e r e n c e   to  t h e  

fo l lowing   drawing  and  the  d e t a i l e d   d e s c r i p t i o n   of  p r e f e r r e d  

embodiments .  



BRIEF  DESCRIPTION  OF  THE  DRAWING 

Exemplary  and  n o n - l i m i t i n g   p r e f e r r e d   embodiments  of  t h e  

i nven t ion   are  shown  in  the  drawings,   in  wh ich :  

Fig.  1  is  a  schemat ic   c r o s s - s e c t i o n a l   drawing  of  appa ra tus   i n  

accordance  with  the  i n v e n t i o n ;   and 

Fig.  2  s c h e m a t i c a l l y   i l l u s t r a t e s   t h e  a p p e a r a n c e   of  a  p r e f e r r e d  

embodiment .  



DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

An  oven  g e n e r a l l y   i n d i c a t e d   by  r e f e r e n c e   numeral  2  has  an  
i n s u l a t e d   housing  4,  a  bottom  5,  and  a  cover  6.  I n s ide   the  oven  2 

is  a  hea te r   8  which  is  c o n t r o l l e d   by  a p p r o p r i a t e   e x t e r n a l   c i r c u i t r y  

(not  shown).  The  h e a t e r   8  is  p r e f e r a b l y   e l e c t r i c a l ,   but  t h i s   is  n o t  

par t   of  the  i n v e n t i o n .  

A  h o r i z o n t a l   support   10  with  an  open  cen t e r   is  l oca t ed   i n s i d e  

the  oven  2  above  the  hea t e r   8.  In  t h i s   example,  the  housing  4  i s  

c y l i n d r i c a l   so  the  suppor t   10  is  a n n u l a r ,   but  the  shapes  of  t h e  

support   10  and  housing  4  are  not  par t   of  the  i n v e n t i o n .   A  s u b s t r a t e  

12  is  placed  on  top  of  the  support   10.  S u i t a b l e   m a t e r i a l s   for  t h e  

.  s u b s t r a t e   12  inc lude   q u a r t z ,   high  p u r i t y   A1203,  aluminum,  Pyrex  

g l a s s ,   lime  g lass   or  b o r o s i l i c a t e   g l a s s ,   but  other   m a t e r i a l s   may  be 

u t i l i z e d .   If  the  f i n i s h e d   s c i n t i l l a t i o n   c r y s t a l   de sc r ibed   below  i s  

to  be  f ixed  to  t h i s   s u b s t r a t e   (as  for   use  in  a  gamma  camera)  t h e  

s u b s t r a t e   12  must  be  of  a  m a t e r i a l   which  is  t r a n s p a r e n t   to  gamma 
r a d i a t i o n .  

A  layer   14  of  s c i n t i l l a t i o n   m a t e r i a l   such  as  CsI(Na)  is  p l a c e d  

on  top  of  the  s u b s t r a t e   12.  The  l aye r   14  may  be  produced  in  a 

s epa ra t e   vacuum  e v a p o r a t i o n   oven  (not  shown)  and  then  l a id   on  t h e  

s u b s t r a t e   12,  or  may  merely  be  raw  s c i n t i l l a t i o n   m a t e r i a l   i n  

powdered  form.  A l t e r n a t i v e l y ,   the  layer   14  may  be  produced  in  a 

vacuum  e v a p o r a t o r   which  c o n t a i n s   an  a p p r o p r i a t e   hea t ing   means  such  

as  oven  2.  I t   is  advan tageous   i f   the  oven  2  is  provided  w i t h  

a p p r o p r i a t e   e v a p o r a t i o n   equipment  because  th i s   reduces  hand l ing ,   b u t  

t h i s   is  not  par t   of  the  i n v e n t i o n .   The  i n t e r i o r   of  the  oven  2  i s  

f i l l e d   with  argon  or  o ther   n o n r e a c t i v e   gas  having  a  low  c o n t i n u o u s  

flow.  This  keeps  oxygen  out  of  the  oven  2 .  



In  accordance  with  the  i n v e n t i o n ,   the  layer   14  of  s c i n t i l l a t i o n  

m a t e r i a l   is  heated  and  then  cooled  down  to  room  t e m p e r a t u r e .   Tnree  

p r e f e r r e d   examples  are  set  fo r th   be low:  

EXAMPLE  I  

A  th ick   uniform  layer   14  of  CsI(Na)  s c i n t i l l a t i o n   m a t e r i a l  

produced  by  e v a p o r a t i o n   and  having  the  c h a r a c t e r i s t i c   n e e d l e - l i k e  

c r y s t a l   s t r u c t u r e   is  heated  in  a  uniform  manner  ( i . e .   in  an  

environment  c o n t a i n i n g   the  minimum  f e a s a b l e   t empera tu re   g r a d i e n t )  

from  room  t empera tu re   to  approx imate ly   6170  C  ( i . e .   to  w i t h i n  

approximate ly   5°  C  of  i t s   mel t ing   poin t   of  622°  C).  T h i s  

heat ing  step  is  c a r r i e d   out  l i n e a r l y   over  a  per iod  of  between  2  and  

.6  hours,  4  hours  being  p r e s e n t l y   p r e f e r r e d .  

After  the  layer   14  has  been  heated  to  the  des i r ed   t e m p e r a t u r e ,  

it   is  held  at  tha t   t e m p e r a t u r e   for  between  approx imate ly   4  and  10 

hours.  The  lower  the  t e m p e r a t u r e  t o   which  the  layer   14  is  h e a t e d ,  

the  longer  must  the  l ayer   14  be  so  held.   If  the  l ayer   14  is  kept  a t  

the  des i red   t empera tu re   for  too  long,  the  sodium  in  t h e  

s c i n t i l l a t i o n   m a t e r i a l   might  e v a p o r a t e ,   because  of  i t s   v a p o r  

p r e s s u r e .  

After   the  layer   14  has  been  heated  for  an  a p p r o p r i a t e   per iod ,   i t  

is  cooled  down  l i n e a r l y   to  approx imate ly   400°  C  over  a p p r o x i m a t e l y  

8  hours.   T h e r e a f t e r ,   i t   is  cooled  down  to  room  t e m p e r a t u r e .   T h i s  

f i n a l   cool ing  step  is  p r e f e r a b l y   c a r r i e d   out  l i n e a r l y   over  4  h o u r s ,  

but  t h i s   is  n o n - c r i t i c a l .   It   is  not  necessary   tha t   cool ing   be 

c a r r i e d   out  in  two  s t eps ,   but  t h i s   is   p r e f e r r e d   because  t h i s   r e d u c e s  

the  time  r equ i red   for  coo l ing .   The  coo le r   the  c r y s t a l ,   the  f a s t e r  

the  ra te   at  which  i t   can  be  cooled  down  wi thout   breaking;   the  second  

cooling  step  t h e r e f o r e   proceeds   more  r a p i d l y   than  does  the  f i r s t .  



The  cooled  layer   14  of  CsI(Na)  is  a  th ick   s c i n t i l l a t i o n   c r y s t a l  

of  uniform  t h i c k n e s s ,   c h a r a c t e r i z e d   by  many  small  o p t i c a l l y   v i s i b l e  

( i . e .   as  by  v i s u a l   p e r c e p t i o n   with  the  unaided  eye)  domains  hav ing  

i r r e g u l a r   shapes.   Each  domain  has  a  d iamete r   which  at  most 

approximates   the  t h i c k n e s s   of  the  layer   14  (see  Fig.  2).  The 
d iameters   i n c r e a s e   with  the  t empera tu re   to  which  the  layer   14  i s  

heated  and  the  l eng th   of  time  during  which  hea t ing   is  c a r r i e d   o u t .  

The  c r y s t a l   is  o p t i c a l l y   t r a n s l u c e n t ,   has  a  convers ion   e f f i c i e n c y   o f  

approximate ly   90%,  and  an  energy  r e s o l u t i o n   of  approx imate ly   12%  f o r  

122  keV  gamma  r a d i a t i o n .  

EXAMPLE  I I  

A  d i sh - shaped   s u b s t r a t e   12  made  of  th in   ( approx ima te ly   1  mm) 

Pyrex  g lass   is  used  to  suppor t   a  th ick   uniform  layer   14  of  CsI(Na) 

s c i n t i l l a t i o n   m a t e r i a l   produced  by  e v a p o r a t i o n   and  having  t h e  

c h a r a c t e r i s t i c   n e e d l e - l i k e   c r y s t a l   s t r u c t u r e .   The  layer   14  i s  

uniformly  heated  to  i t s   mel t ing   point   of  622°  C  at  the  same  r a t e  

as  in  Example  I  above  and  held  in  i t s   l i q u i d   s t a t e   for  between  4  and 

10  hours.   The  l ayer   14  is  then  cooled  in  the  two  s teps   desc r ibed   i n  

Example  I  above .  

The  s c i n t i l l a t i o n   m a t e r i a l   in  the  l ayer   14  has  a  d i f f e r e n t  

c o e f f i c i e n t   of  expansion  than  does  the  Pyrex  dish  used  as  t h e  

s u b s t r a t e   12.  When  cooled  as  set  fo r th   above,  e i t h e r   the  s u b s t r a t e  

12  or  the  l ayer   14  ( p r e f e r a b l y   the  s u b s t r a t e   12)  cracks  and  t h e  

f i n i s h e d   th ick   s c i n t i l l a t i o n   c r y s t a l   may  be  s epa ra t ed   from  the  Pyrex  

s u b s t r a t e   1 2 .  

The  f i n i s h e d   s c i n t i l l a t i o n   c r y s t a l   is  o p t i c a l l y   t r a n s p a r e n t   and 

has  an  amorphous  c r y s t a l   s t r u c t u r e .   The  conver s ion   e f f i c i e n c y   i s  

approx imate ly   60-70%  and  the  energy  r e s o l u t i o n   is   approx imate ly   13% 

for  122  keV  gamma  r a d i a t i o n .  



In  some  cases ,   i t   is  d e s i r a b l e   for  the  f i n i s h e d   t h i c k  

s c i n t i l l a t i o n   c r y s t a l   to  be  uniformly  ( i . e .   g a p l e s s l y )   bonded  to  a 

s u b s t r a t e .   To  achieve  t h i s   o b j e c t i v e ,   a  t h i c k e r   a n d / o r , s t r o n g e r  

s u b s t r a t e   12  is  used  and  the  cool ing  process   is  c a r r i e d   out  more 

slowly  for  a  longer  time,  such  as  16  hours .   The  CsI(Na)  is  somewhat 

rubbery  and  accommodates  i t s e l f   to  the  s t r e s s e s   of  cool ing   and 

gene ra l ly   no  breakage  o c c u r s .  

Because  the  s c i n t i l l a t i o n   m a t e r i a l   in  the  layer   14  is  l i q u i f i e d  

during  mel t ing ,   a  meniscus  remains  upon  cool ing   on  the  u p p e r  
per iphery   of  the  layer   14  and  t h i s   should  be  removed  (as  by 

gr ind ing)   p r io r   to  use  of  the  f i n i s h e d   s c i n t i l l a t i o n   c r y s t a l .  

EXAMPLE  I I I  

A  mixture  of  CsI  and  NaI  powders  of  a p p r o p r i a t e   p r o p o r t i o n s   ( i n  

the  range  of  0.040  mole  pe rcen t   Na  to  0.220  mole  pe rcen t   Na)  i s  

placed  in  the  d i sh - shaped   s u b s t r a t e   of  Example  II  above.  T h i s  

mixture  is  of  s u f f i c i e n t   depth  to  c r e a t e   a  t h i ck   l aye r   1 4 .  

The  mixture  is  uni formly   heated  and  cooled  as  in  Example  I I  

above.  The  f i n i s h e d   th ick   s c i n t i l l a t i o n   c r y s t a l   is  o p t i c a l l y  

t r a n s p a r e n t ,   has  an  amorphus  c r y s t a l   s t r u c t u r e ,   a  c o n v e r s i o n  

e f f i c i e n c y   of  60% -  85%  and  an  energy  r e s o l u t i o n   of  13%  for  122  keV 

gamma  r a d i a t i o n .   There  is  a  meniscus  which  should  be  removed,  as  i n  

Example  II  above .  

END  0F  EXAMPLES 

In  genera l ,   where  very  th i ck   s c i n t i l l a t i o n   c r y s t a l s   a r e  

r equ i r ed ,   the  s c i n t i l l a t i o n   m a t e r i a l   w i l l   be  melted,   because  o p t i c a l  

c l a r i t y   becomes  more  impor tan t   to  performance  in  t h i c k e r   c r y s t a l s .  



Where  the  c r y s t a l s   are  t h i n n e r ,   the  s c i n t i l l a t i o n   m a t e r i a l   wil l   n o t  

be  melted,   because  the  c o n v e r s i o n   e f f i c i e n c y   and  energy  r e s o l u t i o n  

are  b e t t e r   where  mel t ing   has  not  taKen  p l a c e .  

The  i n v e n t i o n   is  not  r e s t r i c t e d   to  any  p a r t i c u l a r   s c i n t i l l a t i o n  

m a t e r i a l ,   CsI(Na)  being  only  p r e f e r r e d .   NaI(Tl)  may  be  used  as  t h e  

s c i n t i l l a t i o n   m a t e r i a l ,   as  may  any  o ther   a p p r o p r i a t e   compound. 

Those  s k i l l e d   in  the  a r t   wi l l   unders t and   that   changes  can  be 

made  in  the  p r e f e r r e d  e m b o d i m e n t s   here  d e s c r i b e d ,   and  tha t   t h e s e  

embodiments  can  be  used  for  o ther   purposes .   Such  changes  and  u s e s  

are  wi th in   the  scope  of  the  i n v e n t i o n ,   which  is  l i m i t e d   only  by  t h e  

claims  which  f o l l o w .  



1.  An  o p t i c a l l y   t r a n s l u c e n t   s c i n t i l l a t i o n   c r y s t a l   having  a 

s t r u c t u r e   c h a r a c t e r i z e d   by  a  p l u r a l i t y   of  o p t i c a l l y   v i s i b l e  

i r r e g u l a r   domains .  

2.  An  o p t i c a l l y   t r a n s p a r e n t   s c i n t i l l a t i o n   c r y s t a l   having  an  

amorphous  s t r u c t u r e .  

3.  An  o p t i c a l l y   t r a n s l u c e n t   c r y s t a l   of  CsI(Na)  having  a 

s t r u c t u r e   c h a r a c t e r i z e d   by  a  p l u r a l i t y   of  o p t i c a l l y   v i s i b l e  

.  i r r e g u l a r   domains .  

4.  An  o p t i c a l l y   t r a n s p a r e n t   c r y s t a l   of  CsI(Na)  having  an  

amorphous  s t r u c t u r e .  

5.  The  c r y s t a l   of  claims  1,  2,  3  or  4,  wherein  the  c r y s t a l   i s  

t h i c k .  

6.  A  method  of  making  a  th ick   s c i n t i l l a t i o n   c r y s t a l ,   c o m p r i s i n g  

the  s teps  o f :  

forming  a  t h i ck   l aye r   of  a  me l t ab le   s c i n t i l l a t i o n   m a t e r i a l ;  

hea t ing   said  l ayer   to  a  t empera tu re   below  the  mel t ing   p o i n t  

of  said  m a t e r i a l ;  

ma in ta in ing   said  layer   at  said  t empera tu re   for   be tween  

approximate ly   4  and  10  hours;   and  



cool ing   said  l aye r   to  room  t e m p e r a t u r e .  

7.  The  method  of  claim  6,  wherein  said  m a t e r i a l   is  C s I ( N a ) .  

8.  The  method  of  claim  6,  wherein  said  forming  step  is  c a r r i e d  

out  by  e v a p o r a t i o n .  

9.  The  method  of  claim  6,  wherein  said  cool ing   step  c o m p r i s e s  
the  s teps   of  cool ing   the  l ayer   to  approx imate ly   400°  C  at  a  f i r s t  

ra te   and  subsequen t ly   cool ing   the  l ayer   to  room  t empera tu re   at  a 
second  and  f a s t e r   r a t e .  

10.  The  method  of  claim  7,  wherein  said  t empera tu re   i s  

.  approximate ly   617°  C. 

11.  A  method  of  making  a  th ick   s c i n t i l l a t i o n   c r y s t a l ,  

compris ing  the  s teps   o f :  

forming  a  t h i ck   l aye r   of  a  me l tab le   s c i n t i l l a t i o n   m a t e r i a l ;  

hea t ing   said  l ayer   to  i t s   mel t ing   p o i n t ;  

ma in ta in ing   said  layer   at  said  mel t ing   point   for  be tween  

approx imate ly   4  and  10  hours;  and  

cool ing  said  layer   to  room  t e m p e r a t u r e .  

12.  The  method  of  claim  11,  wherein  the  m a t e r i a l   is  C s I ( N a ) .  

13.  The  method  of  claim  11,  wherein  said  forming  step  i s  

c a r r i e d   out  by  e v a p o r a t i o n .  



14.  The  method  of  claim  11,  wherein  said  forming  step  is  c a r r i e d  

out  by  laying  down  a  l ayer   of  powder  which  i nc ludes   CsI  and  NaI 

mixed  t o g e t h e r .  

15.  The  method  of  claim  11,  wherein  said  cool ing  step  c o m p r i s e s  

the  s teps  of  cool ing   the  l ayer   to  approx imate ly   400° C  at  a  f i r s t  

ra te   and  subsequen t ly   coo l ing   the  layer   to  room  t empera tu re   at  a  

second  and  f a s t e r   r a t e .  

16.  The  method  of  claim  11,  wherein  said  m a t e r i a l   is  held  in  a 

f r a n g i b l e   vesse l   and  said  cool ing   step  is  c a r r i e d   out  in  a  manner 

that   a  l i k e l i h o o d   of  breakage  of  the  ve s se l   is  maximized .  

17.  The  method  of  claim  11,  wherein  said  m a t e r i a l   is  l a id   on  a 

s u b s t r a t e   and  said  cool ing   step  is  c a r r i e d   out  in  a  manner  tha t   s a i d  

m a t e r i a l   is  uniformly  bonded  to  said  s u b s t r a t e .  

18.  The  method  of  claims  8  or  13,  wherein  said  forming  step  i s  

c a r r i e d   out  by  vacuum  e v a p o r a t i o n .  
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