
CHAPTER IV

RESULTS AND DISCUSSION

We have c o n s tru c te d  a  l iq u id  p hase  e p i ta x y  system  to  implement 
grow th o f  a -S n  from S n -s a tu ra te d  Hg s o lu t io n  on InSb s u b s t r a t e .  
A sso c ia te d  w ith  th e  grow th system  a hydrogen g e n e r a t io n /p u r i f i c a t io n  
system  was a ls o  c o n s tru c te d ,  so t h a t  th e  e p i t a x i a l  grow th p ro c e s s  can 
be c a r r i e d  o u t in  n o n -o x id iz in g  a tm osph ere . A te m p e ra tu re  c o n tro l  
system  was a ls o  c o n s tru c te d  to  p ro v id e  th e  n e c e s s a ry  grow th  c o n d it io n ,  
i . e .  s a tu r a t io n ,  su p e rc o o lin g , and te m p e ra tu re - tim e  r a t e .

S tu d ie s  o f  th e  growth r e s u l t s  were c a r r i e d  o u t  w ith  o p t i c a l  
m icroscope  fo r  m o rp h o log ica l f e a tu r e s ,  w ith  scan n in g  e le c t r o n  
m ic ro sc o p ic  te c h n iq u e s  -  im aging a t  h ig h e r  m a g n if ic a t io n ,  chem ical 
m ic ro p rob ing  to  i d e n t i f y  th e  e le m e n ts , and chem ica l m apping, w ith  
x - r a v  back s c a t t e r i n g  te c h n iq u e  to  i d e n t i f y  th e  c r y s t a l  s t r u c t u r e s .

We have i d e n t i f i e d  th e  e x is te n c e  o f  a -S n , t h a t  i t  can  be 
e p i t a x i a l l y  grown from l iq u id  phase e p i ta x y  a s  we have aim ed t o ,  and 
t h a t  i t  does undergo p hase  change from a to  g p hase  a t  -  60 c s im i la r  
to  th e  a -  รท grown in  t h in  f i lm  v ia  o th e r  te c h n iq u e s ,  such as  
m o le c u la r  beam e p ita x y .

However we succeeded  in  o b ta in in g  th e  a -Sn o n ly  in  i s l e t  form , 
w ith  an in d ic a t io n  (n o t f i rm ly  v e r i f i e d )  t h a t  we m ig h t a l s o  have
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o b served  a  t h i n  f i lm  growth a l s o ,  from o ur l iq u id  p hase  e p i ta x y  
te c h n iq u e . We en co u n te red  s e v e ra l  t e c h n ic a l  d i f f i c u l t i e s  which 
p re v e n te d  US from a c h ie v in g  a l l  o f  o u r o b je c t iv e s .  These d i f f i c u l t i e s  
a r e  fundam en ta l, in h e re n t  in  a -S n  fo rm a tio n , i . e .  th e  low te m p e ra tu re  
a t  which ex p erim en ts  m ust be c a r r i e d  o u t .  O r d in a r i ly  e p i ta x y  
te c h n iq u e s  a re  done f o r  m a te r ia l s  a t  much h ig h e r  te m p e ra tu re s  ( — 800 c 
f o r  GaAs, f o r  exam ple), w hether i t  i s  l iq u id  o r  v ap o r-p h ase  e p i ta x y . 
We u n d e rs ta n d  from therm odynam ics t h a t  th e  a c t i v i t y  i s  s t ro n g ly  
tem p e ra tu re  d ep en d en t. I f  th e  a c t i v a t i o n  energy  i s  o f  th e  o rd e r  o f ,  
sa y , 0 .5  eV, th en  th e  r e a c t io n  r a t e  may be ~ e x p (-0 .5 /2 8 1  k) f o r  an 8 c 
p ro c e s s  where k i s  th e  Boltzmann c o n s ta n t ,  and~exp(-0 .5 /1 0 7 3  k) fo r  
th e  800 c p ro c e s s . T h is  means t h a t  we have to  w a it  4 X 106 tim es  a s  
long  f o r  a  p ro c e ss  a t  8 c a s  com pared to  t h a t  a t  800 c.  The r e a c t io n  
tim e , o r  th e  n e c e s sa ry  w a it in g  to  e s t a b l i s h  th e  e q u il ib r iu m  s t a t e  fo r  
a -รท e p i ta x y , t h e r e f o r e ,  i s  im p r a e t ic a l ly  long  (o f th e  o rd e r  o f  d a y s ) .

Such long  w a it in g  tim e makes i t  im p o ss ib le  to  c h a r a t e r i z e  th e  
m e lt s t a t u s  to  an ad eq u a te  a c c u ra c ie s  f o r  e p i ta x y  c o n t r o l ;  th e  p ro c e s s  
i s  n o t  now re p ro d u c ib le .  More im p o r ta n tly , long  w a it in g  tim e a t  a  
te m p e ra tu re  low er th a n  th e  am bient c au se s  th e  s u b s t r a te  s u r f a c e  to  be 
re -c o n ta m in a te d , a f t e r  c a r e f u l  p r e p a r a t io n ,  b y (m o st  l i k e ly )  th e  f i n i t e  
p re se n c e  o f  oxygen. The p re se n c e  o f an o x id e  la y e r  i s  co n firm ed , th u s  
e p i ta x y  i s  p o s s ib le  th ro u g h  p in  h o le s  in  th e  o x id e , and i s l e t  e p i ta x y  
o b t a in s .

I t  a p p e a rs  t h a t  i f  th e  l i q u id  p hase  e p i ta x y  grow th o f  a -Sn in  
th e  form  o f  c o n tin u o u s  la y e r  on InSb s u b s t r a t e  i s  to  su cceed  a  means 
m ust be found to  e tc h  th e  s u b s t r a t e  u n ifo rm ly  ( p o l is h in g  e tc h )
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im m ediatly  p r i o r  to  d ip p in g  in to  th e  Hg-Sn m e lt.  Such e tc h  perhap s 
sh o u ld  be a  l iq u id  la y e r  above th e  h ig h e r  d e n s i ty  Hg, m a in ta in ed  
a lr e a d y  a t  th e  m e lt te m p e ra tu re . The e x is te n c e  o f  such  an  e tc h ,  which 
does n o t  r e a c t  w ith  Hg and รท, has n o t been  p u rsu ed  and  i s  l e f t  f o r  a 
f u tu r e  in v e s t ig a to r .

In  c o n c lu s io n  we have succeeded  in  s e t t i n g  up th e  n e c e ssa ry  
l i q u id  phase e p i ta x y  equipm ent, c a r r i e d  o u t LPE e x p e rim en t to  o b ta in  
a-Sn on InSb s u b s t r a t e ,  v e r i f i e d  th e  e p i ta x y  n a tu re  o f  th e  grow th , and 
con firm ed  th e  h ig h  tem p e ra tu re  s t a b i l i t y  o f  a -S n  up to  60 c. We a ls o  
have i d e n t i f i e d  th e  n a tu re  o f  th e  e x p e rim e n ta l d i f f i c u l t i e s ,  and made 
a recom m endation fo r  p o s s ib le  im provem ent.
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