
CHAPTER I I

LIQUID PHASE EPITAXY EXPERIMENTS

The D esign arid C o n s tru c tio n  o f  th e  V e r t ic a l  L iq u id  Phase E p itax y  
System (VLPE)

S ince  th e  e p i t a x i a l  grow th p ro c e s s  r e q u i r e s  t h a t  th e  a r r iv in g  
รท atoms f in d  t h e i r  a tta c h m en t p o s i t io n s  on th e  h o s t  l a t t i c e  s i t e s  in  
o rd e r  to  assume th e  c r y s ta l lo g r a p h ic  c o n t in u i ty  th e  s u r fa c e  o f  th e  
s u b s t r a t e  must be f r e e  o f  o b s t r u c t in g  o r  fo re ig n  atom s. The key to  
s u c c e s s fu l  e p i ta x y  th e r e f o r e  r e q u i r e s  t h a t  th e  s u b s t r a te  s u r fa c e  be 
c le a n  b e fo re  e n te r in g  th e  system  and k ep t c le a n  u n t i l  th e  e p i t a x i a l  
p ro c e s s  s t a r t s .  The s u b s t r a t e  p re p a ra t io n  i s  d is c u s s e d  in  th e  n ex t 
s e c t io n .  The e p i ta x y  system  i t s e l f  i s  d e s ig n e d  to  a c c e p t th e  c le a n e d  
s u b s t r a t e ,  p ro v id e  th e  am bien t to  m a in ta in  i t s  c le a n l in e s s  o r  to  
f u r t h e r  c le a n  i t .  The system  a ls o  p ro v id e s  th e  so u rce  m a te r ia l  (รท) 
f o r  e p i ta x y  and means to  m a n ip u la te  th e  grow th p ro c e s s .

In  o rd e r  to  a c h ie v e  th e  above th e  VLPE system  i s  d e s ig n e d  and 
c o n s tru c te d  a s  s c h e m a tic a l ly  shown in  F ig . 2. U l t r a - c le a n  H2 

environm ent i s  p ro v id e d  w ith in  th e  system  by means o f  a  hydrogen 
g e n e ra to r  (M ilton-R oy Mark V ), a  p u r i f i e r  (M atheson HP 8363) and a  
g e t t e r in g  b u b b le r  c o n ta in in g  a  m e rc u ry - t in  s o lu t io n  s a tu r a te d  a t  room 
te m p e ra tu re . The grow th system  c o n s i s t s  o f  th e  u pper a ir - lo c k /s a m p le  
h o ld e r ,  th e  g a te  v a lv e , and  th e  low er grow th tu b e .



pump

F ig . 2. S chem atic  d iagram  o f th e  VLPE system  and th e  more d e t a i l e d  o f  the  
growth p a r t s  as shown in  th e  n ex t page,
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The upper a ir - lo c k /s a m p le  h o ld e r  p o r t io n  would h o ld  th e  
v e r t i c a l  sam ple h o ld e r  ro d , which c o u ld  be moved up and down th rou gh  
an a i r - t i g h t  s e a l  a t  th e  to p  end. The main body o f  t h i s  p a r t  
accommodates th e  sam ple s iz e  up to  2 " . The low er end o f  th e  sam ple 
h o ld e r  ro d  i s  d e s ig n e d  to  g rab  a  sam ple w afer a t  t h r e e  p a r t s .  I t  i s  
d e s ig n e d  to  m inim ize th e  the rm al mass a s  w e ll a s  th e rm a l c o n d u c tio n , 
so  t h a t  (a s  w i l l  be e v id e n t l a t e r )  i t  m in im ally  d i s t u r b s  th e  growth 
p ro c e s s .  I t  i s  made o f  q u a r tz  which would l e a s t  l i k e l y  co n tam in a te  
th e  system .

The g a te  v a lv e  f o r  th e  system  u sed  in  t h i s  t h e s i s  work i s  a  
2 1 /2" open ing  s l i d i n g  g a te  v a lv e . A l a t e r  system  h as  a  l a r g e r  
cham ber in t e g r a t in g  th e  v a lv e  and th e  a i r - l o c k  so t h a t  two sam ples can 
be mounted to  f a c i l i t a t e  sam ple in ,  sam ple o u t sequence  w ith  l e s s  
tu rn -a ro u n d  tim e .

The low er p a r t  i s  th e  b u s in e s s  p a r t  o f  th e  grow th system . 
The grow th tu b e  i s  made o f  q u a r tz ,  2 1 /4 ” I .D . ,  and i s  ap p ro x im a te ly  
80 cm. lo n g . The low er end s e a l  a ls o  p ro v id e s  s u p p o r t  f o r  th e  m e lt 
c r u c i b le ,  which i s  mounted a t  ap p ro x im a te ly  10 cm. above th e  s e a l .  
The u p p er p a r t  o f  th e  growth tu b e , below  th e  g a te  v a lv e ,  i s  en c lo sed  
in  a  fu rn a c e  w hich would p ro v id e  a  c o n t r o l l e d  h e a t in g  o f  th e  tu b e , up 
to  800 c i f  d e s i r e d .  The h e a tin g  i s  u sed  to  c le a n  th e  InSb w h ile  th e  
l a t t e r  i s  in  u l t r a  p u re  แ 2 a tm osphere .

S in ce  th e  grow th tem p e ra tu re  i s  t o  be below  room te m p e ra tu re  
th e  grow th tu b e ’s  low er s e c t io n  i s  in s u l a te d  and th e  m e lt  c r u c ib le  i s  

.d esig ned  such  t h a t  c o o la n t  l iq u id  c o u ld  be pumped in  and  o u t  so  t h a t
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th e  m elt te m p e ra tu re  i s  c o n t r o l l e d .  The c r u c ib le ,  a ls o  made o f  q u a r tz ,  
c o n ta in s  up to  40 c c . o f  Hg. The tem p e ra tu re  can be c o n t r o l l e d  to  
±0.02 c, a s  m easured by a  therm ocoup le  pushed th ro u g h  a n o th e r , 

c o n c e n tr ic ,  bottom  s e a l  to  to u ch  th e  w a ll in  c o n ta c t  w ith  th e  m e lt.

The m e lt i s  Hg which i s  s a tu r a te d  w ith  รท a t  th e  growth 
te m p e ra tu re . The means to  lo a d  Hg in to  th e  c r u c ib le  and to  s a t u r a t e  
i t  w ith  รท r e q u i r e  s p e c ia l  t o o l s  made o f  q u a r tz .  The im portance  o f  
th e  d e s ig n  and th e  p ro ce d u re  to  accom plish  th e  Hg lo a d in g  and 
s a tu r a t io n  can n o t be o v e r em phasized ; ind eed  th e  d eg ree  o f  th e  l im ite d  
su ccess  in  e p i ta x y  so  f a r  c o u ld  be a t t r i b u t e d  to  how c le a n  th e  i n i t i a l  
m e lt i s .  The p re se n c e  o f  a  s la g  la y e r ,  even a s  l i t t l e  a s  to  be 
i n v i s ib l e ,  would co n tam in a te  th e  s u r fa c e  o f  th e  InSb s u b s t r a t e  a s  th e  
l a t t e r  i s  subm erged f o r  e p i ta x y .  We w i l l  r e tu r n  to  th e  Hg lo a d in g  and 
s a tu r a t io n  p ro ce d u re s  l a t e r .

The d e t a i l s  o f  th e  system  o p e ra t io n  and m ain tenance a re  g iv en  
in  Appendix. These in c lu d e  th e  c le a n in g  p ro ced u res  f o r  th e  v a r io u s  
p a r t s  and th e  a ssem b lin g  o f  th e  l a t t e r ,  th e  s t a r t -  up p ro ce d u re s  and 
th e  m echan ical o p e ra t io n s  such a s  v a lv e  o pen / c lo s e  seq u en ces . Some 
o f  th e s e  d e t a i l e d  o p e ra t io n s  may a t  f i r s t  ap p ea r a s  b l a c k - a r t  ted ium  
b u t  a re  a c tu a l l y  b ased  on sound s c i e n t i f i c  r a t i o n a l e s .  F or exam ple, 
th e  grow th a n d /o r  a i r - l o c k  cham ber a f t e r  exp o sure  to  a i r  would have to  
be ev acu a ted  and r e f i l l e d  w ith  Hî seven  t im e s . I f  th e  "vacuum" s t a t e  
o f  th e  system  i s  a  f r a c t i o n  p  o f  t e  o p e ra t in g  p re s s u re  which i s  
ap p ro x im ate ly  one a tm o sp h ere , th e n  th e  seven  c y c le s  r e p r e s e n t  a
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r e d u c t io n  o f  con tam in an t g ases  by a  f a c to r  p to  th e  se v en th  power. 
C e r ta in ly  p can be made l e s s  th an  1 0 -1 , which e n s u re s  th e  h ig h  p u r i ty  
H2 s t a t e  in  th e  system .

Much o f  th e  m e ta l p a r t s  o f  th e  gas h an d lin g  p o r t io n  o f  th e  
system  (v a lv e s , tu b in g s  and f i t t i n g s )  a r e  made o f  b r a s s  and copper 
in s te a d  o f  s t a i n l e s s  s t e e l  due to  th e  b ud g et c o n s t r a i n t s . In  
r e t r o s p e c t  t h i s  i s  p roven  to  be a  f a l s e  economy. The p re se n c e  o f Hg 
v ap o r in  th e  system , however m in u te , le a d s  t o  g ra d u a l c o r ro s io n  o f 
th e s e  p a r t s .  I t  i s  a ls o  b e l ie v e d  t h a t  some oxygen may be slow ly  
r e le a s e d  from th e  in n e r  w a ll o f  th e  co p p er tu b in g . A new e p ita x y  
system  w i l l  be b u i l t  e x c lu s iv e ly  u s in g  s t a i n l e s s  s t e e l  p a r t s .

S u b s t r a te  P re p a ra t io n

In  o rder, to  o b ta in  good e p i t a x i a l  g row th , " in  s i t u "  c le a n in g  
s u b s t r a t e  p ro ced u res  a r e  n e c e s s a ry . The InSb w afe rs  have been  u sed  as  
a  s u b s t r a t e  f o r  l i q u id  p hase  e p i ta x y  grow th in  th e  h e te ro e p i ta x y  o f 

a -S n , a r e  a b ra s e d  and p o lis h e d  which n o rm a lly  have many c r y s t a l l i n e  
d e f e c t s  o c c u rre d  from th e  p ro d u c tio n  p ro c e s s e s .  A n e c e ssa ry  
p r e r e q u i s i t e  f o r  good e p i t a x i a l  grow th i s  a  s u b s t r a t e  s u r fa c e  which 
i s  smooth and c le a n  on an a tom ic  s c a le .  The ch em ica l tre a tm e n ts  
in c lu d e  w et e tc h in g  which i s  u s u a l ly  u sed  in  s u r f a c e  p r e p a r a t io n  fo r  
l i q u i d  p hase  e p i ta x y  grow th . The chem ica l e tc h in g  m ethods r e l y  on an 
o x id e  f i lm  to  p a s s iv a te  th e  s u r fa c e  w hich i s  th e n  d eso rb ed  by 
" in  s i t u "  h e a t in g  in  red u c in g  a tm osph ere . In  o rd e r  t o  be e f f e c t iv e ,  
th e  p a s s iv a t in g  f i lm  sh o u ld  have a  low ca rb o n  s t i c k i n g  c o e f f i c i e n t ,  be

0.1.3936



1 6

N orm ally, th e  e tc h a n t  HNO3 :HF (3 :1  in  volume c o n e .)  i s  u sed  
f o r  f a s t  e tc h in g  and th e  e tc h a n t  l a c t i c  a c id  ะ HN03 (10 :1  in  volume 
c o n e .)  i s  u sed  f o r  slow  e tc h in g  o r  p o l is h in g  t re a tm e n t  o f  In S b .(2 2 ) 
The e tc h a n t  l a c t i c  a c id  ะ HNOs : HF (2 5 :4 :1  in  volume c o n e .)  was u sed  
in  t h i s  e x p e rim en t, which i s  th e  same a s  th e  chem ica l t r e a tm e n t  o f  
InSb s u r fa c e  b e fo re  lo a d in g  in to  MBE (m o lecu la r beam e p ita x y )  chamber 
in  th e  grow th o f  Sb and InSb on InSb s u b s t r a te  by MBE.(21) T h is 
e tc h a n t  i s  th e  m ix tu re  o f  p o l is h in g  e tc h a n t  and f a s t  e tc h a n t .  When 
two e tc h a n ts  w ere p ou red  to g e th e r  and l e t  s ta n d  th e r e  r e s u l t  two 
s o lu t io n  la y e r s  in  a  r a t i o  o f  abo u t 1:5 by volume due to  d i f f e r e n t  
s p e c i f i c  g r a v i ty  v a lu e s .  The "one" p a r t  i s  above on th e  " f iv e "  p a r t s ,  
o r  th e  f a s t  e tc h a n t  i s  above th e  slow  e tc h a n t .  I t  i s  n e c e s s a ry  to  
shake th e  e tc h  m ix tu re  w e ll  b e fo re  u se .

The s ta g n a n t  e tc h in g  method was u sed  by c a r e f u l  slow  d ip p in g  
th e  s u b s t r a t e  in to  th e  e tc h a n t  to  m inim ize s w ir l s .  The seq uen ces o f  
e tc h in g  a p p a re n t ly  s t a r t  w ith  f a s t  e tc h in g  o f  th e  s u r f a c e  o x id es  
whose p ro d u c t r i s e s .  The low er e tc h a n t  (p o lis h in g  e tc h )  p erfo rm s 
l a t e r ,  i t s  e tc h in g  r a t e  i s  c o n t r o le ld  by a to m ic  d i f f u s io n ,  b e s t  
w ith o u t c o n v e c tio n  o f  e tc h a n t .  The e tc h in g  tim e  i s  long  and w ith o u t 
c o n v e c tio n , th e  smooth s u r fa c e  o b ta in s ,  s to p  im m ed ia te ly  th e  e tc h in g  
by dunking  th e  sm a ll e tc h  " th im b le"  in to  a  l a r g e  "b u ck e t"  in  d e io n iz e d  
H2 0  (18 megohm-cm r e s i s t i v i t y ,  M il l ip o re  p ro d u c ts )  t o  m in im ize th e
e f f e c t  o f  c o n v e c tio n  on s u b s t r a t e  s u r f a c e .  R in se  w ith  ru n n in g

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

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

t h e  s u b s t r a t e  m e l t i n g  t e m p e r a t u r e .
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d e io n iz e d  แ 2 0 c o n tin u o u s ly  f o r  n e u t r a l i z a t i o n  s o lu t io n  which can be 
in v e s t ig a te d  by in d ic a to r  pH p a p e r . And d r ie d  w ith  N2 j e t  in  lam in ar 
a i r  f i l t e r e d  box (0 .1  JU f i l t e r  f o r  N2 j e t )  a s  f a s t  a s  p o s s ib le  to  
m inim ize th e  d i r t s  a tta c h m en t t o  th e  s u b s t r a t e  s u r f a c e .  A f te r  t h a t ,  
th e  s u b s t r a te  i s  t o  be lo ad ed  in to  th e  a i r - l o c k  cham ber, which i s ,  to  
be ev acu a ted  and r e f i l l e d  w ith  UPH seven  tim e s , b e fo re  opening th e  
g a te  v a lv e  and lo w erin g  i t  to  th e  m iddle  o f  th e  grow th tu b e . (See 
Appendix, which a l s o  d e s c r ib e s  th e  fu rn a c e  to  h e a t  c le a n  o f  th e  
s u r fa c e  o f  InSb to  d e so rb  th e  p a s s iv a t in g  o x id e  la y e r  b e fo re  th e  LPE 
g ro w th ).

The l a s t  s te p  in  t h i s  c le a n in g  p ro ce d u re , i . e .  th e  r in s in g  
w ith  d e io n iz e d  H2 o , 18 megohm-cm r e s i s t i v i t y ,  i s  t o  p a s s iv a te  th e  
s u r fa c e  by form ing an o x id e  f i lm  to  be d eso rb ed  by " in  s i t u "  h e a tin g  
a t  ab o u t 475 c in  red u c in g  UPH a tm o sp h ere . T h is  i s  th e  new tec h n iq u e  
which was d eve lo p ed  in  t h i s  t h e s i s .  The InSb s u b s t r a t e s  were e tc h e d  
in  l a c t i c  a c id :  HN0.1 ะ HF (2 5 :4 :1  in  volume c o n e .)  f o r  v a r io u s  tim es 
such a s  5, 10, and 15 m in u te s . The s u r fa c e  i s  exam ined u nder an 
o p t i c a l  m icroscope (m a g n if ic a tio n  200 x) a s  shown in  F ig . 3 to  s e l e c t  
th e  optimum e tc h in g  tim e , w hich i s  found to  th e  10 m in u te s . F ig . 3 a  
shows th e  s u r fa c e  a f t e r  5 m in u tes  e tc h in g  tim e . The 10 m in u tes 
e tc h in g  tim e i s  jud g ed  m ost s u i t a b l e  b ecau se  th e  e tc h  p i t s  a r e  n o t  to o  
deep  and th e  s u r fa c e  i s  v e ry  smooth a s  shown in  F ig . 3 b . F ig . 3 c  
shows th e  e tc h  p i t s  a f t e r  15 m in u tes  e tc h in g  tim e . They a r e  to o  deep .

A f te r  h e a t  c le a n in g  th e  InSb s u b s t r a t e  " in  s i t u "  in  UPH 
atm osphere f o r  45 m in u tes  t o  make s u re  t h a t  th e  o x id e  f i lm  i s  
d eso rb ed , th e  c le a n  s u r fa c e  w i l l  a p p e a r  c o lo u r le s s ,  m i r r o r - l ik e  sh in y
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( c )

S u r f a c e o f  ( l l l ) B  I n S b  ;i f t c r  e t c h i n g  i n L a c t i c  ะ
HN03 : III- ( 2 5 : 4 :  1 c o n e . ท v o l u m e )  f o r  5, 10,  and 15
m inu te s in ( ท ) ,  (Ip) 1 a nd (c) r e s p e c t i v e l y O b se rv ed
w i th  o p t i c a i  m i c r o s c o p e ( d o u x ).
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when o bserved  th rou gh  th e  grow th tu b e  under tu n g s te n  lamp 
i l lu m in a t io n .  An u n c lean  s u r f a c e  may ap p ea r yellow  c o lo u r ,  i n  w h i c h  

c a se  th e  sample shou ld  be u n lo ad ed  and re c le a n e d . I t  a ls o  i n d i c a t e s  

t h a t  th e  atm osphere i s  n o t  c le a n  enough. In  p r in c ip le  in  th e  c le a n e s t  
a v a i la b le  UPH atm osphere th e  im p u r ity  c o n te n ts  c o rre sp en d  to  l e s s  th an  
1 0 " 11  which o r  ab o u t 109 c o l l i s io n s /c m 2 / s e c .  o f  th e  im p u rity  gas on 
a  s u r f a c e .  In  such UPH atm osphere  i t  would ta k e  106 seconds to  form a 
m onolayer o f im p u r i t ie s  on a  c o m p le te ly  c le a n  InSb s u r f a c e ,  o r  abo u t 
1 0 '5 m onolayer a  s e c o n d .(23) The system  sh ou ld  be le a k  checked  and 
c le a n e d  b e fo re  an ex p erim en t r e s t a r t .  Even so , p u rg in g  o f  im p u r i t ie s  
o u tg assed  from th e  w a ll  may r e q u i r e  a  v e ry  long tim e  b e fo re  th e  
system  becomes s u f f i c i e n t l y  c le a n  a g a in .

M elt P re p a ra t io n

The c r u c ib le  w hich i s  made from q u a r tz  can  c o n ta in  up 
to  40 c . c .  o f  m e lt.  The te m p e ra tu re  can  be c o n t r o l le d  a c c u r a te ly  to  
± 0 .02  c d u rin g  th e  s a t u r a t i o n  and  th e  LPE grow th. The im portance  o f  
th e  p ro ced u re  to  acco m p lish  th e  Hg lo a d in g  and s a t u r a t i o n  w ith  รท 
cann o t be o ver-em phasized , in d eed  th e  d eg ree  o f  th e  l im ite d  su c c e ss  in  
e p i ta x y  so f a r  c o u ld  be a t t r i b u t e d  to  how c le a n  th e  i n i t i a l  m e lt i s .  
The p re se n c e  o f  a  s la g  l a y e r ,  even a s  l i t t l e  a s  to  be i n v i s i b l e ,  c o u ld  
co n tam in a te  th e  s u r fa c e  o f  th e  InSb s u b s t r a t e  a s  th e  l a t t e r  i s  
submerged f o r  e p i ta x y . T h is  s e c t io n  w i l l  d is c u s s  in  d e t a i l s  th e  m e lt 
p re p a ra t io n  which in v o lv e s  fe e d in g  m ercury  in to  th e  c r u c ib le ,  
s a tu r a t io n  o f  รท in  m ercury  and  th e  c le a n in g  te c h n iq u e  o f  th e  s t a r t i n g  
m a te r ia ls  and c o n ta in e r  p a r t s .
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I t  i s  w e ll  known t h a t (24) " d i r ty "  m ercury " t a i l s "  on 
g la ssw a re . But i t  i s  a l s o  t r u e  t h a t  a s  l i t t l e  a s  0 .1  ppm o f  any b ase  
m eta l c au ses  a  d e te c ta b le  scum on th e  s u r fa c e  o f  th e  m ercury , 
presum ably  due to  o x id a t io n  o f  th e  b ase  m e ta l. Pure m ercury  h as a  
p e r f e c t l y  sh in y  s u r f a c e  a p p ea ran ce . The scum can be removed 
m ech an ica lly  by ru n n in g  m ercury  th ro u g h  a  su c ce ss io n  o f f in e  g la s s  
c a p i l l a r i e s  (sm a ll h o le  s e p a r a t in g  fu n n e ls )  u n t i l  th e  l a s t  c a p i l l a r y  
rem ains c le a n . C are sh o u ld  be ta k e n  to  avo id  c o n tam in a tio n  w ith  d u s t  
a t  a l l  s ta g e s  o f  p r e p a r a t io n .  T h is  method was c a l l e d  c a p i l l a r y  
f i l t r a t i o n . (25)

The p u re  m ercury  a f t e r  th e  scum rem oval i s  load ed  in to  th e  
c r u c ib le  in  th e  LPE system  th ro u g h  th e  lo ad  lo c k -  chamber w ith  th e  
c o n ta in e r s  a re  shown in  F ig . 4. The Hg to  be feeded  i s  pou red  in to  
th e  q u a r tz  s e p a r a t in g  fu n n e l which th e  v a lv e  i s  made from t e f l o n .  The 
t e f lo n  v a lv e  f i t s  to  th e  q u a r tz  h ousing  o f  th e  fu n n e l and e l im in a te s  
th e  u se  o f  l u b r ic a te d  th e  vacuum g re a s e  which would c o n tam in a te  th e  
m ercury , and i s  shown in  F ig . 4 a .  The o u tp u t end o f  th e  q u a r tz  fu n n e l 
i n s e r t s  in to  th e  t e f l o n  s e p a r a t in g  fu n n e l a s  shown in  F ig . 4 b . The 
o u tp u t end o f  t h i s  t e f l o n  s e p a r t in g  fu n n e l co n n ec ted  to  th e  u pper end 
o f  th e  1/4 in ch  q u a r tz  tu b e  (a s  shown in  F ig . 4 c) which i s  in s e r te d  
th ro u g h  th e  O -rin g  s e a l  g u id e  o f  th e  lo a d - lo c k  cham ber. T h is  1/4 
inch  q u a r tz  tu b e  i s  a b o u t 1 m e te r lo n g . The m ercury flo w s down in s id e  
t h i s  q u a r tz  tu b e  by g r a v i ty  i n to  th e  b u lb  (1 cm in  d ia m e te r)  a t  th e  
low er end , a s  shown in  F ig . 4 d , and which i s  in  th e  c r u c ib le  to  
p re v e n t th e  Hg d ro p s  from  jum ping o u t  o f  th e  c r u c ib le  d u r in g  fe e d in g . 
The bottom  o f  th e  b u lb  d r a in s  th ro u g h  a  sm a ll-b o re  "c" shape tu b e  a s  
shown in  F ig . 4 e .  When th e  amount o f  Hg in  th e  b u lb  i s  such  t h a t  th e



F i g . 4 A rran g em en t o f  t h r e e  p a r t s  o f  
f e e d in g  c o n t a i n e r .
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Hg l e v e l  i n  t h e  b u lb  i s  ab o v e  th e  u p p e rm o st p a r t  o f  t h e  "C" sh a p e  
tu b e ,  t h e  Hg c a n  flo w  in t o  th e  c r u c i b l e  b u t  o n ly  i f  t h e  l e v e l  i s  
m a in ta in e d  h ig h e r  th a n  th e  e x i t  en d  o f  th e  tu b e .  In  t h i s  way th e  s l a g ,  
i f  a n y  ๐ท th e  s u r f a c e  o f  th e  Hg in  4 d  i s  k e p t  fro m  r e a c h in g  th e  
c r u c i b l e .  The Hg t h a t  r e a c h e s  th e  c r u c i b l e  i s  th u s  e x p o se d  o n ly  t o  . th e  
UPH a tm o s p h e re  a n d  a p p e a rs  f r e e  from  v i s i b l e  s l a g  a s  shown in  F ig .  5 .

T h e se  lo a d in g  c o n t a i n e r  p a r t s  w h ich  a r e  made o f  q u a r t z  an d  
t e f l o n  a r e  c le a n e d  w ith  c o n e , aq u a  r e g i a  " p i c k l in g "  f o r  5 h o u r s .  Then 
r i n s e d  w ith  d e io n iz e d  H2 O f o r  m ore th a n  10 m in i t e s  a n d  d r i e d  w ith  N 2 

j e t  (0 .1  ,ท f i l t e r ) .  They a r e  th e n  p la c e d  in  a  b a k in g  f u r n a c e  a t  a b o u t  
80 c f o r  one  h o u r  t o  d r y .

The Hg i s  w eig h ed  b e f o r e  lo a d in g .  The e x c e s s  am ount o f  Hg i s  
w e ig h e d  a g a in  a f t e r  lo a d in g .  The d i f f e r e n c e  w e ig h t  o f  Hg b e f o r e  a n d  
a f t e r  lo a d in g  i s  th e  am ount o f  Hg i n  c r u c i b l e .

The c r u c i b l e  i s  d e s ig n e d  su c h  t h a t  c o o l a n t  l i q u i d  c o u ld  b e  
pumped i n  an d  o u t  so  t h a t  th e  m e l t  t e m p e r a tu r e  i s  c o n t r o l l e d .  The 
c o o l a n t  l i q u i d  te m p e ra tu re  i s  c o n t r o l l e d  i n  a  th e rm o s  r e s e r v o i r  a n d  
c a n  b e  pumped f o r  c i r c u l a t i o n .  The c o o l in g  i s  a c c o m p lis h e d  b y  
c i r c u l a t i n g  t h e  l i q u i d  th ro u g h  1 /4 "  O.D. c o p p e r  c o i l  p la c e d  i n  a  
5 0 - l i t r e  c a p a c i t y  p ic n ic - b o x  p a c k e d  w i th  i c e .  The s c h e m a t ic  o f  t h e  
te m p e r a tu r e  c o n t r o l  sy s te m  o f  th e  m e l t  c r u c i b i c  a s  shown i n  F ig .  6 .
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F i g . 5 S u r f a c e  o f  Hg i n  c r u c i b l e  a t  8 .3 5 ° c  
b e f o r e  s a t u r a t e d  w i t h  รท.



H g - S n  s o l u t i o n

F ig .6 S c h e m a tic  o f  te m p e ra tu re  c o n t r o l l e d  sy s te m  
o f  th e  m e lt  i n  c r u c i b l e .

F ig .7 Saturating quartz basket.
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F i g . 8 The m e l t  รท i n  b a s k e t  d u r in g  h e a t  f o r  

c l e a n i n g  a p p ro x im a te ly  550°c.

F i g . 9 The s u r f a c e  o f  the m e lt  d u r in g  s a t u r a t i o n .
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The s u r f a c e  c le a n in g  o f  t h e  6N p u r i t y  รท t o  b e  lo a d e d  th ro u g h  
a i r - l o c k  cham ber by f i r s t  e tc h in g  in  c o n e , a q u a  r e g i a  f o r  5 m in u te s  
a n d  r i n s i n g  w ith  d e io n iz e d  แ 2 o  f o r  10 m in u te s  f o r  n e u t r a l i z a t i o n  
A f t e r  t h a t  รท i s  p u t  in  th e  q u a r t z  b a s k e t  a s  shown i n  F ig .  7 and  
lo a d e d  i n  t h e  lo a d - lo c k  cham ber. A f t e r  pum ping an d  r e f i l l i n g  th e  
ch am b er w ith  UPH se v e n  t im e s ,  th e  g a t e  v a lv e  i s  o p e n e d , an d  th e  b a s k e t  
i s  lo w e re d  t o  th e  c e n t e r  o f  f u r n a c e  w h ich  i s  m a in ta in e d  a t  a b o u t 
550 c . รท i s  m e lte d  and  m a in ta in e d  a t  t h a t  t e m p e r a tu r e  f o r  c l e a n in g  
f o r  a b o u t  24 h o u rs  i n  UPH a tm o sp h e re  a s  shown i s  F ig .  8 . The fu r n a c e  
i s  tu r n e d  o f f  t o  a l lo w  th e  รท t o  r e t u r n  t o  room te m p e r a tu r e .  The รท 
s a t u r a t i n g  b a s k e t  i s  th e n  moved down t o  s a t u r a t e  t h e  Hg w h ich  i s  
c o n t r o l l e d  a t  th e  d e s i r e d  s a t u r a t i o n  t e m p e r a tu r e .  To p ro m o te  
d i s s o l u t i o n  th e  b a s k e t  i s  r o t a t e d  a t  a p p r o x im a te ly  1 rpm . The 
s a t u r a t i o n  i s  r e a c h e d  a f t e r  a p p r o x im a te ly  20 h o u rs  a s  c o n f irm e d  by 
s u r f a c e  p a r t i a l  s o l i d i f i c a t i o n  i f  th e  m e l t  i s  c o o le d .  The s u r f a c e  o f  
t h e  m e l t  d u r in g  s a t u r a t i o n  i s  shown i n  F ig .  9 . รท i s  w e ig h e d  b e f o r e  
lo a d in g  a n d  a g a in  a f t e r  s a t u r a t i o n .  The d i f f e r e n t  w e ig h t  i s  th e  
am ount o f  รท d i s s o lv e d  in  Hg. The te m p e r a tu r e  m a in ta in e d  d u r in g  
s a t u r a t i o n  i s  th e n  th e  s a t u r a t i o n  t e m p e r a tu r e .

L iq u id  P h a se  E p i ta x y  P ro c e d u re

L iq u id  p h a s e  e p i t a x y  (L PE H 26) c a n  d e f in e d  a s  t h e  p r e c i p i t a t i o n  
from  a  l i q u i d  p h a s e  o f  a  c r y s t a l l i n e  l a y e r  o n to  a  p a r e n t  s u b s t r a t e  
su c h  t h a t  t h e  c r y s t a l l o g r a p h i c  o r i e n t a t i o n  o f  t h e  l a y e r  i s  d e te rm in e d  
b y  t h a t  o f  t h e  p a r e n t  s u b s t r a t e .  LPE i s  s im p ly  a  p a r t i c u l a r  c a s e  o f  
s o l u t i o n  g ro w th . I t s  u n iq u e n e s s  l i e s  i n  t h e  f a c t  t h a t  t h e  g ro w th
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f r o n t  i s  d e t e r m i n e d  l a r g e l y  b y  s e e d i n g .  I n  t h i s  r e s p e c t  i t  i s  

d i f f i c u l t  t o  m a k e  a  f u n d a m e n t a l  d i f f e r e n t i a t i o n  b e t w e e n  s e e d e d  

s o l u t i o n  g r o w t h  a n d  L P E , f o r  a n y  s u c h  d i f f e r e n t i a t i o n  i s  a  q u e s t i o n  o f  

d e g r e e .  Tw o p o i n t s  o f  d i f f e r e n c e  a r e  w o r t h y  o f  n o t e .  F i r s t ,  i n  

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

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

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

u s u a l l y  p r o d u c e s  a  c o m p a r a t i v e l y  l a r g e  a m o u n t  o f  " b u lk "  m a t e r i a l .  B y  

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

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

M o s t  LPE g r o w t-h  s y s t e m s  f a l l  i n t o  o n e  o f  t w o  c l a s s i f i c a i o n s :  

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

i n  w h i c h  t h e  d e s i r e d  c o n s t i t u e n t s  h a v e  b e e n  d i s s o l v e d ;  o r  b )  s t e a d y -  

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

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

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

e x a m p l e .  T h e  g r o w t h  o f  G aA s f r o m  G a s o l u t i o n  i s  c h o s e n  d u e  t o  t h e  

e x t e n s i v e  w o r k  w h i c h  h a s  b e e n  d o n e  o n  t h i s  s y s t e m .  T h e  e s s e n t i a l  

e l e m e n t s  o f  t h e  G a - A s  p h a s e  d i a g r a m  a r e  s h o w n  i n  F i g .  1 0 .

T h e  m o r e  w i d e l y  u s e d  m e t h o d  i s  t h e  t r a n s i e n t  o n e .  I f  a  

s o l u t i o n  o f  c o m p o s i t i o n  X a a n d  t e m p e r a t u r e  T a ( p o i n t  A i n  F i g . 1 0 )  i s  

b r o u g h t  i n t o  c o n t a c t  w i t h  a  G aA s s u b s t r a t e  a l s o  a t  t e m p e r a t u r e  T a 1 t h e  

s y s t e m  e q u i l i b r i u m  i s  u n c h a n g e d .  T h i s  i s  s o  s i n c e  p o i n t  A l i e s  o n  t h e  

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

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

F i g . 1 0  G a -A s  p h a s e  d i a g r a m .
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s o l u t i o n  b e c o m e s  s u p e r s a t u r a t e d ,  a n d  G aA s p r e c i p i t a t e s  f r o m  t h e  m e l t .  

S i m p l y  s t a t e d ,  w h e n  a n  A s - s a t u r a t e d  G a s o l u t i o n  i s  c o o l e d ,  t h e  

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

p r e c i p i t a t e  i n  t h e  f o r m  o f  G a A s , b r i n g i n g  t h e  l i q u i d  t o  c o m p o s i t i o n  

X c  . G r o w th  o c c u r s  m o r e  r e a d i l y  o n  t h e  G aA s s u b s t r a t e  t h a n  i n  t h e  b u l k  

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

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

a n d  t h e  a r e a  o f  t h e  s e e d  ( s u b s t r a t e )  o n  w h i c h  g r o w t h  o c c u r s .

T h e  s e c o n d  m a j o r  c l a s s i f i c a t i o n  o f  LPE g r o w t h  s y s t e m s  i s  t h e  

s t e a d y - s t a t e  m e t h o d  o f  g r o w t h .  C o n s i d e r  a  s y s t e m  i n  w h i c h  a  G aA s  

s u b s t r a t e  i s  h e l d  a t  t e m p e r a t u r e  T b a n d  a  G a A s s o u r c e  c r y s t a l  i s  

h e l d  a t  a  h i g h e r  t e m p e r a t u r e  T a , w i t h  t h e  s p a c e  b e t w e e n  f i l l e d  b y  G a . 

A s  t h e  s y s t e m  a p p r o a c h s  e q u i l i b r i u m ,  m o r e  G a A s w i l l  b e  d i s s o l v e d  a t  

t h e  h o t t e r  s o u r c e  t h a n  a t  t h e  c o o l e r  s u b s t r a t e .  A r s e n i c  m u s t  t h e n  

d i f f u s e  f r o m  t h e  v i c i n i t y  o f  t h e  s o u r c e  t o  t h e  v i c i n i t y  o f  t h e  

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

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

I n  t h i s  s e c t i o n ,  w e  w i l l  d i s c u s s  i n  d e t a i l  a b o u t :  1 )  s a t u r a t i o n  

d e t e r m i n a t i o n  Ts , p h a s e  d i a g r a m  d a t a  o f  H g - S n ;  2 )  t h e  v a l u e s  o f  r a t i o  

A ( m a s s  o f  ร ท  o u t ) / A T ร a s  a  f u n c t i o n  o f  Ts ; 3 )  A ( m a s s )  m a x im u m  a t  

e a c h  Ts ; 4 )  g r o w t h  p r o c e d u r e ;  5 )  g r o w t h  m o r p h o l o g i e s  ( o p t i c a l

m i c r o s c o p e ) ;  6 )  s u m m a r y  a n d  d i s c u s s i o n .
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1 . S a t u r a t i o n  D e t e r m i n a t i o n  Ts ( P h a s e  D ia g r a m  D a t a  

o f  H g - S n )

T h e  e x a c t  s a t u r a t i o n  t e m p e r a t u r e  (Ts ) d e t e r m i n a t i o n  a r e  

v e r y  i m p o r t a n t  a n d  n e c e s s a r y  i n  l i q u i d  p h a s e  e p i t a x y  p r o c e d u r e .  T h e  

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

v e r y  t h i n  f i l m  g r o w t h  (<  1 m i c r o n s ) .  B e c a u s e  o f  t h e  a m o u n t  o f  s o l u t e  

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

T h e  m e t h o d  f o r  o b t a i n i n g  l i q u i d u s  d a t a  ( s a t u r a t e d  

c o m p o s i t i o n  v s .  t e m p e r a t u r e ) ,  t h e  d i r e c t  o b s e r v a t i o n  t e c h n i q u e ,  c a n  b e  

u s e d  f o r  a c c u r a t e  m e a s u r e m e n t s  o n  b i n a r y  H g - S n  s y s t e m .  T h i s  t e c h n i q u e  

i s  a  m e t h o d  f o r  d e t e r m i n i n g  Ts ( s a t u r a t e d  o r  l i q u i d u s  t e m p e r a t u r e )  b y  

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

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

h a s  b e e n  s a t u r a t e d  a t  a  f i x e d  t e m p e r a t u r e .  T h e  e x p e r i m e n t s  a r e  

p e r f o r m e d  i n  VLPE s y s t e m  t h a t  p e r m i t s  t h e  s u r f a c e  o f  t h e  H g - S n  

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

o p t i c a l  m i c r o s c o p e  t h r o u g h  t h e  g l a s s  w in d o w  a t  t h e  c o v e r  o f  l o a d - l o c k  

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

m o l t e n ,  a t  a  t e m p e r a t u r e  a b o v e  Ts , t h e n  c o o l e d  s l o w l y  b e l o w  t h e  

t e m p e r a t u r e  a t  w h i c h  s o l i d  p a r t i c l e  ( t i n )  f o r m e d  b y  s p o n t a n e o u s  

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

F i g .  11. B e c a u s e  o f  s u p e r c o o l i n g ,  t h e  t e m p e r a t u r e  i s  g e n e r a l l y  l o w e r  

t h a n  Ts . I n  f a c t  t h e  t e m p e r a t u r e  c a n  b e  m u ch  l o w e r  t h a n  Ts ; t h e  

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

c a n  t a k e  p l a i c e .  I n  F i g u r e  11 t h i s  t a k e s  p l a i c e  n e a r  4 c w h e n  Ts i s  

e x p e c t e d  n e a r  10 c. T h e  s a m p l e  i s  t h e n  h e a t e d ,  e i t h e r  c o n t i n u o u s l y  o r
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F i g . 11 รท s o l i d i f i c a t i o n  o f  Hg-Sn s o l u t i o n  a f t e r  t h e  
s o l u t i o n  i s  c o o l e d  down „4°c f rom t h e  
s a t u r a t e d  t e m p e r a t u r e  -,13°c.
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s t e p - w i s e ,  u n t i l  t h e  s o l i d  p a r t i c l e s  a r e  c o m p l e t e l y  r e d i s s o l v e d ,  t h e  

t e m p e r a t u r e  a t  w h i c h  t h e  l a s t  p a r t i c l e s  d i s a p p e a r  i s  t a k e n  t o  b e  Tm . 

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

i n  a p p a r e n t  s a t u r a t i o n  t e m p e r a t u r e  a t  Tm ; Ts h a s  b e e n  o v e r  s h o t  d u r i n g  

t h e  t e m p e r a t u r e  r i s i n g  p e r i o d .  T h e  r a t e  o f  t e m p e r a t u r e  i n c r e a s e /  

d e c r e a s e ,  i f  a e q u a t e l y  c o n t r o l l e d ,  w o u l d  r e s u l t  i n  a  f i n i t e  s o l i d  a r e a  

f l o a t i n g  o n  t h e  l i q u i d  s u r f a c e ,  n o t  a  c o m p l e t e  c o v e r a g e  a s  i n  F i g .  11  

o r  c o m p l e t l y  l i q u i d  s u r f a c e .  E v e n t u a l l y ,  w i t h  s m a l l  e x c u r s i o n  o f  t h e  

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

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

e x i s t s  a n  e x t r e a m e l y  s m a l l  s o l i d  f l a k e  o n  t h e  l i q u i d  s u r f a c e .  A n d  a s  

t h e  c o n t r o l  i s  e x e r c i s e d  s u c h  t h a t  t h e  v e r y  s m a l l  f l a k e  c o u l d  b e  

c o n t r o l l e d  t o  i n c r e a s e  a n d  d e c r e a s e  i n  s i z e  a t  w i l l  n e a r  z e r o  s i z e ,  

t h e  e q u i l i b r i u m  s a t u r a t i o n  t e m p e r a t u r e  T ร c a n  b e  a p p r o a c h e d  t o  w i t h i n  

a  s m a l l  e r r o r  A T . I t  i s  a p p l i c a b l e  o n l y  t o  s y s t e m s  i n  w h i c h  t h e  s o l i d  

p h a s e  i s  l e s s  d e n s e  t h a t  t h e  l i q u i d  p h a s e .  F i g . 1 2  s h o w  p h a s e  d i a g r a m  

o f  H g - S n  a s  d e t e r m i n e d  b y  t h i s  w o r k  c o m p a r e  w i t h  t h e  o t h e r  w o r k s .  ( 2 7 )  

T h e  f u l l - l i n e  l i q u i d u s  i s  t h a t  o f  g r a y  t i n  ( s t a b l e )  a n d  t h e  d a s h e d  

l i n e  t h a t  o f  H g ร ท  1 2  ( y )  ( m e t a s t a b l e ) .  T h i s  w o r k  w a s  p l o t t e d  b y  ( + )

s y m b o l  i n d i c a t i n g  m u ch  h i g h e r  Ts t h a n  t h e  p u b l i s h e d  v a l u e s .  T h i s  i s  

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

a n d  h e n c e  t h e  h i g h e r  a p p a r e n t  Ts ( i . e .  t h e  Tm d i s c u s s e d  e a r l i e r ) .  

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

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

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

o u r  e f f o r t  t o  i n d e p e n d e n t l y  e s t a b l i s h  t h e  p h a s e  d i a g r a m  i n  t h i s  r a n g e
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F ig .12 Phase d iagram  o f  Hg^Sn.
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o f  s o l u b i l i t y .  A dopting th e  p u b lish e d  r e s u l t  o f  F ig . 12, th e  e r r o r s  in  
o u r r e s u l t s  a r e  in  th e  r i g h t  d i r e c t io n  and have th e  r i g h t  t r e n d  a s  a  

fu n c t io n  o f  th e  te m p e ra tu re .

2. E s tim a te  o f  A(Mass o f  รท O u t) /  ATs a s  a  F u n c tio n  o f  Ts

U sing th e  p u b lish e d  p hase  d iagram  o f  Hg-Sn in  F ig . 12, we 
can  c a lc u la t e  th e  v a lu e  o f  A(mass o f  รท ou t)/A T s a s  a  f u n c t io n  o f  Ts : 
.013 , .015 , .017 wt%/ c a t  s a tu r a te d  te m p e ra tu re  6 , 10 , 13 c
r e s p e c t iv e ly .  In  l iq u id  phase e x p ita x y  grow th o f  a-S n  on InSb we must 
grow th e  l a y e r  th ic k n e s s  < 1 m icron . From re fe re n c e  (12) a-Sn becomes 
u n s ta b le  beyond 1 m icron th ic k n e s s .  To a f f o r d  b e t t e r  th ic k n e s s  c o n tr o l  
one shou ld  u se  la r g e  volume m e lt c r u c ib le ,  la r g e  a re a  s u b s t r a t e ,  and 
v e ry  sm a ll A(mass o f  รท out)/A T s v a lu e . Our system , however c an n o t be 
te m p e ra tu r e -c o n tro l le d  to  s u f f i c i e n t  a c cu ra c y .

3. E s tim a te  o f  A(Mass) Maximum a t  E ach  Ts

The c r u c ib le  in  o u r system  can  c o n ta in  th e  Hg-Sn s o lu t io n  
to  a p p ro x im a te ly  500 gm. The lo w e s t s a tu r a t io n  te m p e ra tu re  Ts which 
c o u ld  be m a in ta in e d  i s  ab o u t 4 c. We can su p e rc o o le d  th e  Hg-Sn 
s o lu t io n  by an  amount ATo ;ATo -  2, 6, 9° c a t  Ts ะ 6 , 10, 13° c by
r e s p e c t iv e ly .  T h e re fo re  th e  A(mass) maximum a t  each  Ts a r e  130, 450, 
765 mg a t  Ts -  6 , 10, 13 c r e s p e c t iv e ly  by t h e o r e t i c a l l y .
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4. Growth P ro c e d u re .

The d ip p in g  p ro ce d u re  u se s  a  v e r t i c a l  growth tu b e , w ith  a  
c r u c ib le  c o n ta in in g  th e  s o lu t io n  Hg-Sn a t  th e  low er end o f  th e  tu b e  
and th e  s u b s t r a t e  InSb f ix e d  on a  m oveable h o ld e r .  E p i ta x ia l  growth 
i s  i n i t i a l i z e d  th e  h o ld e r  to  immerse th e  s u b s t r a te  in  th e  s o lu t io n ,  
and c o n ta c t  i s  te rm in a te d  by r a i s i n g  th e  h o ld e r  to  i t s  o r ig in a l  
p o s i t io n .  In  o u r e x p e rim e n t, we h e a t  th e  s u b s t r a te  a t  ap p ro x im a te ly  
475 c f o r  45 m inutes to  d e so rb  p a s s iv a t in g  o x id e  la y e r  b e fo re  s t a r t i n g  
an a p p ro p r ia te  d ip p in g  p ro c e d u re . The growth p a ram e te rs  a r e  s a tu r a te d  
te m p e ra tu re , d ip p in g  te m p e ra tu re , c o o lin g  r a t e ,  minimum te m p e ra tu re , 
d eg ree s  o f  su p e rco o le d  te m p e ra tu re , e t c .

W hile Ts d e te rm in e s  th e  s o l u b i l i t y  l im i t  o f  รท in  Hg, i t  
does n o t d e te rm in e  th e  s o l u b i l i t y  o f  InSb, i f  any , in  Hg. I f  ind eed  
InSb i s  s o lu b le  in  Hg one w ould a ls o  e x p ec t d i f f e r e n t  r a t e s  o f  
d i s s o lu t io n  f o r  th e  {111}A and {111}B fa c e s  o f  th e  s u b s t r a t e .  Thus 
th e  i n i t i a l  moment a f t e r  th e  InSb s u b s t r a t e  i s  immersed in  th e  l iq u id  
a t  a  tem p e ra tu re  n e a r  th e  Ts (o f  รท in  H g), depending  on th e  r a t e ,  i f  
any, o f  รท d e p o s i t io n  on to  th e  InSb s u b s t r a te  in  com parison  w ith  th e  
s u b s t r a te  d i s s o lu t io n  in to  Hg, th e  n e t  r e s u l t  can  e i t h e r  be e tc h in g  
( lo s s  o f  s u b s t r a t e  m a t e r i a l ) o r  g row th (o f  รท on th e  s u b s t r a t e ).

The e p i ta x y  e x p e rim en ts  can  be ro u g h ly  g rouped  
in to  4 "m ethods"

1) The m e lt  i s  m a in ta in e d  a t  a  c o n s ta n t  te m p e ra tu re  by 
an amount T below  Ts , i . e .  su p e rc o o le d , b e fo re  and  a f t e r  sam ple

I 1050 101 >1
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S y m b o l  ะ O  = n o . o f  s a m p l e  
Tg = s a t . t e m p .
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F i g . 13 The t e m p e r a t u r e  p r o g r a m  o f  t h e  m e t h o d  1)  
w h i c h  i s  s u p e r - c o o l e d  b e f o r e  d i p p i n g  an d  
m a i n t a i n i n g  c o n s t a n t  t e m p e r a t u r e .
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F i g . 14 The  t e m p e r a t u r e  p r o g r a m  o f  t h e  m e t h o d  2)
w h i c h  i s  d i p p i n g  a t  h i g h  t e m p e r a t u r e ! 2 0 - 4 0 ° c ) 
t h e n  d e c r e a s e  t e m p e r a t u r e  u n t i l  T < Ts  and  
m a i n t a i n i n g  c o n s t a n t  t e m p e r a t u r e .
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T im e ( m i n u t e s )

F i g . 15 Th e  t e m p e r a t u r e  p r o g r a m  o f  t h e  m e t h o d  3)
w h i c h  i s  d i p p i n g  a t  l o w  t e m p e r a t u r e  1 4 - 1 6 ° c  
b u t  T > Tg , t h e n  d e c r e a s e  t e m p e r a t u r e .

ร:,ร*^
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( d i p )  T im e  ( m i n u t e s )

F i g . 16 Th e  t e m p e r a t u r e  p r o g r a m  o f  m e t h o d  4 )
w h i c h  i s  d i p p i n g  a f t e r  d e c r e a s e  T < T S , t h e n  
d e c r e a s e  t e m p e r a t u r e .

1



T a b l e  2 LPE p a r a m e t e r s  o f  a l l  s a m p le s  i n  t h i s  s t u d y .

D i p p i n g  n o .  D a t e  S a t u r a t i o n  D i p

T e m p e r a t u r e  C o n d i t i o n

D i p  M i n i r a u n

T e m p e r a t u r e  T e m p e r a t u r e

D i p

T i m e

I n c r e a s i n g  

H e i g h t  o f  S a m p l e

1 4 JAN 1985 12-13  c S t e a d y - S t a t e

2 31 AUG 1985 1 3 .1  c s t e a d y - 3 t a t e

3 30 SEP 1985 1 3 .1  c T r a n s i e n t

4 6 OCT 1985 1 3 .1  c T r a n s i e n t

5 11-13 OCT 1985 13 .1  c T r a n s i e n t

6 17-18 OCT 1985 13 .1  c T r a n s i e n t

7 21 OCT 1985 1 3 .1  c T r a n s i e n t

8 2 3-24  OCT 1985 1 3 .1  c T r a n s i e n t

9 25 HAY 1 9 8 5 1 4 .0  c T r a n s i e n t

10 29 MAY 1986 1 4 .0  c T r a n s i e n t

น 24 AUG 1986 1 3 .0  c T r a n s i e n t

1 2 26 AUG 1986 1 3 .0  c S t e a d y - S t a t e

7 . 5  c 7 . 5  c 1 0 m i n . -

11.0  c 11.0  c 1 5 m i n . 5 . 9 m g .

1 4 . 0  c 1 1 . 7 5  c 4 h r . . 4 3 m i n . -  3 . 5 m g .

3 1 . 2  c 8 . 5  c 2 4 h r . 9 0 . 2 m g .

4 1 . 0  c 12 c 4 4 h r . . 4 5 m i n . 7 5 . 8 m g .

21.0  c 1 2 . 2 5  c 1 4 h r . 1 0 . 5 mg .

1 3 . 7 5  c 12.00 c 8 h r . . 3 0 m i n . 5 m g .

4 0 . 0  c 12.00 c 1 5 h r . , 4 0 r a i n . 1 4 m g .

1 5 . 0  c 1 2 . 5 0  c 6 h r . . 1 0 m i n . 1 . 2 m g .

1 6 . 5  c 1 3 . 0  c 2 h r . . 1 5 m i n . 3 . 1 m g .

1 0 . 5  c 9 . 0  c ร h r . 1 5 m i n . 4 . 9 m g .

9 . 0  c 9 . 0  c 3 h r 2 . 8 mg



D i p p i n g  n o . D a t e S a t u r a t i o n

T e m p e r a t u r e

D i p

C o n d i t i o n

D i p

T e m p e r a t u r e

H i n i m u n

T e m p e r a t u r e

D i p

T i m e

I n c r e a s i n g  

H e i g h t  o f  S a m p l i

1 3 2 0  HAR 1 9 8 7 1 3 . 0  c S t e a d y - S t a t e 10.0 c 10.0 c 2  h r . 4 . 6  m g .

1 4 2 4  HAR 1 9 8 7 1 3 . 0  c s t e a d y - s t a t e 1 0 . 5  c 1 0 . 5  c 1 h r . 4 . 9  m g .

15 2 7  HAR 1 9 8 7 1 3 . 0  c S t e a d y - S t a t e 9 . 5  c 9 . 5  c 2  h r . 0 . 7  m g .

1 6 4  APR 1 9 8 7 1 3 . 0  c S t e a d y - S t a t e 10.0 c 10.0 c 2  h r . 3 . 6  m g .

1 7 5  APR 1 9 8 7 1 3 . 0  c s t e a d y - s t a t e 1 1 . 7 5  c 1 1 . 7 5  c 2  h r . 1 . 4  m g .

1 8 6  APR 1 9 8 7 1 3 . 0  c T r a n s i e n t 1 3 . 7 5  c 1 0 . 2 5  c 2  h r . -

1 9 8  APR 1 9 8 7 1 3 . 0  c S t e a d y - S t a t e 11.0  c 11.0  c 2  h r .

R e m a r k s  1 .  D i p p i n g  ท๐ . 3 ,  w e i g h t  o f  s a m p l e  d e c r e a s e d

2 .  D i p p i n g  n o . 1 5 ,  r o t a t e  t h e  3 u b 3 t r a t e  2  r o u n d s  a f t e r  d i p p i n g  f o r  3 0  m i n .

3 .  d i p p i n g  n o . 1 6 ,  r o t a t e  t h e  s u b s t r a t e  a l l  t i m e  a f t e r  d i p p i n g  f o r  3 0  m i n .

4 .  D ip p in g  n o .  18 a n d  1 9 , no  c r y s t a l l i z a t i o n
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i m m e r s i o n .  I n  F i g .  1 3  t h e  t e m p e r a t u r e  a n d  t h e  t i m e  d u r a t i o n  f o r  e a c h  

a n d  s e v e r a l  r u n s  a r e  s h o w n  a n d  Ts i n d i c a t e d .

2 )  T h e  s a m p l e  i s  d i p p e d  i n t o  t h e  m e l t  o r i g i n a l l y  a t  T >> Ts .
T h e  s u r f a c e  o f  t h e  s u b s t r a t e  i s  e t c h e d  a t  a n  a p p r e c i a b l e  r a t e

d e p e n d i n g  o n  t h e  e x c e s s  o f  T o v e r  Ts . T h e  t e m p e r a t u r e  i s  t h e n

d e c r e a s e d  t o  b e l o w  Ts . S e e  t h e  t e m p e r a t u r e  p r o g r a m s  i n  F i g  1 4 .

3 )  T h e  s a m p l e  i s  d i p p e d  i n t o  t h e  m e l t  o r i g i n a l l y  a t  T 
o n l y  s l i g h t  o b o v e  Ts . T h e  รท d e p o s i t o n  r a t e  i s  h i g h e r  a n d  t h e  

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

2 ) .  S e e  t h e  t e m p e r a t u r e  p r o g r a m s  i n  F i g .  1 5 .  N o t e  t h e  v a r i o u s  

t e m p e r a t u r e  c h a n g e  r a t e s .

4 )  T h e  s a m p l e  i s  d i p p e d  i n t o  t h e  m e l t  o r i g i n a l l y  a t  T < Ts 1
t h e n  t e m p e r a t u r e  i s  d e c r e a s e d  f u r t h e r .  T h e  s u b s t r a t e  s u r f a c e  i s  e t c h e d  

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

t e m p e r a t u r e  p r o g r a m  o f  s a m p l e  n o .  11  i s  s h o w n  i n  F i g .  1 6 .

T a b l e  2  s u m m a r iz e s  f o r  r e c o r d  p u r p o s e  t h e  e x p e r i m e n t a l  

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

5 .  G r o w th  M o r p h o l o g i e s  ( O p t i c a l  M i c r o s c o p e ) . ( 2 8 )

T h e  b a s i s  o f  t h e  i n v e s t i g a t i o n  o f  t h e  a s - g r o w n  c r y s t a l  

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

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

t h e  t o t a l  su m  o f  i t s  s u r f a c e s .  T h e  s u r f a c e  m i c r o - m o r p h o l o g y  i s
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s u b j e c t e d  t o  t w o  f a c t o r s ;  i . e . ,  i n t r i n s i c  a n d  e x t r i n s i c  f a c t o r s .  T h e  

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

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

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

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

t h e  s u r r o u n d i n g s .

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

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

o b s e r v a t i o n  o f  t h e  a t o m i s t i c  f e a t u r e s .  T h i s  i s  t r u e  a s  f a r  a s  t h e  

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

À / 2  ( \ =  t h e  w a v e l e n g t h  o f  t h e  l i g h t ) .  B u t  i f  w e  d o  n o t  c o n f i n e  

o u r s e l v e s  t o  t h e  r e s o l u t i o n  i n  t h e  s t r i c t  s e n s e  o f  t h e  w o r k ,  t h e r e  a r e  

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

o f  l e s s  t h a n  X / 2 .  F o r  i n s t a n c e ,  d a r k - f i e l d  i l l u m i n a t i o n  c r e a t e s  a  

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

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

X / 1 0 .  T h i s  m e t h o d  i s  u s e d  i n  s t u d y i n g  c r y s t a l  s u r f a c e  o f  a l l  o u r  

s a m p l e s .  A m a g n i f i c a t i o n  o f  a b o u t  2 0 0  i s  u s e d  t o  s t u d y  t h e  c r y s t a l  

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

T h e  g r o w t h  m o r p h o l o g i e s  o f  t h e  s u r f a c e  a f t e r  g r o w t h  v i a  

" m e th o d  1" ( c o n s t a n t ,  s u p e r c o o l e d  t e m p e u r a t u r e ) a r e  s h o w n  i n  F i g . 1 7 ,  

f o r  { 1 1 1 } .  s u b s t r a t e ,  a t  v a r i o u s  s u p e r c o o l e d  t e m p e r a t u r e s  a n d  f o r  

v a r i o u s  d u r a t i o n s .  F o r  a  s m a l l  T  i n  F i g .  1 7  a ,  (T  ะ 1 0 . 5  C)  t h e  

s u r f a c e  s h o w s  i r r e g u l a r  p a t t e r n  o f  e t c h n i n g .  D e p o s i t i o n  o f  ร ท , i f  

a n y ,  h a s  t o  f o l l o w  t h e  s u r f a c e  c o n t o u r .  E t c h  r a t e  > d e p o s i t i o n  r a t e .  

In F ig . 1 7 b ,  (T = 10 c)  t h e  e t c h  r a t e  i n  s l o w e r .  E v i d e n t l y  t h e  รท
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( c )  AT,= 3 . 0 ° C , t  = 2 h r .  , T = 1 0 . 0 ° C ( d)  AT0= 3 . 5 ° c , t = 2 h r .  ,T = 9 . 5 ° C

( e )  A T = 4 . 0 ° C , t = 3 h r . , T = 1 0 . 0 ° C

««พ«พร*:พพ':«5พ»รพ*-. . ' ะ - » r-r-s a m p l e  n o . 12

F i g . 17 O p t i c a l  m i c r o g r a p h s  i n  d i p p i n g  m e t h o d  1)  w h i c h  s h o w e d  t h e  
i s l e t  f o r m  o f  t i n  ( a  o r  3)  o f  d i f f e r e n t  s i t e  d i s t r i b u t i o n

.•ร
d e n s i t y .  M a g n i f i c a t i o n  2 0 0 X .
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d e p o s i t i o n  r a t e  i s  n o t  u n i f o r m  a n d  รท  i s l e t s  a r e  f o r m e d  o n  r a n d o m  

n u c l é a t i o n  s i t e s .  I n  o t h e r  c a s e  s h o w n  i n  F i g .  1 7  c ,  u n d e r  t h e  s a m e  

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

s i t e s  e a c h  s u p p o r t i n g  l a r g e r  i s l e t  g r o w t h  t h a n  t h a t  i n  F i g .  1 7  ๖ .  A l s o  

i n  F i g .  1 7  c  t h e  i s l e t s  s h o w  c r y s t a l  f a c e t s  t h a t  a r e  a l i g u e d ,  i , e . ;  

t h e s e  i s l e t s  a r e  e p i t a x i a l  o n  t h e  s u b s t r a t e .  I n  F i g .  17  d  r e l a t i v e l y  

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

F i g .  1 7 e  e t c h i n g  i s  o b s e r v e d  o n l y  i n  s o m e  a r e a ,  b u t  i n  w h i c h  n o  i s l e t  

g r o w t h  i s  o b s e r v e d .  T h e r e  m a y  b e  a  t h i n  f i l m  o f  ร ท  o n  t h e  a r e a s  

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

T h e  g r o w t h  m o r p h o l o g i e s  o f  t h e  s u r f a c e  g r o w t h  v i a  " m e th o d  

2" ( s a m p l e  im m e r s e d  a t  T  m u ch  h i g h e r  t h a n t  T s  ) e x h i b i t  m u ch  c o a r s e r  

e t c h e d  p a t t e r n s .  F i g .  1 8  s h o w s  e t c h - g r o w t h  p a t t e r n s  c o r r e s p o n d i n g  t o  

t h e  t e m p e r a t u r e  p r o g r a m s  s h o w n  i n  F i g .  1 4 .  T h i s  g r o u p  o f  s u b s t r a t e s ,  

h o w e v e r ,  i s  o f  { 1 1 1 } A o r i e n t a t i o n .  T r i a n g u l a r  e t c h  f a c e t s  a r e  

e x p o s e d .  T h e  s i z e  a n d  s h a r p n e s s  o f  t h e  e t c h  f a c e t s  a r e  t e m p e r a t u r e  a n d  

t i m e  d e p e n d e n t ,  a s  t o  b e  e x p e c t e d .  I n  F i g .  1 8  a - d  t h e r e  a r e  n o  v i s i b l e  

e v i d e n c e  o f  รท  g r o w t h .  T h e  F i g u r e s  1 8 a  a n d  1 8 b  r e f l e c t  t h e  e f f e c t  o f  

e t c h i n g  t i m e  w h i l e  t h e  p a i r  1 8  b ,  1 8  d  r e f l e c t s  t h e  e f f e c t  o f  t h e  

i n i t i a l  t e m p e r a t u r e s .  I t  i s  d i f f i c u l t  t o  p e r f o r m  m o r e  s y s t e m a t i c  

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

b e  s t u d i e d  o n  t h e  s a m e  s u b s t r a t e .

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

" m e t h o d  3"  e x p e r i m e n t s ,  i . e .  im m e r s e d  a t  a  t e m p e r a t u r e  o n l y  s l i g h t l y  

a b o v e  T s  a n d  a l l o w e d  t o  c o l l e c t  รท  o n  t h e  s u r f a c e  a t  T  < T s  p e r



s a m p l e  n o . 4 s a m p l e  n o . 6

F i g . 18 O p t i c a l  m i c r o g r a p h s  i n  d i p p i n g  m e t h o d  2 )  w h i c h  s h o w e d  
t h e  e t c h  p a t t e r n s  i n  t r i a n g u l a r  f o r m  a s  a r e s u l t  o f  
d i p p i n g  a t  h i g h  t e m p e r a t u r e  2 0 - 4 0 ° C .  M a g n i f i c a t i o n  3 0 0 X .
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( ๖ )  T ç | ^ p = 1 5 . 0 ° c , t  = 6 h r .  , 1 0 m i n .

s a m p l e  ท๐ . 3 s a m p l e  n o . 9

s a m p l e  n o . 7

F i g . 19 O p t i c a l  m i c r o g r a p h s  i n  d i p p i n g  m e t h o d  3)  w h i c h  s h o w e d  
t h e  t e x t u r e  o f  a h e a v y  d e p o s i t  o f  รท i n  t h e  f o r m  o f  
r a n d o m l y  s h a p e d  i s l e t s  i n  ( a ) ,  F i g . ( b )  s h o w e d  t h i n  
f o i l  c o v e r e d  t h e  s u r f a c e  o f  I n S b ,  F i g ( c )  s h o w e d  t h i n
f o i l  c o v e r e d  t h e  s u r f a c e  o f  I n S b .
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T(j ^ p = 1 0 . 5 ° c , t  = 5 h r .  , 5 m i n .
( a )  7X s a m p l e  n o .  11 ( b )  30X

( c )  200X l o w e r
m e l t

u p p e r
m e l t

' . iพ ' ■ ' 'พ ๙  • % .
-t

* 3 ,  • - -  •«. 1 **

- f t t  I
=> ๆ* i♦  !

%# J
^ y 4 รp  * j »

'พ’\
s t e p s

F i g  . 2 0  O p t i c a l  m i c r o g r a p h s  i n  d i p p i n g  m e t h o d  4 )  w h i c h  s h o w e d
s u r f a c e  m o r p h o l o g y  a t  d i f f e r e n t  m a g n i f i c a t i o n s  7X,  30X,  
200X i n  ( a ) ,  ( b ) ,  ( c )  r e s p e c t i v e l y .  F i g . ( a )  s h o w e d  g e n e r a l
c h a r a c t e r i s t i c  o f  s u r f a c e .  F i g . ( b )  s h o w e d  t h e  i s l e t  f o r m  
o f  c r y s t a l s .  F i g . ( c )  s h o w e d  t h e  a r e a  i s  v e r y  s m o o t h  
h a v i n g  t h e  s t e p s  i n  t h e  sa m e d i r e c t i o n .  U s i n g  EPMA/WDS 
i n  t h e  n e x t  c h a p t e r  s h o w e d  t h a t  i t  i s  S n - t h i n  f i l m .
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t e m p e r a t u r e - t i m e  p r o f i l e s  s h o w n  i n  F i g .  1 5 ,  a r e  s h o w n  f o r  s a m p e l s  3 ,  

7 a n d  9  i n  F i g .  19  a ,  ๖  a n d  c  r e s p e c t i v e l y .  G e n e r a l l y  t h e  r e s u l t s  a r e  

p o o r .  S a m p le  3 i n  F i g .  19  a  s h o w s  t h e  t e x t u r e  o f  a  h e a v y  d e p o s i t  o f  

ร ท  i n  t h e  f o r m  o f  r a n d o m ly  s h a p e d  i s l e t s .  B u t  t h e  d e p o s i t  i s  o n l y  o n  

p a t c h e s  o f  a r e a  a n d  F i g .  1 9  a  m e r e l y  i n v e s t i g a t e s  a n  a r e a  w i t h  s u c h  

d e p o s i t .  I n  F i g .  1 9  ๖ ,  w i t h  l o n g e r  g r o w t h  t i m e ,  s h o w s  a  r e g i o n  w h e r e  

t h e  t i n  d e p o s i t  h a s  c o a l e s c e d  i n t o  c o n t i n u o u s  t i n  f o i l .  S u b s e q u e n t  

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

f o i l  g r o w t h  t o o  s t a r t s  f r o m  d i s c r e t e  n u c l é a t i o n  s i t e  u n d e r n e a t h .  I n  

F i g .  1 9  c  s h o w s  d e p o s i t  s i m i l a r  t o  t h a t  i n  F i g .  1 9  a  e x c e p t  n o w  t h e  

" s u r f a c e  g r a i n  s i z e "  i s  l a r g e .

T h e  s u r f a c e  m o r p h o l o g y  o f  s a m p l e  1 1 ,  w h i c h  u n d e r w e n t  

" m e t h o d  4"  e x p e r i m e n t  w i t h  t h e  t e m p e r a t u r e  p r o f i l e  s h o w n  i n  F i g .  1 6 ,  

i s  s h o w n  i n  F i g .  2 0  f o r  a r e a s  n e a r  t h e  p a r t i a l  d i p p i n g  b o u n d a r y .  

I s l e t  g r o w t h  o f  v a r i e d  s i t e  d e n s i t y  i s  s e e n .  I n  F i g .  2 0  c  s m o o t h  

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

c h a p t e r ,  i s  s h o w n  t o  b e  t h i n  f i l m  o f  ร ท .

6 . S u m m ary

F ro m  v i s u a l  i n s p e c t i o n  u s i n g  a  m i c r o s c o p e  w i t h  

m a g n i f i c a t i o n s  u p  t o  3 0 0 X  t h e  f o l l o w i n g  r e m a r k s  c a n  b e  m a d e .  T h e r e  

e x i s t s  a n  e t c h i n g  a c t i o n  o f  t h e  I n S b  s u b s t r a t e  b y  t h e  H g - S n  m e l t .  

H ig h  t e m p e r a t u r e  e t c h i n g  ( 4 0 - 5 0  C ) r e s u l t s  i n  r o u g h  s u r f a c e  

m o r p h o l o g y ;  t h e  e t c h  p i t s  a r e  d e e p .  T h e  e t c h e d  s u r f a c e  i s  l e s s  r o u g h  

a t  l o w e r  e t c h  t e m p e r a t u r e s .  T h e r e f o r e  i t  a p p e a r s  a d v i s e a b l e  t o  s t a r t  

w i t h  a  m e l t  o f  l o w  c o n c e n t r a t i o n  o f  ร ท  i n  H g ,  s o  t h a t  T s  i s  l o w .  O n e
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t h e n  m a y  im m e r s e  t h e  s a m p l e  a t  t h e  l o w  T > T s  ; b o t h  a r e  l o w  

t e m p e r a t u r e s ,  p e r h a p s  6  c. T h i s  w o u ld  p r o m o t e  e t c h i n g  a t  a  s l o w  

r a t e  w h i l e  ( s i n c e  T > T s  ) t h e r e  w o u ld  b e  n o  d e p o s i t i o n  o f  ร ท . O n c e  

t h e  s u r f a c e  i s  e t c h e d ,  i n  s i t e s  ( i n  t h e  H g - S n )  t h e n  t h e  t e m p e r a t u r e  

c a n  b e  s e t  l o w e r  t h a n  T s  t o  o b t a i n  t h i n  f i l m  รท  g r o w t h .  A t  t h e s e  l o w  

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

f i l m  m a y  b e  o b t a i n e d .

U n f o r t u n a t e l y  o u r  t e m p e r a t u r e  c o n t r o l  s y s t e m  c o u l d  n o t  

w o r k  w e l l  b e l o w  8 c, a n d  t h e  t i m e  r e q u i r e d  f o r  s u c h  e x p e r i m e n t  w o u l d  

b e  p r o h i b i t i v e .  O u r  e x p e r i m e n t  w e r e  d o n e  o v e r  t e n s  o f  h o u r s  a t  t h e  

h i g h e r  t e m p e r a t u r e s ;  l o w e r  a c t i o n  r a t e  w o u l d  t a k e  t e n s  o f  d a y s .  I t  

i s  u n l i k e l y  t h a t  t h e  s y s t e m  c l e a n l i n e s s  c a n  b e  m a i n t a i n e d ;  t h e r e  w a s  

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

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

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

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

w a s  p u l l e d  o f f  t h e  m e l t  a t  t h e  e n d  o f  t h e  r u n .

T h u s  m u ch  o f  t h e  u s e a b l e  r e s u l t s  a r e  t h o s e  f r o m  t h e  m o r e  

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

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

t h e  s a m p l e  h o l d e r  r o d  d o e s  n o t  b r e a k  t h e  O - r i n g  s e a l ,  e t c .  W i t h  l u c k  

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

s l a g  w o u l d  o v e r s h a d o w  t h e  r e l e v a n t  p a r a m t e r .  E x p e r i m e n t a l  r e s u l t s  

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

d u e  t o  o t h e r  c a u s e s  a r e  d i s c a r d e d .
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With th e  above c a v e a t  we con c lu d ed  t h a t  th e  r e s u l t s  
o b ta in e d  w ith  low er im m ersion tem p e ra tu re  and รท d e p o s i t io n  a t  low er 
tem p e ra tu re  would have th e  b e s t  chance o f  grow ing e p i t a x i a l  a - S n  on 
InSb.
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