
CHAPTER I I I  

STRUCTURAL ANALYSIS

The i d e n t i f i c a t i o n  o f  g re y  t i n ,  which i s  grown by LPE 
te c h n iq u e  on InSb ( l l l ) B  fa c e  i s  v e ry  d i f f i c u l t  b ecause  th e  l a t t i c e  
c o n s ta n t  o f  g rey  t i n  (6 .478  A) i s  v e ry  c lo s e d  to  th e  l a t t i c e  c o n s ta n t  
o f  InSb (6 .489  A). In  t h i s  t h e s i s ,  th e  E le c tro n  P robe M icro an a ly zer 
(ER4A), and th e  x - ra y  back r e f l e c t i o n  te c h n iq u e  were u sed  to  con firm  
g rey  t i n  on InSb. The f i r s t  one w i l l  i n v e s t ig a te  รท on InSb, and th e  
second  one w i l l  co n firm  th e  s t r u c tu r e  o f  รท (g re y  o r  w h ite  p h a se ) . In  
t h i s  c h a p te r  w i l l  c o n s id e r  in  d e t a i l  a b o u t scan n in g  e le c t r o n  
m icroscopy  (SEM) and x - ra y  m ic ro a n a ly s is ,  and x - r a y  back r e f l e c t i o n  to  
fo llo w  th e  phase change o f  g rey  t i n .

Scanning  E le c tro n  M icroscopy and X-Ray M ic r o a n a ly s is . (29)

The scan n in g  e le c t r o n  m icroscop e  (SEM) i s  a  pow erfu l
in s tru m e n t which p e rm its  th e  o b s e rv a t io n  and c h a r a c t e r i z a t io n  o f  th e  
sem icon ducting  e p i t a x i a l  s u r fa c e s  o r  c r o s s  s e c t io n s .  The in fo rm a tio n  
on th e  f i lm ’s  m ic ro s tru c tu re  o b ta in e d  by th e  SEM in v e s t ig a t io n ,  can  
c o n t r ib u te  to  a  b e t t e r  u n d e rs ta n d in g  o f  some p r o p e r t i e s  o f 
sem iconducting  t h in  f i lm s .  In  t h i s  in s tru m e n t,  th e  a re a  to  be 
exam ined o r  th e  m icrovolum e w ith  a  f i n a l l y  fo cu sed  e le c t r o n  beam, 
w hich i s  sw ept in  a  r a s t e r  a c ro s s  th e  s u r f a c e  o f  th e  specim en. The 
ty p e s  o f  i n t e r e s t e d  s ig n a l s  p roduced  when th e  e le c t r o n  beam im pinges
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on a  specim en s u r f a c e  in c lu d e  m ain ly  th e  secondary  e le c t r o n  and back 
s c a t t e r e d  e le c t r o n s .  The s ig n a l s  can  be used to  exam ine many 
c h a r a c t e r i s t i c s  o f  th e  sam ple such as  s u r fa c e  top o g rap h y , 
c ry s ta l lo g ra p h y ,  e t c .  As th e  s ig n a l s  v ary  when th e  e le c t r o n  beam 
sweeps a c ro s s  d i f f e r e n t  s u r fa c e  topography  o f  th e  specim en , th e  
secondary  e le c t r o n  e m iss io n  p e rm its  image o f a volume n e a r  th e  im pact 
a re a  to  be o b ta in e d  a t  r e l a t i v e  h ig h  r e s o lu t io n .  The back  s c a t t e r e d  
e le c t r o n s  and th e  la r g e  d ep th  o f  f i e l d  o f  th e  SEM h e lp  to  c r e a te  th e  
th r e e  d im en sio n a l ap p ea ran ces  o f  th e  im ages. SEM m icro grap h s 
g e n e ra l ly  g iv e  f e a tu r e s  o f  th e  specim en image in  th r e e  d im ension  a t  
h ig h  m a g n if ic a tio n  which c an n o t be g iv en  by o rd in a ry  o p t i c a l  
m ic ro sc o p e s .

The v e r s a t i l i t y  o f  th e  SEM f o r  th e  s tu d y  o f  s o l id s  i s  d e r iv e d  
in  la r g e  m easure from  th e  r i c h  v a r i e t y  o f  i n te r a c t io n s  w hich th e  beam 
e le c t r o n s  undergo w ith in  th e  specim en. The i n t e r a c t i o n s  can  be 
g e n e ra l ly  d iv id e d  in to  two c la s s e s  : 1) e l a s t i c  e v e n ts ,  w hich e f f e c t  
th e  t r a j e c t o r i e s  o f  th e  beam e le c t r o n s  w ith in  th e  specim en w ith o u t 
s i g n i f i c a n t l y  a l t e r i n g  th e  en e rg y , and 2) i n e l a s t i c  e v e n ts ,  which 
r e s u l t  in  a  t r a n s f e r  o f  en e rg y  to  th e  s o l id ,  le a d in g  to  th e  g e n e ra tio n  
o f  secondary  e l e c t r o n s ,  Auger e le c t r o n s ,  c h a r a c t e r i s t i c  and  continuum  
x - r a y s ,  lo n g - w avelen g th  e le c tro m a g n e tic  r a d ia t io n  in  th e  v i s i b l e ,  
u l t r a v i o l e t ,  and i n f r a r e d  re g io n s ,  e le c t ro n -h o le  p a i r s ,  l a t t i c e  
v ib r a t io n s  (ph onon s), and e le c t r o n  o s c i l l a t i o n s  (p lasm o n s). In  
p r i n c i p l e ,  a l l  o f  th e s e  i n t e r a c t i o n s  can  be u sed  to  d e r iv e  in fo rm a tio n  
ab o u t th e  n a tu re  o f  th e  specim en ะ sh ape , c o m p o sitio n , c r y s t a l  
s t r u c tu r e ,  i n t e r n a l  e l e c t r i c  o r  m ag ne tic  f i e l d s ,  e t c .



i n c i d e n t  b e a m
(a)

0 . 5  fim

i n c i d e n t  beam
I (b)

0 . 5  fj.m

F i g , 21 Monte C a rlo  c a l c u l a t i o n s  o f  th e  i n t e r a c t i o n  volum e 
in  i r o n  a s  a f u n c t io n  o f  beam e n e rg y : (a )  lOkeV, 
(b ) 20keV, (c ) 30keV,
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The re g io n  o v e r which th e  beam e le c t r o n s  i n t e r a c t  w ith  th e  
s o l i d ,  d e p o s it in g  energ y  and p ro du cin g  th o se  form s o f  second ary  
r a d ia t io n  which we m easure, i s  known a s  th e  i n t e r a c t i o n  volum e. An 
u n d e rs ta n d in g  o f  th e  s i z e  and shape o f  th e  i n t e r a c t i o n  volume a s  a  
fu n c t io n  specim en and beam p a ram ete rs  i s  v i t a l  t o  p ro p e r 
i n t e r p r e t a t i o n  o f  SEM images and m ic ro a n a ly s is .  The s i z e  o f  th e  
in t e r a c t i o n  i s  a  s tro n g  fu n c t io n  o f  th e  energy  w ith  w hich th e  beam 
e le c t r o n s  i n t e r a c t  w ith  th e  sam ple : th e  in c re a s e  in  s i z e  w ith  beam 
en e rg y . The c ro s s  s e c t io n  f o r  e l a s t i c  s c a t t e r in g  o f  e le c t r o n s  h as an 
in v e rs e  dependence on th e  sq u a re  o f  th e  en erg y . Thus, a s  th e  energ y  
in c re a s e ,  th e  e le c t r o n  t r a j e c t o r i e s  n e a r  th e  s u r fa c e  become s t r a i g h t e r  
and th e  e le c t r o n s  p e n e t r a te  more d eep ly  in to  th e  s o l i d  b e fo re  th e  
e f f e c t s  o f  m u lt ip le  s c a t t e r i n g  cau se  some o f  th e  e le c t r o n s  to  
p ro p a g a te  back tow ard  th e  s u r f a c e .  At h ig h e r  en e rg y , th e  e le c t r o n s  
can  p e n e t r a te  to  g r e a t e r  d ep th s  s in c e  th e y  r e t a i n  a  l a r g e r  f r a c t io n  o f  
t h e i r  i n i t i a l  energ y  a f t e r  a  g iv en  le n g th  o f t r a v e l .  The in t e r a c t i o n  
volume a s  a  fu n c t io n  o f  beam energ y  a s  shown in  th e  Monte C a rlo  p lo t s  
o f  F ig . 21. Note t h a t  th e  shape o f  in t e r a c t io n  volume does n o t  change 
o r  s i g n i f i c a n t l y  w ith  a  change in  beam energ y .

1. X-Ray P ro d u c tio n .

D uring i n e l a s t i c  s c a t t e r i n g  o f  th e  beam e le c t r o n s ,  x - r a y s  can  
be form ed by two d i s t i n c t l y  d i f f e r e n t  p ro c e s se s  ะ 1) D e c e le ra t io n  o f  
th e  beam e le c t r o n  in  th e  Coulomb f i e l d  o f th e  atom c o r e ,  which 
c o n s i s t s  o f  th e  n u c le u s  and t i g h t l y  bound e le c t r o n s ,  le a d s  to  
fo rm a tio n  o f  a  c o n tin u o u s  spectrum  o f  x - ra y  e n e rg ie s  from z e ro  energ y  
up to  th e  v a lu e  o f  th e  in c id e n t  e le c t r o n  en e rg y . T h is  i s  r e f e r r e d  to
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a s  th e  x - ra y  continuum  o r  b re m ss tra h lu n g  ( "b rak in g  r a d i a t i o n " ). 2 )  

The in te r a c t io n  o f  a  beam e le c t r o n  w ith  an in n e r - s h e l l  e le c t r o n  can 
r e s u l t  in  th e  e je c t io n  o f  th e  bound e le c t r o n  which le a v e s  th e  atom in  
an  e x c i te d  s t a t e  w ith  a  vacancy  in  th e  e le c t r o n  s h e l l .  During 
su bseq u en t d e e x c i ta t io n ,  an e le c t r o n  t r a n s i t i o n  o ccu rs  from an o u te r  
s h e l l  to  f i l l  t h i s  vacancy . The t r a n s i t i o n  in v o lv e s  a  change in  
ene rg y , and th e  energy  r e le a s e d  from  th e  atom m a n ife s t  i t s e l f  e i t h e r  
in  th e  form o f  an x - ra y  o r  an e j e c t e d  (Auger) e le c t r o n .  S in ce  th e  
energy  o f  th e  e m itte d  x - ra y  i s  r e l a t e d  to  th e  d i f f e r e n c e  in  energy  
betw een th e  s h a rp ly  d e f in e d  l e v e ls  o f  th e  atom , i t  i s  r e f e r r e d  to  a s  a 
c h a r a c t e r i s t i c  x - ra y .

I f  th e  energ y  o f  th e  c h a r a c t e r i s t i c  r a d ia t io n  from elem en t A 
exceeds th e  a b s o rp tio n  en e rg y  f o r  e lem en t B in  a  sam ple c o n ta in in g  A 
and B, th e n  c h a r a c t e r i s t i c  f lu o re s c e n c e  o f  B by A w i l l  o cc u r. To 
examine t h i s  s i t u a t i o n ,  c o n s id e r  a  sam ple c o n ta in in g  indium , t i n ,  and 
antim ony which co rre sp o n d  to  t h i s  e x p e rim en t ะ e p i t a x i a l  รท on InSb. 
T able  3 (30) showed th e  L s e r i e s  x - r a y  w av e len g th s and e n e r g i e s . The 
a b s o rp t io n  energy  f o r  indium  i s  lo w er th a n  th e  Lai e n e rg ie s  f o r  t i n  
and antim ony, th e r e f o r e  c h a r a c t e r i s t i c  f lu o re s c e n c e  w i l l  o ccu r from 
th e s e  r a d ia t io n s .  The argum ents can  be re p e a te d  f o r  each  e lem en t in  
th e  specim en a s  shown in  T ab le  4.
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T a b l e  3 L S e r i e s  X -R a y  W a v e l e n g t h s  a n d  E n e r g i e s

E l e m e n t

L a i LE 1

(A ) E ( k e V ) (A ) E ( k e V )

4 9  I n 3 . 7 7 2 3 . 2 8 7 3 . 5 5 6 3 . 4 8 7

5 0  รท 3 . 6 0 0 3 . 4 4 4 3 . 3 8 6 3 . 6 6 2

5 1  S b 3 . 4 3 9 3 . 6 0 5 3 . 2 2 4 3 . 8 4 3

T a b l e  4 F l u o r e s c e n c e  i n  a  s a m p l e  c o n t a i n i n g  I n ,  ร ท , a n d  S b

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

I n (ร ท  L a i  , L p i  ; S b  L a i  1 L g i  )

รท ( S b  L a i  , L g i  )

S b N o n e

2 .  X - R a y  S p e c t r a l  M e a s u r e m e n t  ะ WPS a n d  E D S .

C h e m i c a l  a n a l y s i s  i n  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  a n d  e l e c t r o n  

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

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

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

t h e  s e c t i o n  1 )  w h i c h  d e s c r i b e s  t h e  m e c h a n i s m s  f o r  b o t h  c h a r a c t e r i s t i c  

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

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

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

analysis.
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2 . 1  W a v e l e n g t h - D i s p e r s i v e  S p e c t r o m e t e r  (W D S ).

W hen s o l i d  s t a t e  d e t e c t o r s  w e r e  i n t e r f a c e d  t o  m i c r o ­

a n a l y z e r ,  t h e  w a v e l e n g t h - d i s p e r s i v e  s p e c t r o m e t e r  (WDS) w a s  u s e d  a l m o s t  

e x c l u s i v e l y  f o r  x - r a y  s p e c t r a l  c h a r a c t e r i z a t i o n .  T h e  b a s i c  c o m p o n e n t s  

o f  t h e  WDS a r e  i l l u s t r a t e d  i n  F i g .  2 2  A s m a l l  p o r t i o n  o f  t h e  x - r a y  

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

c h a m b e r  a n d  i m p i n g e s  o n  a n  a n a l y z i n g  c r y s t a l .  I f  B r a g g ’ s  l a w  i s  

s a t i s f i e d ,

n X  = 2 d  s i n 0  ( 3 . 1 )

( w h e r e  ท i s  a n  i n t e g e r ,  1 ,  2 ,  3 , . . . ;  X i s  t h e  x - r a y  w a v e l e n g t h ;  d  i s  

t h e  i n t e r p l a n a r  s p a c i n g  o f  t h e  c r y s t a l  ะ a n d  0 i s  t h e  a n g l e  o f  

i n c i d e n c e  o f  t h e  x - r a y  o n  t h e  c r y s t a l ) ,  t h e  x - r a y s  w i l l  b e  d i f f r a c t e d  

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

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

a n a l y z e r  (S C A ) a n d  t h e n  e i t h e r  c o u n t e d  w i t h  a  s c a l e r  o r  d i s p l a y e d  SIS a  

r a t e  m e t e r  (RM) o u t p u t  o n  a  s t r i p  c h a r d  r e c o r d e r .  A q u a l i t a t i v e  

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

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

w a v e l e n g t h s  t h r o u g h  B r a g g ’ s  l a w ,  a n d  t h e n  u s i n g  t h e  M o s e l e y  

r e l a t i o n s h i p ,

X = B / ( Z  -  C ) 2  ( 3 . 2 )

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

l i n e s ,  X i s  t h e  c h a r a c t e r i s t i c  x - r a y  w a v e l e n g t h ,  a n d  z i s  t h e  a t o m i c
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F ig .22 Schem atic r e p r e s e n ta t io n  o f  a W a v e le n g th -d isp e rs iv e  
sp e c tro m e te r .

7?
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n u m b e r )  t o  r e l a t e  t h e  d e t e c t e d  w a v e l e n g t h s  t o  t h e  p r e s e n c e  o f  

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

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

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

i d e n t  i  f  i c a t  i  o n .

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

a r e a s  o f  t h e  รท  o n  I n S b  s a m p l e  w e r e  s h o w n  i n  F i g .  2 3 ,  w h e r e  a  p a r t  o f  

t h e  x - r a y  s p e c t r u m  f r o m  รท  o n  I n S b  i s .  SEM w i t h  2  C h a n n e l  W a v e l e n g t h  

D i s p e r s i v e  X - R a y  S p e c t r o m e t e r  JEOL M o d e l  J S M -3 5 C F  w a s  u s e d  i n  t h i s  

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

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

p r o d u c t i o n  e f f i c i e n c y .  On t h e  o n e  h a n d ,  a  l o w  o v e r v o l t a g e  r a t i o  บ  

( r a t i o  o f  b e a m  e n e r g y  t o  x - r a y  e x c i t a t i o n  e n e r g y )  m a y  b e  r e q u i r e d  t o  

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

I n S b ,  i n  o r d e r  t o  a c h i e v e  a  g o o d  s p a t i a l  r e s o l u t i o n ;  o n  t h e  o t h e r  

h a n d ,  a  r e l a t i v e  h i g h  o v e r v o l t a g e  r a t i o  m a y  b e  r e q u i r e d  t o  o p t i m i z e  

t h e  r a t e  o f  x - r a y  p r o d u c t i o n .  F o r  a  t h i n  f i l m  o n  a  s u b s t r a t e  (ร ท  o n  

I n S b ) , t h e  s i t u a t i o n  w h i c h  e x i s t s  f o r  x - r a y  g e n e r a t i o n  i s  i l l u s t r a t e d  

i n  F i g .  2 4 .  E l e c t r o n s  m a y  g e n e r a t e  x - r a y  i n  t h e  f i l m  1 )  d i r e c t l y  o r  

2 )  a f t e r  b a c k s c a t t e r i n g  f r o m  t h e  s u b s t r a t e .  E l e c t r o n s  m a y  

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

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

r e p e a t e d l y  b e f o r e  l o s i n g  a l l  t h e i r  e n e r g y .  I n  a n a l y s i n g  ร ท  o n  I n S b ,  

t h e  d i f f i c u l t y  o c c u r r e d  b e c a u s e  t h e  a t o m i c  n u m b e r  o f  I n ,  ร ท ,  a n d  S b  

a r e  49, 50 a n d  51 r e s p e c t i v e l y .  T h e  c h a r a c t e r i s t i c  x - r a y s  from 
K - s h e l l  o f  t h e s e  e l e m e n t s  c a n n o t  b e  s e p e r a t e d  b y  WDS. We m u s t  u s e  t h e  

c h a r a c t e r i s t i c  x - ra y s  from L -s h e l l  a s  shown in  F ig . 2 3 .  However, i f
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In c id e n t  B e a m

F i g . 2 4  E x a m p le s  o f  p o s s i b l e  e l e c t r o n  p a t h s  i n  a  t h i n  

f i l m  o n  a  s u b s t r a t e ,  P a t h s  1 a n d  6  l e a d  t o  

b a c k s c a t t e r i n g ,  w h i l e  p a t h s  2 - 5  r e m a in  i n  t h e  

f i l m  o r  s u b s t r a t e ,
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(b)

F i g . 25  Th e  s c a n n i n g  e l e c t r o n  

s a m p l e  S n / I n S b  i n  ( a )

i m a g e  o f  p l a n a r  

รท m a p p i n g  i m a g e

i n  ( ๖ ) ,  a n d  I n  m a p p i n g  i m a g e  i n  ( c ) .
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t h e  ร ท  f i l m  i s  t o o  t h i n  i n  s o m e  s a m p l e s ,  t h e  e l e c t r o n  b e a m  e n e r g y  m u s t  

b e  d e c r e a s e d  f r o m  2 0  kv t o  15  kv.

T w o - d i m e n s i o n a l  s c a n n i n g  k n o w n  a s  x - r a y  m a p p in g  i n v o l v e s  

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

o f  t h e  CRT d u r i n g  n o r m a l  s e c o n d a r y -  e l e c t r o n  r a s t e r  s c a n n i n g .  E a c h  

x - r a y  p h o t o n  d e t e c t e d  a p p e a r s  a s  a  d o t  o n  t h e  CRT w i t h  r e g i o n s  o f  

h i g h  c o n c e n t r a t i o n  c h a r a c t e r i z e d  b y  a  h i g h  d o t  d e n s i t y .  T h e  x - r a y  

m a p p in g  o f  I n  a n d  ร ท  o f  t h e  ร ท  o n  I n S b  s a m p l e  s h o w e d  i n  F i g .  2 5 .

2 . 2  E n e r g y - D i s p e r s i v e  X - R a y  S p e c t r o m e t e r  ( E D S ) .

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

i l l u s t r a t e d  i n  F i g .  2 6 .  T h e  x - r a y  s i g n a l  f r o m  t h e  s a m p l e  p a s s e s  

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

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

A b s o r p t i o n  o f  e a c h  i n d i v i d u a l  x - r a y  p h o t o n  l e a d s  t o  t h e  e j e c t i o n  o f  a  

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

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

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

i s  f u r t h e r  a m p l i f i e d  a n d  s h a p e d  b y  a  m a in  a m p l i f i e r  a n d  f i n a l l y  p a s s e d  

t o  a  m u l t i c h a n n e l  a n a l y z e r  (M C A ), w h e r e  t h e  p u l s e s  a r e  s o r t e d  b y  

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

t u b e  o r  a n  X -Y  r e c o r d e r .

F o r  E D S , t h e  r e s o l u t i o n  m a y  b e  l i m i t e d  b y  d e f e c t s  a n d  

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



F i g . 2 6  S c h e m a t i c  r e p r e s e n t a t i o n  o f  a n  e n e r g y  " - d i s p e r s i v e

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

I n S b ,  w h e r e  t h e  i d e n t i f i c a t i o n  o f  l o w - i n t e n s i t y  p e a k  (ร ท )  n e a r  

h i g h - i n t e n s i t y  p e a k s  ( I n  a n d  S b )  m ay  b e  d i f f i c u l t .  We m u s t  c o m p a r e  

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

t h e  p e a k s  b y  f o c u s i n g  e l e c t r o n  b e a m  o n  รท  t h i n  f i l m .  EDS s p e c t r u m  o f  

ร ท  o n  I n S b  i l l u s t r a t e d  i n  F i g .  2 7 .

3 .  R e s u l t s  a n d  D i s c u s s i o n  B a s e d  o n  E l e c t r o n  P r o b e  M i c r o  

A n a l y s i s  (EPMA)

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  (SEM ) a f f o r d s  a  l a r g e r  

m a g n i f i c a t i o n  f a c t o r  t h a n  t h a t  p o s s i b l e  w i t h  a n  o p t i c a l  m i c r o s c o p e .  We 

e x a m i n e  t h e  i s l e t  g r o w t h s  t o  d e t e r m i n e  w h e t h e r  i t  i s  ร ท ,  a n d  w h e t h e r  

t h e  g r o w t h  i s  e p i t a x i a l .  T h e  w a v e l e n g t h  d i s p e r s i v e  s p e c t r o m e t e r  (WDS) 

t e c h n i q u e  i s  u s e d  t o  d e t e c t  t h e  p r e s e n c e  o f  ร ท ; a l l  m e t h o d s  o f  e p i t a x y  

e x p e r i m e n t s  d e s c r i b e d  i n  C h a p t e r  I I  y i e l d  d e p o s i t ,  i f  a n y ,  t h a t  i s  

i d e n t i f i e d  a s  ร ท . U s i n g  t h e  EPMA t e c h n i q u e  a l o n g  t h e  p a t h  a c r o s s  t h e  

s u b s t r a t e - l a y e r  b o u n d a r y  (w h e n  t h e  s a m p l e  i s  c l e a v e d  t o  e x p o s e  s u c h  

b o u n d a r y )  c a n  d e t e c t  t h e  p r e s e n c e  o f  o x y g e n  a n d  t h u s  c a n  m ap  s u c h  

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

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

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

T h e  EPMA/WDS c a n  m ap  t h e  p r e s e n c e  o f  ร ท ,  I n  a n d  S b  

i n d i v i d u a l l y  t o  s h o w  t h a t  ร ท  i s  a b o v e  I n S b .  T h e  s h a p e  o f  t h e  i s l a n d s  

o f  ร ท  a n d  t h e  e d g e s  w o u l d  i d e n t i f y  w h e t h e r  t h e  ร ท  g r o w t h  i s  e p i t a x i a l  

t o  t h e  I n S b  c r y s t a l  o r i e n t a t i o n .
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We n o w  p r o c e e d  t o  e x a m i n e  i n  d e t a i l s  t h e  e x p e r i m e n t a l  

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

e p i t a x y  t e m p e r a t u r e - t i m e  p r o f i l e s  d e s c r i b e d  i n  C h a p t e r  I I .

S a m p le  f r o m  " M e th o d  1" ( T ะ: c o n s t .  I < T s  )

T h e  r e s u l t s  o n  s a m p l e  1 3 ,  d i p p e d  a t  1 0  c ( 3 b e l o w  T s  ) 

f o r  2  h o u r s ,  a r e  s h o w n  i n  F i g .  2 8 .  E v i d e n t l y  t h e  i s l e t s  t e n d  t o  h a v e  

t h e  s a m e  e d g e  o r i e n t a t i o n ;  a  m i n o r i t y  o f  t h e m  a r e  n o t  a l i g n e d  w i t h  t h e  

m a j o r i t y .  I n  c .  t h e  c l e a v e d  e d g e  i s  s h o w n .  T h e  p r e s e n c e  o f  a  " c a r p e t "  

u n d e r n e a t h  t h e  i s l e t s  c a n  b e  s e e n .  EFMA/WDS s h o w s  t h a t  t h e  c a r p e t  

l a y e r  i s  l u  t h i c k  a n d  c o n t a i n s  o x y g e n ,  i . e .  a n  o x i d e  l a y e r .  

I n t e r e s t i n g l y  F i g .  2 8  d .  d e p i c t s  a  m a t t e d ,  l o w e r  a r e a  o n  t h e  l e f t  o f  

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

p r o t r u d e  o v e r  t h e  g e n e r a l  e t c h e d  a r e a ,  o t h e r  f r a m e s  i n  t h i s  F i g .  2 8  

s h o w  i n t e r e s t i n g  g r o w t h  m o r p h o l o g i e s .  A m i s - o r i e n t e d  g r o w t h  ( n o n  

( 1 1 1 ) )  a p p e a r s  i n  f r a m e  ( h ) .

R u n s  m o d e  w i t h  " m e th o d  1" s u b s e q u e n c e  t o  t h e  s a m p l e  13  

e x p e r i m e n t  a r e  i n  c o m p a r i s i o n  w i t h  s a m p l e  1 3 : -

S a m p le  N o . T t C o m m e n ts

13 1 0 2 n o  s t i r r i n g

14 1 0 . 5 1 n o  s t i r r i n g

15 9 . 5 2 1 / 2  s t i r r i n g  a t  1  ร

1 6 1 0 2 c o n t i n u o u s  s t i r r i n g
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F i g . 29 S c a n n i n g  e l e c t r o n  i mage  at v a r i o u s
m a g n i f i c a t i o n s  at s o me  a r e a s  s h o w  t h e  i s l e t s  

o f  ร ท  a n d  t h e  n i l - b e d  s u r f a c e  o f  I n S b  o f  m e t h o d  

( 1 )  g r o wt h  o f  s a m p l e  n o .  1 I .



7 0

2 8 0 OX 4 0 0 OX 1 / 0  OX

o p  S c a n n i n g  e l e c t i o n  i m a g o  a t  v a r i o u s  m a g n  1 f  1 o a  1 I o n  ร

at some a r e a s  s h o e  t i l e i s l e t s  ot  รท and t h e
e t c h e d  s u r f a c e  o f  I !iSh o f  me t hod 1) e t o u t h  ol

l i e  n o  . 1 0 .



71

เท;«บท i f i  c a t  i o n  at. sun'1 ท'''':!ร shew 1 he i s l e t s  ol
รท ami  t h e  e t c h e d  surf a<*'  of I ! 1 s 11 o f  met lied 1)
g r o w t h  o f  s a m p l e  n o -  I t -
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The m o rpho log ies o f  th e  r e s u l t s  a r e  shown in  F ig . 29, 30,
and 31 f o r  sam ple 14, 15, and 16 r e s p e c t iv e ly .  A lthough some
in d ic a t io n  o f  th e  b e n e f i t s  o f  s lo w er e tc h in g  r a t e  (low er T) in  
prom oting  more un ifo rm  s i t e  d e n s i ty  o v e r th e  w afer a re a ,  c l e a r - c u t  
c o r r e l t i o n  betw een th e  grow th q u a l i t y  and  a  s in g le  p aram ete r (one o f 
T , t )  c o u ld  n o t be s t a te d .

I t  i s  conc lu d ed  t h a t  t h i s  "m ethod 1" which i s  th e  e a s i e s t  
to  s e t  up in  com parison w ith  th e  o th e r  "m ethods" d e s c r ib e d  in  C hap ter 
I I  does n o t y i e l d  re p ro d u c ib le  r e s u l t .  Even d i f f e r e n t  a re a s  on th e  
same sam ple y ie ld s  d i f f e r e n t  r e s u l t s ,  a s  shown in  F ig . 29, fram es d ,e ,  
and f  a t  ap p ro x im a te ly  th e  same m a g n if ic a t io n .

Samples from "Method 2" (T >> Ts a t  im m ersion, th en  T < Ts )

As d is c u s s e d  in  C h ap te r I I  h ig h  immersion tem p e ra tu re  
c a u se s  to o  ra p id  e tc h in g  and  r e s u l t s  in  rough s u r fa c e  f e a tu r e s .  Large 
growth f e a tu r e s  however make i t  c o n v e n ie n t f o r  EPMA mapping o f  th e  
co m po sitio n  o f  th e  grow th . F ig . 32 shows in  a ) s c a n n in g -e le c tro n  beam 
image o f  a  group  o f  i s l e t  g ro w th s , in  b) EPMA/WDS mapping o f  In  w h ile  
in  c) mapping o f  รท. T h is  c o n firm s t h a t  รท i s  on to p  o f  th e  In  la y e r  
( i . e .  InSb) and , s in c e  th e  edges o f  th e  i s l e t s  a re  a l ig n e d , t h a t  th e  
growth i s  e p i t a x i a l .

We p u rsu e  no f u r t h e r  s tu d y  on th e  "method 2" sam ples and 
do n o t recommend t h i s  method f o r  grow ing t h i n  e p i t a x i a l  f i lm .
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( a )

( b )

F i g . 3 2 S c a n n i n g  e l e c t r o n  image- o f  
i n  ( a )  shows  t h e  same o n i o n  
( ๖ ) and ( o ) show f l i c  1 II and

ร a  in p i n  II o  . ชิ

l e d  i s l e t  รท e d g e s .
รท mapping r e s p e c t i v e l y

) ท ( a ) .o f  t h e  s a me  a r e a
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Samples from "Method 3" ( T > Ts a t  im m ersion, th e n  T < Ts )

F ig . 33 and 34 show SEI p ic tu r e  and EPMA/WDS mapping a t  
two m a g n if ic a t io n  f a c to r s  f o r  sam ple 9 , which was so  t h i c k ly  co v ered  
w ith  รท d e p o s i t  (s e e  C hap ter I I ) .  F ig . 35 shows s im i la r  p ic tu r e s  a s  in  
F ig . 34 b u t f o r  sam ple 10. Comparing th e  tem p e ra tu re  p r o f i l e s  f o r  th e  
sam ples 9 and 10 in  F ig . 15, sam ple 10 sh o u ld  r e p re s e n t  th e  n u c lé a t io n  
s ta g e  (T j u s t  g e t  below  Ts ) f o r  th e  grow th on sam ple 9 . Here in  F ig .
35 s p o t ty  n u c lé a t io n  s i t e s  a r e  o bse rv ed ; รท d e p o s i t s  on th e  InSb 
s u b s t r a t e  th ro u g h  p in  h o le s  in  th e  o x id e  la y e r .  (T h is p in -h o le  
h y p o th e s is  would be su p p o rted  a s  d e s c r ib e d  b e lo w .)

Samples from "Method 4" (T < Ts a t  im m ersion and f u r t h e r
d e c r e a s e s )

Sample 11 (whose te m p e ra tu re  p r o f i l e  f o r  grow th i s  shown 
in  F ig . 16) i s  c le a v e d  and th e  c r o s s - s e c t io n  examined by SEI in  F ig .
36 a ,  and by EPMA/WDS oxygen mapping in  F ig . 36 b . The o x id e  la y e r  
th ic k n e s s  i s  a  few m ic ro n s . EPMA/WDS mapping o f  In , รท Sind Sb in  
fram es c ,  d , and e show th e  In S b /o x id e  i n t e r f a c e  p o s i t io n ,  e x c e p t o f  
c o u rse  fram e d f o r  รท which shows n o th in g .

F ig . 37 a  shows SEM o f  a  re g io n  on th e  sam ple 11. The 
d em arca tio n  betw een th e  p o r t io n  t h a t  was d ip p ed  and t h a t  above th e  
l i q u id  i s  shown. F ig . 37 b , c ,  d  a r e  EPMA/WDS o f  In ,  รท, and  Sb 
r e s p e c t iv e ly .  To in c re a s e  th e  รท d e te c t io n  s e n s i t i v i t y  and red u ce  th e  
beam p e n e t r a t io n  th e  e le c t r o n  beam en e rg y  i s  red uced  to  15 kv and  th e  
m a g n if ic a t io n  in c re a s e d , and th e  x - r a y  d e t e c to r  c u r r e n t  i s  m e te red .
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F i s . 3 3  S c a n n i n g  e l e c t r o n  i m a g e  o f  s a m p l e  n o . 9

i n  ( a )  s h o w  t h e  i s l e t  ร ท  o n  I n S b .  ( ๖ )  a n d  ( c )  

s h o w s  t t i e  E P M A / W D S  m a p p i n g  o f  ร ท  a n d  S b  

r e s p e c t i v e l y  o f  t h e  s a m e  a r e a  i n  ( a ) .
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F  i  a  . 3 -1 . ร  c  a  ท ท j  t ) a  e l e c t r o n i m a g e  o f  s a m p l e  n o  . 9
i  ท ( a  ) s h o w s t h e d e n s e  i s l e t .  ร ท  o n  ไ ท ร ! ! .

( b ) . ( c ) a n d ( d  ) s h o w  t h e  F . P MA/ WDJ j  m a p p i n g  o f In
ร ท  , a n d ( d  ) r e s p e c t i v e l y  o f  t h e -  s a m e  a r e a  i n ( a  )
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โ•ฯ!'.3 f ร  ( • ;■1 ท ท i ท ๙ e  '] e e l r o

! II I M ) s h o » CS t J'11

ร  ท • ) แ  I n S b . ( b  )

m a  1i p i n g  o f ร  ท a  ท

a n I l l  ( a ) .
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F  i g  . (1 l )  ร , ’ !1 11 ท i ท 12. ( -■ 1 « : t r o i l  b e a m i m a g e  o f  t h e o x i d e  1 a v e r

1 h e  S I l i t ร  t r a  1 1 l u  i d  y i ท t h e r e g i o n  t o  1 III * r j t ' h l  « 1 f »
band.  I ) I') Kl’MA/WliS ( l a t a  r e s p e c t i v e l y  f o r  (), III,
รท,  and ร!! o v e r  t h e  s a mp l e  p l a c e  a s  ill  a)
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( c ) ( d )

ไ , . . !mm

( e  )

a ) S K N  s r a n  s l i ' -»w i ท a  g r o w t h o f  i  ร  1 e t  b e l o w  t h e  d i p

] < • V (.• 1 : s a  111 1 » 1 « - Î 1 . น )  -  d ) L o w  m a g n i f i c a t i o n  E P M A / W D S

S M t l !  > : * i ! • ะ-:*.!:! • r e g i o n  a s i n  a  ) . e )  ( S a m p l e  r o t a t e d

9  0  1 .1 i P I H ’O I f * - ' 1 . I I I  t  o  t h e r  i  g l .  t , h i g h e r  m a g n i f i c a t  i n

S l i o l  1 ! : I « ''.ร ร .  .11 !< <• e n e r g y ( 1 5 k v i n s t e a d  o f  2f )  k \ ’ )

F I ’M A / K ! » ' -  1 II t C-J 1 ft 1 ed ร i  g n a  1 p l o t  t e d  a s  . j a g g e d  c u r v e

i I )(!<•<'a \ i ii«: a แ " f i i ' i i c i ;  o f  ร ท .  T h e s t r a i g h t  h o r i z o n t a l

.1 j 11 < ‘ i 11 < i ' • ' • a 1 « - ร l i n -  s c a n n e d p o s i t i  o  ท ร  .
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T a b l e  5 C u r r e n t  ( p i c o a m p s )  f r o m  x - r a y  d e t e c t o r  o f  WDS b y  s p o t t i n g  

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

f r o m  t h e s u r f a c e i n t o t h e s u b s t r a t e ( 1 JU i n  e a c h  s t e p ) .

D i s t a n c e  f r o m  t h e  

i n t o  t h e  s u b s t r a t e

s u r f a c e

(fi) 0 1 2 3 4 5 6 7 8

S a m p le  N o . 11 . 0 4 . 0 8 . 0 4 . 0 2 . 0 2 . 0 2 . 1 . 1

1 2 0 . 1 3 . 1 3 . 0 8 . 0 5 . 0 5 . 0 5

13 . 0 2 . 1 0 . 1 5 . 4 6 . 4 2 . 3 6 . 3 0 . 3 0 . 3 0

14 0 . 1 0 . 1 0 . 0 8 . 0 6 . 0 4 . 0 4 .0 4

15 .0 4 . 5 8 . 3 0 . 2 4 . 2 4 . 2 4

16 . 0 2 . 2 8 . 2 4 . 2 2 . 2 2 . 2 2
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Depth p o s i t i o n  ( microns )

F ig .  38 The X -  ray  d e t e c t o r  c u r r e n t  vs dep th  p o s i t i o n  
from t h e  s u r f a c è  i n t o  t h e  s u b s t r a t e .
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The p lo t  o f  c u r r e n t  (c o rre sp o n d in g  to  รท amount) v s  scan  p o s i t io n  i s  
p lo t t e d  as  a jugged  c u rv e  in  F ig . 37 e ;  th e  h o r iz o n ta l  s t r a i g h t  l in e  
in d ic a te s  th e  p a th  on th e  sam ple w hich i s  pho tographed  from SEM mapping.

E x is te n c e  o f  th e  o x id e  la y e r  i s  e s ta b l i s h e d  o v er many 
e p i ta x y  sam ples by u s in g  th e  EPMA/WDS te c h n iq u e  f o r  0 in s te a d  o f f o r  
รท a s  d e s c r ib e d  f o r  F ig . 37 e ,  abo v e, th e  x - ra y  d e te c to r  c u r r e n t  i s  
m easured a s  a  fu n c t io n  a lo n g  th e  c le a v e d  c r o s s - s e c t io n  a s  in  F ig . 36 
e .  The c u r r e n t  i s  m easured a s  v a r io u s  d is ta n c e  s t a r t i n g  from th e  
s u r fa c e  in to  th e  s u b s t r a t e .  The r e s u l t s  a r e  ta b u la te d  in  T ab le  5, and 
p lo t t e d  in  F ig . 38. In  t h i s  f ig u r e  th e  c u r r e n t  vs d ep th  p o s i t io n  shows 
a  -peak and th en  r e tu r n s  to  a  new p la te a u  n o t  a t  th e  same le v e l  a s  th e  
i n i t i a l  ze ro  l e v e l .  The new "z e ro "  l e v e l  i s  n o n -ze ro  due to  th e  
p re sen ce  o f  oxygen on th e  c le a v e d  s u r f a c e .  The s u r fa c e  oxygen 
co n tam in a tio n  l e v e l  d i f f e r s  sam ple to  sam ple.

X-Ray Back R e f le c t io n  to  F ollow  th e  P hase Change o f  Grey T in .

The e x p e rim e n ta l m ethods u se d  in  o b ta in in g  d i f f r a c t i o n  
p a t t e r n s  w i l l  be d e s c r ib e d  in  t h i s  s e c t io n .  Here we a re  concerned  
w ith  th e  Laue method (31) o n ly , e s p e c i a l l y  th e  back r e f l e c t i o n  method 
a p p l ic a b le  to  t h i s  work. O r d in a r i ly ,  th e  p re se n c e  o f  s tro n g  
c h a r a c t e r i s t i c  x - r a y  com ponent, such  a s  CuKa (1 .540  A in  w avelength) 
in  th e  r a d ia t io n  u se d , does n o t  c o m p lic a te  th e  d i f f r a c t i o n  p a t t e r n  in  
any way o r  in tro d u c e  d i f f i c u l t i e s  in  i t s  i n t e r p r e t a t i o n .  Such a  
component w i l l  o n ly  be r e f l e c t e d  i f  a  s e t  o f  p la n e s  in  th e  c r y s t a l s  
happens to  be o r ie n te d  in  j u s t  such  a  way t h a t  th e  Bragg law i s
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s a t i s f i e d  f o r  t h a t  com ponent, and th e n  th e  o n ly  e f f e c t  w i l l  be 
fo rm a tio n  o f  a  Laue sp o t o f  e x c e p tio n a l ly  h igh  i n t e n s i t y .

The specim en u sed  in  th e  Laue method i s  a  s in g le  c r y s t a l .  
Laue s p o ts  a re  o f te n  form ed by o v e rla p p in g  r e f l e c t i o n s  o f  d i f f e r e n t  
o r d e r s .  For exam ple, th e  100, 200, 3 0 0 , . . .  r e f l e c t i o n s  a r e  a l l  
p a r a l l e l .  The f i r s t - o r d e r  r e f l e c t i o n  i s  made up o f  r a d ia t io n  o f  wave­
le n g th  X , th e  se c o n d -o rd e r  o f  X / 2 ,  th e  t h i r d - o r d e r  o f  X /3 , e t c . ,  
down to  À SWL , th e  sh o r t-w a v e le n g th  l i m i t  o f  th e  c o n tin u o u s  spectrum .

The p o s i t io n  o f  any Laue sp o t i s  u n a l te r e d  by a  change in  
p la n e  sp a c in g , s in c e  th e  o n ly  e f f e c t  o f  such a  change i s  to  a l t e r  th e  
w aveleng th  o f  th e  d i f f r a c t e d  beam. I t  fo llo w s  t h a t  two c r y s t a l s  o f  th e  
same o r i e n t a t i o n  and c r y s t a l  s t r u c tu r e ,  b u t  o f  d i f f e r e n t  l a t t i c e  
p a ra m e te rs , w i l l  p roduce i d e n t i a l  Laue p a t t e r n s .  In  t h i s  ex p e rim en t, 
th e  d i f f r a c t e d  beam from a-S n  and InSb a r e  a t  th e  same p o s i t io n  o f  
Laue p a t t e r n s  b ecau se  th e  c r y s t a l  s t r u c tu r e  o f  a -S n  and InSb a re  
th e  same fa c e  c e n te re d  c u b ic  and th e  l a t t i c e  p a ra m e te rs  a r e  n e a r ly  th e  
same s i z e .

T h is  s e c t io n  w i l l  d e s c r ib e  a  te c h n iq u e  w hich was d ev e lo p ed  to  
fo llo w  th e  t ra n s fo rm a tio n  o f  th e  c u b ic  a -Sn p h a se , l a i d  i s l e t  
s t r u c t u r e  on ( l l l ) B  fa c e  o f  an indium  an tim o n id e  s in g le  c r y s t a l ,  to  a  
p o l y c r y s t a l l i n e  form  o f  th e  t e t r a g o n a l  w h ite  t i n  p h a se . The 
g re y -w h ite  p hase  t r a n s fo rm a tio n  was o b serv ed  to  o ccu r a t  a ro un d  60 c , 
and th e  w h ite -p h a se  was found to  be r e ta in e d  d u r in g  c o o lin g  to  room 
te m p e ra tu re  ( 26 c ) . T h is  phase change i s  im p o rta n t in  th e  e p i t a x i a l
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a-Sn s in c e  th e  t r a n s fo rm a t io n  i s  l i k e l y  to  d e s tro y  th e  s in g le  c r y s t a l  
n a tu re  o f th e  e p i t a x i a l  a -S n .(3 2 )

The work was c a r r i e d  o u t on a  Unicam G oniom eter in c o rp o ra t in g  
a  s p e c i a l l y  d e s ig n e d  h e a t in g  s ta g e  c a p a b le  o f  h e a tin g  th e  sam ple up to  
ap p ro x im a te ly  100 c.  The Unicam G oniom eter w ith  th e  h e a t in g  s ta g e  i s  
shown in  F ig . 39. The main body o f  th e  s ta g e  i s  made o f  cop p er and 
has a  ro d  h e a te r  i n s e r te d  in  i t s  body, th e  c u r r r e n t  to  th e  h e a te r  
b e in g  c o n t r o l l e d  by a  v a r ia c .  At a  v a r ia c  s e t t i n g  th e  tem p e ra tu re  
would r i s e  and  e v e n tu a l ly  re a c h e s  an e q u ilib r iu m  v a lu e . The 
tem p e ra tu re  m easurem ent was done u s in g  chrom el/a lu m el therm ocoup les 
o r  m ercury therm om eter which was s i t u a t e d  in  c lo s e s t  to  th e  sam ple. 
The sam ple h o ld e r  made from b a k e l i t e  s l o t s  in to  th e  g roove o f  th e  
h e a t in g  s ta g e .  The sam ple was h e ld  on th e  sam ple h o ld e r  w ith  a  c la y  
a d h e s iv e  and g a lliu m -in d iu m  a l lo y  was u sed  f o r  th e rm al c o n ta c t  to  th e  
h e a t in g  s ta g e .

I n i t i a l l y ,  th e  te c h n iq u e  to  be employed on th e  ( l l l ) B  fa c e  
InSb a t  room te m p e ra tu re , th e  id e a  was to  ta k e  f o r  r e f e re n c e  th e  
t h r e e - f o l d  symmetry back  r e f l e c t i o n  pho tograph  from th e  fa c e  c e n te re d  
c u b ic  c r y s t a l  s t r u c tu r e  and compare w ith  th e  e p i t a x i a l  01 -Sn on InSb 
sam ple which was h e a te d  to  v a r io u s  tem p e ra tu re s  up to  a p p ro x im a te ly  
100 c.  A fte r  a llo w in g  th e  te m p e ra tu re  to  reach  e q u i l ib r iu m , ta k in g  
x - ra y  p ho tog rap h s w ith  2 -8  h o u rs  exp o sure  tim e . The 30 KV 25 mA power 
s e t t i n g  was u sed .

In  t h i s  w ork, th e  a -S n  i s  o n ly  in  i s l e t  c r y s t a l  form , th e  
back r e f l e c t i o n  s p o ts  from  th e  i s l e t  c r y s t a l  m is o r ie n te d  a  l i t t l e  from
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F i g . 39 Sample h e a t i n g  s t a g e  s h o w i n g :
( a )  c o p p e r  h e a t i n g  s t a g e
(b)  s o l d e r  rod h e a t e r .
The s t a g e  i s  s e e n  c l a m p ed  i n  p o s i t i o n  on a G o n i o m e t e r .
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(111) fa c e  w i l l  g iv e  a  p a r t i a l  Debye r in g .  When th e  a -S n /In S b  was 
h e a te d  up to  ap p ro x im a te ly  60 c,  t h a t  p a r t i a l  Debye r in g  d ia m e te r  was 
in c re a s e d . We can  id e n t i f y  t h a t  th e  p a r t i a l  Debye r in g  from  (642) 

a-Sn p la n e  was changed to  th e  p a r t i a l  Debye r in g  from  (541) 3 -Sn
p la n e . The d e t a i l e d  c a lc u la t io n  w i l l  be d is c u s s e d  in  th e  n e x t  s e c t io n .

E x perim en ta l R e s u lts  and D isc u ss io n  -  X-Ray Back R e f le c t io n  E xperim en t.

The x - ra y  back r e f l e c t i o n  te c h n iq u e  d is c u s s e d  above was 
a p p l ie d  to  th e  รท on InSb sam ples. In  a s  much a s  th e  beam d ia m e te r  i s  
much l a r g e r  th a n  th e  s i z e  o f  a  s in g le  รท i s l e t ,  an  a r e a  o f  d ense  
p o p u la t io n  o f  e p i t a x i a l  i s l e t s  i s  s e le c te d .  The x - r a y  r e s u l t  i s  th u s  
o f  th e  a l ig n e d  m u l t ip le  g ra in s  o r  i s l e t s .

F ig u re  40 a  and 40 b show th e  r e s u l t s  f o r  room te m p e ra tu re  and 
a t  60-70 c r e s p e c t iv e ly .  As e x p la in e d  in  th e  p re v io u s  s e c t io n  th e  
p ic tu r e s  m ust be superim posed  to  a l i g n  th e  m ajor Debye r in g s  
(b e lo n g in g  to  th e  InSb s u b s t r a te )  to  c o r r e c t  f o r  th e  e x p e rim e n ta l 
( r e l a t i v e  p o s i t io n )  m isa lig n m en t betw een th e  two e x p e r im e n ts , so  t h a t  
th e  c e n te r  o f  a l l  Debye r in g s  can  be lo c a te d  in  each  p i c t u r e .  Based on 
th e s e  c e n te r s ,  th e  p a r t i a l  Debye r in g  in d ic a te d  in  F ig . 40 a  i s  
i d e n t i f i e d  a s  t h a t  from th e  (642) p la n e  o f  th e  a-S n  and  t h a t  in  F ig . 
40 b i s  from  th e  (541) p la n e  o f  3 -S n . T h is  i s  b ased  on th e  fo llo w in g  
a n a ly s is  ะ

R e ffe r in g  to  F ig . 41.
ta n  (180 -  26) r/D (3.3)



(a)
œ - S n
( 6 4 2 )

(b) -  6 - S n
( 5 4 1 )

-  5 9 - 6 7 .5 C
F i g . 40 X - r a y  b a c k  r e f l e c t i o n  o f  i s l e t  รท on In S b  

t o  f o l l o w  t h e  p h a s e  c h a n g e  f ro m  
( a )  sh o w ed  p a r t i a l  D eb y e  r i n g  f ro m  d i f f r a c t e d  
p l a n e  (6 4 2 )  o f  o c - p h a s e .  ( b )  sh o w e d  p a r t i a l  
D ebye r i n g  f ro m  d i f f r a c t e d  p l a n e  (5 4 1 )  o f  / * - p h a s e .



88

F i g . 41 B a c k - r e f l e c t i o n  L a u e  c a m e r a  ( s c h e m a t i c ) .  A i s  
t h e  c o l l i m a t o r ,  c i s  t h e  s p e c im e n  s u p p o r t e d  
on t h e  h o l d e r  B. F i s  t h e  l i g h t - t i g h t  f i l m  h o l d e r  
( c a s s e t t e ) ,  r  i s  t h e  d i s t a n c e  o f  s p o t  f ro m  c e n t e r
o f  f i l m .  D i s  s p e c i m e n - t o - f i l m  d i s t a n c e  ( u s u a l l y  3 c m ).
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T able  6 P a t t e r n  o f  a -S n  ( b a c k - r e f le c t io n )

d  (A) I / I i h k l s i n  0 = 1 .5405/2d e
V = 2D ta n  (1 8 0 ° -2 0 ) ,D=3 

ะ Debye r in g  d ia .(c m )
0.9087 7 711 0.8476 57.9558 12.35
0.8671 13 642 0.8883 62.6611 8 .47
0.8450 12 731 0.9115 65.7188 6 .8 0
0.8111 - 800 0.9496 71.7331 4 .44

T able  7 P a t t e r n  o f  8 -S n  ( b a c k - r e f le c t io n )

d (A) I / I i h k l s i n  0 = 1 .5405/2d e
V = 2D ta n  (18O°-20),D=3 1 

= Debye r in g  d ia .(c m )
0.8868 4 323 0.8686 60.2932 10.15
0.8755 2 541 0.8798 61.6162 9 .16
0.8485 4 413 0 .9078 65.2001 7 .05
0.8466 4 532 0.9098 65.4799 6.91
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D efin in g  V a s  th e  Debye r in g  d ia m e te r , we w r i te  (3 .3 )  a s
V ะ 2D ta n  (180° -  2 0  ) (3 .4 )

The (h k l)  p la n e  s e p a ra t io n  d is ta n c e  d i s  r e l a t e d  to  th e  c u b ic  s id e  
d im ension  a  as

1 /d 2 = ( h 2 + k 2 + l 2 ) /  a 2 (3 .5 )
w h ile  f o r  a  te t r a g o n a l  s t r u c tu r e  o f  s id e  p a ram e te rs  a  and c

1 /d 2 ะ: (h 2 + k 2 ) /  a 2 + l 2 /  c 2 (3 .6 )

We in v e s t ig a te  some h k l co m b in a tio n s  which w ould y ie ld  th e  
Debye r in g  d ia m e te r o f  i n t e r e s t .  (Note h , k , l  m ust be e i t h e r  a l l  odd o r 
a l l  even)

T ab le  6 (33) shows th e  c a lc u la t io n  o f  V f o r  a  few com bin a tio n s 
o f  h , k , l  o f  th e  a -S n  s t r u c tu r e  f o r  X ะะ 1 .5405 A (CuKq ) . The r e l a t i v e  
i n t e n s i t y  r a t i o ,  I / I i  i s  a ls o  shown on th e  t a b l e  f o r  s p o t  b r ig h tn e s s  
i d e n t i f i c a t i o n .  The d v a lu e s  a re  from  e q . ( 3 .5 ) .

T ab le  7(33) shows th e  V v a lu e s  f o r  a  few co m b in a tio n s  o f  h , k , l  
o f  th e  B-Sn s t r u c tu r e  f o r  X = 1.5405 A. In s p e c t io n  o f  th e  two ta b le s  
show t h a t  th e  two p a r t i a l  Debye r in g s  shown in  F ig . 40 a re  ind eed  
i d e n t i f i a b l e  a s  (642) a -S n  and (541) 6~Sn.

The x - ra y  back s c a t t e r i n g  r e s u l t  a s  d e s c r ib e d  above th e r e f o r e  
v e r i f i e s  t h a t  a -S n  from our e p i ta x y  ex p e rim en t i s  s t a b l e  up to  — 60 c 
beyond which i t  r e v e r t s  to  th e  6 -p h a s e .
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