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p r o j e c t i l e  ion (~e', D') and c r y s t a l  d i rec t ion  [c100>, <Ill>, 

1 1 3  ) , Transniss ion e lec t ron  microscopy ana lys is  xeavea2ed. 

presence of a high densi ty  of stacking f a u l t s  and t w i n  winmol%a 

A model based on the  new I n t e r i o r  surfaces presented by su@b 

stacking defec ts  is used to  ca lcu la te  t h e  dechanneling cruzross 

t ion ,  and t h e  d i s o r d w  p r o f i l e s  a r e  obtained f rq  the  63Cp-M 

dechaweled f r ac t ions  i n  t e r n s  of dgsplqced xrows pex u n i t  vo 
, 

Direct  backscattering of channeled p a r t i c l e s  from the defec t  

neglected s ince  the dechanneling cross  sect ion per r o w  i s  ab 
-*. 

one order of magnitude la rger  than t h a t  per displaced atom* 

resulting defec t  depth d i s t r ibu t ions  are independent of bemu 

energy and p r o j e c t i l e  ion, and give lmprwed quan t i t a t ive  agr 

with previous s tudies .  The appl icat ion of channesing t o  stae ng- 

defect  measurements requi res  a minimum dens i ty  n+ 1015 

2 rows/cm . 
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INTRODUCTION 

The channe l ing  t echn ique ,  i n  combinat ion w i t h  i o n  back- 

s c a t t e r i n g ,  has  been wide ly  used t o  i n v e s t i g a t e  damage i n  i o n  

implanted semiconductors .  The power of t h i s  t echn ique  r e s i d e s  

main ly  i n  t h e  a b i l i t y  t o  c l e t e m i n e  t h e  d e p t h  d i s t r i b u t i o n  of \ 

danage. I n  a  q u a n t i t a t i v e  a n a l y s i s  one must  de t e rmine  o r  

assume t h e  t y p e  of damage p r e s e n t  i n  o r d e r  t o  u t i l i z e  t h e  

a p p r o p r i a t e  dechannel ing c r o s s  s e c t i o n .  O f  t e n  t h e  n a t u r e  of 

t h e  danage can  be determined by o t h e r  t e c h n i q u e s ,  such as 

e l -ec t ron  microscopy.  A s imp le  t ype  of d i s o r d e r  i n  terms of 

t h e  d-echanneling c a l c u l a t i o n  i s  t h a t  of sma l l  i s o l a t e d  r e g i o n s  

of amorphous m a t e r i a l .  . . T h i s  i s  c l o s e l y  approximated by heavy 

i o n  i m p l a n t a t i o n  i n  t h e  semiconductors  S i  and G e  as  r e v e a l e d  

by o t h e r  s t r u c t u r e  s e n s i t i v e  t echn iques .  1 

Care  has  t o  be  t aken  i n  o r d e r  t o  u s e  a  c o r r e c t  dechanne l ing  

c r o s s  s e c t i o n  i n  t h e  e x t e n s i o n  of t h e  channe l ing  t e c h n i q ~ l e  t o  
'. . 

t h e  a n a l y s i s  of o t h e r  d e f e c t s  l i k e  t h o s e  induced blr ion  a 

i m p l a n t a t i o n  i n  m e t a l s  o r  growth p r o c e s s e s  i n  h e t e r o e p i t a x i a l  

l a y e r s .  For  example, d e t a i l e d  measurements by i o n  channe l ing  

and t rar is~r~is  Ziurl e l e c  U-01s microscopy (TEM) have hcen c a r r i e d  

o u t  r e c e n . t l y  t o  c h a r a c t e r i z e  implanted AR. 2 1 3  D i s l o c a t i o n s  

w e r e  t h e  dominant t y p e  of d e f e c t  p r e s e n t  and t h e  i i zc iden t  i o n  

t y p e  and energy  depen.dences of  t h e  dechanne l ing  . c r o s s  s e c t i o n  

were used  f o r  a q u a n t i t a t i v e  e v a l u a t i o n  of  t h e .  damage. From 

t h e s e  s t u d i e s  . a n  improved unde r s t and ing  of t h e  q u a n t i t a t i v e  

a n a l y s i s  and t h e  s e n s i t i v i t y  l i m i t a t i o n s  of t h e  channe l ing  



t echnique  c l e a r l y  everge .  D e t a i l e d  c o n s i d e r a t i o n s  have a l s o  

been g iven  i n  t h e  channe l ing  a n a l y s i s  of implanted Au. 4 

For  a d d i t i o n a l  unde r s t and ing  of t h e  channe l ing  t echn ique  

a s  a  probe of d e f e c t s ,  we c o n s i d e r  improvements upon a  p r e v i o u s  

a n a l y s i s  ( 5 )  of S i  t h i n  c r y s t a l s  grown h e t e r o e p i t a x i a l l y  on 

s a p p h i r e  and s p i n e l .  TEM and e t c h  p i t s  have shown t h a t  t h e s e  
, 

h e t e r o e p i t a x i a l  S i  l a y e r s  c o n t a i n  a l a r g e  number of s t a c k i n g  

d e f e c t s  i n c l u d i n g  s t a c k i n g  f a u l t s  and twin  l a n ~ e l l a e  whose den- 

s i t ies  d e c r e a s e  from t h e  i n t e r f a c e  t o  t h e  f i l m  s u r f a c e .  The pre-  

s e n t  measurunen-ts and a n a l y s i s  of h e t e r o e p i t a x i a l  S i  l a y e r s  

have been c a r r i e d  out w i t h  the aim of  d e t a i l i n g  t h e  dependence 

of t h e  dechanne l ing ,  and t h e n  of t h e  e x t r a c t e d  d e f e c t  p r o f i l e ,  

on exper imenta l  parameters  s u c h  a s  c r y s t a l l o g r a p h i c  d i r e c t i o n ,  

atomic number and energy  of t h e  ana lyz ing  beam: 

R e s u l t s  and Di scuss ion  

Single s rys taL  S i  l a y o r s  grown e p i t a ~ i a 1 l . y  on capphi rc  ." 

were o b t a i n e d  from RCA and Union Carb ide ,  w i t h  the m a j o r i t y  of 

t h e  measuronents  being made on l a y e r s  0.9 Vrn t h i c k .  TFN measure- 

ments on t h e s e  samples showsd h i g h  d e n s i t i e s  of s t a c k i n g  f a u l t s  .. 
and twin l a m e l l a e  c o n s i s t e n t  w i t h  p rev ious  s t u d i e s .  F i g u r e s  l a  

and l b  sllow r e p r e s e n t a t i v e  micrographs  of staclcing f a u l t s  i n  

b r i g h t  f i e l d  and twin  l a m e l l a e  i n  d a r k  f i e l d ,  r e s p e c t i v e l y .  The 

average  t h i c k n e s s  of t h e  twin  l a m e l l a e  a r e  determined t o  be  

s 2 0  correspondding t o  2 4 atoms per  <111> row based on t h e  

s t r e a k i n g  of  t h e  (1-11) twin  d i f f r a c t i o n  s p o t s  f o r  (110) i na t r i x  

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



The i n f l u e n c e  of s t a c k i n g  f a u l t s  on dechanne l ing  can  be 
5 
1: 

v i s u a l i z e d  w i t h  t h e  a i d  of F i g .  2 .  The s t a c k i n g  sequence of i 
i 
1. 

11111 p l a n e s  i n  a p e r f e c t  diamond-type l a t t i c e  i s  Aa Bb Cc Aa Bb b 
P 

Cc. An i n t r i n s i c  f a u l t ,  c h a r a c t e r i z e d  by t h e  mi s s ing  p l a n e  Aa, i 
t 

changes t h e  sequ.ence t o  t h a t  shown i n  t h e  lower l e f t  p a r t  of i 
? .  

F i g .  2 .  P a r t i c l e s  impinging a long  a d i r e c t i o n  p a r a l l e l  o r  normal f 
t 

t o  t h e  f a u l t  p l a n e ,  f o r  bo th  p l a n a r  and a x i a l  channe l ing  are n o t  f 
E 
E 

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

. I' 
a  p e r f e c t  l a t t i c e  ( f u l l  c i x c 1 . e ~ )  and t r a v e r s i n g  t h e  f a u l t  p l ane  5 

t 
w i l l  s t i l l  move i n  a  p e r f e c t  c r y s t a l  (open c i rc les)  s h i f t e d  w i t h  B I 
r e s p e c t  t o  t h a t  a l r e a d y  t r a v e r s e d ,  as i l l u s t r a t e d  i n  F i g .  2 f o r  

t h e  < 1 0 0 > , < 1 1 0 >  and <111> d i r e c t i o n s .  Twin l a m e l l a e  a l s o  occur  
I: 

on (111..] p l a n e s  and t h e  twinned m a t e r i a l  g i v e s  r i s e  t o  a  new s e t  1 
i 

of rows i n  t h i s  c a s e  c o n s i s t i n g  of - 4 atoms each .  I n  a d d i t i o n ,  1 
a f t e r  pas s ing  th rough  bo th  bounda r i e s  of a twin l a m e l l a ,  t h e r e  k 
a r e  equa l  p r o b a b i l i t i e s  t h a t  t h e  s t a c k i n g  sequence w i l l  have ze ro ,  

1 i. 
. . 1 

, one o r  two p l a n e s  mi s s ing  and t h i s  i s  e q u i v a l e n t  t o  no f a u l t ,  [ 
a n  i n t r i n s i c  f a u l t  o r  a n  e x t r i n s i c  f a u l t ,  r e s p e c t i v e l y . .  T o r  t h e  1 
t h i n  twin  l a m e l l a e  of t h e s e  s t u d i e s  t h e  c o n t r i b t l t f o n  from t h e  I 

6 
I 

volurrle of t h e  & i n s  p l u s  t h e  2 / 3  ' s  c o p t r i b u t f o n  a f t e x  pas;;ijl,g 

through t h e  tw in  boundar ies  w i l l  on t h e  ave rage  be  e s s e n t i a l l y  

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

the p r ~ s e i i k  a n a l y s i s .  Thus bo th  of t h e s e  t y p e s  of s t a c k i n g  

defects i n t r o d u c e  new c r y s t a l  s u r f  a c e s  t o  t h e  channeled i o n s .  i 
i: 

A s  a f i r s t  approximat ion . t h e  qechanne l ing  due  t o  a  staclcing i 
i 

f a u l t  can  be  r e l a t e d .  t o  t h e  minimum y i e l d  f o r  a beam e n t e r i n g  



a c r y s t a l  p a r a l l e l  t o  a l o w  index axis o r  p l ane .  I n  t h i s  

d e s c r i p t i o n  t h e  dechanne l ing  p r o b a b i l i t y  p e r  row i s  g iven  by 

., 

.X 
(J 

- 
row - Nd 

where x i s  t h e  s u r f a c e  y i e l d  of  a p e r f e c t  c r y s t a l  of a tomic  
0 

d e n s i t y  N and d  i s  t h e  spac ing  a long  t h e  row. 

I n  c o n t r a s t ,  t h e  dechanne l ing  by a  d i s p l a c e d  atom can  be 

e s t ima ted  c n  t h e  b a s i s  of t h e  Ruther ford  c r o s s  s e c t i o n ,  g i v i n g :  7 

2 2 4  
- - --- TZ1Z2e 

'atom I (2  ~ ~ $ , 2  
5 

where Zl and Z 2  a r e  t h e  a tomic numbers of p r o j e c t i l e  and t a r g e t  

atoms, r e s p e c t i v e l y ,  E the beam energy and $, t h e  exper imenta l  
5 

c r i t i c a l  a q l e  f o r  channe l ing .  A s  a  s i n p l e  e s t i m a t e ,  f o r  

2: 0 MeV He impinging a long  t h e  <1,00> a x i s  i n  S i  a t  room tempera- 

t u r e  t h e  dechanne l ing  c r o s s  s e c t i o n  due  t o  a  s t e c k i n g  ' f a u l t , '  

0 row' i s  a b o u t  one o r d e r  of magnitude l a r y e t  t h a n  oa.tom. T h i s  

l a r g e r  v a l u e  of t h e  dechanne l ing  c r o s s  s e c t i o n  a l l o w s  u s  t o  

negl-ect  t h e  d i r e c t  c o n t r i b u t i o n  t o  t h e  a l i g n e d  y i e l d  i n  compari- 

Lon with t h e  d$chan.neling one.  
. . . . - - . . . . 

I n  a d d i t i o n ,  the two dechanne l ing  c r o s s  s e c t i o n s  d i f f e r  i n  

t h e i r  dependence on exper imenta l  parameters .  W e  have observed 

t h e  dependence of  t h e  dechanne l ing  on t h e  beam energy ,  t h e  i 

atomic number of t h e  ana lyz ing  p r o j e c t i l e  and t h e  c r y s t a l l o g r a p h i c  
1 

d i r e c t i o n .  The l a t t e r  i s  a l s o  r e l a t e d  t o  t h e  s t r u c t u r e  of 
1 
I 
i 

defects and t o  t h e i r  d i s t r i b u t i o n  on t h e  f o u r  e q u i v a l e n t  111lI i 
j 

p lanes .  i 
1; 
1 
1 



f Experimental  energy s p e c t r a  f o r  a n  IIe beam of  s e v e r a l  

e n e r g i e s  impinging a long  t h e  < l o o >  a x i s - o f  a = 0 . 9  pm t h i c k  S i  

l a y e r  grown on s a p p h i r e  a r e  shown i n  F i g .  3 .  The a l i g n e d  y i e l d s  

f o r  a l l  t h e  beam e n e r g i e s  a r e  comparable nea r  t h e  s u r f a c e  t o  

t hose  of a p e r f e c t  c r y s t a l  and t h e y  i n c r e a s e r  approaching a maxi- 

mum a t  t h e  i n t e r f a c e  w i t h  the  s u b s t r a t e .  The cor responding  

dechanneled f r a c t i o n s ,  i . e . ,  t h e  r a t i o  of aligned-to-random 

y i e l d s ,  a r e  sllown i n  F i g .  4 .  The energy-to-depth conve r s ion  has  

been made assuming b u l k  d e n s i t y  f o r  random s p e c t r a  and assuming 

a c o n s t a n t  r a t i o  f o r  t h e  a l i g n e d  energy  l o s s  g iven  by t h e  e x p e r i -  

menta l  al2gned-to-randon e n e r g y ~ w i d  t h  r a t i o .  The dechanneled 

f r a c t i o n s  show a sma l i  energy  dependence and t h e y  i n c r e a s e  w i t h  

d e c r e a s i n g  beam energy.  Fox comparison t h e  dec11anneled f r a c t i o f i s  

f o r  a < l o o >  Si c r y s t a l  are a l s o  shown i n  ~ i g ,  4 .  A sma l l  energy 

dependence i s  e v i d e n t  f o r  t h e  SF  c r y s t a l ,  i n  agreement w i t h  pre-  

8 ' .: 
.I_ 

v i o u s  i r~ves t iga . t j . ons  of dechanne l ing  i n  p e r f e c t  c r y s t a l s .  .. 

For  comparison w i t h  t h e  energy  dependence of dechanne l ing  

due t o  d i s p l a c e d  atoms o r  s m a l l  axorphous zones ,  a S i  c r y s t a l  
f 

has  been implanted w i t h  300  keV N+ and ana lyzed  w i t h  M e  beams - 
a t  d i f f e r e n t  e n e r g i e s .  The cor responding  dechanneled f r a c t i o n s  

a r e  shown i n  F i g .  5 and a much more pronounced energy  depen- 

dence r e s u l t s  j u s t  a f t e r  t h e  damaged r e g i o n ,  w i t h  t h e  dechanne l ing  

i n c r e a s i n g  wit11 d e c r e a s i n g  beam energy.  These r e s u l t s  p o i n t  

out, w i t h o u t  d e t a i l e d  d a t a  a n a l y s i s ,  t h a t  t h e  energy  dependence 

of t h e  deehannel-ed f r a c t i o n  f o r  t h e  h e t e r o e p i t a x i a l  Si l a y e r s  

i s  n e g l i g i b l e ,  i n  agreement w i t h  t h a t  p r e d i c t e d  by or,,. In 



. ' 
fact  Orow d e f i n e d  , i n  E q .  1 i s  g iven  by 

2 
'row = 18 .8ul , 

where u  i s  t h e  r m s  uni.dimensiona1 v i b r a t i o n  ampl i tude  and a  TF 

t h e  Thomas-Permi s c reen ing  d i s t a n c e .  Eqs. 3 and 4 are ob ta ined  

from t h e  continuum approximat iong  and from an  em;irical f i t ,  

r e s p e c t i v e l y .  1 0  

The same e p i t a x i a l  l a y e r s  have been ana lyzed  .a long  d i f  - 
- . .. 

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

f r a c t i o n s  a x e  shown i n  F i g .  6 .  Neglec t ing  t h e  d i r e c t  baclc- 

s c a t t e r i n g  from ' t h e  e x t r a  p l a n e s ,  i n  a-ccordance w i t h  o u r  

est.i.mates, t h e  random componen.k of t h e  heam c o i n c i d e s  w i t h  t h e  

a1 igned y i e l d  and is g i v e n  by: ...... . . , I . 

where x v ( z )  i s  t h e  dechanneled f r a c t i o n  i n  t h e  v i r g i n  c r y s t a l  

measured a t  t h e  d e p t h  z and P (qD) r e p r e s e n t s  t h e  p r o b a b i l i t y  

t h a t  a beam of i n t e n s i t y  (1 - xD ( z )  ) having i n i t i a l l y  a  
.. -. . . . , . .. ..~ - > .  . * - . . .  . , 

6-funct ion d i s t r i b u t i o n  is dechanneled ' a f t e r .  t r av . e r s ing  .a 

2 number qD of d i s p l a c e d  rows/cm . The v a l u e  F (qD) can  be  

e s t ima ted  fo l lowing  t h e  ~ e ( ~ h ~  approach and it i s  g iven  by 



z 
where qD. = 1 Nrow ( z ) d z  and Mrow(z) r e p r e s e n t s  t h e  number of 

0 3 d i s p l a c e d  rows/cm . From Eqs. 5 and 6 w e  o b t a i n  

1 - x D ( z )  
= ex. [ - 0  row 

1 - x v ( z )  

.. ' 1 - x o ( z )  
- v a l u e s  are p l o t t e d  on a  semilog The e x p e r ~ . e n t a l  - x17 

. . + s c a l e  i n  F i g .  72 f o r  d i f f e r e n t  e n e r g i e s  of  t h e  ana lyz ing  H e  

beam 2nd i n  7b f o r  s e v e r a l  channe l ing  d i r e c t i o n s .  The r e s u l t i n g  

i n t e g r a l  d e f e c t  p r o f i l e  i n  F i g .  7 a  is  energy  independent ,  t h u s  

con£ inn ing  t h a t  orolq i s  energy  independent  t o o ,  i n  agreement 

w i t h  ou r  model. I n  a d d i t i o n ,  a n a l y s i s  of  1,O MeV deu te r ium 

s p e c t r a  f o r  -the < l o o >  a x i s  g i v e s  r e s u l t s  which n e a r l y  c o i n c i d e  

wi th  t h a t  o b t a i n e d  u s i n g  a helium a n a l y s i s  beam. For t h e  d i f -  

f e r e n t  c r y s t a l  d i r e c t i o n s  i n  F ig .  7b a  d i f f e r e n c e  of abou t  

.. . 10-20% i s  seen ,  b u t  t h i s  i s  t o o  sma l l  t o  conc lude  a  s p a t i a l  . ... 

o r d e r  i n  t h e  arrangement. of t h e  stacking d e f e c t s .  Thus, t h e y  ,, 

a r e  cons ide red  t o  be randomly d i s t r i b u t e d  on  t h e  f o u r  a v a i l a b l e  

(111) p l a n e s .  .. . 

1 - x D ( z )  
~h~ f ast '-decrease of t he  valu.e,s n e a r  t h e  i n t e r f a c e  

w i th  t h e  s u b s t r a t e  i s  r e l a t e d  t o  t h e  l a r g e  number of d e f e c t s  

p r e s e n t  i n  t h i s  r e g i o n .  I11 t h e  same p l o t  s e v e r a l  s t r a i g h t  

l i n e s  are  drawn cor responding  t o  d i f f e r e n t  uniform d i s t r i b u -  

t i o n s  of d i s p l a c e d  rows. The numbers a r e  o b t a i n e d  u s i n g  t h e  

e m p i r i c a l  f i t  v a l u e  ( E q .  4 )  f o r  t h e  dechanne l ing  c r o s s  s e c t i o n .  

-The l i n e s  i n t e r s e c t  t h e  expe r imen ta l  va.3.ues a t  d i f f e r e n t  d e p t h s ,  



and f o r  each  o f  t h e s e  t h e  i n t e g r a t e d  number of  Nrow t r a v e r s e d  

by t h e  a n a l y z i n g  beam i s  e q u a l  t o  t h e  Nrow l a b e l  o f  t h e  c o r r e -  

sponding l i n e  m u l t i p l i e d  by t h e  i n t e r s e c t i o n  d e p t h .  

The d e f e c t  d e p t h  p r o f i l e s  o b t a i n e d  by t h e  p r e s e n t  method 

and by t h e  s t a n d a r d  approach6 f o r  damage a n a l y s i s  are compared 

in '  F i g .  8 .  The upper  cu rve  w a s  ob t a ined  by t h e  s t a n d a r d  

approach u s i n g  t h e  dechanne l ing  c r o s s  s e c t i o n  f o r  Ruther ford  
, . 

s c a t t e r i n g  from s i n g l e .  atoms (Eq. 2 )  and i n c l u d i n g  d i r e c t  lsack- 

s c a t t e r i n g .  The s l o p e s  of t h e  p r o f i l e s  a r e  a lmos t  e q u a l  and 

the two p r o f i l e s  d i f f e r  by abou t  one o r d e r  of magni tude.  T h i s  

d i f f e r e n c e  between t h e  two p r o f i l e s  i s  d u e  t o  t h e  d i f f e r e n c e  i n  

t h e  dechanne l ing  c r o s s  s e c t i o n  f o r  d i s p l a c e d  atoms and rows,  

r e s p e c t i v e l y .  Note t h a t  t h e  upper  cu rve  g i v e s  t h e  p r o f i l e  i n  

3 
terms of  d i s p l a c e d  atoms p e r  c m  wh i l e  t h e  lower one p r o v i d e s  

3 t h e  d i s p l a c e d  rows p e r  cm . T h i s  improved dechanne l ing  a n a l y s i s  

i s  i n  agreement  w i t h  p r e v i o u s  q ~ a n t i t a t i v e  s t u d i e s  of h e t e r o -  . . 
e p i t a x i a l  S i  which gave d e n s i t i e s  of s c a t t e r i n g  c e n t e r s  by- t h e  

s t anda rd  a n a l y s i s  a  f a c t o r  of  10-70 over  t h e  number of  d i s p l a c e d  

rows as  detexmined by e t c h  l i n e  coun t ing  and l a y e r  removal 

t echn iques ,  6 - 
. .  . .  . -. 

Prom t h e  p r e s e n t  work w e  conc lude  t h a t  a s t a c k i n g  d e f e c t  

2 d e n s i t y  cor responding  t o  - 1015 d i s p l a c e d  rows/cm . .. :. 

. :.. z ' 
"P - -. .-- - 

j a 1: .. .* i s  r e q u i r e d  f o r  d e t e c t i o n  by s i n g l e -  

a l ignment  channe l ing .  Th i s  cor responds  t o  approximate ly  one 

1 5  atomic p l a n e  ( =  2.5 x 10 /cm2 f o r  < l o o >  S i )  and would g i v e  r ise  



.to an i n c r e a s e  i n  t h e  channe l ing  y i e l d  of - 3 % .  I n  c o n t r a s t ,  

t h i s  lower l i m i t  f o r  channe l ing  a n a l y s i s  r e p r e s e n t s  an  approxi -  

mate upper  l i m i t  f o r  q u a n t i t a t i v e  TEM a n a l y s i s ,  s i n c e  an 

e f f e c t i v e  a r e a l  coverage g r e a t e r  t h a n  one monolayer w i l l  r e s u l t  

i n  a p p r e c i a b l e  d e f e c t  image o v e r l a p .  
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FIGURE CAPTIONS 

Fig ,  1. TEM micrographs  o f  S i  grown on s a p p h i r e  showing 

( a )  s t a c k i n g  f a u l t s  and (b )  d a r k  f i e l d  image of 

twin  larnel lae  w i t h  a ( 1 1 4 )  m a t r i x  and cor responding  

(110) tw in  d i f f r a c t i o n  p a t t e r n  shown i n  t h e  i n s e t .  

F i g .  2  Schematic i l l u s t r a t i o n  of t h e  s t a c k i n g  sequence i n  

t h e  p re sence  of a f a u l t  i n  t h e  S i  l a t t i c e  where 

a long  t h e  < 1 0 0 > , < 1 1 1 >  and <110> d i r e c t i o n s  two per -  

f e c t  l a t t i ces  (s) and (0 )  are seen  s h i f t e d  w i t h  

r e s p e c t  t o  each o t h e r ,  
\ 

, -. 

F i g .  3 Random and < l o o >  energy  s p e c t r a  of  1.13, 2 . 0  and 

2 . 5  MeV ~ e '  i o n s  s c a t t e r e d  a t ' 165O from a  z .0.9 p m  

t h i c k  Si c r y s t a l  grown on s a p p h i r e .  

F i g .  4 R a t i o  of a l i g n e d  t o  random y i e l d  a s  a f u n c t i o n  of 

t h e  d e p t h  f o r  d a t a  of F i g .  3 and f o r  a bu lk  < l o o >  
, , 

- _  
S i  c r y s t a l .  

F ig .  5 R a t i o  a l i g n e d  t o  random y i e l d  v s .  d e p t h  f o r  a S i  

<lil> c r y s t a l  damaged w i t h  200 keV N' i o n s  and 

-I- 
an:lyzed w i t h  1 . 0 ,  1 . 5  and 2 .5  MeV H e  . 

F i g :  6 R a t i o  of  a l i g n e d  t o  random y i e l d  f0.r t h e  i nd i c ' a t ed  

4" axes v s .  d e p t h  'of 2.0 MeV H e  i o n s  f o r  bu lk  < l o o >  

S i  and for a - 0 . 9  urn t h i c k  S i  c r y s t a l  grown on 

F ig .  7 I n t e g r a l  d i s t r i b u t i o n s  of d i s p l a c e d  rows v s .  d e p t h  

+ 
i n  t h e  e p i t a x i a l  S i  c r y s t a l  a )  f o r  d i f f e r e n t  He 

hem e n e r g i e s  and b)  f o r  t h e  2.0 MeV H e  bean a long  



s e v e r a l  c r y s t a l  d i r e c t i o n s .  S t r a i g h t  l i n e s  c o r r e -  

spond t o  uniform d i s t r i b u t i o n s  of d i s p l a c e d  rows 

f o r  t h e  d e n s i t i e s  i n d i c a t e d .  

Fig. 8 Comparison between t h e  d i f f e r e n t i a l  d e f e c t  p r o f i l e s  

o b t a i n e d  by t h e  p r e s e n t  approach and t h e  " s t anda rd"  

one u s i n g  t h e  Ruther ford  c r o s s  s e c t i o n .  The s c a l e  

i s  i n  atom/cm3 f o r  t h e  s t a n d a r d  approach and i n  

rorus/cm3 f o r  t h e  p r e s e n t  t r ea tmen t .  
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