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At  the present  t i -me there are known exper imenta l  resul ts  on photost imu-
la ted  annea l i ng  o f  r ad ia t i - on  de fec t s  t l  -  31 .  We  desc r i be  i n  t h i s  a r t i c l e  t he
e f fec t  o f  cons ide rab fe  acce l -e ra t i on  o f  d i f f us lon  o f  go ld  i n  s i l i con  fo l l ow ing
in tense  i ] l - um ina t i on .

The  i nves t i ga t l on  was  ca r r i ed  ou t  by  t he  t race r -a tom me thod .  P r i o r  t o
spu t te r l ng  on  the  samp le ,  t he  go ld  was  i r r ad j -a ted  i n  t he  WR-S  reac to r  (25

h o u r s  i n  a  f l u x  o f  1 . - B  " - f O L 3  i e u t / c m 2 s e c ) .  S a m p l e s  o f  p - t y p e  s i f l c o n  ( d o p e d
w i th  bo ron ,  res i s t i v i t y  10  ohm-cm)  we re  cu t  i n  such  a  way  tha t  t he  p lane  o f
t he  su r face  was  pe rpend i cu la r  t o  t he  <111>  d i rec t i on .  The  su r face  warg round
w i th  M-5  and  M-3  ab ras i - ves ,  po l i shed  by  e t ch ing  w i th  CP-4 ,  and  washed  w i th
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P ro f i l - es  o f  go ld  d l s t r l bu t i on
in  s i l i con :  l -  -  con t ro l  samp l -e ,
2 r 2 '  a n d  J r l t  -  s a m p l e s  w i t h
go ld  i n t roduced  by  pho tos t imu-
la ted  d l f f us ion  (exposu re  t lmes
3 0  a n d  5 0  h o u r s ) ,  4 , 4 ' ,  4 "  -
samp les  w i th  go ld  i n t roduced  bY
h igh - tempera tu re  d i f f us ion  (T
=  ] 0 7 0 " ) ;  c u r v e  4 "  p e r t a l n s  t o
the r ight-hand ord lnate ax ls
a n d  t h e  u p p e r  a b s c i s s a  a x i s .

carbon tetrachl-or ice. The gold f i lm was
sput te red  on  the  sur face  ln  a  vacuum o f
tb -s  to r r  a t  T  =  120oK.  The sample  th ick -
ness  was tJ00 i l ,  and  the  f i lm th ickness
0 . 1  -  0 . 3  u .

The samples  w l th  the  sput te red  rad lo -
ac t lve  go ld  were  i l l un ina ted  w i th  a  340-W
i -neandescent  lamp.  S ince  i l lun ina t lon  o f
the  go ld  f i lm wou ld  lead to  la rge  losses
of  l igh t  f lux  by  re f lec t lon  [4 ] ,  the  sample
was i l lumlna ted  f rom the  oppos i te  s ide .
Duri-ng the t ime of i l luninat lon, the
samples  were  coo led  w i th  l iqu id  n i t rogen.
The temperature of the i l luminated surface
d l d  n o t  e x c e e d  1 2 0 o K .

Two ser ies  o f  samples  were  inves t l -
ga ted .  The samples  o f  the  f i rs t  ser ies ,
w i th  the  sput te red  go1d,  were  i l l umina ted
for  30  and 50  hours ,  wh i le  the  samples  o f
t h e  s e c o n d  s e r l e s  w e r e  s t o r e d  a t  r o o m
tempera ture  w i thout  l l1umlnat1on.

A f t e r  t h e  d i f f u s l o n ,  l a y e r s  w e r e  r e -
m o v e d  s u c c e s s i v e l y  1 5 ,  F l  u V  e t c h i n g  w i t h
a  mt rx tu re  40  NHO3:1  HF and w i th  CP-4 .  The
th j -ckness  o f  the  removed layer  was de ter -
mined by  we lgh ing  the  samples  be fore  and
af te r  each succeed ing  e tch lng .  The th ick -
n e s s  o f  t h e  r e m o v e d  l a y e r s  w a s  1  . 5  -  2  v .
The er ro r  in  the  de terminat lon  o f  the  layer
t h i c k n e s s  d i d  n o t  e x c e e d  0 . 5  u .
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The  concen t ra t l on  o f  t he .go ld  i n  t he  removed  l aye r  was  de te rm ined  by  meas -

u r i nE  the  res idua l -  ac t i v i t y  q f - t he  samp le  a f t e r  e t ch ing .  The  s tanda rd  was

A u l e T  w e i g h i n g  B  x  t O - t t  g . ' T o  p r d v e n t  a d s o r p t l o n  o f  t h e  g o l d  i n  t h e  e t c h a n t

by  t he  su r face  o f  t he  s i l - i con ,  t he  samp le  was  tho rough l y  washed  i n  aqua  reg ia

a i t e r  each  sess ion .  As  a  con t ro l - ,  non - l r r ad ia ted  samp les  w i th  spu t te red  go ld

were  i nves t i ga ted  l aye r  bY  l aYe r .

I n  t he  con t ro l  samp les ,  t he  goLd  d id  no t  pene t ra te  i n to  t he  c r ys ta l  deepe r

than  t  -  1 .5  U .  I n  t he  i r r ad la ted  samp les ,  t he  go ld  pene t ra ted  up  to  10  u  i n to

the  s i l l con  c rys ta l s  a f t e r  t he  exposu re  t ime .  Fo r  compar l son ,  expe r lmen ts  we re

a l so  pe r fo rmed  w i th  h igh - tempera tu re  d i f f us ion  o f  go ld  i n  ana logous  s i l i con  _
samptbs  d t  T  =  l g7goK .  The  bo r respond lng " resu l t s  a re  shown  i n  t he  f i gu re .  On

t h e  b a s l s  o f  t h e s e  r e s u l t s ,  a  v a l u e  t u 1 0 - r ' c m ' , / s e c  w a s  o b t a i n e d  f o r  t h e  e f f e c -

t i ve  coe f f i c i en t  o f  pho tos i imu la ted  d l f f us lon .  I n  t he  case  o f  h i gh - tempera -

tu re  d i f f us ion ,  t he  dependence  o f  l - n  C  on  x2  ( see  the  f i gu re )  - i s  cha rac te r i zed

; t - ; ; i ; k - - i " i r i : - a "  t o  L r r a t  d e s c r i b e d  1 n  [ 7 ] ) t  ? t  a  r e s u l t  o f  w h i c h  t h e  v a l u e

ob ta ined  fo r  t he  d i - f f us lon  coe f f i c i en t  i i  t u10 - r0  cmz /sec  up  to  a  dep th  o f  10  p ,

and  10 - t  cmz /sec  fo r  d .eepe r  l aye rs .

The  a fo remen t i oned  resu l t s  on  pho tos t lmu la ted  annea l i ng  o f  r ad ia t l on  de -

fec t s  i "  i f  -  3 l  a re  a t t r i bu teO to  t ha rge  exchange  o f  t he  d i f f us ing  cen te rs '

They  can  ne  e tp ta ined ,  howeve r ,  a l so  by  us ing  o the r  mode ls .  The  acce l -e ra t i on

o f  t he  de fec t  m ig ra t i on  may  be -connec tbd  w i th  f oca l  r e l ease  o f  hea t  i n  non -

rad ia t i ve  t r ans i f i on ,  and  t i t f ,  t f , e  ehange  o f  t he  pos i t i on  o f  t he  t r ' e rm i  l eve l

t  B t  .

1 4 8



I n  ou r  expe r i -men ts  we  obse rved ,  f o r  t he  f i r s t  t ime ,  pho tos t imu la ted .
he te rod i - f f us ion .  The  cha rge -exchange  hypo thes i s  can  ha rd l y  be  rega rded  as
app l i cab le  i n  ou r  case .  I f  t he  go ld  a toms  i n  t he  s i l i con  a re  i n  an  i on i zed
s ta te ,  t he  cap tu re  o f  an  e l -ec t ron  shou ld  no t  i n f l uence  no t i ceab l y  t he  d i f f us ion
r a t e ,  s i n c e  t h e  t i m e  t h a t  t h e  g o l d  s t a y s  i n  t h e  n e u t r a l  s t a t e  i s  m u c h  s h o r t e r
than  the  t ime  o f  t he  d i f f us ion  j ump .  I n  t he  case  o f  t he  i nve rse  t rans i t i on  o f
a  neu t ra l -  go ld  a tom in to  a  pos i t l ve l y  cha rged  one ,  t he  Cou l -omb  pa r t  o f  t he
po ten t i a l  ba r r i e r  i nc reases .  Es t i -ma tes  show tha t  i n  ou r  expe r imen ts  t he  con -
cen t ra t i on  o f  t he  pho toca r r i e r s  1s  sma l - l - e r  t han  the  coneen t ra t i on  o f  t he  da rk
ca r r i e r s ,  so_ tha t  t he  f i l l - i ng  o f  t he  l eve l s  shou l -d  be  de te rm ined  by  t he ' rda rk r r
F e r m l  t e v e l  [ 9  ] .

Tak ing  l n to  accoun t  t he  va lue  o f  t he  ac t i va t i on  ene rgy  o f  go ld  d i f f us ion
in  s i l i con ,  we  can  conc lude  tha t  t o  ove rcome the  po ten t i a l  ba r r i e r  and  s imu l -
t aneous l y  re lease  hea t  i n  a  non rad ia t l ve  t r ans i - t i on  t he re  shou ld  occu r  an
app rec iab le  t he rma l  f l uc tua t i on ,  t he  p robab i l i t y  o f  wh l ch  i s  l - ow  a t  t he  t em-
pe ra tu re  o f  t he  expe r i -men t .

A  modeL  more  p robab l -e  t han  the  fo rego lng  one  i s  t ha t  o f  pho tos t lmu la ted
d i f f us ion ,  acco rd ing  to  wh i ch  the  exc i t a t i on  o f  t he  chemica l  bonds  i n  t he
v i c i n i t y  o f  t h e  s a d d l - e  p o i n t  l e a d s  t o  a  L o w e r i n g  o f  t h e  p o t e n t i a l  b a r r i e r  [ 1 0 ] .
We  cons ide r  t he  j ump  o f  t he  go ld  a tom f rom an  equ i l i b r i um in te rs t i ce  w i t h
c o o l d i n a t e s  l l / 2 ,  I / 2 , I / 2 )  i n t o  a  n e i g h b o r l n g  o n e  w i t h  c o o r d i . n a t e s  1 3 / 4 ,  3 / 4 ,
3 /U l .  I f  we  l - ook  a t  t he  d i f f us ing  a tom in  t he  sadd le  po in t  a l ong  t t r e  <11 - l ->
A i n a a i i n n  s e e  t h a t  t h e  o v e r c o m i n g  o f  t h e  p o t e n t i a l  b a r r i e r  i s  c o n n e c t e dv L v L t ,

wi - th  pass ing  th rough  a  de fo rmed  hexagona l  r i ng .  An  app rec iab le  pa r t  o f  t he
ene rgy  1s  due  to  t he  need  fo r  ove rcoming  the  geomet r l c  ba r r i e r  -  t he  s t re t ch ing
o f  t he  hexagona l  r i ng  on  passage  o f  t he  a tom th rough  the  sadd l -e  po in t .  The
Loca l i za t i on  o f  t he  e lec t ron i c  exc i - t a t l ons  i n  t he  v i c i n i t y  o f  t he  sadd le  po in t
can  l ead  to  an  app rec iab le  s t re t ch ing  o r  b reak ing  o f  t he  hexagona l  r i ng  l l f ] ,
m e a n l n g ,  i n  p a r t i c u l a r ,  a  d e c r e a s e  o f  t h e  g e o m e t r l c  b a r r l e r .

The  desc r i bed  e f f ec t s  o f  r r co ld ' r  pho tos t imu l -a ted  d i f f us lon  o f  impu r i t i es  i n
semiconduc to rs  can  se rve  as  a  bas i s  f o r  t he  deve l -opmen t  o f  new  dop ing  me thods ,
wh ich  may  f l nd  impor tan t  p rac t l ca l  app l_ i ca t i ons .
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