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we have observed feconb i -na t ion  rad ia t ion  o f  "ho t "  exc i tons  and

have inves t iga ted  the  d i f fe rence be tween the  rad ia t ion  po la r iza t ion

of  the  exc i t6ns  and the  condensed phase in  s i l i con  de formed in  the

( 1 0 0 )  d i r e c t i o n .

I t  i s  known tha t  when s i l i con  c rys ta ls  a re  conpressed in  the  (100)  d i rec t ion ,  the  two abso-

lu te  min ima o f  the  conduct ion  band,  wh ich  are  loca ted  a long the  de format ion  ax is ,  sh i f t  towards

lower  energ ies ,  whereas  the  energy  pos i t ions  o f  the  four  o ther  abso lu te  min ina  rena in  p rac t ica l l y

u n c h a n g e d  r e l a t i v e  t o  t h e  v a l e n c e ' b i n d  I l ] .  W h e n  t h e  d e f o r m e d  c r y s t a l  i s  e x c i t e d  b y  r a d i a t i o n

quanta  w i th  energ ies  apprec iab ly  exceed ing  tne  w id th  o f  the  fo rb idden band '  the  non-equ l l ib r ium

elec t rons  become d is t r ibu ted  over  a l l  s ix  min i .ma o f  the  conduct ion  band '  I f  the  t ine  o f  fe laxa-

t ion  o f  the  e lec t rons  f rom the  upper  min ima to  the  lower  ones  is  long  enough,  then the  e lec t rons

be long ing  to  the  upper  va l leys  can become bound in to  "ho t "  exc i tons '  The reconb ina t ion  rad ia -

t ion  o f  iuch  ho t  e* l i to t r  was  success fu l l y  observed in  exper inent .

T h e  i n v e s t i g a t e d  s a m p l e s  w e r e  p u r e  s i l i c o n  c o n t a i n i n g  a b o u t  3 x 1 O 1 2 . c m - 3  o f  b o r o n '  T h e

l i fe t ime o f  the  f ree  exc i tons  in  the  samples  was about  I  m ic rosecond a t  4 '2oK.  samples  measur -

i n g  1 . S x 1 . S x 1 . 5  m m  w e r e  c u t  a l o n g  t h e  [ 1 b 0 ]  d j " r e c t i o n _ a n d  s u b j e c t e d  t o  u n i f o r m  c o m p r e s s i o n  a l o n g

th is  d i rec t ion  in  a  dev i -ce  ana logous to  t t ra t  descr ibed in  [1 ] .  The samples  were  p laced in  the

he l ium bath  o f  a  c ryos ta t .  The quas is ta t ionary  exc i ta t ion  w is  p roduced w i th  a  ga l l ium-arsen ide

laser  w i th  po" " t  r . i i ng  up  to  20d mW. The exc i ta t ion  dens i ty  cou ld  be  var ied  in  a  w i -de  range

by chang ing  the  laser  focus ing .
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Fig .  1 .  a  -  LA and T0 components  o f  the
spec t rum o f  the  recombina t ion  rad ia t ion
o f  s i l i c o n  a t  2 ' K ,  a t  l o w  p h o t o e x c i t a -
t i o n  d e n s i t y ,  a n d  a  p r e s s u r e  P  =  2 0 0 0
k g f / c n '  a l o n g  t h e  [ 1 0 0 ]  d i r e c t i o n ;  b  -

d e p e n d e n c e  o f  t h e  r a d i a t i o n  i n t e n s i t y  o f
t h e  " h o t "  ( l )  a n d  " c o l d "  ( 2 )  e x c i t o n s  i n
s i l i c o n  o n  t h e  s p l i t t i - n g  A  o f  t h e  c o n -
d u c t i o n  b a n d  a t  4 . 2 o K  a n d  a t  a  1 o w  e x c i -
t a t i o n  d e n s i t y .

F i .gure  1a  shows par t  o f  the  recombina t ion
rad ia t ion  spec t rum o f  the  de formed s i l i con ,  cor res-
pond ing  to  the  ann ih i la t ion  o f  f ree  exc i tons  rv i th
e m i s s i o n  o f  a  l o n g i t u d i n a l  ( L 0 )  a n d  a  t r a n s v e r s e
( T 0 )  o p t i c a l  p h o n o n ,  r e g i s t e r e d  a t  2 o K  a n d  a t  l o w
e x c i t a t i o n  d e n s i t y .  I t  i s  s e e n  f r o m  t h e  f i g u r e
t h a t  b e s i d e s  t h e  1 . 0 7 9  e V  p e a k  c o r r e s p o n d i n g  t o
ann ih i la t ion  o f  the  exc i tons  connected  w i th  the
l o w e r  v a l u e s ,  t h e  s p e c t r u m  r e v e a l s  p e a k  w i t h  e n e r -
g i e s  1 . 0 9 6  a n d  1 . 0 9 8  e V .  T h e  p o s i t i o n  a n d  s t r u c t u r e
o f  each peak  is  iden t ica l  w i th  the  spec t rum o f  f ree-
exc i ton  ann ih i la t ion  w i th  emiss i .on  o f  LO and TO
phonons in  undeformed s i l i con .  We can there fore
conc lude tha t  these peaks  are  due to  ann ih i la t ion
o f  " h o t "  e x c i t o n s  c o n n e c t e d  w i t h  t h e  u p p e r  v a l l e y s .
The energy  d i f fe rence be tween the  T t , - l  peak  o f  the
"hot "  and "co ld"  exc i ton  rad ia t ion  agrees  we l l  w i th
the  va lues  o f  the  energy  sp l i . t t ing  A o f  the  conduc-
t ion  band a t  d i f fe ren t  p ressures ,  as  de termined in
t l ] .  W h a t  i s  u n e x p e c t e d  i s  t h e  a b s e n c e  o f  a n  L 0
component  in  the  emiss ion  spec t rum o f  the  i l co ld r l

e x c i t o n s ,

F i g u r e  l b  s h o w s  t h e  e m i s s i o n  i n t e n s i t i e s  I ,
and I ,  o f  the  "ho t "  and "co ld"  exc i tons  as  func t ions
of  the  energy  sp l i t t ing  A o f  the  conduct ion  band,
c o r r e s p o n d i n g  t o  d i f f e r e n t  d e f o r m a t i o n s  a t  4 . 2 " K .
I t  i s  s e e n  f r o m  t h e  f i g u r e  t h a t  1 2  i s  p r a c t i c a l l y
c o n s t a n t  i n  t h e  e n t i r e  i n v e s t i g a t e d  r a n g e  o f  s p l i t -
t i n g s ,  w h e r e a s  I 1  d e c r e a s e s  r a p i . d l y  w h e n  t h e
sp l i t t ing  A exceeds the  exc i ton  b ind i ,ng  energy
E " *  =  1 4 . 7  m e V  [ 2 ] .  A t  l o w  p r e s s u r e s  w e  h a v e
I r / I ,  =  0 . 3 .  A s s u m i n g  t h a t  I t / I z  t s  d e t e r m i n e d  b y
the  dens i ty  ra t io  o f  the  exc i tons  connected  w i th
the  four  upper  and two lower  va l leys ,  and tha t  the

exc i ton  l i fe t j ,mes in  the  sarnp les  is  10-6  sec  under
t 'he  cond i t ions  o f  the  exper iment ,  we can es t imate
the  i l te rva l ley  re laxa t ion  t ime o f  the  exc i tons  a t
^ ,  1 0 - '  s e c .  T h e  r e a s o n  f o r  t h e  r a p i d  d e c r e a s e  o f
I  t  a t  A  >  E"*  may be  tha t  in  th is  case the  energy
l e v e l  o f  t h e  " h o t i l  e x c i t o n s  f a l 1 s  i n  t h e  r e g i o n  o f
the  cont inuous  energy  spec t rum o f  the  lower  va1 leys ,

W i t h  i n c r e a s i n g  s a m p l e - e x c i t a t i o n  d e n s i t y ,  t h e
exc i tons  are  condensed and e lec t ron-ho le  d rops  w i th
c o n c e n t r a t i o n  3 . 7 x 1 0 1 8  c m - 3  a r e  p r o d u c e d  t 5 ] .  W h e n
t h e  s i l i c o n  c r y s t a l  i s  c o m p r e s s e d  a l o n g  t h e  I f 0 0 ]
ax is ,  the  b ind ing  energy  and car r ie r  dens i ty  in  the
condensed phase decrease somelha t ,  un t i l  the  con-
duc t ion-band sp l i " t t ing  A reaches  the  e lec t ron  Fermi
energy  ' v  g  meV [4 ] .  Wi th  fu r ther  compress ion ,  the
condensed-phase e lec t rons  f i l l  on ly  the  lower

Fig.  2.  LA and T0 components of  the emiss ion
spectrum of  s i l icon at  2oK and at  h igh photo-
exci tat ion densi ty .  The pressure P j -s  appl ied
a long  the  [100 ]  ax i - s .  1 )  |  =  250  kg t /qn ' ,  A  =
3 . 2  m e V ;  2 )  P  =  5 0 0  k g f , / c m ' ,  A  =  6 . 1  r n e V ;
3 )  P  = ^ 8 2 0  k g f / c m ' ,  L  =  7 . 9  m e V ;  4 )  P  =  1 5 0 0
kg f / cm ' ,  A  =  13 .10  meV.  The  dashed  and  so l i d
curves represent  the polar izat ions paral1e1 an4
perpendicular  to  the pressure d i rect ion.
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val leys of  the conduct ion band,  so that  the b inding energy and the concentrat ion no longer

change.  As expected I i ] ,  un ia i ia l  compression leads to the appearance of  character is t ic  polar i -

zat ton of  the recombinat i .on radiat ion of  r i . l icon.  F igure 2 shows the emiss ion spectra recorded

for  two polar izat ion d i rect ions at  2oK and at  d i f ferent  pressures a long the [100]  ax is .  I t  is

seen f rom the f igure that  the emiss ion of  the "hot"  exc i tons is  not  polar ized at  arb i ' t rary pres-

sures,  and the emiss ion of  the exci tons connected wi th the lower val leys is  par t ia l ly  polar ized

in a d i rect ion perpendicular  to  the pressure even at  min imal  defornat ions.  Polar izat ion of  the

condensed-phase-radiat ion was observed only at  rnuch h igher  pressures and star ted in  the long-

wave region.  Wi th increasing pressure,  thb polar izat ion spiead over . the ent i re emiss ion band of

the conlensed phase.  At  a rpr i t t ing A I  8  mlv,  th is  band and the emiss ion of  the "cold"  exc i tons

were polar ized in  approximat l ly  the samE *anner.  This change in the polar izat ion of  the con-

densei-phase emiss ion wi th increasing spl i t t ing of  the _conduct ion seems natura l  '  Indeed,  the

long-wave region of  the emiss ion of  the-  e lect ron-hole drops is  due pr imar i ly  to  the radiat ive

recomb ina t i on  o f  1ow-ene rgy  e lec t rons  [3 ] ,  i . e . ,  t hose  be long ing  to  t he  l ower  va l l eys .  W i th

increasing spl i t t ing of  t [e  conduct ion-band,  the cont . r ibut ion of  the lower val leys to the recom-

binat ion radiat ion Inr t " " r " r .  At  a spl i t t ing A exceeding the Fermi  energy for  the e lect rons in

the condensed phase,  the radiat ion poiar izat ion should reach saturat ion,  for  i .n  th is  case a l l

the e lect rons are concentrated in  the lower val leys.

The arouments considered here of fer  only  a qual i ta t ive explanat ion of  the exPer imenta l
6 s x r v r r  

e  -

resul ts .  For  a quant i ta t ive in terpretat ion i t  is  necessary to develop a theory for  the corres-

pond ing  e lec t ron i c  t r ans i t i ons  i n  s i l i con .
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