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The e lec t ron  s t ruc tu re  o f  the  exc l ton  has  by  now been su f f l c len t ly  we l l
s tud led .  The k ine t ics  o f  the  exc i tons ,  however ,  have been much l -ess  l -nves t i -
ga ted  [1 ] .  Th ls  1s  due to  the  cons iderab le  d i f f i cu l t ies  encountered  usua l ly
bo th  in  the  theore t i -ca l  ana lys is  and 1n  the  exper lments  a lmed a t  the  s tudy  o f
the  k ine t lc  p roper t les  o f  exc i tons .  S ince  exc l tons  are  neut ra l  fo rmat ions ,  no
direct t ransfer of charge accompanies their  motlon. As a result  of  var ious
mechan i -sms o f  photoac t ive  exc i ton  decay  [1 ] ,  however ,  f ree  car r le rs  appear  in
the  erys ta f  and cause the  photoconduct iv i t y  o f  semlconductors ;  a t  the  same t ime '
these car r le rs  bear  i -n fo r .mat ion  concern ing  the  processes  o f  exc l ton  ann lh l la -
t ion  [2 ] ,  inc lud lng  the l r  in te rac t ion  w l th  impur i ty  centers .

In  o rder  to  ob ta in  such in fo rmat lon ,  we lnves t i -
ga ted  the  spec t ra l  d is t r ibu t lon  o f  the  photoconduc-
t iv i ty of pure and doped germanium at 1ow tempera-
tu res  (2  -  4oK) .  The lnves t iga t ions  were  car r ied  ou t
in  the  reg ion  o f  ind i - rec t  exc i ton  t rans i t ions  r  -where
the  absorp t ion  coef f i c ien t  i s  smal l -  ( to  tO cm- ' )  and
the  in f luence o f  the  sur face  can be  neEfec ted .

m ^ r - - t  - r  . t  - + ^r q ^ r r r 6  r r r v r J  & C C o u n t  t h e  p o s s i b i l l t V  o f  i m p a c t
ionizat l -on of the exci tons [3]  ana of the impurl ty
centers  [4 ]  even in  e l -ec t r i -c  f ie lds  o f  3  -  6  V /cm,
we pa ld  par t l cu la r  a t ten t ion  to  the  e l -ec t r i c  f ie ld
in tens i ty  a t  wh ich  the  photoconduct ly i t y  was  in -
ves t iga ted .  The f ie ld  tn tens i . !1 . - ,14 ,  the  samples  was
determined w l th  the  a id  o f  p rob i ;s .  "  '

A t  la rge  e lec t r i c  f ie ld  in tens i t ies '  the  fo rm
of  the  photoconduct iv i t y  spec t rum cor re fa tes  w i th
the  absorp t ion-coef f l c len t  spec t rum t5  -  71 .  The
photoconduct iv i t y  spec t rum shows c lear ly  two s teps
cor respond lng  to  p roduc t lon  o f  exc i tons  w i th  exc i ta -
t ion  o f  TA and LA phonons (F lg .  c ) .  When the  f le ld
is  decreased,  sharp  max ima appear  ln  the  reg ion
w h e r e  t h e  e x c l t o n - a b s o r p t i o n  s t e p s  b e g l n  ( F i e .  b ) .
In  s t l l -1  weaker  f le lds ,  these max ima prac t lca l l y
d l s a p p e a r  a g a i n  ( F i g .  a ) .

s ince  no  such dependence o f  the  photoconduc-  ! r ' r2^ \ / "^ '  
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t i v i t y  s t r u c t u r e  o n  t h e  f i e l d  i n t e n s i t y  1 s  o b s e r v e d  v / v " L t '

1n  the  pures t  c rys ta ls ,  we have assumed tha t  i t s  ap-
pearance ls  due to  ion lza t ion  o f  the  lmpur l ty  centers  upo!  capture  o f  exc l tons .-T f r i s  

phenomenon was cons ldered theore t ica l l y  by  Tr l i fa j  IB ] ,  who has  shown tha t
the  s t ronges t  in te rac t lon  be tween the  exc l tons  and the  impur l ty  centers  occurs
a t  l -ow exc i ton  ve loc i t ies .  There fore ,  when exc i tons  w i th  low k ine t ic  energy
a r e p r o d u c e d , a n d h e n c e w i t h l - o w v e l o c i t y ( a t t h e s t a r t o f t h e s t e p s ) , a l a r g e
photbcur ren t  a r lses .  When the  energy  o f  the  exc i tons  produced by  the  l1ght  l s
r tcnrersed-  the  nhotocur ren t  changes f i t t le ,  s ince  the  exc l tons  become thermal -
i zed  i f  the i r  l i fe t ime 1s  su f f i c ien t ly  1arge ,  and the l r  ve loc l t les  decrease to
va lues  tha t  a re  e f fec t i ve ,  accord i t ' tg  to  t r f i i a i ,  fo r  ln te rac t lon  w i thahe
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impur i ty  centers.  These arguments expla in qual i ta t ive ly  the form of  the photo-

eonduc t i v i t y  spec t rum in  t he  case  o f  weak  f i e l ds  (F ig .  a ) .

Tn  s t r "one 'e r  f i e l - ds ,  t he  p robab i l i t y  o f  impac t  i on i za t i on  o f  t he  exc l t ons

l - r r r  fz .ee earr . iers becomes appreciable.  hne exci tons do not  have t lme to become
v J

thermal- ized during- i f r" i t  l i fet ime' and when they interact with the impurl ty

centers they st i l i  f rurr"  the kinei i"-  "rr"*gy with whlch they have been produced'

The photoconduct lv i t y  spec t rum re f lec ts  in  th is  case the  dependence o f  the

" "o" i  sec t ion  o(v )  fo r  t f re  capture  o f  the  exc i tons  by  the  impur i ty  centers  on-

the exci ton veloci ty.  At low kinet ic energies the pirotocurrent ls maxi-mal- and

decreases rapidly r l - t f ,  i . r"reasing kinet ic energy, and hence with increasing

exc i ton  ve loc i ty .  Th is  leads  to  the .  appearance-  o r  the  max ima a t  the  s ta r ts  o f

t h e  e x c i t o n - a n s o r p t i ; ; - " ; ; ; r - C p i g .  U l . . . A n  a n a l y s i s  o f  t h e  s h a p e s  o f  t h e s e

max ima makes i t  pbss ib le  tb  de te imine  the  o(v )  dependence '

w i th  fu r ther  i -nc rease o f  the  e lec t r i c  f ie ld  in tens i ty ,  the  l i fe t ime o f  the

exc i tons  due to  i rp ic t  ion iza t lon  by  the  f ree  car r ie rs  i s  decreased to  such an

ex ten t ,  tha t  the  exc i ton  d i f fus ion  iength  becomes smal le r  than the  average d is -

tance be tween the  impur i t ies .  Th ;  pnoEoconOuct iv i t y  mechan ism.  cons idered above

becomes ins ign i f i  can t ,  and we on ia in  the  ord inary  spec t ra l  d is t r ibu t ion  o f  the

photosensit iv i ty of the german:-uml-aetermil"9. bV- thb course of the absorpt ion

coef f i c ien t  and 'nv- t r t "  p f ro toac t in6  a" " "y  o f  the  exc i - tons  as  a  resu l t  o f  the

impact  ion iza t ion"by  th -e  f ree  car r ie rs  (F ig '  c ) '

Besides the maj-n maxima (TA and LA),- t f 'ere are observed on the short-wave

p a r t  o f  F i g .  b  t w o  w e e k e r  m a x i m a , * r l  +  o ( r l  a n d  L A  +  o ( f ) ,  w h i c h  a r e  s h i f t e d

relat ive to the main maxima by ai  a*ount 'eqr lal  to the energy of the opt ical

phonon at Lhe ""n[."  of  the eni i lo" i"-- i in"- t9] .  The appearance of these maxima

a l_1ows us  to  assume tha t  a t  t r rese-po ln ts -o f - the  spec t rum exc i tons  w i th  1ow

ve loe i t i -es  a re ; ; ; " ; ;a .  rn1s  i -s  io " " iU f "  e i ther  as  the  resu l t  o f  two-phonon

indirect absorpt ion, or t"  u t"rrr1" i  of  the rapid relaxat ion of the kinet ic

energy  o f  the  exc i tons  w i th  exc l iu i io "  o f  op t ica l  phonons [10 '  11 ] '  The la t te r

assumpt ion  seems to  us  more  probab le ,  s ince  no  two-phonon t rans i t ions  have been

observed in  the  spec t ra  o f  ind i ree t  exc i ton  rad ia t i -bn  in  german ium t fZ l '  The

dif ferent rat io of the intens. l t ies of processes in which one and two photons

part ic ipate for the TA and I iA'maxima c-an ue explained by recognizing that the

single-phonon process in g""*.rr i r r* '  
' is 

forblOaen i- f  t f re 1'A phonon is to part ic i-

patE anb al low-ed for the LA phonon'

In  conc ] .us lon ,  the  au thors  a re  s incere ly  g ra te fu l  to  S .A.  Permogorov  fo r
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