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study was nade of several singularit ies of the static
dieLectric susceptibil i ty of a disordered serniconductor; these sin-
gularit ies are connected with the characteristic features of its
energy spectrun.

It seems that by now there have been established two main features of the energy spectrun
of a disordered semiconductor with a randon force field, namely, the existence everywhere of a
dense spectrun of discrete levels in the forbidden band (regarded as a gap for the mobil ity)
[ i  -  4 ] ,  and the presence of  a re lat ive ly  snooth randonbending of  the tanas 1+,  S] .  In  the
present article we study some singularit ies of the static dielectric susceptibil i ty a of mate-
rials of this type. We consider only the contribution made to o by electrons localized on dis-
crete levels (the tratomicrr contribution, in connections with Itens 3 and, 2, is evidently of no
particular interpst). The temperature T wil l be assuned to be sufficient.ly small, T <S Ec - F,
F - Ey, where E. and Ey are the upper and lower l inits of the gap for the nobil ity, and F-is
the Fermi 1evel, which is located within this gap.

l) The specific temperature dependence of c is deternined by the redistribution of the car-
riers over the levels. When the ionization energy W is altered, a change lekes place both in
the state density p(W) and in the polarizabil ity of each individual centerr). The considered
contr ibut ion to the polar izabi l i ty  is

a = a c + q h '  
( l )

where ou and a1 are connected, respectively, with the electrons on the donors and with the holes
on the acceptors. Obviously,

r,- IF,F) X.(Y)nr(J)dl , e)

where 
-pu 

is the smoothed-out density of states2), Xe(W) is the effective polarizabil ity of an
individual center with ionization energy lt l, and np is the Ferni function. The integral is taken
here, strictly speaking, over the entire forbidden band. The fornula for a1 is sinilar to (2).
The termrreffective" is used to enphasize that the contribution to 1u is nrade not only by the
deformation of the electron shell of the given spectrun but, generalty speaking, also by transi-
tions to other centers. Owing to these transitions, the function X6 itself can contain an inte-
gral of ! 'with respect to eneigy; however, the ensuing tenperature'-dependence is weak. Indeed,
a change from transitions to states with energies relatively close to F_(in the energy region
AW near F) is snall reLative to the paraneter exp(-2yR), where Rs = 3/TF(F)AW, y is the recip-
rocal  radius of  the e lect ron local izat ion at  the level  F ( i t  is .obvious that  AW..  l f l ) .  0n the
other  hand,  the degree of  occupat ion of  the states wi th W..  l f l  is  pract ica l ly  independent  of
T (being Qlose to zero). The tenperature dependence of o can be obtained explicit ly in two
linit ing cases. Narnely, we denote by Wo the characteristic energy over which the function G(W)
changes noticeably. When Wo >> T, the expression in the right-hand side of (2) is the usual
Ferrni integral. Calculating it by the standard nethod and taking into consideration the condi-
tion n - p = const (n and .p are the total densities of the localized electrons and holes), we
obtain

c = c o  * D c ,
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Here.Ao is the width of the forbidden band at T = 0, 6A is its ternperature shift, and Fo is the
Ferni level at T = 0. The first tern in (3) is the value of o at T = 0; the second is ihe
tenperature correction. The "rninusrrsign in the second term of ( ) is connected with the fact
that we have F < 0 i.n the assumed nornalization of the energy (E.= 9). The values of Fe, X" and=+,  

Xt  in  (a)  are taken,  respect ive ly ,  at  w = lF.  I  and W = l ,  ' :  l r ,  l .

Usually 6A depends linearly on T. However, the paraneters contained in the first and
second terrns in the right-hand side of (3) can be significantly different, and the second of
ihen can, generally speaking, not be discarded. When T >> Wo we obtain

D  
I  l F l \

a - C e x p t T -  
) , C >  0 .  ( s )

T'he Ferni level is reckoned in this case from the nearest boundary of the gap. We note how the
iorn of the 6q(T) dependence (and possibly also the sign of 6c) changes on going from the first
:o the second case. Its observation could, in particular, be of certain interest for a tenta-
:ive estinate of the paraneter Wo. We have implicit ly assumed here that Wo are of the sane
:rder of nagnitude for electrons and holes; the generalization to the oppoiite case is obvious.

2) In principle, tenperature activation of electrons to levels with large values of the
suscept ib i l i ty  can be replaced | l ,opt icat  act ivat ion (obviously ,  th is  can be of  par t icu lar
:nterest  at  quantum energies S lF l ) .  The magni tude of  th is ' rphotodie lect r icr ref fect  ( th is  narne
.as coined by V. S. Vavilovl depends in obvious fashion on the effective l ifetine of the elec-
: rons (holes)  in  the exci ted state.

3) The internal f ield produces a randon polarization of the naterial; this polarization
i 'ar ies snooth ly  in  space.  In  conjunct ion wi th the large polar izabi l i ty  of  the shalLow levels,
::-is circumstance can lead to curious nonlinear effects. The latter, however, deserve a. special
: : :Yes t igat ion .

l)Th" 
l.rt circurnstance has obviously the sane nature as the enhancenent, noted

: :e d ianagnet ism of  local ized e lect rons.
? \- 'Strictly 

speaking, the density of states in the given region of the spectrurn
: i  €  f rnct ions;  the smoothed-out  densi ty  of  s tates is  i ts  envelope [7] .
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