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A theoretical explanation is given for the anomalously high intensity of absorption-edge bands

related to defects,

Numerous experiments* have shown that, in a num-
ber of semiconductors, the region of strong intrinsic ab-
sorption is preceded by a spectral region containing a
number of narrow and relatively weak absorption bands
which we shall refer to as "prespectral” bands, Accord-
ing to Nikitine [2], prespectral bands with a complex
fine structure are in fact observed in crystals in which
strong absorption starts from exciton series with a strong
n = 1 band, Such exciton series arise when the bottom
of the electron band and the top of the hole band are
located at the point k = 0, but optical transitions be-
tween the bands are allowed in zero order in k [3]; in
this case, the bottom of the exciton band is located at
the point k = 0,

Analysis of the experimental data shows that ab-
sorption in the prespectrum is connected with the pres-
ence of defects, Since, however, the distance ftom the
prespectral bands to the exciton bands is usually about
10~% to 1072 ev, instead of impurity absorption in the

. accepted sense of the term (i.e., excitation of weakly

bound defect electrons), we are dealing here with ab-
sorption in the lattice of the host material in the neigh-
borhood of the defect or, in other words, with exciton
excitation at the local level at the defect [4,5).

The intensity of the prespectral bands varies within
wide limits. According to Nikitine [2], they are more
than one order of magnitude weaker than the exciton
bands. If we assume that their intensities reach about
1073 of that of the exciton bands (which is characteristic
of CdS in which the prespectrum is clearly expressed
[6]) and commence with the supposition that the oscil-
lator strength for absorption in the prespectrum fg per
defect is of the same order of magnitude as the oscil- .
lator strength of the exciton transition f ex per unit cell,
we obtain defect densities up to about 10* cm™®, At the
same time, other experiments have not indicated the
existence of such high defect densities, This contradic-
tion disappears if we take into account the fact, which
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we shall demonstrate below, that in the investigated
specimens i d is anomalously large ¢ 4> f ex» The
physical origin of this effect is the same as in the case
of anomalous impurity absorption in molecular crystals
close to the exciton bands, which was theoretically in-
vestigated by one of us {7] and has recently been sub-
jected to experimental investigation {8].

In order to clarify the nature of the problem, we
shall make a number of simplifying assumptions which
will enable us to obtain the result in a very clear form,
In fact, we assume that the energy of the exciton-defect
interaction is much less than the energy of the bond be-
tween the electron and hole forming the exciton (all
the quantitative conclusions remain valid even when
these energies are of the same order of magnitude).T In
this case, the exciton may be considered as a quasi-
particle moving as a whole in the field of the defect,
where the radius R of the wave function of this combina-
tion exceeds the radius of the internal motion within
the exciton, In what follows we shall further assume
that the exciton-defect bond energy is much less than
the width of the nearest exciton zone and its separation
from other exciton zones, that the zone close to the
bottom of the band at the point k = 0 is not degenerate
and is ellipsoidal, and that optical transitions to this
point ate allowed.t

* For reviews of existing experimental data see, for
example, [1,2].

tIn CdS the exciton bond energy s about 0,03 ev and
the prespectral width is 0,02 ev, with the majority of the
most intense prespectral bands being located within the
1imits of 0,01 ev from the first exciton band.

% This last assumption is in agreement with experiment-
ally established conditions for strong bands in the pre-
spectrum, We shall not deal here with complications
arising from the nonanalytical nature of the exciton
band at the point k = 0.
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We expand the wave function of the bound exciton
¥ in fuactions of the band excitons ¥;normalized for a
latge volume Ve

o
=53k O

where v is the elementary cell volume. Then, if we
neglect the small frequency difference between the ex-
citon band and the prespectrum bands:

fo=l6l*fex - @)

In order to determine cp we shall use the equation
of the effective mass method for the smoothed function

o¢): s
T k2 g2 ;
[~ X 2t [o=ro
=1 ;
(3)
where Ugg(s) is the effective potential of the exciton-
defect interactior, Then:

cu:-;l,—h-j.tb(r) d’r. @)

Since the binding forces between the exciton and
the defect are short-range (with a radius Ry) for the large
radius states investigated here, over a predominant part
of the exciton motion Ugf =~ 0. In analogy with deuter-
on theory [9], this enables us to express cy directly in
terms of E without knowing the explicit form of Ug(®.

Imroduci{ag the abbreviations m = (m,m,m,)’é and

£ij= (%) xi, for | & |> Ry, for @(§) = & (r), instead
of (3) we get:

— Ao (®)=Ep (). ®)

If (3) possesses a single solution corresponding to
the discrete spectrum (as we shall assume), then since
R >> Ry the function ¢ (£ ) will be s-type with a small
contribution from states with Z > 1, From the known

solution of (5) we have:

- T 1
'P(E)=lf %ee ] c0=2 V";E':W:

— Y2m|E] (6)
h ?

from which we get the final expression for f g
Ey\" 2h2 (= \%
() e B2 o

Since Eq possesses an atomic order of magnitude
(i.e.. a few ev) and | E| is measured in thousandths of
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an electron volt, f 4 should exceed fq, by scmethingof
the oeder of 4-5 orders of magnitude, where, despite the
fact that for Mott excitons fex <<1, in many cases fq
may exceed unity by an order of magnitude reaching
~10%-10%. For example, for the typical parameters m
~0.3-10%g v~5.10Bcm™, |E| ~7-107%ey,
fex~2°10% weget By~ 10 ev, fq/fex~5° 104,
f d~ 102,

As shown by the estimates made above, there is a
strong "pumping” of oscillator strength from the exciton
bands to the prespectral bands, Since fg may be very
large and the width of the prespectral bands is generally
small, observation of these bands may provide a con-
venient method for detecting the existence of defects
present in relatively small numbers,

If the exciton absorption is strongly polarized, as is
frequently the case in anisotropic crystals, then the pre-
spectral bands will be similarly polarized.

In analogy with [7], it is easy to see that if the bot-
tom of the exciton band is related to k # 0, then the
intensity of the prespectral bands will be anomalously
low, Thus, investigation of absorption in the prespectral
reglon provides information concerning the structure of
the exciton zone.

. LITERATURE CITED

E. F. Gross, Suppl. Nuovo Cimente 3, 672 (1956).

S. Nikitine, Phil. Mag. 4, No. 37, 1 (1959).

R. J. Elliott, Phys. Rev. 108, 1384 (1957).

V. L. Broude, V. V. Eremenko, and E, L Rashba,

DAN SSSR 114, 520 (1957) [Soviet Phys.-Doklady,

Vol, 2, p. 239]; V. L. Broude, A. F. Prikhot'ko, and

£, 1 Rashba, UFN 67, 99 (1959) [Soviet Phys.-

Uspekhi, Vol. 2, p. 38],

5. D. G. Thomas and J. J. Hopfield, Phys. Rev. 116,
573 (1959).

6. V. L. Broude and V. S, Medvedev, Izv. AN SSSR,
ser. fiz. 25, 430 (1961).

7. E. L Rashba, Opt, i Spektr. 2, 568 (1957),

8. V. L. Broude, E, I, Rashba, and E, F, Sheka, DAN
SSSR 139, 1085 (1961) [Soviet Phys. - Doklady,
Vol. 6, p. 718},

9. H. Bethe and R, Peierls, Proc. Roy. Soc. London
A48, 146 (1935).

B

oW

All abbreviations of periodicals in the above bibliography
are letter-by-letter transliterations of the abbreviations as
given in the original Russian journal. Some or all of this
periodical literature may well be available in English transla-
tion. A complete list of the cover-to-cover English translations
appears at the bagk of this issue.

8 >



