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The electron structure of the exciton has by now been sufficlently well
studied. The kinetics of the excitons, however, have been much less investi-
gated [1]. This is due to the considerable difficulties encountered usually
both in the theoretical analysis and in the experiments aimed at the study of
the kinetic properties of excitons. Since excitons are neutral formations, no

direct transfer of charge accompanies their motion.

As a result of various

mechanisms of photoactive exciton decay [1], however, free carriers appear in
the crystal and cause the photoconductivity of semiconductors; at the same time,
these carriers bear information concerning the processes of exciton annihila-
tion [2], including their interaction with impurity centers.

In order to obtain such information, we investi-
gated the spectral distribution of the photoconduc-
tivity of pure and doped germanium at low tempera-
tures (2 - U°K). The investigations were carried out
in the region of indirect exciton transitions, where
the absorption coefficient is small (to 10 em™!) and
the influence of the surface can be neglected.

Taking into account the possibility of impact
ionization of the excitons [3] and of the impurity
centers [4] even in electric fields of 3 - 6 V/cm,
we paid particular attention to the electric field
intensity at which the photoconductlvity was in-
vestigated. The field intensifty-in the samples was
determined with the aid of probes.

At large electric field intensities, the form
of the photoconductivity spectrum correlates with
the absorption-coefficient spectrum [5 - 7]. The
photoconductivity spectrum shows clearly two steps
corresponding to production of excitons with excita-
tion of TA and LA phonons (Fig. c¢). When the field
is decreased, sharp maxima appear in the region
where the exciton-absorption steps begin (Fig. b).
In still weaker flelds, these maxima practlcally
disappear again (Fig. a).

Since no such dependence of the photoconduc-
tivity structure on the field intensity is observed
in the purest crystals, we have assumed that its ap-
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Spectral distribution
of the photoconduc-
tivity of germanium
at different electric-
field intensities
(the ordinate scales
are different for
curves a, b, and c;

a - 0.05 V/em, b -
1.5 V/em, ¢ - 4.0
V/cem).

pearance is due to ionization of the impurity centers upon capture of excitons.
This phenomenon was considered theoretically by Trlifaj [8], who has shown that
the strongest interaction between the excitons and the impurity centers occurs
at low exciton velocities. Therefore, when excitons with low kinetic energy
are produced, and hence with low velocity (at the start of the steps), a large
photocurrent arises. When the energy of the excitons produced by the light is
decreased, the photocurrent changes little, since the excitons become thermal-
ized if their lifetime is sufficiently large, and their velocitlies decrease to
values that are effective, according to Trlifaj, for interaction with %he
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impurity centers. These arguments explain qualitatively the form of the photo-
conductivity spectrum in the case of weak fields (Fig. a).

In stronger fields, the probability of impact ionization of the excitons
by free carriers becomes appreciable. The excitons do not have time to become
thermalized during their lifetime, and when they interact with the impurity
centers they still have the kinetic energy with which they have been produced.
The photoconductivity spectrum reflects in this case the dependence of the
cross section o(v) for the capture of the excitons by the impurity centers on
the exciton veloecity. At low kinetic energies the photocurrent is maximal and
decreases rapidly with increasing kinetic energy, and hence with increasing
exciton velocity. This leads to the appearance of the maxima at the starts of
the exciton-absorption steps (Fig. b). An analysis of the shapes of these
maxima makes it possible to determine the o(v) dependence.

With further increase of the electric field intensity, the lifetime of the
excitons due to impact ionization by the free carriers is decreased to such an
extent, that the exciton diffusion length becomes smaller than the average dis-
tance between the impurities. The photoconductivity mechanism considered above
becomes insignificant, and we obtain the ordinary spectral distribution of the
photosensitivity of the germanium, determined by the course of the absorption
coefficient and by the photoactive decay of the excitons as a result of the
impact ionization by the free carriers (Fig. ¢).

Besides the main maxima (TA and LA), there are observed on the short-wave
part of Fig. b two weaker maxima, TA + O(T') and LA + O(I'), which are shifted
relative to the main maxima by an amount equal to the energy of the optical
phonon at the center of the Brillouin zone [9]. The appearance of these maxima
allows us to assume that at these points of the spectrum excitons with low
veloecities are produced. This is possible either as the result of two-phonon
indirect absorption, or as a result of the rapid relaxation of the kinetic
energy of the excitons with excitation of optical phonons [10, 11]. The latter
assumption seems to us more probable, since no two-phonon transitions have been
observed in the spectra of indirect exciton radiation in germanium [12]. 'The
different ratio of the intensities of processes in which one and two photons
participate for the TA and LA maxima can be explained by recognizing that the
single-phonon process in germanium is forbidden if the TA phonon is %o partici-
pate and allowed for the LA phonon. '

In conclusion, the authors are sincerely grateful to S.A. Permogorov for
a useful discussion of the results.
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