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In measurements of the photoconductivity (PC) of semiconductors, there is usually a
constant electric field EO in the sample. Thus, a certain direction is singled out even
if the material is initially isotropic. Therefore when the sample is illuminated with
polarized light, the photoresponse (PR) may be dependent on the angle 7y between the alter-
nating electric field vector E; and the vector EO‘ In the present paper we discuss the pos-
sible mechanisms that bring about such a dependence.

In the case when the PC is due to a change in the mobility of the free electrons as
they become heated by the incident radiation, the dependence in question is connected with
the fact that the total power released in the nonlinear medium by two currents is in general
dependent on the angle between them. In the electron-temperature approximation, assuming
that o{1) << 1 (w - frequency of incident light wave, (1) - average relaxation time of elec-

tron momentum), and §~ << EO’ we obtain for the PR averaged over the period of the wave
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Here L is the sample length, O(Eg) its dark electric conductivity, and r, = re(Eg) is the
characteristic relaxation time of the electron energy. It is seen from (1) that the con-
sidered "heating" mechanism of the dependence of AV on 7 can be significant only when
the field EO is sufficiently strong, the sample has a suitable current-voltage character-
istic, and furthermore the frequency of the incident radlation is not too high.

We now consider the case of impurity PC. It is easy to see that the dependence of the
PR on the radiation polarization, a dependence caused by the anisotropy of the wave functions
of the coupled electrons (and "induced" by the constant field Eo)’ will be weak, to the
extent that the Stark level splitting of the field EO is small, compared with the ioniza-
tion energy or kT (for degenerate excited states of hydrogenlike impurities). However,
in semiconductors, in which the lifetime T, of the photoelectrons "knocked out" of the
impurities is comparable with their momentum relaxation time T (these times depend, in
general, on the electron energy €), it is possible that the following mechenism of the de-
pendence of the PR on the angle 7 becomes significant.

It is known (see [1]) that the photoelectrons knocked out in the photoeffect from bound
states characterized by more or less symmetrical wave functions are emitted predominantly
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along the direction of the vector -ﬁ~. It is easy to see that the average time of flight of
such a photoelectron until the first collision, as well as its average velocity, depend on
the angle between the vector -Vti of its initial velocity and the vector Eof This is connected
with the acceleration of the electron in the field Eo and with the dependence of T on the
electron energy €. Therefore the currents of the electrons emitted at acute and obtuse
angles relative to the vector -E’o do not cancel each other (see [2]) and a difference current
is produced, which obviously depends on the angle 7y and is proportional to EO in weak
fields. Under the conditions of the PC measurement (sample connected in a current generator
circuit), this effect will give rise to a PR superimposed on the ordinary PR, proportional
to the change of the electric conductivity of the sample. If the photoelectron energy re-
laxation time is much longer than the electron lifetime, then the relative magnitude of these

responses will be determined by the ratio T(ei)/'rr(ei), where €, is the initial energy of

i
the photoelectrons. In this case it is easy to obtain the following estimate for the total
PR:
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where G 1is the rate of photoelectron generation and no is the density of the equilibrium
electrons.
In compensated InSb samples with sufficiently high impurity density (~107 -~ lOl‘j cm-3)

the lifetime of the knocked-out photoelectrons and the relaxation time of their momenta can
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turn out to be fully comparable. It is therefore perfectly possible that the strong depen-
dence of the PR produced in such InSb samples by microwave irradiation in the millimeter
range on the angle 7, observed in [3], is connected with the last mechanism considered. We
note incidentally that the noticeable deformation of the wave functions of the electrons
bound to shallow donors in InSb even in relatively weak megnetic fields (~100 Qe) uncovers
possibilities for explaining the strong variation, noted in [3], of the PR with increasing
magnetic field. However, at such impurity densities the question of the existence of the
bound states themselves ceases to be trivial [4]. At any rate, owing to the random distribu-
tion of the impurities and of thelr interaction, we apparently cannot expect an abrupt fre-
quency threshold in the PC under consideration.

In conclusion we note that the separation of the polarization-dependent part of the PR
is greatly facilitated if the sample is illuminated with light having a variable polarization
and the obtained modulated signel is then amplified.

I am grateful to the authors of [3] for the opportunity of becoming acquainted with
thelr paper prior to publication, To E. A. Manykin, R. A, Suris, and V. I. Irifonov for
useful discussions, and also to Sh. M. Kogan for a discussion of problems involving the im-
purity photoeffect.
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Equation (1) should read:
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