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A considerable number of investigations have by now been made on optical pumping of spin-oriented elec-
trons in semiconductors. The optical-pumping method makes it possible to produce easily a high polarization
of the electron spins in the conduction band, and to detect it optically [1–3]. The use of this method for the
investigation of semiconductors turned out to be very fruitful; the spin orientation of the minority [1–3] and
majority [4] carriers was determined, the lifetimes of the non-equilibrium electrons were measured [2, 3, 5],
the mechanisms of spin relaxation of “cold” [2, 5] and “hot” [2, 6] electrons were investigated, spin orienta-
tion of excitons was effected [7], and electron paramagnetic resonance with non-equilibrium electrons was
registered [8].
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It was shown in [1, 9] that a number of effects due
to the interaction of light-induced polarized electrons
with magnetic moments of the nuclei of the main lat-
tice of the crystal can appear in experiments on optical
pumping. It was observed in [1] that such an interac-
tion leads to dynamic polarization of the nuclei (the
Overhauser effect), i.e., the light-produced spin
polarization is transferred from the electron system to
the nuclear system. This phenomenon was revealed by
the change of the nuclear magnetization (by the
change of the magnitude of the NMR signal). In an
earlier paper [9] we have shown that in the presence of
strong spin relaxation of the nuclei the interaction with
nuclear magnetic moments is a significant mechanism
for the spin relaxation of electrons, but its effectiveness
depends strongly on the nuclear magnetization (more
accurately, on the difference between the degree of
polarization of the electrons and the nuclei). Thus, the
electronic and nuclear magnetizations produced by
optical pumping turned out to be interrelated, so that
changes in one of the spin systems (say the nuclear sys-
tem) can be revealed by the change of the spin polar-
ization of the other system (say the electronic one).
Thus, in [9], the destruction of the nuclear magnetiza-
tion by a weak transverse magnetic field (the Henle effect
for polarized nuclei) was revealed by the change of the
degree of stationary polarization of the electrons.

A change in the nuclear magnetization can be
attained also under magnetic-resonance conditions.
In the present study we have observed by an optical
method a change in the stationary spin orientation of
photoelectrons following saturation of the nuclear sub-
levels in a crystal by an alternating high-frequency field.

The experiments were performed on GaxAl1 – xAs
crystals, in which all the atoms of the main lattice have
nuclear magnetic moments. We have observed earlier
[9] that in these crystals, at 4.2 K the stationary spin
orientation of the photoelectrons is determined to a
considerable degree by their interaction with the
nuclei and depends strongly on the nuclear magneti-
zation. The spin-oriented electrons were produced in
the conduction band by excitation with circularly-
polarized light. The degree of stationary orientation of
the photoelectrons, as before [3–6], was measured
optically by means of the degree of circular polariza-
tion of the photoluminescence. The crystal was placed
in a permanent magnetic field oriented parallel to the
propagation direction of the exciting light (parallel to
the orientation of the spins of the electrons produced
by the light). An alternating high-frequency field,
which induced transitions between the nuclear sublev-
els split by the constant field H0, was applied in a per-
pendicular direction. The resonance was revealed by
the change of the degree of circular polarization of the
luminescence when the frequency of the high-fre-
quency field was scanned.

Figure 1 shows the dependence of the degree of
polarization of the luminescence on the frequency of
the applied RP field for a constant field H0 = 2.6 kHz.
We see that a strong increase of the degree of polariza-
tion of the luminescence (and consequently also of the
degree of orientation of the electrons) is observed in
the region of the RF field frequencies corresponding
to magnetic resonance of the nuclei of the atoms of the
principal lattice of the crystal. The appearing reso-
nance lines have a doublet structure. With changing
intensity of the constant magnetic field H0, the centers
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Fig. 1. Degree of circular polarization of the luminescence of a Ga0.8Al0.2As crystal (excited by circularly- polarized light) on the
frequency of the applied trans verse RF field. The longitudinal permanent magnetic field was H0 = 2.6 kHz. The arrows mark the
positions of the nuclear-magnetic-resonance frequencies for the atoms of the principal lattice of the crystal in the given field Ho.
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of the doublets shift linearly, but the magnitude of the
doublet splitting remains approximately constant.

Thus, we succeeded for the first time in registering
by optical means the change of the population of
nuclear sublevels, produced in a crystal by the action
of a radio frequency field. The observed phenomenon
is analogous to electron nuclear double resonance
(ENDOR). Unlike in ENDOR, however, the change
of the electron polarization is detected optically. This
circumstance offers a number of significant advan-
tages. First, a high sensitivity: in our experiments the
effect was clearly registered (with a signal/noise ratio
100 : 1) in the case when the stationary number of the
light-produced electrons was only 109. In addition, the
luminescence can be obtained from samples of very
small dimensions. Thus, in our case we used for the
excitation an He-Ne laser, and when its radiation was
focused on the crystal, only a small fraction of the
sample, with area ~0.1 mm2 and thickness ~1 μ, i.e.,
with a volume 10–7 cm3, takes part in the lumines-
cence. It is clear that at such small dimensions of the
investigated region one can dispense with the custom-
arily very stringent requirements with respect to
homogeneity of the constant magnetic field.
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