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It was shown recently [1, 2] that in semiconducting crystals it is possible to attain an appreciable orientation
of the spins of the non-equilibrium carriers as a result of interband transitions caused by absorption of polar-
ized light. Observation of optical orientation makes it possible to extend to semiconductors the research
methods widely used in atomic spectroscopy [3], and particularly to investigate relaxation processes in a crys-
tal under stationary conditions.
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In the present investigation we used the method of
optical orientation to measure the temperature depen-
dence of the lifetime and the spin-relaxation time of
the non-equilibrium electrons in the interval 77 to
300 K using mixed p-type GaxAl – xAs crystals, for
which a strong electron orientation was obtained ear-
lier [2] at 77 K.

The orientation of the non-equilibrium electrons
was produced by predominant population of one of
the conductivity subbands with m = 1/2 or –1/2, with
the electrons excited by circularly polarized light (σ+

or σ–, respectively) from the valence band to the con-
duction band. The degree of stationary orientation of
the electron spins (P) in the presence of relaxation is
determined by the relation [1–3]

where T1 is the spin-relaxation time and τ is the life-
time of the non-equilibrium electron in the conduc-
tion band, P0 is the orientation in the absence of relax-
ation, determined by the probabilities of the transi-
tions to the state with m = 1/2 or –1/2 upon
absorption of circularly polarized light. In our case
P0 = 0.5 for the interband transitions –  [1, 2].

The times τ and T1 determine also the total lifetime
of the oriented spin T1M:

(1)

which can be measured from the decrease of the
degree of orientation of the electrons in a transverse
magnetic field (a phenomenon analogous to the Hanle
effect in atomic spectroscopy [3]). The dependence of

the degree of orientation on the magnetic field inten-
sity (H) has in this case a Lorentz form:

where ωL = eH/2mc is the frequency of the classical
Larmor precession, and g is the spectroscopic factor of
the electron. In the investigated GaxAl–xAs crystals we
can assume g  l [2].

Observation of the spin orientation of non-equilib-
rium electrons was based on the polarization of the
conduction band–shallow acceptor recombination
radiation. The connection between the degree of cir-
cular polarization of luminescence (S) and the degree
of orientation of the spins was determined by the selec-
tion rules for the recombination transitions, and in this
case S = 0.5P [2].

Thus, as follows from the presented relations, it is
possible to determine the values of the lifetime τ and
the spin relaxation time T1 of the non-equilibrium
electrons from experimental measurements of the
absolute value of S and the depolarization of the lumi-
nescence in a transverse magnetic field.

We measured S and T1M in Ga0.7Al0.3As crystals in
the temperature interval 77 to 300 K. Figure 1 shows the
dependence of the degree of polarization and lumines-
cence on the magnetic field intensity at different tem-
peratures. We see that the half-width of the polarization
curve, which determines the time T1M (3), increases
strongly with increasing temperature. The temperature
dependence of the time T1M, obtained from these
curves, is shown in Fig. 2, which shows also the mea-
sured dependence of the degree of polarization S (at
H = 0) on the temperature. With increasing temperature,
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Fig. 1. Dependence of the degree of polarization of lumi-
nescence on the intensity of the transverse magnetic field
in p-type Ga0.7Al0.3As crystals at temperatures of (1) 77,
(2) 169, (3) 220, and (4) 300 K. Unity for each temperature
represents the degree of polarization at H = 0.
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Fig. 2. Temperature dependence of the degree of polariza-
tion of luminescence S and of the time T1M (obtained by
measuring the depolarization of the luminescence in the
magnetic field) for Ga0.7Al0.3As crystals.
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Fig. 3. Temperature dependence of the lifetime τ and of
the spin-relaxation time T1 on the non-equilibrium elec-
trons, obtained from the data of Fig. 2.
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the degree of polarization drops from S = 0.21 ± 0.02
at 77 K to S = 0.03 ± 0.01 at 300°K. From the mea-
sured values of S and T1M we calculated the values of τ
and T1 at different temperatures. These results are
shown in Fig. 3. We see that the lifetime τ  10–10 s is
practically independent of the temperature in the
interval 77 to 300 K. On the other hand, the spin-
relaxation time T1 in the same temperature interval
decreases by a factor of approximately 60.

The strong dependence of the spin-relaxation time
on the temperature is a characteristic of the interaction
between the spin and the lattice vibrations. For relax-
ation on acoustic oscillations at T < θD (θD is the
Debye temperature) the theory predicts a power-law
dependence of the relaxation time on the temperature:

 ~ (T K)5/2 [4]. It is seen from Fig. 3 that in the
region 77 to 240 K1 the observed T1 dependence agrees
quite well with the T5/2 law. The deviation from this
law in the region of higher temperatures is apparently
due to the contribution of the optical oscillations,
which cannot be neglected at these temperatures.

The lifetime τ changed insignificantly from τ =
0.9 × 10–10 s at 77 K to τ = 1.2 × 10–10 s at 300 K. How-
ever, the luminescence intensity decreased in this case
by approximately one order of magnitude. A compari-
son of these facts makes it possible to conclude that in
this case the lifetime of the electrons with respect to
radiative transitions is at least 5–6 times larger than
the total lifetime of the nonequilibrium carriers. The

1 From data on the IR spectra of the GaxAll – xAs crystals [5] we
can estimate that θD  400 K for x = 0.7.
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total lifetime is determined apparently by the nonradi-
ative recombination via deep levels, and in this case, as
is well known [6], it may remain constant when the
temperature varies in a wide range. As shown by esti-
mates, the increase of the radiative lifetime with
increasing temperature may be due to a decrease in the
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number of neutral acceptors (Ei  –0.03 eV) with
which the nonradiative recombination takes place.

In conclusion, we note that our measurements of
the total lifetime in conjunction with measurements of
the quantum yield make it possible to determine the
absolute value of the radiative lifetime.
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