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Optical orientation, meaning the preferred orientation of the electron spin upon absorption of polarized light,
is one of the most fruitful methods of spectroscopy and is extensively used for the investigation of atoms and
ions [1]. Observation of optical orientation in a semiconducting crystal would make it possible to use the
methods developed in atomic spectroscopy to investigate semiconductors and particularly to perform accu-
rate measurements of the lifetime, the spin-relaxation time, the carrier g-factors, etc. So far, however, only
one communication was published reporting such investigations in semiconducting crystals [2].
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‘We report here observation of optical orientation of
free carriers in Ga Al _ , crystals upon excitation of the

electrons by circularly-polarized light (6%) from the
valence band into the conduction band. The degree of
orientation was determined from the polarization of
the recombination radiation. The investigations were
performed on n-type and p-type material at 4.2 and
77 K. In particular, an appreciable degree of electron
orientation (0.46 * 0.06) was obtained for the p-type
material, and the lifetime of the electrons in the con-
duction band, T = (1.2 = 0.2) x 1071° s, was deter-
mined from the depolarization of the luminescence in
a transverse magnetic field.

The luminescence was excited with an He—Ne
laser (Av = 1.959 eV). The composition of the mixed
crystals (x = 0.7) was chosen such as to make the laser
radiation fall in the region of the interband transitions
near the intrinsic-absorption edge. The degree of lumi-
nescence polarization, S = |(IG+ — 1)/ + IG_)I
(where I(st is the radiation intensity for the polariza-
tion ot or 07) and it was measured with the aid of spe-
cial modulator, namely a rotating quarter-wave plate.
In all the experiments a value .§' # 0 was observed only
when the excitation was by circularly-polarized light.
In the differential spectrum (lc+ — IG, ), the sign of the
signal changed in this case when the polarization of
the exciting light changed from 6" to 6.

In the spectrum of the p-type crystals (Zn ~ 10”7 cm~3)
at 4.2 and 77 K there is observed one luminescence
band due to transitions to the shallow acceptor (£; =
0.03 eV). The position of the band in mixed crystals
changed in accordance with the change of the compo-
sition and was at 1.89 and 1.91 eV in the investigated

samples. It was observed that the luminescence was
strongly polarized following excitation with circularly
polarized light, the degree of polarization remaining
constant over the entire band. At 77 K, the degree of
polarization for both samples was .S = 0.23 £ 0.03.

The appreciable luminescence polarization shows
that in this case the free electrons produced by the light
were effectively oriented. The effect of optical polariza-
tion of the holes can be neglected since the total number
of holes in p-type material is much larger than the num-
ber of holes produced by the light. The degree of orienta-
tion (P) isdefined as P=|(n,y, —n_;))/(ns1 0 + 1y )|,
where n,, , is the number of electrons with spin paral-
lel or antiparallel to the propagation direction of the
exciting light. In the presence of relaxation we have

p=—1_p,

1+1/7T,

where 7 is the lifetime of the electron, 7 is the relax-
ation time of the electron spin, and P, is the maximum
degree of orientation and is determined by the proba-
bility of transitions in which electrons with spin +1/2
or —1/2 are produced upon absorption of circularly
polarized light. The band structure of the Ga, ;Al ;As
crystal is the same as that of the GaAs crystal. P, =0.5
for the interband transitions (I'’/>—I"'/?), in accor-
dance with the known selection rules. In the effective
mass approximation, the probabilities of recombina-
tion transitions in which shallow impurities take part
are equal to those of the interband transitions. In this
case the degree of luminescence polarization in the
recombination of oriented electrons should equal
S=0.5P.
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Fig. 1. Dependence of the degree of luminescence polar-
ization S on the transverse field in a p-type crystal at 7=
(a) 77 and (b) 4.2 K. The solid curves represent Lorentz
contours with widths (a) 1200 and (4) 800 G.

It follows from the measured values of the degree of
polarization that the electron orientation reached in
our experiments, P =0.46 = 0.06, is close to the max-
imal degree P, = 0.5. This shows that t/7|, <« 1 in the
investigated crystals, i.e., the spin relaxation time 7
greatly exceeds (by at least 3 or 4 times) the lifetime 7.

For the investigated samples, the quantum energy
of the exciting light exceeded the width of the forbid-
den band by 0.02 and 0.04 eV. Consequently, the ori-
ented electrons produced by the light relaxed to the
bottom of the conduction band. The observed high
degree of polarization indicates that in this case the
relaxation of the electron energy was not accompanied
by spin relaxation.
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The electron lifetime T can be determined from the
depolarization of the luminescence in a transverse
magnetic field [1]. The dependence of the degree of
polarization on the magnetic field has a Lorentz form

_ 1
1+ (0 gTy)

where ®; is the frequency of the classical Larmor pre-
cession, g is the electron g-factor, T}y, is the lifetime of
the magnetic moment, 1/7,=1/T, +1/1. Inasmuch as
in our case T/ 7T < 1, the time Ty, determined from the
magnetic measurements is practically equal to T. The
value of the electron g-factor in GaAs is 0.5 [3], and
for the mixed Ga, ;Al, ;As crystal, with account taken of
the band parameters [4], we can estimate that g = 1.0.

Line a in Fig. 1 shows that the observed decrease of the
polarization with increasing magnetic field is well
described by a Lorentz contour with half-width 1200 G,
yielding a lifetime T = (1.2 = 0.2) X 10~'%s. This value
agrees with the estimates of the lifetime of the
minority carriers (10~'°—107!2s) obtained in the inves-
tigation of transport phenomena in such crystals as
p-GaAs [5].

Thus, observation of optical orientation makes it
possible to measure relatively simple short carrier life-
times, something impossible to do with sufficient
accuracy by other methods.

At 4.2 K, a lower degree of polarization was
observed in the same crystals, .S = 0.10 = 0.02, and
measurements in the magnetic field (line 6 in Fig. 1)
yielded T}y = (1.8 £0.03) x 1071 s. The decrease of
the degree of orientation of the electrons at 4.2 K can
be due either to an increase of the ratio t/7 or to the
fact that at 4.2 K the recombination proceeds not from
the bottom of the conduction band, but from the
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Fig. 2. Polarized luminescence in n-type crystals at 4.2 K: (a) luminescence spectrum, (b) differential (1(s+ — 107) spectrum of

the radiation polarization of the same sample upon excitation with circularly polarized light ot
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donor level, and in the case of band-level relaxation
the electron orientation is partially lost.

In n-type material at 4.2 K, we also obtained an
appreciable carrier orientation. The spectrum of these
crystals at 4.2 K shows two emission bands (Fig. 2a):
band A lies near the absorption edge and is due to tran-
sitions in which a shallow donor or exciton takes place,
and band B is connected with transition to a shallow
acceptor. The degrees of polarization for these bands
(Fig. 2) differ greatly: S = 0.11 = 0.03 for band 4 and
S5=0.06 = 0.03 for band B. We also observed for these
crystals depolarization of the luminescence in a trans-
verse magnetic field (7, = 107'°s), but in view of the
weakness of the signals, the lifetime was not measured
accurately.
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