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The momentum distribution function and the average spin of photoexcited
electrons in a quartum well are calculated for polarized optical exci-
tation normal to the quantum well plane. In the case of small light
hole-heavy hole mass ratio the dependencies of alignment parameter and
spin on 2D motion energy are shown to have peculiarities at small ener-
gies. For the high-frequency edge of hot photoluminescence, the theore-
tical dependencies of linear and circular polarization on the excited

electron energy are presented.

Introduction

In semiconductors with complex va-
lence band structure, absorption of 1i-
nearly polarized light results in momen-
tum alignment of photoexcited carriers
while ocircular polarization leads to
their spin orientation producing respec-—
tively linear or circular polarization
of hot luminescence [1]. Similar effects
were observed for hot photoexcited car-
riers in quantum wells [2].

We present theoretical results  on
optical orientation and alignment of
electrons in quantum wells. In order to
find out the main features of the pheno-
menon the simplest model of an infini-
tely deep symmetric quantum well is con-
sidered. The absence of an inversion
centre in a Gads-type crystal is also
not taken into account. The valence band
is considered to be described by the

Luttinger matrix Hamiltonian.

Momentum Alignment and Spin Orientation

Selection rules for interband opti-
cal transitions [1] show that the momen-
tum distribution of electrons created by
linearly polarized 1light propagating
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normal to the QW plane is anisotropic.
The distribution function F(K) at the
instant of photogeneration is given (see
[3]1) by:

F(E ) =Fyk)[1+ac0820) 1, (1)

kK is 2D wave vector of electron,
@ is the angle
petween kK and the electric field vector
of the exciting 1light.
rical approximation is used,

where
k is its absolute value,

Here the sphe-
FO(R) and
0 depend only on the
energy of the photoexcited electron.

alignment degree aQ

If the exciting light is circularly
polarized,
isotropic

the momentum distribution is
in well's plane but a spin
orientation appears. The average elec-
tron spin 8, at the instant of photocre-
ation (under excitation by right circu-
larly polarized 1light) is parallel to
the Z-axis and also depends on the elec-—
tron energy.

Both parameters a, and 8, are influ-
enced by the numbers of quantum levels

in the valence and conduction bands

which participate in the optical transi-
calculation [3]

tion. Our gives the

following expressions for ao and So
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Here W, is the parameter characterizing
the band mixing:

0
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where vV = yl/mh is the 1light hole -

1 - —_ 41') -
heavy hole mass ;églo, to = 3050 ¢
T = SM/S, 8" = R°Rk /Emh is the kinetic

energy of heavy hole motion in the gquan-
€ is the full hole ki-
netic energy (including the size gquanti-

tum well plane,

zation energy), and € = O corresponds to
the top of the valence band in bulk ma-
terial. W+ relates to the transitions

between the heavy hole and the electron
confined 1levels with numbers of equal

parity or between light hole and elec-
tron levels with numbers of opposite
parity. W_ describes all the remaining
transitions. The ordering of levels is
made at kR = 0. Fig.1 shows the depen-
dencies of a, and 8, on t. Curves 1 have
been calculated using W+, curves 2 are
connected with W_. The value v = 0.18
that is used corresponds to a spherical
approximation for G@As. The minus sign
in Fig.1(b) means that the average elec-
tron spin is directed opposite to the
angular momenta of the exciting photons.

To calculate the spectra of a, and
= from equations (2,3) it is necessary
to know the dependence €(k), but it is
clear even from (3) that in the case of
small v, the orientation and the align-
ment change rapidly at small R ~ v/L
(f =~ to ), where L is the well's width.

The dependencies of a, and 8, on k
for transitions from different valence
band size-quantized levels to the first
conduction band level are presented in

Fig.2.
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Fig.1 Momentum alignment degree (a) and ave-
rage spin (b) of photoexcited elec-
trons as functions of universal para-

meter t = hzkz/(ZIhe). Light hole -
heavy hole mass ratio v = .l/.h =0.18.

Curves 1 for transitions between heavy
hole and electron levels with numbers
of equal parity or between light hole
and electron levels with numbers of
opposite parity. Curves 2 for all the
remaining transitions.

Photoluminescence Polarization

Orientation and alignment are usual-
ly detected by measuring of ocircular
(Pc) and linear (Pz) polarization deg-—

rees of recombination radiation.
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Pig.2 Momentum alignment degree (a) and ave-

rage spin (b) of electrons excited
into the first comduction band con-
fined level from different valence
band levels against squared 2D wave
vector.
Numbers correspond to hole sublevels
participating in optical transitionms.
Solid lines for transitions from heavy
hole levels, dashed - from light hole
levels.

For radiation propagating in the di-
rection of the exciting light-beam at
the high-frequency edge of hot photo-
luminescence, the calculation [3] gives:
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Fig.3 Calculated dependencies of linear
(curve 1) and circular (curve 2) pola-
rization degrees at the high-frequency
edge of the luminescence on 2D wave
vector of photoexcited electron.

The theoretical dependencies of Pz and
Pc on k for transition fThh - 1e - 1hh
are depicted in Fig.3.

can see that 1linear polarization
increases with exciting photon energy

One

while circular polarization decreases.
These results are in qualitative agree-
ment with experimental data [2,4]. More
wide comparison of this theory with ex-
periment is given in our paper [3].

Summary

The momentum and spin distributions
of 2D electrons generated by polarized
light are shown to be anisotropic. The
degree of momentum alignment and spin
polarization depend strongly on exciting
photon to 3D
these dependencies are very sharp, espe-
cially if the light hole - heavy hole
mass ratio (ml/mh) is small. Such pecu-
liarities are due to the sharp reconst-
ruction of the hole wave function at
small values

energy. Contrary case,

of 2D wave vector kK =~
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Vﬁ?/mh/L, where L is the well's width.
These peculiarities appear also in the

spectral dependencies

of the degree of

linear and circular polarization of 1lu-

minescence.
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