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A linear polarization of the recombination luminescence 
of photoexcited hot electrons in a multiple quantum well 
structure has been observed. The peculiarity of electron 
2D-motion manifests itself in an observed increase of the 
polarization with 2D-motion energy. The time of optical- 
phcnon emission by a 2D electron is determined by measu- 
ring a magnetic depolarization of the luminescence. 

I. Experimental 

Spectra and polarization of hot photo- 
luminescence in a quantum-well struc- 
ture have been first studied in this 
work. The results are presented for a 
p-GaAs/Alo.3Gao. TAS structure grown by 

molecular-beam epltaxy and composed 

of 100 periods of 70 ~ GaAs quantum 
wells and 100 ~ GaAIAs barriers. The 
acceptor (carbon) concentration in the 
region of quantum wells was of the 

order of 10 16cm-3. 
The phctoluminescence spectrum 

under Kr-laser E = 1.65 eV excitation ex 
and directions of the exciting light 
and observation normal to the plane of 
the structure, is shown in Fig. 1. For 
such a value of Eex , the electrons 

are excited only into the first elect- 
ron subband (see the scheme of the 
transitions in Fig. l). In the lumines- 
cence spectrum the le - lhh excitonic 
transition as well as that from the 
first electron subband onto the accep- 
tor level (le - ~) are revealed. The 
high-frequency tail of this latter 
component of the spectrum is just due 
to the recombination of hot electrons 
on the acceptor levels. The peak de- 
signated as "0" on the high-frequency 
edge of the spectrum corresponds to 
recombination of the electrons from 
the point of photocreatlon, i.e. prior 
to any energy relaxation. The kinetic 
energy of electrons in this point is 
E 60 o = meV. The degree of linear pola- 

rization of the radiation from the 
point "0" measured under linearly pola- 
rized excitation has the value PI=0.06 
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Fig.1. The photoluminescence spectrum 
of the quanttun well structure 
(the parameters of the structu- 
re are given in the text, E 

ex = 

1.65 eV). The right part of the 
curve is the spectrum of hot 
luminescence. "0" designates 
the zero-phonon peak recombina- 
tion from the point of photo- 
creation. The scheme of the 
transitions is in the right 
upper corner. 
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When Eex is increased, PI increases too 

amounting to 0.28 at Eex=1.83 eV 

(which corresponds to E o = 215 meV). As 

seen in Fig.2, the degree of linear 
polarization decreases in the course of 
energy relaxation. 

2. Discussion 

The obtained results are explai- 
ned by an optical alignment of electron 
momenta under linearly polarized exci- 
tation from the valence band of the 
GaAs-type semiconductors. The elect- 
rons created in the conduction band 
have anisotropic distribution of momen- 
ta. Let us first remind the result for 
the 3D-case It,2]. For the sake of 
simplicity, we will use a spherical 
approximation for the valence band.We 
will also consider the acceptor wave 
function as formed mainly from the 
states of the heavy-hole subband [2] • 
The calculation of matrix elements of 
the dipole momentum shows that when 
excited from the heavy-hole subband, 
the electrons are created with the mo- 
menta ~ directed preferentially perpen- 
dicular to the electric vector T of the 
exciting light. The distribution func- 
tion of these electrons is 

F(p) = f ( p ) ( p y 2  + pz2 ) ,  (1 ) 

where f(p) is a spherically symmetric 
function, the excitin~ light is direct- 
ed along Z axis and e along X axis. 
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A transition probability for re- 
combination has the same matrix ele- 
ments as for excitation. Consequently 
the intensity of the radiation polarized 
along the X and Y axes is respectively 

I xN ~ F(p)(py2+ pz2)d~, (2) 

Iy ~ 5 F(p)(px2+ PJ)d~" 

The integration in the 3D-case must be 
performed in p-space over the an31es 
and ~ (px=pSin~ Cos?,py=pSin IY Sin~ , 

pz=pCos~), because to the fixed ener- 

gy of the recombination quantum cor- 
responds a fixed value of p2. 

Thus, for the recombination from 
the conduction band into the band of 
heavy holes or on the acceptor levels 
it is easy to get the degree)of_ pola- 
rization PI=(Ix - Iy)/(Ix+ Iy - I/7. 

Note that PI does not depend on the 

energy of the recombining electrons. 
In the 2D-case one must take into 

account a dimensional quantization of 
electron and hole energies. In a very 
simplified model, in which the Pz com- 

ponent of the momentum is considered 
as fixed and is determined by energy 
E I of the bottom of the le subband 

(p2=2mcE I _  ), the integration in Eq. 

(2) must be performed only over~.Then 
we have for the degree of polarization 
under the excitation from the subband 
of heavy holes 

(Eo/EI)2 

P1 = 8(1+Eo/E1) + 2(E°/EI) 2 , (3) 

where the energy of the in-plane moti- 
f[ the electrons in the point of on of 

03 photocreation is Eo=(Px 2 + py2)/2mc. 

Equation (3) shows that in the 
2D-case, contrary to the 3D-one, there 
exists an essential dependence of PI 

02 on .Eo. PI increases from O to 0.5 with 

an increase of E~. (For electrons 
excited from the'Jsubband of light ho- 
les and recombining on the acceptor 
levels, PI changes in the range from 0 

01 to -0.3). Such a dependence of P1 on 

E o results from the fact that at small 

E the electrons are moving nearly nor- 
m~l to the plane of the structure and 
consequently for the direction of ob- 
servation along Z their radiation is 
almost unpolarized. For Eo>~ E I, the 

movement of the electrons proceeds main- 
ly in-plane and recombination radiati- 
on is strongly polarized. 

The increase of P. with the increa- 
sing electron energy E~,observed in the 

experiment, is consistent with the pre- 
sented ideas. For a studied structure, 

Fig.2. The spectra of photoluminescen- 
ce intensity and linear polari- 
zation for the same structure 
as in Fig. 1. Eex = 1.83 eV. 

The minimum on P1 curve is due 

to contribution of weakly pola- 
rized transitions. 
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the value Eo= 60 meV corresponds to 

~o/E1 = 1.2 and in accordance with Eq. 

(3) to PI = 0.075 (the measured value ~.00 
was P1 = 0.06). The value Eo= 215 meV ~ 

corresponds to Eo/EI= 4.3 and the cal- ~ CL~ 075 

culated and measured values of P1 were 
co 

0.23 and 0.28 respectively. The mini- 
mum on the spectral dependence of PI o..~ 0.50 

in Fig. 2 is due to the contribution 
of a weakly polarized transitions from 0.25 
the bottom of the second electron sub- 
band (2e - ~). 

i 

3. Depolarization in a magnetic I 
field and determination of~p0 

The study of the depolarization 
of hot luminescence in a magnetic 
field makes it possible to determine 
characteristic relaxation times of hot 
electrons[2?.The polarization of re- 
combination luminescence in a magnetic 
field B directed along the light beam 
(Faraday configuration) is 

PI(B)/PI(O)=(I+4 O0c2 q~o2)~ (4) 

where oO c is the cyclotron frequency, 

and ~o is the "life time" of electrons 

in the point of photocreation E o. At 

moderate doping level and pumping den- 
sity ~ o has the meaning of the LO- 

phonon emission time q~o" Indeed, 
the distinct peak "0" ob§erved in the 
spectrum (Fig. l) confirms that energy 
relaxation occurs by LO-phonon emissi- 
on. It follows from PI(B) measurements 

at Eo=60 meV (Fig.3) that ~po=150 

10 fs. This value agrees with the prob- 
ability of intraband transitions which 
was calculated in this work. The appli- 
ed technique can be used in a wide range 
of electron energies to study kinetics 
of intra- and interband transitions in 
quantum wells. This technique is not 
influenced by the essentially compli- 
cating factors (such as, for instance, 
phonon heating), which were a reason 
of large spread in~oo values determi- 

ned in earlier works on 2D-structures 
(see, for instance, reviews [3,4] ). 

4. Luminescence under circularly 
polarized excitation 

We would like to draw attention 
to some peculiarities of the 2D-case 
under excitation with circularly pola- 
rized light. Let us remind that in the 
3D-case in GaAs-type semiconductors 
the momenta and spins of the electrons 
created via interband transitions are 
correlated [I]. The component of the 
density matrix responsible fol the cor- 
relation is proportional to (~p~(~p), 
where ~ are Pauli matrices and n is the 
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Fig.3. The depolarization of hot pho- 
toluminescence in a maEnetic 
field is described by the Lo- 
renz contour (4) with Tpo= 

150 fs. The calculated energy 
-I 

dependence Tpo(E o) for the 

studied structure is shovm in 
the right upper corner, the 
experimental value correspon- 
ding to Eo= 60 meV is shown 

by a cross. 

unit vector in the direction of the 
light beam. Such a correlation does 
not exist in the 2D-case. This is due to 
the fact that after averaging over the 
motion along Z the nondiagonal elements 
of the matrix (~)(~) become zero. A 
very convincing magnetooptical mani- 
festation of the correlation in the 
3d-case is the decrease of circular 
polarization of the luminescence in a 
longitudinal magnetic field due to the 
destroying of the aforementioned cor- 
relation [5]. In the 2d-case we did not 
observe any decrease of circular pola- 
rization for magnetic fields as high as 
7T, which is a direct evidence of the 
absence of the correlation. 

Let us also attract attention to 
the dependence of the degree of circu- 
lar polarization, Pc' on the energy of 

recombinating electrons. Within the 
framework of approximation used in p.2 
the mean spin of the electrons photo- 
excited from the subband of heavy ho- 
les is 

S = -~(2+Eo/EI )-1. 

And the degree of polarization for 
recombination on the acceptor levels is 

= ~- +~ ~ )-1 
PC -Sn = (2 Eo/E I • 

Thus, under excitation close to 
the bottom of the first electron band 
the photocreated electrons have com- 
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pletely oriented spins and Pc=0.5. As 

E o increases, the degree of polariza- 

tion decreases from 0.5 to O. We have 
observed the decrease of P1 from 0.3 

at Ec= 60 meV to 0.22 at Eo= 200 meV. 
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