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Abstract

This paper presents the result of theoretical and experimental stud-
ies of the magnetic field dependence of the exciton linewidth in
Cd;-yMg,Te/Cd;_Mn,Te/Cd;_,Mg,Te quantum wells. The reflection spec-
tra from the structures with various values of x were measured at 7 = 2 K in
magnetic fields up to 3.5 T applied parallel to the structure’s growth axis. In the
theoretical studies, the fluctuations of both concentration and spin projection
of magnetic ions have been considered as the main reasons for the exciton line
broadening. It is shown that the experimentally observed broadening of the o~
exciton line and the narrowing of the o exciton line with increasing magnetic
field are in good agreement with theoretical calculations.

1. Introduction

Bandwidth is an important parameter of optical spectra. It contains information about
microscopic processes in a system and is a determining factor of its applicability in optical
devices. Therefore, an analysis of the broadening of the exciton lines in quantum wells
(QWs) has been a subject of a number of investigations [1-9]. The reasons for the exciton
line broadening in a quantum well may be numerous: fluctuations of well thickness, interface
roughness, macroscopic inhomogeneities of various kinds, and so on. These deviations from
the perfect structure lead to fluctuations of the exciton band bottom and to the appearance
of localized states for excitons, resulting in inhomogeneous line broadening. As the nature
of the broadening of this kind is technological, a proper description of its effects requires
additional fitting parameters, magnitudes of which depend on the particular technology used for
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the sample preparation. In semiconductor alloys, there also exists a mechanism of broadening
caused by a microscopic compositional disorder. Magnetic ions are unevenly distributed across
the crystal lattice and have randomly oriented spins. This creates a potential for electrons and
holes that is rapidly oscillating in space. In earlier theoretical papers [10, 11], the authors
studied exciton line broadening caused by exciton scattering on component variations and
fluctuations of the magnetic ion spin projection in dilute magnetic semiconductor (DMS)
based quantum well structures. The fluctuations of composition and spin orientation are
always present in dilute magnetic semiconductor alloys and determine the homogeneous line
broadening. They can play a major role in the determination of the exciton linewidth even in the
optical spectra of high-quality samples. This role can be studied without uncertainties related to
the unknown values of parameters describing defects of a technological nature. Qualitatively,
the mechanism of the bandwidth broadening can be explained by the disorder-induced mixing
of the exciton state with a zero in-plane wavevector k = 0 and the states with non-zero
wavevectors k # 0. As a result of this mixing, states with k # 0 become optically allowed,
thus contributing to the band broadening. The estimates have shown that the contribution of this
scattering mechanism to the linewidth is quite large. It is also shown that the exciton linewidth
has to depend substantially on the external magnetic field. There is an interesting peculiarity
of this dependence, namely the narrowing of some of the lines in the external magnetic field.
This effect has been explained by the coherent contribution of the spin-dependent and the spin-
independent parts of the interaction between the exciton and the magnetic ions to the scattering
processes [10, 11]. This feature creates a possibility of tuning the linewidth in dilute magnetic
semiconductors by applying a magnetic field. The magnetic-field-induced narrowing of the
linewidth was reported in [12] for bulk semimagnetic crystals. Narrowing of the exciton line
was also observed in the exciton photoluminescence (PL) spectrum of the ZnSe/Zn(Cd, Mn)Se
system [5]. In the present paper, an experimental study of the magnetic field effect on the
exciton reflection linewidth in DMS QWs and a comparison with calculations performed in the
framework of the proposed model are presented.

2. The studied system

The aim of our paper is the investigation of the effect of exciton scattering by magnetic ions
on the widths of the exciton line in QW structures. Obviously, the effect will be greater if the
magnetic ions are placed in the QW region rather than in the barriers. In the case of magnetic
ions located in barrier layers, the scattering exists only due to the penetration of the carrier
wavefunction into the barrier, thus being of importance only for narrow QWs. Therefore, in
our studies, we have used quantum structures in which the QW region is made of Cd;_,Mn, Te
and the barriers are of Cd;—yMg, Te. The choice of CdTe-based structures was motivated by the
high optical quality of these materials and the expectation of a small nonmagnetic contribution
to the exciton linewidth.

Four Cd,-yMg,Te/Cd,_ Mn,Te/Cd,_ Mg Te QW structures with different concentra-
tion of magnetic ions in the QW region were grown at the Institute of Physics, PAS (Warsaw,
Poland). We will explicitly discuss here the experimental results for structures with x equal to
0,0.014 and 0.051 (samples A, B and D, respectively). The structures were grown by molecular
beam epitaxy on (100)-oriented CdTe/GaAs hybrid substrates with 4.5 pum-thick CdTe buffer
layers. Each of the structures contained three Cd;_,Mn, Te QWs of thicknesses L,, = 6 ML,
10 ML, and 18 ML (1 ML = 3.24 A is the interlayer spacing of the CdTe crystal). Samples
A and B additionally contained 93 ML-thick Cd;_,Mn,Te QW. The inner Cdy sMg,,Te bar-
riers that separated the QWs were 300 A thick. The samples also contained CdygMgp,Te
500 A-thick cup layers and additional Cdy sMg »Te buffer layers with a thickness of 1 um for
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QW

CdMgTe CdMgTe CdTe GaAs

Figure 1. A schematic illustration of the heterostructure. The direction of the z-axis is opposite to
the direction of the structure’s growth.

samples A and D and 0.7 um for sample B. The concentrations of Mn in the QW layers as
well as the concentration of Mg in the barrier layers were determined by the position of the
le—1hh exciton PL line, for which the energy dependence on the component content has been
well studied [13, 14].

The schematic diagram of the investigated structures with only one QW is shown in
figure 1.

3. Model and methods of calculations

The method of calculation of the exciton reflection spectra from a QW with semimagnetic
barriers was presented in [10, 11]. In contrast to the systems investigated previously [10, 11],
in this paper we consider the case of a semimagnetic QW with nonmagnetic barriers. Typical
representatives of such systems are Cd;-,Mg,Te/Cd,_,Mn,Te/Cd,_ Mg, Te structures.
Below, we describe briefly the model that is used to calculate the frequency dependence of
the light reflection coefficient for the multilayered structure.

Since the QW width is considerably smaller than the wavelength of the light, the influence
of the QW on light propagation in the structure may be taken into account by the introduction
of the surface conductivity caused by exciton creation [10]. So, to calculate the light reflection
from a thin well, we replace the well by a surface with a surface current. The strengths of
the electrical (E;, E») and magnetic (H;, H>) fields of the light wave at each side of the QW
interface are connected by the Maxwell boundary conditions in the presence of the surface
current [15]:

Ei ) = B> (21) M
4
[, Hy (21) — Hy (z1)] = T”jsmf. @

Here, 7, is the coordinate of the interface that simulates the quantum well, jo s = 0" E(z)
is the density of the surface current excited by the electromagnetic wave in the quantum well,
o is the surface conductivity, n1 is a unit vector normal to the surface of the quantum well
and directed along the z-axis (see figure 1). In order to calculate the reflection coefficient for

the structures studied, we have written the solution of the Maxwell equations for the electric
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and magnetic fields in the form of the sum of the transmitted and reflected plane waves (with
the exception of the terminal GaAs substrate in figure 1, where only the transmitted wave
propagates) and have used the boundary conditions of (1) and (2) very well. In the present
paper, only the reflection of the normally incident light is studied.

The frequency dependence of the surface current was calculated in the paper [11], where
the quantum mechanical expression for the current density excited by the electromagnetic
wave with frequencies close to the exciton resonance frequency of the QW was found. The
current density is non-zero in the vicinity of the QW, so one can introduce the surface
current by integrating the current density over the coordinate z perpendicular to the QW
plane. To calculate the current density excited by light, we have used the confined le—1hh
exciton wavefunctions, which are the solutions of the Schrodinger equation for the system
considered. The corresponding Hamiltonian consists of the kinetic energy operator for the
confined electrons and holes, the Coulomb interaction, and the interaction of the carriers with
the magnetic ions in the QW layer and with the nonmagnetic substitutional ions in the barrier
layers. The carrier—ion interactions are taken into account in the mean-field approximation,
which will be discussed below. The interaction of the exciton with the magnetic ions, Hjy,
consists of spin-dependent and spin-independent parts [11]. The spin-dependent part is caused
by the exchange interaction of carriers with the unpaired electrons of the magnetic ions. The
spin-independent part arises from the different values of electron densities of the substitutional
atoms and the atoms of the crystal (in the case, when the contents of these atoms x and y
are small, one can refer to them as ‘impurity atoms’ opposed to the ‘crystal lattice (or host)
atoms’), the deformation of the lattice in the vicinity of the substitutional atoms, and so on.
The Hamiltonian of the interaction of the exciton with the substitutional ions can be written
as:

1 . a, NoB
Hiy = Z VOH:(AQ/I — NoSe, ; Sns Z) d(re —m) + (AhM + TJh,zSn,z>5(’l°h - n)i|)€n

+ [AYEs e — ) + AV —m) | yn} 3)

where Ny and n are the concentration and the coordinates of the cationic lattice sites,
respectively, Ag’([}‘:) and Az/(lﬁ) are the potentials of the nonmagnetic interaction of the electron
(hole) with the substitutional Mn and Mg ions, respectively, Noa (Nof) is the exchange integral
of the carrier—-Mn?" interaction for the electron (hole), S.. = £1/2 and J;,;, = %3/2 are the
electron and the heavy-hole spin projections on the direction of the magnetic field (which is
applied along the z-axis), S, ; is the spin projection of the magnetic ion, the value x,, describes
the distribution of the impurity ions (x,, = 0 if there is a host ion in the nth lattice site, and
xn = 1 if the site is occupied by a substitutional Mn>* ion), and the value y,, describes the
distribution of the Mg ions in a similar way.

The Hamiltonian H;, is important for subsequent considerations, so let us consider it in
detail.

(1) The Hamiltonian Hj, is written in the form applicable for the calculation of transition
probabilities on envelope wavefunctions of electrons and holes. In microscopic
approximation, we must write AVeM“(re — n) instead of NLOAIQ/I“(S (re — m), where the
function AVSM“ (r — n) has a sharp maximum at » &~ n. Calculations of the matrix
elements of the microscopic potential AVeM“(re — n) on the microscopic wavefunctions
are equivalent to calculations of the matrix elements of the potential NL(, AQ’I“S(re — n) on
the envelope wavefunctions. Here the parameter AM" is determined by the mean value
of the microscopic potential on the periodic part of the Bloch wavefunction u.x(7.) with
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a zero wavevector k, ie. AM = [u¥ (re) AVM(re — n)uco(re) dre [16]. The other

parameters in (3) (AhM“, Ag/lg, AhMg) are determined in a similar way. Later we will extract
the magnitudes of the parameters AZIE)(Mg) from experimental data on the depths of the
quantum wells for the electrons and the holes in the absence of the magnetic field.

(2) The Hamiltonian Hj,; causes scattering of the exciton between different states and therefore
leads to broadening of the exciton line. The Hamiltonian presented in the form of (3)
describes processes of scattering between exciton states with different wavevectors k of the
same subband only. Below, we consider the broadening of the o - and the o ~-lines of the
optical transitions in these exciton subbands for a magnetic field applied perpendicularly
to the QW plane, i.e. broadening of the |—1/2, —3/2) and |1/2,3/2) le-1hh exciton
states, respectively. The transitions between different subbands (spin-flip processes) are
described by terms of the exchange interaction which are proportional to «STS7 and to
BJEST /3. These terms are omitted in the Hamiltonian of (3). The reasons for that are
discussed in the paper [17] and are the following. The size quantization and the strain lifts
the heavy-light hole degeneracy in quantum wells. The bands of heavy holes (with spin
projections of —3/2 and 3/2) in a quantum well split off from the bands of light holes
(with spin projections —1/2 and 1/2) and have lower energy. As a result, the scattering
between states of heavy holes and light holes is forbidden by the energy conservation
law, because the heavy holes have lower energy than the light holes. Additionally, the
scattering between states with J, = 3/2 and J, = —3/2 is forbidden by the spin transition
law. The spin-flip relaxation time related to transitions with a change of electron spin
projection (between the |—1/2, F3/2) and |41/2, F3/2) states) was calculated in [17].
The calculations performed in [18] showed that the probability of the spin-flip scattering
in Cd;_,Mn, Te systems with a change of electron spin is much smaller than the probability
of scattering between states with different k in the same subband and the same values of
spin projection. This is explained by the fact that the exchange interaction of an electron
with an Mn ion is weaker than the spin-independent part of the interaction. So, the main
contribution to the relaxation processes comes from the scattering of excitons between
states with different values of wavevector within the same subband.

Usually, in semimagnetic crystals the exciton interacts with many magnetic ions and
therefore the mean-field approximation can be used, where the values of substitutional ion
content x,, and spin orientation S, ; on the nth site are replaced by their mean values x
and (S;). Deviations of the substitutional ion content dx,, = x — x,, and spin projection

8Sn.; = Sn: — (S;) from their corresponding average values (fluctuations) lead to exciton
scattering. To describe this deviation, the perturbation Hamiltonian was introduced:
anfield
AH = Hiy — HE™M “

where Higlf““ﬁeld is the Hamiltonian in the mean-field approximation. The Hamiltonian
Hmenield §s used to calculate the energy and the wavefunction of the exciton in the QW
structure. The total Hamiltonian of the exciton in a DMS quantum well in the mean-field
approximation consists of operators of the kinetic energy of the electron and the hole, the
potential energy of the Coulomb interaction, the Hamiltonian of the interaction of the exciton
with the magnetic ions of (3) in the mean-field approximation, and the interaction of the carriers
and the magnetic ions with the magnetic field. For our calculations, we have used the popular
form of the variational wavefunction of the confined exciton in the quantum well with the
Hamiltonian fmeanfield;

Wes = —— MR, (p, 20, 20 |i), 5)
VA
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2
i (ps 2es ) = £, (@) £ @), | —e 7, (6)

where i = |S.J;), ®i(|p.—pnl, ze, 2n) 1S the exciton overlap wavefunction, ey = (Peny» Ze(h))
are the electron (hole) coordinates, 7 is the structure’s growth direction; only the lowest exciton
state was taken into account. The functions f§ (z.) and f}‘. (zn) in (6) are the wavefunctions of
the electron and the hole of the lowest subbands in a rectangular quantum well [19], k and R
are the wavevector and the position of the exciton centre of mass in the plane of the layers, A;
is the variational parameter, and A is the layer surface area.

The perturbation A H, which is proportional to the linear and quadratic terms of §x,, and
8Sn, ;. describes the interaction of the exciton with the fluctuations and leads to the scattering
of the exciton between states with different wavevectors [11]. According to [10], the surface
conductivity reads

() — {OTOEE |/ @i (0.2.2) de”

' 4 o—wy+8i@) +io+Ti(w)’
where wy; is the bottom of the ith exciton band, wyr is the longitudinal-transverse splitting
for the free excitons in the bulk material, ap is the exciton Bohr radius in a bulk crystal, ¢
is the dielectric constant, w is the light’s frequency, wq is the resonance frequency for the
exciton of the considered spin subband in the QW calculated in the mean-field approximation
for the exciton-substitutional ion interaction, and the fitting parameter I'y describes the exciton
damping due to other mechanisms of the line broadening. We shall assume that Iy does not
depend on either the frequency or the magnetic field. In (7), I'; () and §; (w) are, respectively,
the damping and the exciton resonance frequency shift caused by the exciton scattering on the
magnetic ions. These values are determined by the following equation:

<|AHiO,ik|2>
w hoo + B — heo — §;(0) — 1T (o)
where A Hj ;i is the matrix element of the perturbation AH of (4), which connects the zero
wavevector state of the exciton with some other k-vector exciton state in the ith exciton
band. This matrix element is calculated on the exciton wavefunctions obtained in the mean-
field approximation. The brackets (f) denote averaging of the value of f over the random
distribution of the substitutional ion concentration and spin orientation. The averaging

procedure is described in detail in [11]. The average value of (|AH,'0,,<k|2) is proportional
to x(1 — x), where x is the magnetic ion content. The values I'; (w) and §; (w) were calculated

(N

= di(w) +ili(w) ®)

numerically.
We have used the following parameters for the calculations: the valence band offset
a = 0.4, the effective masses of the electron and the heavy hole m. = 0.096 m, and

my = 0.5 mo, where my is the free electron mass, Noaw = 0.22 eV, Ny = —0.88 eV [14],
the dielectric constant ¢ = 9.7, the band gap of CdTe E,(CdTe) = 1.606 eV, the
band gap of Cd;_ Mn,Te E,(Cd;_,Mn,Te) = 1.606 + 1.592x eV, [20], the band gap
of Cdj_,Mg,Te E,(Cd;_ Mg, Te) = 1.606(1 — x) 4+ 3.6x — 0.3x(1 — x) [21], A2 =
(1— &)W and AQ = &w (where A = Mn, Mg), and wrr = 0.9 meV.
The empirical expressions given in [22] were used to calculate the magnetic-field-induced
splitting of the bands with different spins.

For each of the samples, the broadening of the 1e—1hh exciton lines in the optical spectrum
and the shift of the exciton resonance energy due to exciton scattering were calculated. The
exciton resonance shift §; (w) amounts to several meV. As shown in the previous work [11],
the sum of the contributions to the bandwidth of the magnetic ion concentration fluctuations
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Figure 2. Damping for the o ~- and o " -components of the excitonic band I" (w) as a function of the
electromagnetic wave frequency for two values of the magnetic field strength in sample B (magnetic
ion content x = 0.014; Mg ions content in the barrier is y = 0.2).

and spin projection fluctuations leads to the qualitatively different magnetic field dependence
of the exciton linewidth for the o™~ and o ~-bands of le—1hh excitons in the QW, similar
to for the ‘strong’ o*- and o -lines of the 1s exciton spectrum in bulk semimagnetic
semiconductors [12].

The dispersion of the surface conductivity of (7) has a Lorentz-like shape with frequency-
dependent damping. Figure 2 shows the frequency dependence of the exciton damping I'(w)
calculated with the use of the method presented for different QW thicknesses and for two values
of magnetic field, B =0and 3 T.

As seen from figure 2, the scattering-induced damping parameter I'; (w) increases with
increasing B for the o~ -component and decreases for the o -component. To explain this
result, it should be noted that, for the spin orientation corresponding to the o ~-component,
the spin-dependent part of the exciton—impurity interaction adds to the spin-independent part,
while for the o *-component they tend to compensate each other.

For example, according to (3) the interaction of the electron of the exciton with the
magnetic ion in the lattice cite n is determined by the multiplier containing the spin-dependent
and the spin-independent addends, namely, (AM" — Ny S . Sy, ;). These two parts are either
added to each other or are subtracted from each other, depending on the electron spin
projections S, = 1/2 or S.; = —1/2. The same situation is repeated for the hole. In
other words, the excitons with different spin states of the carriers interact in different ways
with the magnetic ion and this leads to different probabilities of exciton scattering for different
exciton spin polarizations. The difference between these probabilities depends on the strength
of the magnetic field which orients the magnetic ion spins. So, there is a magnetic-field-induced
suppression of the fluctuation potential and the corresponding narrowing of the o " -component
of the exciton lines in the dilute magnetic semiconductor quantum wells.

The dependence of damping on the frequency has a maximum and drops abruptly for
hiw < hawy; due to the absence of the exciton states in this region of frequencies. The maximum
of the damping takes place in the vicinity of iw & hwy;, the energy at which the exciton states
with a wavevector close to zero are excited (k =~ 0). With an increase in the photon energy,
when the value of iw — hiwy; grows and the length of the exciton wave excited by the light
becomes comparable to the exciton radius, the damping decreases.
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Figure 3. The magnetic field dependence of the maximum value of the exciton-scattering-induced
damping I'(w) calculated for the 18 ML-wide QW for samples with different Mn contents x = 0,
0.014, 0.025 and 0.051 (samples A, B, C, and D, respectively).

For an illustration of the magnetic field dependence of the exciton line damping, the
calculated dependence of the maximum value of I" (w) is shown in figure 3 for the Cd;_,Mn, Te
QWs with the same thickness (18 ML) but with different Mn content.

To calculate the light reflection coefficient for the multilayer structure used in our studies,
we have employed a traditional method which takes into account the presence of the incident
and reflected light waves in every layer and the boundary conditions (1) and (2) on the wells.
For a detailed study of the reflection coefficient for the structure with a single QW as a function
of surface conductivity, see [11].

4. Experimental results and discussion

Optical reflection spectra for the samples described in section 2 were measured at a temperature
of T = 2 K in the Faraday geometry. A magnetic field of up to 3.5 T was produced by a
superconducting solenoid and applied parallel to the growth axis of the structures.

Figure 4 displays the reflection spectra obtained for sample A in the normal incidence
geometry. Both QWs and barrier layers in sample A do not contain magnetic ions and are
therefore nonmagnetic. The observed long-period oscillations are caused by interference of
the incident wave with waves reflected from the structure interfaces and from the substrate
surface. These oscillations affect essentially the shape of the exciton lines and prevent a precise
comparison of the experimental results with the theory. In samples B, C and D, which contain
the magnetic ions, the magnetic field leads to a splitting of the energetic position of exciton
lines, which depends on the exciton spin indexes due to the effect of the carrier—ion exchange
interaction. As a result, in different magnetic fields and for different light polarizations, the
exciton resonance lines are located in different regions of the Fabry—Perrot oscillating reflection
curve and the studied effect can be observed for some of them more clearly. Therefore, below
we concentrate on the results of the calculated and observed reflection spectra for the le—1hh
exciton levels in the 18 ML-thick QWs. For these QWs, the exciton-related features are located
on the flat part of the experimental reflection spectra. Moreover, the exciton level of this well
has the lowest energy in comparison with the levels of other wells and, therefore, is subjected
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Figure 4. The normal incidence reflection spectrum taken from the nonmagnetic sample A. The
arrows indicate positions of the QW heavy-hole exciton bands; L, is the QW width.

to the influence of other wells to a small degree. In the calculations, we have taken into account
the reflection from a single QW with a resonance frequency close to the investigated frequency
region. This approximation is valid if the energy distance between the exciton levels of different
QWs in the sample is sufficiently large. In this case, the electromagnetic field near the QW is
determined first of all from the interference effects depending on the CdysMgp,Te cap-layer
parameters as well as the Cdp sMgp »Te and CdTe buffer layers.

In our model, the exciton damping I'(w) in (7) depends on the frequency. The shape of
the absorption lines calculated in the proposed model in the case of I'(w)max = [ differs
from the Lorentzian. Consequently, the shape of the reflection curve differs from the typical
one, observed in the case of the Lorentzian shape of the absorption line. That is why the
following method of data analysis was chosen. To characterize the bandwidth of the band with
a nonstandard shape, the effective bandwidth I'. was introduced as the distance between the
positions of the maximum and the minimum of the reflectance curve. In order to compare the
calculated and observed results, we have compared the effective damping I'e obtained from the
experimental reflection spectra and from the spectra calculated according to (5). The following
fitting procedure was used:

(1) The fitting parameter 'y (see (7)) caused by all non-Mn-related scattering mechanisms
was determined to best fit the lineshapes of the measured and calculated reflection curves
taken at B = 0 and to obtain equal values of the effective damping (the distance between
positions of the maximum and the minimum of the calculated reflectance curve) f‘exp and
f‘meor, respectively, for the compared spectra.

(2) The obtained fitting parameter I'y was then used to calculate reflection curves for all other
values of the magnetic field. To determine the bandwidth of the spectra, we have used the
effective damping parameters f‘exp and f‘meor introduced in the same way as for the case
B = 0. Such a procedure allows one to describe the magnetic field dependence of the
linewidth for the reflection line of a nonstandard shape.

The experimental results confirm a strong magnetic field dependence of the exciton linewidth
in dilute magnetic heterostructures. This dependence is different for o *- and o ~-exciton spin
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Figure 5. Normal incidence reflectance spectra for o - (thin solid line) and o ~-components (thick
solid line) of the exciton band of the 18 ML-wide QW with magnetic ions content x = 0.014.
The measurements were carried out at 7 = 2 K in the magnetic field B = 3.2 T. Corresponding
calculated curves are plotted using thin and thick dashed lines, respectively, il'g = 1.1 meV).

subbands. With increasing magnetic field, the linewidth increases for the o ~-component of
the exciton transition and decreases for the o "-component. This is seen in figure 5, where the
reflection spectra taken for a 18 ML-thick QW from sample B (x = 0.014) are shown.

Figure 6 plots the reflection spectra for sample D with an increased magnetic ion content of
0.051 for the QW with the same width of 18 ML. The spectra are shown for the magnetic fields
B =3 Tand B = 0. In this case, the exciton reflection line lies on the slope of the interference
oscillation curve. The o *-component of the exciton reflection line in the field B = 3 T is
much narrower than without the magnetic field. But the o ~-line is so broad that the exciton
resonance vanishes.

Figure 7 shows the magnetic field dependence of the experimental and theoretical values
of f‘theor and f‘exp for the 18 ML-thick QW for the samples with magnetic ion contents
x = 0.014 (sample B) and x = 0.051 (sample D). Note the good qualitative and quantitative
agreements between the calculated and measured results for sample B. It can be seen that
the o -component linewidth for sample D decreases with rising magnetic field, similar to the
theoretical predictions. As the o~ -component of the exciton reflection line is not observed
for sample D, only the calculated effective damping parameters are depicted here. The reason
for the absence of the o ~-component may be a large width of this line, as predicted by the
theory. Moreover, additional broadening may by caused by the mixing of the heavy holes and
the light holes for the o ~-component with increasing magnetic field. Our calculations showed
that, in sample D with an Mn concentration of 5.1% and a thickness of 18 ML, the highest
state of heavy holes begins to overlap with the lowest state of light holes at magnetic fields
of B > 1 T. In this case, other mechanisms of exciton damping related to transitions between
different exciton subbands intervene, and this leads to the additional line broadening. For the
o' and o~ lines of sample B (content of 1.4%) and the o™ line of sample D, such a crossing
of the heavy hole and light hole levels does not occur for the fields considered.

The agreement of the theoretical and experimental results confirms our suggestion that
the parameter Iy does not depend on either the frequency or the magnetic field and that
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Figure 6. Normal incidence exciton reflectance spectra for the 18 ML-wide QW of sample D with
magnetic ion content x = 0.051. Data were collected at 7 = 2 K in magnetic fields of B = 0
(thick solid line) and B = 3 T (thin solid lines). Corresponding theoretical curves are plotted by the
dashed line for B = 0, the dash—dotted curve for the a'*'-component, and the short dashed line for
the o ~-component, 7'y = 2.7 meV.
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Figure 7. Magnetic field dependence of the experimental and theoretical effective bandwidths for
the 18 ML-wide Cd;_,Mn,Te quantum well for samples B and D. Theoretical and experimental
results are shown by the thick solid curves and the black circles, respectively, in the case of the
o+-components, and by the dashed curves and open circles in the case of the o~ component.

the magnetic field dependence of the exciton damping is determined by the microscopic
compositional disorder.

A qualitatively similar magnetic field dependence of the exciton linewidth was also
observed in the reflection spectra obtained from the 10 ML-and the 6 ML-thick quantum wells
in sample B, but the quantitative analysis of these results is complicated by the light interference
effects. A more advanced analysis is now in progress.
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5. Conclusions

Magneto-optical measurements have been performed on quantum structures containing
Cd;_,Mn,Te dilute magnetic semiconductor QWs with nonmagnetic CdygMg,Te barriers.
Excitonic reflection spectra have been studied for QWs with various concentrations of magnetic
ions x. The experimental results have been compared with theoretical calculations of the
exciton reflectance line shape that take into account broadening caused by the exciton scattering
on the fluctuations of both the magnetic ion content and the spin projections. For the wells
considered, this scattering gives the main contribution to the width of excitonic lines in the
range covered by only one spin subband. In order to describe all other mechanisms of line
broadening, a single magnetically independent fitting parameter I'y was introduced. The
theory describes correctly the experimentally observed broadening of the o~ exciton line and
the narrowing of the o™ exciton line with increasing magnetic field. The line narrowing is
explained by the coherent summation of the spin-dependent and the spin-independent parts
of the interaction between the exciton and the magnetic ions, which is a consequence of the
exciton scattering within the limits of one spin subband of the 1e—1hh exciton band.
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