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Magnetoabsorption on high-quality ZnxCd12xSe/ZnSe multiple quantum wells grown by molecular-beam
epitaxy is used to study systematically the major excitonic properties. The small inhomogeneous width of the
exciton lines allows us to observe Landau levels arising from higher heavy-hole exciton transitions as well as
to analyze in detail the spin splitting and diamagnetic shift of the ground state. The Schro¨dinger equation of
magnetoexcitons is solved numerically to describe their magnetic-field behavior and to deduce the relevant
excitonic and band parameters in dependence on the Cd content in the well. Anticrossing features at higher
Landau levels and the magnetic-field dependence of the light-hole exciton ground-state energy signify a
complex valence-band structure due to heavy-light hole coupling.@S0163-1829~96!04031-3#

I. INTRODUCTION

Since the successfulp-type doping, wide-gap II-VI semi-
conductor related quantum structures have been promising
candidates for commercial laser diodes and related optoelec-
tronic devices operating in the blue spectral range.1 The ab-
sorption edge of bulk II-VI’s is dominated by excitons. In
quasi-two-dimensional structures, the Coulomb interaction is
further enhanced so that excitons may play an important part
in the lasing process, even at room temperature.2 Up to now,
a number of studies for ZnxCd12xSe/ZnSe multiple quantum
wells ~MQW’s! have been reported3–8 where the excitonic
properties are deduced from a fit of the heavy-hole~hh! and
light-hole ~lh! exciton ground-state energies. Such fits are
based on a detailed knowledge of the composition- and
strain-induced band offsets as well as the carrier mass depen-
dent confinement energies of electrons and holes. As known
from GaAs-related MQW’s, magneto-optics is a more pow-
erful tool for studying both exciton binding energies and
band parameters in the two-dimensional case~see, e.g., Refs.
9 and 10!. First magneto-optical studies of excitons in ZnSe-
related MQW’s~Ref. 11! were restricted to the 1s and 2s hh
exciton states from which lower and upper limits of the bind-
ing energy were derived. In a previous communication,12 we
have demonstrated the formation of magneto-oscillations in
the hh subband absorption of similar MQW’s, which enabled
us to observe simultaneously the diamagnetic shift of the hh
exciton ground state and the conversion ofs-like excited
exciton states into Landau levels.

Here, we present a systematic study of magnetoexcitons
in Zn12xCdxSe/ZnSe MQW’s with well widths close to the
bulk exciton Bohr radius and Cd contents ranging from 7%
to 20%. Detailed information about the energetic structure
and relevant band parameters is obtained by comparing the
experimental data with the results of a numerical solution of
the Schro¨dinger equation for the in-plane motion of the
magnetoexcitons.13 Complementary, we perform a varia-
tional treatment of the exciton ground state at zero magnetic
field using a two-parameter trial function. The large splitting
between the hh and lh exciton in ZnxCd12xSe/ZnSe QW’s

due to the combined action of quantum confinement and
compressive in-plane strain justifies one to carry out both
calculations in a two-band model. The effects of hh-lh cou-
pling are qualitatively discussed. The excitonic parameters
deduced reveal an increase of the exciton binding energy due
to quantum confinement and, surprisingly, also of the re-
duced in-plane exciton mass with growing Cd content. This
paper is organized as follows: in Sec. II the numerical solu-
tion and variational treatment, respectively, of the Schro¨-
dinger equation for the exciton are outlined. In Sec. III we
describe the samples, the experimental details, and the re-
sults of magnetoabsorption measurements. The analysis of
experimental data is performed in Sec. IV and our conclu-
sions are drawn in Sec. V.

II. MAGNETOEXCITONS

In relation with experimental studies on GaAs-related
QW’s, the theory of magnetoexcitons is well
developed.10,13,14 Here, we summarize the general aspects
and the specific approach used for the analysis of our experi-
mental data. A single quantum well of widthdw is consid-
ered. The z axis is along the growth direction and
re,h5(re,h ,ze,h) are the electron and hole coordinates, re-
spectively. Because of the large hh-lh splitting enhanced by
the compressive in-plane strain, we restrict our consider-
ations of the hh magnetoexciton first to simple parabolic
bands.15 With the magnetic field perpendicular to the QW
plane~Faraday configuration!, the vector potentialsAe,h can
be chosen in such a way that they contain only in-plane
coordinates. We use in the following the symmetrical gauge
Ae,h5(B3re,h)/2. Then the motion of carriers can be ex-
pressed separately for the in-plane (i) and z direction (')
and the Hamiltonian of the system reads
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with qe52ueu, qh5ueu, and the in-plane momentum opera-
tor pe,h,i of the electron and hole, respectively. Thez depen-
dence of the confinement potentialVi* (zi)5ViU(uzi u
2dw/2) is expressed by the Heaviside step function.Eg is
the band gap of the well material andVe,h is the band offset
for the electron and the heavy hole, respectively. In~1!, the
anisotropy of the hole mass and the discontinuity of both
carrier masses are explicitly taken into account. Image
charges16 due to different static dielectric constants«0 in the
well and barrier as well as polaron effects17 are beyond the
scope of this paper because the required material parameters
are not precisely enough known for zinc-blende
ZnxCd12xSe mixed crystals. The in-plane hh mass as well as
the hh and lh masses along thez axis follow from the
Luttinger parameters bymhh,i5m0 /(g11g2), mhh,'
5m0 /(g122g2), andmlh,'5m0 /(g112g2), respectively.
To solve~1! numerically, we use the separation ansatz

c~re ,rh ,ze ,zh!5f~re ,rh!we~ze!wh~zh!, ~2!

where subband coupling is neglected. The wave functions
we,h(ze,h) are the solutions of the one-particle equa-
tions along thez axis using the continuity ofw and
(1/m')(]w/]z) at the well boundaries. The corresponding
confinement energy of the electron and heavy hole are de-
noted byEqc,e andEqc,h , respectively. Since we are inter-
ested in direct optical transitions, we omit the center-of-mass
momentum. Introducing the relative coordinate
(r5re2rh) and the conjugate momentump, we get by a
canonical transformation18
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with the effective potential
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Eg*5Eg1Eqc,e1Eqc,h is the energy gap between the lowest
subbands. Similar to~4!, the inverse reduced in-plane mass
1/m i51/me11/mhh,i and the ratio b5(mhh,i2me)/
(mhh,i1me) are integrals over the subband wave functions
too. The fourth term on the right-hand side of~3! contains
the angular momentum operatorL5r3p of the internal ex-
citon motion and is, therefore, purely additive. It describes
the Zeeman effect and vanishes fors-like exciton states seen
in one-photon transitions. Separating the angular motion, we
arrive at a one-dimensional Schro¨dinger equation, which is
solved by the finite difference method.19 Further, we will
refer to this treatment by NSIM~numerical solution of in-
plane motion!.

The separation~2! neglects any electron-hole correlation
along thez axis. Whereas such a treatment is justified for
excited exciton states with Bohr radii clearly larger than the
well width, it might fail for the ground state. We have thus
performed a complementary variational treatment of~1! for
zero magnetic field using a separation ansatz with a two-
parameter exciton envelope function

c~r,ze ,zh!5expF2
1

a
Ar21g2~ze2zh!

2Gwe~ze!wh~zh!.

~5!

The parametera is the Bohr radius andg accounts for the
dimensionality of the exciton. Both parameters are fixed by
minimizing the expectation value of~1! treating mass anisot-
ropy and discontinuity in the same way as for the direct
numerical solution of~4!. The diamagnetic shift of the hh
exciton ground state can be calculated within the first-order
perturbation theory by20

DEdia5
e2B2

8m i
^r2&, ~6!

where the expectation value of the squared in-plane radius
^r2& has to be computed from the wave function~5!.

The internal motion of the exciton at zero field is usually
described by the main quantum numbern51,2, . . . and
u l u50,1, . . . ,n21 specifying the angular momentum in the
z direction. As seen from~3!, both remain good quantum
numbers in a magnetic field. When the Coulomb term in~3!
is ignored, simply the Landau energies

E5Eg*1~ne1
1
2 !\ve1~nh1

1
2 !\vh , ne,h50,1,2, . . .

~7!

are obtained.ve,h5eB/me,h is the cyclotron frequency of
the electron and hole, respectively. Althoughne andnh are
not good quantum numbers due to the Coulomb interaction,
a magnetic field can be defined for each exciton state above
which a Landau-like behavior dominates its magnetic field
dependence.21 In this field range, we refer to them as Landau
levels throughout this work, keeping in mind that they are
still modified by Coulomb interaction. In the strict two-
dimensional case, that modification is given by aAB term.21

III. EXPERIMENT

The three samples used in the present study are grown on
GaAs~001! substrates by molecular-beam epitaxy~MBE! us-
ing a 0.7-mm ZnSe buffer layer. A phase-locked epitaxy
mode22 is used to improve lattice plane completion during
growth. The MQW’s consist of five wells of width between
4.5 and 5.0 nm. The barrier width is 85 nm to guarantee
isolated wells. The ratio between barrier and well widths
suggests that the wells adopt the ZnSe in-plane lattice con-
stant and are thus pseudomorphically strained. The Cd con-
tent of the well (xCd) is determined by x-ray and microprobe
analysis of thick alloy layers grown with the same molecular
beam fluxes. After removing the substrate by a selective wet
etching technique, the samples are mounted on a glass sub-
strate. Distinct exciton features are observed in the transmis-
sion spectra up to room temperature with an alloy related full
width at half maximum of a few meV at 1.8 K. The
magneto-optical properties are investigated by conventional
transmission experiments using an OXFORD split-coil mag-
net making available fields up toB512 T. The spectral reso-
lution used in the experiments is better than 0.1 meV. The
use of circularly polarized light in Faraday configuration en-
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ables us to uncover even the very small spin splitting of the
various exciton states.

Representative for the samples investigated, the upper
curve in Fig. 1 displays the transmission spectrum of the
MQW sample with nominalxCd50.13 in the spectral range
from the 1s hh exciton (Xhh,1s) to the continuum states of
the lh exciton. The structures of the 2s hh exciton (Xhh,2s)
and the lh exciton ground state (Xlh,1s) are clearly resolved
too. Applying a magnetic field ofB59 T perpendicular to
the QW plane~Faraday configuration!, a small high-energy
shift of Xhh,1s ~0.55 meV! is found. For thes1 polarization
drawn in the lowest transmission curve, both the Zeeman and
diamagnetic effect of the exciton ground state contribute to

this shift in the same direction. Distinct magneto-oscillations
due to the formation of Landau levels are found in the region
of the hh subband absorption. The field-induced change of
the optical densityDad plotted in the lower part of Fig. 1
shows well-resolved features up to the Landau level arising
from the 6s exciton state. Except for the 5s and 6s levels at
9 and 5 T, respectively, a growing damping of the features
with increasing photon energy is found. Above 2.76 eV no
further levels could be detected. For comparison, the trans-
mission spectrum for a field ofB59 T applied parallel to the
QW ~Voigt configuration! is also drawn in Fig. 1. As ex-
pected for the quasi-two-dimensional case, the high-energy
shift of Xhh,1s is markedly smaller and no magneto-
oscillations are observable.

The small inhomogeneous broadening of the exciton lines
allows the observation of Landau levels in Faraday configu-
ration already at fields ofB'2 T. In Figs. 2~a!–2~c!, the
energy of the hh ground-state exciton and the magnetic-field-
induced absorption features are drawn as a function ofB for
each sample. The data fors1 ands2 polarization are given
by pluses and open circles, respectively. The solid lines rep-
resent fits of the data with the magnetoexciton calculation
discussed in more detail in the next section. The magnetic
field behavior of the exciton states is quite different. The
ground state exhibits both a diamagnetic shift and a clearly
resolved spin splitting~see also Fig. 3!. Commonly for all
samples, theXhh ground state can be well described by a sum
of a zero-field energy, a diamagnetic shift, and a Zeeman
splitting:

E5Ehh1dB26geffmBB, ~8!

with the ‘‘1’’ sign referring tos1 polarization.mB is the
Bohr magneton. The same Zeeman splitting is found for the
excited exciton states with the only exception being the 2s
state on thexCd50.13 MQW @Fig. 2~b!#. The reason for its
somewhat larger splitting is currently not clear. The higher
the excited magnetoexciton state, the closer it follows a lin-
ear field dependence. Since the Coulomb correlation is small
for these states, they start to behave similarly to uncorrelated

FIG. 1. Transmission spectra of a ZnxCd12xSe/ZnSe MQW
without and with magnetic field applied parallel~Voigt geometry!
and perpendicular~Faraday geometry! to the quantum well plane
(x,y), respectively.dw55 nm. Lower part: Magnetic-field-induced
changes of the optical density in Faraday configuration.

FIG. 2. Energy of exciton absorption peaks vs magnetic field for three different structures. Solid lines: Fit of the data by the calculated
magnetoexciton energies.«058.8 ~Ref. 23!, Ve1Vh5(1.35xCd20.3x Cd

2 ) eV, Ve /Vh50.7/0.3~Ref. 8!. Dashed lines are used to guide eye.
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electron-hole pairs at relatively low fields. For the sample
with xCd50.13 in Fig. 2~b!, this behavior can be seen until
the excited hh states are merged byB into the subband con-
tinuum of the lh exciton above 2.74 eV. Beyond this field,
clear indications of an anticrossing behavior are found. Simi-
lar features are not observed on the other two samples. For
higher Cd content@Fig. 2~c!#, neither the somewhat larger
inhomogeneous broadening nor the increased lh-hh splitting
allows one to trace the Landau levels up to the lh exciton
continuum, whereas forxCd50.076 in Fig. 2~a! that region is
covered by the onset of barrier absorption. For the latter
sample, the magnetic field behavior of the hh exciton ground
state is depicted again in Fig. 3 using an enlarged energy
scale. Additionally, the data for the 1s lh exciton are given,
which exhibit a more complicated behavior. Superimposed
to the splitting between thes1 ands2 component, a non-
monotonous dependence onB is observable.

IV. ANALYSIS OF EXPERIMENTAL DATA

For ZnSe-related MQW’s, there are still considerable un-
certainties about the correct band offsets and carrier masses.
Even for bulk ZnSe, two different sets of electron and hole
masses are widely used:

me50.160m0 , mhh,'50.495m0 ,

mlh,'50.152m0 ~g154.30, g251.14! ~9!

and

me50.147m0 , mhh,'50.813m0 ,

mlh,'50.272m0 ~g152.45, g250.61! ~10!

determined by Brillouin scattering of excitonic polaritons24

and magneto-optical studies ofp-like excited exciton
states,25 respectively. For the ZnxCd12xSe alloy, a linear
interpolation between the binary components is usually made
where the masses in cubic CdSe are assumed to be 20–25 %
smaller than those for ZnSe.3 In what follows, we extract the
information contained in the magneto-optical data of the pre-
vious section by comparing them with numerical calculations
of magnetoexciton energies. The various parameters enter
with quite different importance. This is demonstrated in Fig.
4, where hh magnetoexciton energies computed by the NSIM
are drawn versus magnetic field. The solid lines are obtained
using the masses in~10! adapted toxCd50.123 and a total
band offsetVe1Vh5157 meV shared byVe /Vh50.7/0.3
between conduction and hh valence band. An increase of the
offset by 50%~dashed-dotted lines! yields a low-energy shift
of the exciton ground state due to increased confinement, but
practically no resolvable changes for the excited exciton
states. The latter applies also whenVe /Vh is increased up to
0.8/0.2 and, as long asm i is kept fixed, for a variation of the
heavy-hole and electron masses along thez axis. The reason
for this is that the alteration of the subband wave functions
by those parameters modifies the effective Coulomb poten-
tial V(%) in such a way that excited exciton states with
smaller probability density near%50 are less affected than
the ground state. On the contrary, as seen from the dashed
lines in Fig. 4, a change of the reduced in-plane mass by only
5% causes already a significant variation of the excited mag-
netoexciton energies. Therefore, despite uncertainties re-
maining for the band offsets and carrier masses in thez
direction, the correct values forEg* andm i can be precisely
derived from their magnetic-field behavior.26 As demon-
strated by Fig. 2, a very satisfactory fit is indeed achieved for

FIG. 3. Magnetic-field behavior of the hh and lh exciton ground
state of the MQW withxCd50.076 anddw54.5 nm. Solid lines: fit
of the hh exciton ground state by formula~8!.

FIG. 4. Calculated magnetoexciton energies measured relatively
to Eg* . dw55 nm. Solid lines:Ve5110 meV; Vh547 meV;
m i50.099m0. Dashed-dotted lines:Ve5165 meV;Vh571 meV;
m i50.099m0. Dashed lines: Ve5110 meV; Vh547 meV;
m i50.105m0.
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any of the three MQW structures. The resulting subband
gaps and reduced in-plane masses are summarized in Table I.
Instead ofm i representing an average over the subband wave
functions, the mass (m i* ) is given, which belongs purely to
the strained well material. Unlike a previous analysis based
only on exciton ground-state data,3 the fitting procedure re-
veals an increase ofm i* with growing Cd content. An ex-
trapolation to ZnSe yields a reduced in-plane mass consistent
with set~10! rather than~9!. Accordingly, all calculations of
the present paper rely on the band masses~10! proportionally
increased to obtain the reduced in-plane masses given in
Table I. It should be noted that, even for the highest fields,
both slope and energy spacing of the excited exciton states
~Fig. 2! deviate remarkably from the values expected for
pure Landau levels. This indicates the significant role still
played by the Coulomb interaction. A quite similar behavior
has been very recently reported for magnetoexcitons in
CdTe/CdxZn12xTe QW’s ~Ref. 27! with even less exciton
binding energies.

As seen from Fig. 2, the agreement between the experi-
mental data and the NSIM calculations is less perfect for the
exciton ground states. Nevertheless, sinceEg* is accurately
known from the fit of the excited exciton states, the binding
energyRhh5Eg*2Ehh can be easily derived using forEhh the
experimental position atB50. In addition toRhh, Table I
compiles also the magnetic parametersd and geff deduced
with the aid of the empirical formula~8!. The 2.7–2.9-meV
smaller values of the exciton binding energy obtained by the
NSIM ~see Table II! are caused by the neglect of the Cou-
lomb correlation along thez direction in ~2!.28 Indeed, a
much better description of the ground state is provided by
the variational treatment with the two-parameter wave func-
tion ~5! previously successfully applied to explain exciton
data on ZnxCd12xSe/ZnSe MQW’s with no magnetic field.5

The computed exciton binding energies given also in Table
II are very close to the semiexperimental data in Table I. We
have also enumerated the diamagnetic shift coefficientd us-

ing both the magnetic field dependence ofXhh directly cal-
culated by the NSIM as well as the exciton wave function~5!
of the variational treatment. As seen in Table II, either
method yields practically the same values. This shows that,
despite the neglected electron-hole correlation along thez
direction, the in-plane motion of the ground-state exciton is
described correctly by the NSIM too. For the MQW’s with
higher Cd concentration, the calculatedd coefficients agree
very well with the experimental data. From~6!, the expecta-
tion value of the squared in-plane radius can be determined.
An increase ofxCd from 0.13 to 0.21 decreases^%2&1/2 from
4.8 to 4.4 nm, reflecting the stronger two-dimensional con-
finement for larger barriers. The value ofd found for the
sample withxCd50.076 may be already influenced by the
coupling with lh states due to the smaller hh-lh splitting. The
dependence ofgeff on the Cd content indicates also a small
but not negligible coupling for the ground state. The valence-
band mixing is more clearly seen from the anticrossing fea-
tures marked by dashed lines in Fig. 2~b! (xCd50.13) as well
as from the magnetic-field behavior of the lh exciton ground
state in Fig. 3 (xCd50.076). In what follows, we present a
qualitative discussion of those effects on the basis of the
selection rules for the band mixing.

In ~1!, the kinetic energy terms of the hole have to be
replaced by the 434 k•p Hamiltonian for heavy and light
holes with the angular momentumj h53/2 and its projection
j z,h563/2 and61/2, respectively.29 In Ref. 14, numerical
calculations of magnetoexcitons have been performed within
this framework. The modified Hamiltonian commutes neither
with the square nor the projection of the angular momenta
Jh andL arising from Bloch factors and the internal exciton
motion, respectively. Instead, the square and projection of
the total angular momentumF5L1Jh are good quantum
numbers. Moreover, the parity of the excitonic envelope is
conserved. Therefore, exciton statesun,l , j z,h& ~Ref. 30! of
different l and j z,h have to be properly combined to construct
simultaneous eigenstatesu f z,h& of the Hamiltonian,F2, Fz ,
and the parity operator. Fors-like hh exciton states (l50),
only mixing with excited d-like ( l562) lh states
occurs:14,31

u13/2&5c11un1s,13/2&1c12un2d1,21/2& ~11!

and

u23/2&5c21un1s,23/2&1c22un2d2,11/2&, n2>3,
~12!

being optically active fors1 and s2 polarization, respec-
tively. Due to the Zeeman term in~3!, their magnetic-field
shift is different. In a pure Landau level picture, 3d2 corre-
sponds to a transition between the zeroth electron and the
second hole level, whereas 3d1 takes place between the sec-
ond electron and the zeroth hole level. For the coupling be-
tween the 1s-lh exciton state andd-like hh states a similar
consideration shows that the mixing withd1 and d2 hh
states appears also ins1 ands2 polarization, respectively.
We note that the coupling of hh and lh states is present
already atB50. In a magnetic field, this effect can be en-
hanced by tuning the various states energetically closer or
even into resonance.

TABLE I. Parameters of the hh exciton obtained by fitting the
excited states with the magnetoexciton calculations and the ground
state with~8!, respectively.

xCd dw ~nm! Eg* ~eV! Rhh ~meV! m i* /m0 d (meV/T2) g eff

0.076 4.5 2.772 31.4 0.114 ~3.3! 0.35
0.13 5.0 2.716 33.6 0.115 4.4 0.26
0.21 5.0 2.660 37.3 0.122 3.5 0.21

TABLE II. Comparison of the hh exciton ground-state binding
energy and the in-plane size obtained from the numerical solution
of ~4! and the variational treatment.

Variational
Sample NSIM treatment

xCd dw
~nm!

Rhh

~meV!
d

(meV/T2)
R hh

~meV!
d

(meV/T2)

0.076 4.5 28.7 5.14 31.1 4.89
0.13 5.0 31.7 4.40 33.3 4.43
0.21 5.0 34.2 3.62 35.8 3.68
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In Fig. 5, the magnetoexciton energies fors-like hh states
~solid lines! are given in comparison with those of the lh
ground state~dashed-dotted line! as well as hh and lh 3d
states~dashed lines!. Both the hh and lh energies are sepa-
rately computed within the two-band model by the NSIM
method. The data obtained for thexCd50.13 sample@Fig.
2~b!# are used. Here, the 1h exciton ground state is placed
about 1 meV aboveEg* of the hh band atB50. At the
intersections in Fig. 5 marked by a circle containing the re-
spective photon polarization, the hh-lh mixing is resonantly
enhanced. ForXlh,1s andXhh,3d2, this occurs at fields around
11 T between theXhh,2s andXhh,3s states. Indeed, a respec-
tive field-induced absorption feature denoted by 3d2 in Fig.
2~b! is found fors2 polarization atB>10 T. Both its vis-
ibility in a limited range of magnetic fields as well as its
low-energy shift withB have to be attributed to the varying
coupling strength around the intersection. Due to the larger
magnetic field shift ofXhh,3d1 , its mixing with X lh,1s opti-
cally active fors1 polarization is expected only in a small
interval at lower magnetic fields and, thus, not observed
here. Recently, both kinds of coupling have been reported for
In xGa12xAs/GaAs QW’s.32 For the sample with the smallest

xCd in Fig. 3, the lh exciton ground state is placed 2.5 meV
below theXhh,2s state. In that case, the valence-band mixing
results in a nonmonotonous behavior ofXlh,1s clearly seen on
the enlarged energy scale. It should be noted that the ob-
served splitting betweens1 ands2 polarization is also in-
fluenced by the coupling with the 3d1 and 3d2 hh exciton
states, respectively.

According to ~11! and ~12!, the hh exciton ground state
can only couple withd-like excited states of the lh exciton.
The energetic spacing@nearly given by the sum of the split-
ting between hh and lh exciton~and the 1h exciton! Ryd-
berg# is so large that this coupling is, however, of minor
importance. Practically, the same holds for exciteds-like hh
exciton states until they are moved into the spectral range of
excited 1h states@above 2.74 eV in Fig. 2~b!#. For this rea-
son, the two-band model is quite adequate to describe hh
magnetoexcitons with energies below the lh subband gap.
Above this energy, clear anticrossing features of the 5s and
6s hh exciton states are seen at the intersection with 3d lh
states in Fig. 2~b! ~cf. Fig. 5!. The spectra in the lower part of
Fig. 1 exhibit additional evidence for this. For both magnetic
field strengths depicted, the state just located at the cross-
over, 5s or 6s, has gained an increased oscillator strength.

V. CONCLUSIONS

In conclusion, we have presented a systematic experimen-
tal and numerical analysis of magnetoexcitons in wide-gap
II-VI-related MQW’s. Very precise values of the binding
energy as well as the in-plane size and reduced mass of the
heavy-hole exciton in ZnxCd12xSe MQW’s are gained. The
experimental data for the excited exciton states are well re-
produced by a numerical solution of the in-plane motion of
magnetoexcitons. For the exciton ground state, a variational
treatment with a two-parameter trial function yields better
agreement. Anticrossing features with different selection
rules fors1 ands2 active excitons as well as a nonmonoto-
nous magnetic field behavior of the lh exciton ground state
can be well explained by the valence-band mixing. A
d-like excited hh exciton state is observed the finite oscillator
strength of which results from admixing of the 1s lh exciton
state.
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