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Resonant spin-dependent electron coupling in a 1lI-V/II-VI heterovalent double quantum well
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We report on design, fabrication, and magneto-optical studies of a 11I-V/II-VI hybrid structure containing a
GaAs/AlGaAs/ZnSe/ZnCdMnSe double quantum welW). The structure design allows one to tune the QW
levels into the resonance, thus facilitating penetration of the electron wave function from the diluted magnetic
semiconductor ZnCdMnSe QW into the nonmagnetic GaAs QWyvarelversa Magneto-photoluminescence
studies demonstrate level anticrossing and strong intermixing resulting in a drastic renormalization of the
electron effectivey factor, in perfect agreement with the energy level calculations.
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I. INTRODUCTION recently, the injection of spin-polarized electrons through a
GaAs/ZnSe heterointerface has been realized in an
The great majority of currently used semiconductor de<(In)GaAs/AlGaAs QW light-emitting diode with a II-VI
vice heterostructures aigovalent i.e., they involve com- DMS spin aligner grown on top»1® Furthermore, photolu-
pounds of the same chemical group. The design and fabricaninescence was detected from an AlAs/GaAs/ZnSe QW
tion of heterovalentheterostructures, including compounds with a heterovalent interface.
of different groups, are hampered because of the lack of In this paper we report on the realization of a double QW
precise data on the properties and technology of heterovalestructure, where a GaAs/AlGaAs QW is electronically
interfaces. Particularly discouraging are the charge accumwoupled with a DMS ZnCdMnSe/ZnSe QW through a het-
lation at the interfaces and poor technological reproducibilityerovalent AlGaAs/ZnSe interface. We show that the proper
of such basic interface properties as band offsets which destructure design allows one to achieve resonant tunnelling
pend on the detail of the atomic structure and composition o€onditions, which facilitates an extension of the electron
the interfacé: On the other hand, certain useful character-wave function in the 1I-VI DMS region, resulting in giant
istics of the heterovalent structures are unachievable in thealues of the effectivay factor in both the GaAs-like and
isovalent ones. One known example is the reduced hole lealZnCdMnSe-like electronic states.
age in mid-infrared optoelectronic devices based on InAs, The paper is organized as follows. In Sec. Il we describe
due to the realization of a huge valence band off§®0) at  the design and functionality of the heterovalent double QW
an InAs/CdSe interfacg. structure and present the calculations of electron levels in an
Another opportunity can be a flexible engineering of external magnetic field. Furthermore, the variational method
magneto-electronic and magneto-optical properties in a Illis briefly outlined, which allows one to calculate excitonic
V/1I-VI hybrid quantum structure allowing a coherent cou- states in the electronically coupled QWs. In Sec. Il the
pling of electrons confined in a IlI-V part, e.g., a sample growth and magnetic-field-dependent photolumines-
GaAs/AlGaAs quantum wellQW), and a diluted magnetic cence(PL) measurements are introduced. Based on the fit-
semiconductor(DMS) 1I-VI part, e.g. a ZnCdMnSe/ZnSe ting of the energies of circularly polarized excitonic emission
QW. Such structures can combine the magnetically tunablpeaks, we discuss resonant properties of the heterovalent
spin-dependent electron confining potential in the 11-VI DMS coupled QWs.
part? and high electron mobilities as well as long electron
spin relaxation times in a non-magnetic 11I-V pérThis
combination can be useful for both fundamental studies of
spin-polarized two-dimensional electron gas and device ap- The sample design and principles of operation are illus-
plications in the rapidly growing field of spintronics. Note trated in Fig. 1. Figure () shows schematically the conduc-
that the magnetic tuning of spin-dependent electron couplingon band lineup of the proposed structure. The QW param-
was previously observed in spin superlattictand double eters are chosen in such a way that at zero magnetic field the
QWS’ consisting of diluted magnetic and nonmagnetic 11-VI lowest confined electron level in the ZnCdMnSe QW is
semiconductors. However, to the best of our knowledge, theearly resonant with the lowest electron level in the GaAs
electron resonant coupling through a heterovalent interfac@W. The calculated squared envelope wave function of the
has never been observed. lowest-energy electron state in the coupled QWs at zero
Realization of the proposed design relies on the controllednagnetic field is plotted in Fig.(lb) (solid curve. The elec-
fabrication of a high-quality interface between the IlI-V and tron probability is distributed between the two QWs. The
[I-VI parts. The(Al)GaAs/ZnSe interface is at present mostprimary effect of a relatively low external magnetic field
studied among other heterovalent interfat&s1?Its tech-  applied in the Faraday geometry is a giant Zeeman splitting
nology was thoroughly developed for the growth of ZnSe-in the DMS QW, caused by the exchange interaction between
based optoelectronic devices on GaAs substrdtésMore  electrons and Mff ions® As a result, the magnetic field

Il. THEORETICAL BACKGROUND

1098-0121/2005/7119)/1953126)/$23.00 195312-1 ©2005 The American Physical Society



TOROPOVet al. PHYSICAL REVIEW B 71, 195312(2005

by /T IR merge atB~0.3 T and then move apart. This explains a
o~ T\ drastic anticrossing of these levels when the interwell cou-
& L pling is switched on. In contrast, the increasing magnetic
r N field loosens the interwell coupling of the levels with
%200 1 T s:_l_/Z.This resona_nt ma_lgneti_c-field-induced _control of level
= 100 AIB2AS oups| 1 ZnCaMnSe mixing should manifest itself in magneto-optical spectra not
g ol@ i only in a giant splitting between the lowest levels with
u T et s=+1/2 butalso in a remarkable red-shift of their center of
0 Distance (}30 mass. Penetration of the heavy hole states into the ZnCd-

MnSe QW is prohibited due to the huge valence band offset
FIG. 1. (8) Conduction band lineup of the double QW sample. &t the GaAs/ZnSe interfade-1.1 eV) as well as the larger
Geometrical parameters correspond to the experimental samphalue of the effective mass.

with the 3.4-nm-wide GaAs QW(b) Spin-up (dotted curvg and While calculating the exciton energies we used the self-
spin-down(dashed curjesquared electron wave functions calcu- consistent variational method and chose factorized exciton

lated for the magnetic field 4.5 T. A solid curve shows the zero-fieldenvelope functions similar to the procedure applied in Ref.

wave function. 18. The probe exciton envelope function was taken in the
form
removes spin degeneracy, pushing the electron level with W = oz en(z)(p), (1)

spin componens=-1/2 down and the leves=+1/2 up.
Due to the splitting, the interwell coupling strength is differ- where ¢¢(2) and ¢n(2) are the single-particle electron and
ent for the electrons with different spin orientations. The spinhole envelope functions, the envelope functfgn describes
asymmetry is well seen in Fig() showing the ground state the in-plane electron-hole relative motianis directed along
electron wave functions fos=+1/2 at themagnetic field the growth direction, angp denotes the electron-hole in-
B=4.5 T. The calculation is performed by using the envelopeplane distance. The hole envelopg is fixed due to strong
function approach as well as the mean-field approximatiortonfinement in the GaAs QW, its dependence on the mag-
while describing Brillouin-like paramagnetic behavior of the netic field can be ignored. The electron envelope function is
Mn?* ions® more flexible, and it can be redistributed, as compared with a
The calculated electron levels versus magnetic field argingle-electron state, between the two coupled QWs due to
shown in Fig. 2. The diamagnetic shift of the levels as wellthe electron-hole Coulomb attraction. The self-consistent so-
as the Zeeman level splitting due to the intringitactors are  |ution of the coupled Schrodinger equations for the enve-
neglected since they are weak as compared with the effect édpesp.(z) andf(p) was found numerically. The relevance of
exchange interaction with the magnetic ions. The dashed antlis procedure for the description of the experimental spectra
dotted curves in Fig. 2 illustrate the variation of energy lev-of excitonic emission is discussed in the next section.
els in the corresponding uncoupled single QWs. Within the
used approximation the level in the isolated GaAs QW re-
mains spin degenerat@ashed curve At zero magnetic IIl. EXPERIMENTAL RESULTS AND DISCUSSION

field, due to the interwell coupling, the levels are repulsed, )
but the double degeneracy is not lifted. As the field increases, 1he Samples were grown by molecular-beam epitaxy on

the single-QW levels witls=—1/2 first approach each other, GaAg001), with the I1l-V and II-VI growth chambers being
connected via an ultrahigh vacuum transfer module. The

GaAs QW sandwiched between yAGa 7As barriers was
grown at a substrate temperatirg=580 °C and a low As/
1l flux ratio, just sufficient to providg2 x 4)As reconstruc-
tion during the growth of AlGaAs layers. The top barrier was

0.124

3 01 as thin as 2 nm. It was capped by one monolayer of GaAs to

? prevent contamination of the AlGaAs surface in the transfer

g chamber. The grown AlGaAs/GaAs QW structure was
0.10 cooled down with the(2x 4)As reconstruction. Thereafter

the structure was transferred to the 1I-VI chamber where it
was heated up to 280 °C keeping tt®x 4)As reconstruc-

tion unchanged. The II-VI growth was initiated under the
surface exposure to Se flux, as short as necessary to change
FIG. 2. Electron level variation with the magnetic field in the the (2X 4)As surface reconstruction to(d@x 1) pattern. The

double QW structure. The structure parameters are the same as Ifi{ter was stable during the following 30-seconds-long expo-
Fig. 1. Dashed and dotted curves represent the levels in isolate¥Hre to Zn flux. According to this procedure, one could ex-

GaAs and ZnCdMnSe QWs, respectively. Solid curves show th@€ct the formation of a Zn-reach interface with a slight ad-
four levels in the coupled QWs, while a pair of dash-and-dottedMixture of selenium. The ZnSe growth occurred under the

curves shows the lowest spin-up and spin-down electron levels with2 X 1)Se-stabilized surface conditions. The II-VI part con-
subtracted exciton binding energies. tained a Zg g/Cdy gdMNg gsS€e 9-nm-wide QW embedded be-

o 1 2 3 4 5
Magnetic field (T)
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FIG. 3. ¢* ando™ polarized PL spectra measured at Qdashed
curves and 4.5 T(solid curveg in the sample with a 3.4 nm wide FIG. 4. Circularly polarized PL spectra measured at @a@sh-
GaAs QW. and-dotted curveand 4.5 T(solid and dotted curvesn the refer-

ence sample with an isolated GaAs QWW1) and off-resonant
tween 1.2- and 20-nm-thick ZnSe barriers on bottom and topdouble-QW(QW?2).
respectively.

The thickness of the combined AlGaAs/ZnSe barrier bethan the change of exciton energy, corresponding to a single-
tween the GaAs and ZnCdMnSe QWs totals 3.2 nm. Thenonolayer variation of the QW width, which implies the
AlGaAs layer is inserted in order to move the heterovalenpresence of some broadening mechanism that is more effi-
interface with presumably enhanced density of defects abaagient than the broadening due to lateral monomolecular fluc-
from the GaAs QW. The ZnSe spacer is needed for propetuations of the QW width. To elucidate this point we have
[I-VI growth initiation and for preventing Mn diffusion in measured PL spectra in the sample containing a 2.8-nm-wide
the 11I-V part, since even low content of Mn in Ill-V com- reference GaAs QWQW1) placed in the bulk of the Al-
pounds damages their optical quality. The total barrier thick-GaAs barrier, in addition to a 5.5-nm-wide GaAs QQW2)
ness governs the transfer integral between the single-QWeparated by the 3.2-nm-wide barrier with a heterovalent in-
electron wave functions and, hence, the strength of the inteterface from a 9-nm-wide ZnCdMnSe QW. Figure 4 shows
well coupling. the PL spectrum measured in this sample at @dsh-dotted

Furthermore, reference samples were grown, containingurve) as well aso™ (dotted curvg and o~ (solid curve
either an additional isolated GaAs QW placed in the bulk ofspectra measured at 4.5 T. The spectrum consists of two ex-
the Aly {Ga,-As layer ~15 nm apart from the heterovalent citonic emission lines of comparable intensity, corresponding
interface, or an isolated ZR/Cdy ogViNg os5e QW separated to these two QWs. For the reference QW1 the linewidth
from the heterovalent interface by a 20-nm-thick ZnSeamounts to 14 meV that is comparable with the energy of the
buffer. respective single-monolayer fluctuation of the QW width

A saturation value of the Zeeman splitting for electrons(~17 me\). This confirms dominance of the conventional
confined within the ZnCdMnSe QW lies in the range of line-broadening mechanism caused by the well width fluc-
15-20 meV. This means that the zero-field interlevel energyuations.
spacing should be preset to within 10 meV. The fulfilment For the QW2 located only 2 nm apart from the
of this requirement is complicated by the drastic dependencAlGaAs/ZnSe heterovalent interface, the PL linewidth is
of the conduction band offs¢€CBO) at a GaAs/ZnSe inter- 16 meV, which is nearly threefold more than the calculated
face on growth conditions. When the interface growthenergy variation caused by the single-monolayer thickness
regime changes from Zn-rich to Se-rich, CBO has beerluctuation of the 5.5-nm-wide QW~6 meV). Therefore we
found to vary from 100 meV to 600 meV¥We fixed the assume that the vicinity of the heterointerface results in some
interface growth conditions, as described above, and grew additional inhomogeneous broadening of the QW exciton,
set of structures with a different width of the GaAs QWSs, originating most probably from the fluctuating electric field
which was controlled by growth rate calibrations and transinduced by interface dipoles. Then the even stronger PL line
mission electron microscopy measurements. Most intriguindroadening observed in the double-QW sample with the
results have been obtained in the double-QW structure with emore narrow 3.4-nm-wide QW reflects the deeper penetra-
3.4-nm-thick GaAs QW. tion of the electron wave function into the QW barrier and,

To study the effects of interwell electronic coupling we hence, the enhanced sensitivity to the interface disorder.
have measured low-temperature spectra of GaAs QW excNevertheless, one should note that the QW2 PL line position
tonic photoluminescencg’L) in a magnetic field applied in fits reasonably well the energy expected for the 5.5-nm-wide
the Faraday geometry. A linearly polarized emission of theQW at zero electric field, which indicates a weakness of the
514 nm line of an At laser was used as an excitation source.average electric field induced by the heterovalent interface at
Figure 3 shows the PL spectra of circularly polarized emisthe position of the QW2.
sion components measured in the sample with a 3.4-nm-wide To determine the energy positions of the relatively wide
GaAs QW at 0 T(dashed curvegsand 4.5 T(solid curves. PL peaks a polynomial was fitted to the data points, follow-
The PL linewidth amounts to 26 meV and does not dependhg the approach suggested in Ref. 19. The statistical uncer-
on the magnetic field. This value is nearly two times moretainty limiting the measurement accuracy was estimated as
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1.640 ] part of the magnetic-field-induced splitting is contributed by
a red shift of thd-1/2,3/2 exciton level. Therefore we can
1.639 4 unambiguously attribute the character of the observed PL
%‘ 1.638 ] band splitting to the effect of resonant coupling between
- electronic states in the nonmagnetic and DMS QWs. This
S 1.637] interpretation explains the fact that no remarkable splitting
] has been observed in the double-QW sample with the thicker
1.636 GaAs QW (QW2). The electron level in this 5.5-nm-wide
c 03] QW lies 45 meV below the electron level in the 3.4-nm-wide
-% QW. Therefore the electronic levels in the nonmagnetic and
g 0.2] magnetic QWSs are remote far enough to prevent a remark-
g able effect of interwell coupling on the exciton energy.
5 To describe the experimental data quantitatively, we have
g 01 calculated the spin-dependent energies|10f2,-3/2 and
2 |-1/2,3/2 excitons as a function of magnetic field in the
Q 0.0, coupled QW system. The conventional parameters were

taken for the GaAs and AlGaAs band gaps, effective masses
Magnetic field (T) and band offset® The permittivity e=11 was used as an
average between those of Gafs~=13) and ZnSe(e=9).

FIG. 5. (a Energy of the PL peaks corresponding to To fix the parameters of the ZnCdMnSe/ZnSe QW we have
|-1/2,3/2 (open circleg and|1/2,-3/2 (solid circles excitons, measured the spectra of excitonic reflection in an external
measured as a function of the magnetic field. Solid lines representimagnetic field in a reference isolated ZnCdMnSe QW grown
theoretical fit(see the tejt (b) Degree ofs™ circular polarization of  under the same conditions as the DMS QW in the
PL, measured in a resonant double-Qlapen triangles off-  double-QW samples. The lowest-energy* polarized
resonant double-QWsolid diamonds and isolated GaAs QW |-1/2,3/2 exciton is well visible in the whole range of
(open squargs Solid curves are drawn only to guide the eye. magnetic fields, confirming the type | band offsets at the

ZnCdMnSe/ZnSe interface. The performed theoretical fit of
+0.4 meV. No splitting between™ polarized PL lines was the exciton energy versus magnetic field has allowed us to
observed for the QW1 and QW2 excitons in the coveredbtain the effective Mn concentrations=0.03 and value
range of magnetic fields below 4.5(%ee Fig. 4 According 1.84 K of the parametefly, describing antiferromagnetic
to the optical selection rules, the emission componerits coupling between the Mt ions® For thes-d and p-d ex-
and o~ are due to the radiative recombination of the dipole-change integrals, we took the valubga=0.26 andNy8=
active excitons|-1/2,3/2 and [1/2,-3/2, respectively. -1.31, as in pure ZnMnS&.Assuming that 75% of the total
Here we use the notatids, m) for an exciton with the elec- band offset at the ZnCdMnSe/ZnSe interface falls on the
tron spins=+1/2 and thehole angular momentum compo- conduction band, the conduction and valence band offsets
nentm=+3/2. In theconventional GaAs/AlGaAs QWSs the were obtained as 76 meV and 25 meV, respectively. The
exciton splitting is determined by the electron and hole in-relatively small VBO implies that the upper™ polarized
trinsic g factors. Both of them are very small, so that the|1/2,-3/2 exciton becomes a type Il exciton atl.5 T.
respective splitting at 4.5 T does not exceed 0.3 meV for anjHowever, the CBO is large enough to ensure the symmetric
reasonable QW width? These values are within the experi- splitting of the electrons witk=+1/2, asshown in Fig. 2 by
mental error that explains the unobservable splitting of thehe dotted lines.

PL line corresponding to the reference isolated QQW1). To compare the theory with the PL experimental data, the

On the other hand, the PL spectral peaks in theStokes shift adopted as @Qf, Ap, being the full width at
double-QW sample with the 3.4-nm-wide QW are split athalf maximum of the PL peak was subtracted from the
4.5 T by ~3 meV, the lowest-energy peak being polar-  calculated free-exciton energy. CBO at the GaAs/ZnSe in-
ized (see Fig. 3. The peak energy positions are plotted in terface was considered as the only fitting parameter, while
Fig. 5(a) as a function of the magnetic field. These depen-CBO at the AIGaAs/ZnSe interface was calculated assuming
dencies reflect neither the Zeeman splitting expected for the validity of the transitivity rule for ZnSe/GaAs and
conventional GaAs/AlGaAs QW nor the symmetrical giantZnSe/AlAs heterojunction®. The best theoretical fit shown
splitting typical for a single DMS QW. Indeed, for a single in Fig. 5a) by solid lines was obtained in that way, assuming
3.4-nm GaAs-based QW, the expected spin splitting at 4.5 The GaAs/ZnSe CBO to be equal to 171 meV. This value
would be as small as-0.3 meV, taking into account the corresponds to a “mixed” Zn-rich interfaéen agreement
valuesg.~0.1 andgy,~-1.6 for the electron and heavy- with the short surface exposure to Se at the initial stage of
hole g factors!® Moreover, according to the signs gf and  the II-VI growth. Note that this procedure was performed
Onn the lowest-energy exciton should [de/2,-3/2, which  intentionally to bring the QW levels into a resonance in a
is active in theo™ polarization. The experimentally observed structure with suitable QW widths.
ordering of the spin-split excitons is opposite. On the other As mentioned in Sec. Il, the self-consistent calculation
hand, the observed spin splitting between th&/2,3/2  procedure takes into account the redistribution of the elec-
and|1/2,-3/2 exciton states is quite asymmetric, namely, tron wave function between the two coupled QWs due to the
the exciton leve|1/2,-3/2 is rather stable so that the main electron-hole Coulomb attraction. The relevance of this ap-
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electrons in the II-VI part. At 4.5 T this probability is larger
for the spin-down electron level that can result in certain
overestimation of the spin splitting, if the diamagnetic shift
is not taken into account. However, we believe that this cor-
rection is of the order of the experimental inaccuracy and can
result only in an insignificant underestimation of the
GaAs/ZnSe CBO as obtained from the fitting procedure.
Figure §b) shows the degree af* circular polarization
R of PL, measured as a function of the magnetic field in the
Distance (A) resonant double-QW with the 3.4-nm-wide GaAs QW, off-
resonant double-QW with the 5.5-nm-wide GaAs QW

FIG. 6. Electron densityag(z) for.the spin-dovyn lowest-energy (QW?2), and reference 2.8-nm-wide isolated G@W1). The
elef:trop state calculate_d at4.5 T either neglec(dcgteq cu_rvéa or polarization degree is defined (5‘§+—|07)/(|”++|”7), where
taking into account(solid curve the Coulomb-attraction-induced " - - ) ] . i
redistribution of the electron envelope function. 17 and|” are the integrated intensities of the respective PL

components. The PL of the isolated QW is practically unpo-

proach is illustrated in Fig. 6 showing the shapegaifat larized. Since the linearly polarized light excites equal popu-
4.5 T, calculated either self-consistentiolid curve or ne- lations of ¢* and o~ active excitons, it means that the
glecting the Coulomb-attraction-induced redistribution of thespin splitting is smaller than the thermal enelgy and/or
electron probability(dotted curve The Coulomb attraction the spin relaxation is ineffective. The emission of the
results in a remarkable increase of probability to find theoff-resonant double-QWQW?2) is weakly o* polarized, so
electron in the GaAs QW. As a consequence, the selfthat the polarization degree at 4.5 T amounts to 0.1. Accord-
consistent exciton binding energy increases by about 30%.ing to Ref. 19 the lowest allowed spin-split exciton in an

To illustrate the effect of electron-hole Coulomb interac-isolated 5.5-nm-wide GaAs/AlGaAs QW is tlag polarized
tion on the exciton spin splitting we depicted in Fig. 2, by a|1/2,-3/2 exciton. The change of the polarization sign in-
pair of dash-and-dotted curves, the spin-up and spin-dowdicates the penetration of the electron wave function in the
lowest-energy electron levels reduced by the self-consiste®@MS QW even in the off-resonant sample, while the effect is
exciton binding energy. Since the hole energy is independemeak and the respective splitting could not be resolved.
of the magnetic field, the difference between the curves gives The spin splitting in the resonant double-QW at 4.5 T is
the actual exciton splitting. In agreement with the abovemuch larger thaksT which is ~170 eV at 2 K. Neverthe-
analysis the spin-up exciton level is only weakly dependentess the polarization degree at 4.5 T is as small as 0.3. This
on the magnetic field. The self-consistent spin-down leveimmediately indicates that the exiton spin lifetime is compa-
approaches, at high magnetic fields, the indirect excitomable to the radiative recombination time. The latter can
formed by an electron confined within the ZnCdMnSe QWhardly be much less than the lifetime of localized excitons in
and a hole confined within the GaAs QW. It is important tothe conventional 1lI-V or lI-VI type | QWSs, which usually
stress that, in comparison with the diréicttrawell) exciton,  falls within a 100—400 ps range. Such a low rate of exciton
the indirect exciton is characterized by the weaker electronspin relaxation might look surprising for the DMS structures,
hole Coulomb interaction and smaller binding energy. Thewhere the carrier spins suffer from an efficient spin-flip ex-
latter effect tends to reduce the exciton spin splitting as comehange with the magnetic i0A%2% One should note, how-
pared with the spin splitting of the single-electron levels. Inever, that exciton spin dynamics in DMS was found to be
particular, at 4.5 T the exciton spin splitting of 3 meV cor- rather complicated and sample-dependent due to an interplay
responds to the single-electron spin splitting of 7.2 meV. Theof various factors. Besides the stroggd exchange interac-
difference would be even larger if the calculation did nottions the spin dynamics is governed by the electron-hole ex-
take into account the Coulomb induced redistribution ofchange interactio”’ 28 mixing of valence band®-3'and ex-
electron probability and the pronounced difference betweeniton localization??33 In particular, remarkably long spin
the electron effective masses in Ga@s067,) and ZnCd- relaxation time of the order of 1 ns was demonstrated for
MnSe (~0.16m). localized excitons in strained ZnMnSe epilay&rsStrong

In the performed analysis we have neglected diamagnetidependence of the degree of circular polarization of excitonic
shifts both in 1lI-V and 1I-VI parts of the structure. This emission on spin splitting was observed in ZnMnSe-based
approximation is reliably justified for the wide-bandgap QW spin superlattice?? For the spin splitting value 3 meV the
based on ZnSe, where the diamagnetic shift was estimated pslarization degree was-0.4, which is comparable to the
3—4 ueV/T223 In the GaAs QWs the diamagnetic shift is polarization degree 0.3 obtained in our resonant double-QW
about ten times larger, decreasing in the limit of narrowsample at the same spin splitting. In view of these data the
QWSs?2* From the spectra shown in Fig. 4 one can deducebserved rather slow exciton spin relaxation rate does not
that at 4.5 T the diamagnetic shift amounts+@.5 meV in  appear impossible. Time resolved measurements of exciton
the 5.5-nm-wide QW and te-1 meV in the 2.8-nm-wide spin dynamics are necessary to clarify this point.
QW. The extrapolation of these data for a 3.4-nm-wide iso-
lated GaAs QW gives the value-1.3 meV. In the
double-QW structure near the resonance the diamagnetic In conclusion, we have demonstrated resonant electronic
shift should be reduced due to the high probability to findcoupling through a heterovalent AlIGaAs/ZnSe interface in

IV. CONCLUSIONS
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an optical-quality double QW with the DMS 11-VI part. The sidered as a sensitive indicator of both interface quality and
structure design allows one to resonantly enhance penetrairength of the electric fields induced by the heterovalent
tion of the nonmagnetic QW electron wave function into theinterface. Another potential advantage of these hybrid DMS
DMS region and enhance the QW electigifactor by more  structures is a possibility to insert a similar double QW in a
than one order of magnitude. Such structures are especialfyi-n or Schottky diode, allowing thus an electric control
beneficial for exciton optical studies, since the electron waveyer the electron spin polarization.

function at resonance has a minimysee the dashed curve

in Fig. 1(b)) at the heterovalent interface with a presumably

large density of defects and electrical dipoles, which other- ACKNOWLEDGMENTS
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