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Magneto-optical Kerr effect in short-period CdTe/MnTe superlattices
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Magneto-optical Kerr effectMOKE) studies of biaxially strainedCdTe,,/(MnTe),, superlattices gives
evidence of an antiferromagnetic ordering as well as of paramagnetic belfanikrMnTe is an antiferro-
magnet withTy~70 K). With increasingn, paramagnetic behavior becomes dominant in the MOKE signals,
apparently caused by the lack of spin ordering at(tbdTe/(MnTe) interfaces for wider CdTe wells. Apart
from the magnetic properties, the MOKE signals also yield information on the electronic interband transitions
involving heavy-hole and electron subbands, centered in the CdTe quantum|[®6ll§3-18208)06416-9

[. INTRODUCTION were found® The phase transition between antiferromag-
netic and paramagnetic phases has been observed at approxi-

Magnetic semiconductor quantum structures have foundnhately 70 K, with some variations depending on strain
increasing interest in recent years, because strong spin-spim a homogeneous MnTe epilayer, and at about 85 K in
interactions lead to interesting magneto-optical and magneMnTe/ZnTe superlattices.
totransport phenomerta’ Among those semiconductors, It has been reported that the magnetic behavior may
structures based on II-VI compounds have particularly beeshange if the magnetic layer thickness approaches the two-
studied quite intensively. However, while the electronicdimensional limit. Sawickiet al. investigated a series of
and magnetic properties of CdTe/CdMn,Te, (CdTe),/(CdysMngsTe)y, superlattices with constamt=16
ZnSelZn_,Mn,Se, or ZnSe/zp ,Fe Se quantum-well and andm varying from 5 to 20" In superconducting quantum
superlattice structures have been investigated quitéterference device magnetization experiments, a reduction
thoroughly?~®the amount of information on the superlattices of the spin-glass freezing temperature with decreasing thick-
consisting of binary compounds like CdTe/MnTe or ZnSe/ness of the magnetic barrier was measured. But a transition
MnSe is still much more sparse. to a spin-glass state was observed in every investigated

In the following we will concentrate on the CdTe/MnTe sample.
system as a model quantum structure system for a In CdysMngsTe/Cd) gdMng (Te superlattices, the Raman
diamagnetic/antiferromagnetic layer sequence. It is welline connected with the magnon excitations at low tempera-
known that for proper growth conditions MnTe can be ob-ture was not observed, although it is present in bulk samples
tained in its metastable cubic zinc-blende modificatific ~ of Cdy sMngsTe. In the superlattices, only Raman paramag-
lattice), if it is grown epitaxially on fcc substrates. The en- netic lines were detectéd.
ergy gap of CdTe bulk material is 1.606 é¥and the gap of A transition from antiferromagnetic to paramagnetic be-
MnTe epilayers was precisely measured by luminescenckavior in very thin films was also observed by Awschalom
(Eg=3.3 eV) (Ref. 11 and optical reflectance experiments et al1® Measurements of the magnetic susceptibility in thick
on thick MnTe films E¢~3.2 eV).12 It has been established epitaxial layers of Cg.,Mn,Te at low temperatures show a
that CdTe/Cg_,Mn,Te superlattices are of typdianditis  well-defined cusp in magnetic susceptibility vs temperature
supposed that CdTe/MnTe superlattices are of type | as wellssociated with the spin-glass transition similar to that in

The magnetic properties of zinc-blende MnTe were invesbulk material. However, very thin epilayers of CdMn,Te
tigated by Ando, Takahashi, and Okuda who measured theith comparable Mn content exhibit a monotonic paramag-
magnetic susceptibility and magnetic circular dichrofém. netic behavior, which is explained by a frustration of the
The magnetic structure was ascertained by neutroantiferromagnetic coupling in thin layers, because the num-
diffraction® It turned out that cubic MnTe is a close real- ber of nearest neighbors is reduc@d! Additionally, for a
ization of a Heisenberg fcc antiferromagnet with dominatingdiscussion of paramagnetic behavior in superlattices, one
nearest-neighbofNN) exchange interactions. The localized should have in mind interface effects like intermixing and
spins of the MA' ions are antiferromagnetically ordered in roughness as discussed for the CdTg/Gn,Te system,
(100) planes, as recently shown for cubic MnTe epilayers bye.g., by Gaj and co-workefd:?® High-resolution transmis-
neutron diffraction experimentFM-III structure).’® Per-  sion electron microscopy on MnTe layers showed that there
pendicularly to these sheets, antiferromagnetic NN-s an increased interface broadening for the growth of CdTe
interaction is partially frustrated. The resulting strongon MnTe with increasing MnTe layer thickneSs”* The re-
ground-state degeneracy can be partially removed by latticduction of magnetic nearest neighbors reduces the antiferro-
distortions in superlattices. Indeed, in CdTe/MnTe superlatmagnetic spin ordering, particularly in the first MnTe atomic
tices, incommensurate helical antiferromagnetic domainfayers close to the CdTe interfaces.
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Direct observation of the spin ordering in CdTe/MnTe g (B) are the excitonic transition energies for left- and
superlattices is obtained in neutron-diffraction experimentsyight-hand circularly polarized light=, denotes a constant
Indeed, not only conclusive evidence of antiferromagnetigyroportional to the oscillator strength*(B) is a phenom-
ordering was found, but also strong indications of magnetiGnological damping constant, ard is the high-frequency
interactions between the MnTe layers across the CdTe layjelectric constant. In the limit of small damping E(.)
ers. The diffraction peaks for the antiferromagnetic interacorresponds to Ed2) of Ref. 28. In(semymagnetic materi-
tion are accompanied by satellite peaks, and the helical spigis, the excitonic transition energies for left- and right-hand
ordering depends sensitively on the number of MnTe angircularly polarized light contain a contribution proportional
CdTe monolayer$>*® This magnetic coupling across the tq the magnetizatioM (B, T) of the samplé®
CdTe layers also stabilizes the antiferromagnetic ordering in ’
the first MnTe atomic layers, and compensates for its above- _Et(RV_E—(R)—
discussed reduction the more effectively the thinner the ABE=E;(B)~Eo (B)=AE(B)+AE[M(B.T)]. (2

CdTe layers are. Due to Eq.(1), the magneto-optical effects show strong sig-

Recently, polaronic efngCtS in CdTe/MnTe structures wereyatyres in the frequency dependence of the angle of rotation
suggested to occur as welland Quazzaet al. showed that 4 fixedB at the interband transition energigg (B), which

the electron paramagnetic resonance spectra of isolategls o function of the magnetization of the samfgee Eq.

2+ - . . -
Mn™ ions, .Wh'Ch diffused into the CdTe Iayers of (?dTe/ (2)]. Thus the dependence of the MOKE signal on magnetic
MnTe multiple-quantum-well structures with constituent gaiq or temperature yields information on the magnetization
layer thicknesses of about 12 nm, yield a direct measure ofs i sample.

the strain. In the present samples, the splitting of the excitonic tran-

_Inthe present work, we describe an optical method for the;jio energies of left- and right-hand circularly polarized
investigation of the evaluation of magnetic interactions Njight is much smaller than the linewidth of the excitonic

(CdT8,/(MnTe), superlattices with increasing. Since the  yansitions. Therefore the rotation angle depends linearly on
GaAs substrate is not transparent in the spectral region gf,q splitting of these transitions.

interest around 2 eV, instead of transmission experiments gince in our experiments the light can penetrate the su-
(Faraday effegt magneto-optical experiments using the re-perattice and the buffer layer and is partially reflected by the
flected light were carried out. We show that magneto-optical 4 ious interfaces. one cannot observe pure MQielec-

Kerr effect (MOKE) experiments, which probe the interac- jon from surfacg Multiple reflections combined with the
tion of the wave function of the carriers confined in the CdTeFaraday effect of the traversing light lead to interference

wells with the magnetic species, give relevant information OlYringes in the Kerr angle of the thin samples.

the spin ordering. Knowing the indices of refraction for all layers and both
circular polarizations, the phase shifts occurring with reflec-
Il. THEORETICAL BACKGROUND tions at all the interfaces as well as with penetration through
he individual layers are obtained. Using the matrix formal-
ism as described by Nies and Kesstethe total magneto-
optical effect in transmission as well as in reflection can be

The magneto-optical Kerr effect denotes the rotation o
the polarization plane of linearly polarized light, when it is
reflected from matter in a magnetic field, which is a"gnedcalculated

parallel to the propagation of the incident light. The rotation The line shapes of the resonances due to interband transi-

;’:_mgle(:) dtﬁpends ;)nlthe spin Spgtt_lng of the Opt'calttran?"tions strongly depend on the relative energetic positions of
lons. In the Spectral range used In our eXpenments, INtela, .iionjic resonances and interference maxima arising from
band transitions dominate. The different phase shifts occu

. . . . .
. . . the above-mentioned multiple reflections. Figure 1 shows ex-
ring at reflection for the two circular components of the P g

. ) . . —amples for calculated line shapes occurring for the same
;nggﬁgd light lead to the rotation of the linearly polarized layer thicknesses but slightly different resonance energies. It

Th _ ltti f1h ducti d val b dis obvious that strong changes in the line shape occur. A
€ Spin Spitlings ot the conduction and valence bandg,, o line-shape analysis must be performed to find the

contain information about the magnetization of the sample o ; ;
- . . correct resonance positions as well as amplitudes of the sig-
Whenever the probability to find a charge carrier at the lat- P P g

tice location of a MA* ion is finit h interaction orTeS:
Ice location of a lon IS finité, exchange Interaction 1, e cqTe/MnTe superlattices the strongest signatures
between the spin of the localized electrons and the mobil

. ) . : o Qre due to interband transitions between heavy-hole and elec-
carriers will contribute to the spin splitting of the band elec-

; . tron subbands in the CdTe wells. These transition energies
trons and holes. Therefore, the spin levels of the mobile car, g

iers d t onl lit in th ; | tic fiekb can be extracted after a line-shape analysis directly from the
rlfe}rs obn? on 3(;;?' Ir'][h € exl_etzrna ma}[gne Ilf [{é theman measured spectra. The wave functions of the involved states
ietei(z:g:ciorL: in-addition they Spiit proportionally to the mag- penetrate into the MnTe barriers. Thus information on the

) . . N magnetic properties, particularly of the first MnTe layers
The index of refraction for the two circular polarizations 9 brop b y y

L . close to the CdTe/MnTe interfaces is obtained.
o' and o~ of radiation with photon energ§ can be de-

scribed near an excitonic transition in a magnetic field by a
single-oscillator model according to lll. EXPERIMENTAL DETAILS

F All samples were grown 0f001]-oriented GaAs with a
0 ] combined method of molecular-beam epitaxy and atomic
E;(B)—E—3iI'*(B) layer epitaxy’> A relaxed buffer layer of ZnTg~1 um

N2=¢"(E,B)=¢,+
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FIG. 1. Theoretical MOKE line shapes calculated regarding
Fabry-Perot-like interferences in the multilayer structure. Excitonic
transitions atE;=1.985 eV (lower traceé and E,=2.05 eV (upper
trace. The geometry of the sample is equal in both cases.

detection of the difference of the intensities of the orthogo-
nally polarized waves and the measurement of the total in-
tensity(using two lock-in amplifiers If there is no ellipticity
of the light reflected from the sample, one can calculate the
thick) ensures that the superlattices also grow[@91] angle of rotation from both signals. For small angles and
direction® For the growth of the CdTe and MnTe layers of sSmall ellipticities, the signal depends linearly on the angle
the superlattice, a method as described in Ref. 32 was ch@nd only quadratically on the ellipticity, so it is rather insen-
sen: the CdTe layers were grown by atomic layer epitaxy irfitive to ellipticity.
the 0.5-ML/cycle modus. The MnTe layers were grown in  The experiments were carried out using a superconduct-
the conventional molecular-beam-epitaxy modus, but moniing magnet equipped with a variable-temperature insert. The
toring the fluxes with a quadrupole mass spectrometer with #indows of the cryostat are exposed to the strong magnetic
feedback loop for the shutter control. As previously shown field. Owing to Faraday effect, they induce a rotation of the
this growth method yields comparatively well-defined short-polarization plane of about 158(=6.8 T,A=500 nm). The
period superlattices with much less intermixing than thosd<err rotation due to the sample is of the order 0.01°. The
obtained by conventional molecular-beam epitdfor fur- best way to separate the sample rotation from the high win-
ther details, see Ref. 32All samples contain nominally dow background is to measure the MOKE signal as it de-
equal thicknesses of CdTe and fcc MnTe of 2, 4, 6, 8, and 1@ends on the wavelength. The variation of the window rota-
ML each. The CdTe and MnTe |ayers in these Short_periodion with the Wavelength of the ||ght is small Compared to the
superlattices, with the number of double layers ranging fron@mplitudes of the signatures due to interband transitions
about 70 to 300, grow approximately strain symmetrizedWithin the samples. Therefore, in two independent measure-
High-resolution x-ray-diffraction data already show superlat-ments the rotation due to the windows and the sample can be
tice satellite peaks for samples with the smallest number ofeparated.
monolayers. The simulations of the x-ray data using dynami-
cal diffraction theory revealed that the maximum deviation IV. RESULTS AND DISCUSSION
of the MnTe layer thicknesses from their nominal values in
this series of samples is less than 184

The detection of very small rotation angles of the polar- Figure 2 shows the experimentally determined interband
ization direction can be achieved by using differential meth-transition energies in high magnetic fields of 6.8(flll
ods. One method uses two orthogonally polarized compoeircles, as well as the approximation with a Kronig-Penney
nents of the linearly polarized wave separated behind thealculation(diamond$. In contrast to photoluminescence ex-
sample by a polarizing beam splitter. They are focused ontperiments, with the magneto-optical Kerr effect, higher sub-
two detectors. If the light is linearly polarized along the 45°band transitions in the superlattice can also be detected. They
direction with respect to the axis of the beam splitter, theare also depicted in Fig. 2.
difference between the intensities of the two components For the calculation it was assumed that 80% of the
vanishes. A rotation of the polarization plane then can beenergy-gap difference occurs as conduction-band offset as it
determined from the difference of the two intensitiés. is the case in CdTe/Gd,Mn,Te structures® The effective

We have improved this experimental setup by using anasses of MnTe were calculated according to the extrapola-
photoelastic modulator switching the polarization of the in-tion formula also given in Ref. 35. Regarding the uncertain-
cident beam by 90° at a frequency of 114.4 kHz. Behind thdies in band offsets and effective masses, there is a satisfac-
sample an analyzer is adjusted to 45° with respect to théory agreement between the calculations and the
incident polarizations. In addition, the light was chopped atexperimental data. But, despite the fact that the calculation
about 500 Hz. One detector is then sufficient for both theneglects the exciton binding energy, the calculated transition

A. Interband transition energies
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) FIG. 4. MOKE spectra of the sample with 8-ML CdTe and
FIG. 3. MOKE spectrum of the sample with 8-ML CdTe and ynTe atT=1.8 K. Uppermost tracd=0; lowest traceB=6.8 T;

MnTe (B=0 T, T:1-8J<)_- Line without noise: Simulation assum-  equidistantd steps(vertical offsets for clarity. Note the evolution
ing [n, —n_[=2.5x<10"* in the epilayers, probably due to strain. of the E, signature at about 1.98 eV, resulting from the lowest
interband transition.

energies in most cases are too low. However, the limited
accuracy of a Kronig-Penney calculation and the uncertaingrowth in amplitude of the interference fringes is just about a
ties of the MnTe effective masses do not allow one to calcufactor of 2. This indicates that most of the effect on MOKE,
late band offsets from the remaining discrepancy betweepwing to the spin splitting, occurs within the exciton line-
calculated and observed transition energies. width. The amplitude\® of the interband signature contains
information about the magnetization of the samjglee Eq.
(2)]. The fact that the line shape does not change drastically
o . . ~with increasing magnetic field demonstrates that the splitting
At zero magnetic field, no magneto-optical dichroism isof the excitonic interband transitions is indeed much smaller
expected. However, the experimental recording displayed ithan the excitonic linewidth.
Fig. 3 clearly shows small but existing MOKE signals with  The analogous curves for the other samples were mea-
an interference structure. This cannot be explained as a coBured as well. The magnetic-field dependence of the ampli-
sequence of any magnetic ordering, because it still exists att@des of the resonance signatures at 1.8 K is plotted in Fig. 5.
temperature of 100 K, far above the transition temperaturgn the sample with 2 ML of each material, the amplitude
reported in literature for MnTe. o depends linearly on the magnetic field. With increasing layer
_ An experimental result as shown in Fig. 3 can be causethicknesses one observes an enhanced Brillouin function like
either by rotation of the plane of polarization or by ellipticity bending of the corresponding curves, which is a clear indi-
of the reflected light. The latter is less probable, because the
detection method is rather insensitive to ellipticity. Assum-
ing that a rotation of the polarization is caused by strain in

B. Magnetic properties

the epilayer§dg ~0.4 um, dzy7e=1 wm (Ref. 3], one can . 10
approximately explain the experimental désee calculated %
line without noise in Fig. B In a phenomenological model nn 0.8
calculation we described the observed rotation by a splitting
of the indices of refraction for left- and right-hand circularly % 0.64
polarized light to be 2.5 10 4. The periodicity of the inter- =
ference fringes indicates that the dominating Fabry-Perot S
resonator is built by the superlattice and the buffer together. N 0.4

There is an additional signature marked bi" in Fig. = SAMPLE:
3. This transition can be reproduced in the theoretical simu- = ’
lation [see Eq.(1)] assuming an exciton in the CdTe layers & ©0-2- s 22

n 4/4

with E;=1.982 eV,F;=2 meV, and'=7.3 meV. The regu- = s 8/6
lar structure stops abruptly at about 2.38 eV, the energy gap 0.0 ——— 19/1?
of the ZnTe buffer. This proves our above mentioned as- 0 1 2 3 4 5 6 7

sumption that the effective resonator includes the buffer
layer.

MAGNETIC FIELD (T)

Figure 4 shows MOKE measurements as a function of FiG. 5. Magnetic-field dependence of the amplitudes offige

photon energy for variougequidistant magnetic fields.

signatures in the MOKE spectrd €1.8 K) normalized to the value

There exists a structure at about 1.98 eV which drasticallyat 7 T for all samples. The solid lines are fitted Brillouin function
grows in amplitude with increasing magnetic field. The[see text: Eq(3)].
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TABLE I. Fit results of Eq.(3) on experimental data according v '
to Fig. 5. The estimated accuracy of the parametersli§%. NS - e e,
Sample 10/10 6/6 4/4 2/2 1
m(t/T) 0 0.032 0.075 0.143 g 1
b 1.04 0.83 0.58 0 (»—«D
To (K) 2.0 3.15 6.45 2
b/m (T) —so0 26.0 7.7 0 "
% u
= | . (2/2) i e~tere i
cation for paramagnetic behavior. To quantify the paramag- :Ezj‘;;
netic contribution to the total rotation, we have fitted the | % (10/10) "
function ‘ : . :
10.0 35.0 60.0 85.0 110.0
TEMPERATURE (K)
b 9 JugB ,
A®=m| B+ —B; KTET 3 FIG. 6. Temperature dependence of the amplitudes ofEhe
m ( 0) signatures in the MOKE spectr& & 6.8 T) for different samples.

. The solid lines are fitted Brillouin functionsee text Dotted lines
to the experimental data, whemeandb are free parameters. are a guide for the eye.

g, is theg factor of the localized Mfi" electrons ¢,=2).B;
is a modified Brillouin functior?® J=$ accounts for the Mn
magnetic moment, andl, describes a small antiferromag- =0, since temperatures are high compared to the results in
netic coupling of the more or less isolated Mn ions, responTable ). In the sample with the smallest peri¢2H-2 ML),
sible for the paramagnetic behaviSrb/m is the relative however, no paramagnetic behavior at all is present at low
weight of the Brillouin functionB;. This parameter shows a temperature. The maximum of the Kerr amplitude and thus
rapid increase with increasing layer thicknésse Table)), of the magnetization indicates a transition temperature of
indicating an increasing paramagnetic behavior of the localabout 75 K. The temperature dependence of the MOKE am-
ized Mrf* electrons in the interface regions of the superlat-plitude (and of the magnetization deduced fromistin sharp
tice where the mobile carriers, which cause the MOKE sig-contrast to the one observed for a diluted magnetic material.
nal, can be found. In Table | we also list the fit resultsTgr ~ Using just optical data, one can compare the MOKE data
There is a slight increase a%,, with decreasing layer thick- with the spin splitting of free electrong.g., photoexcited in
ness observed. It should be noted that the experimental datendoped materigl which also has a contribution propor-
cannot be described by a modified Brillouin function without tional to the magnetization. We measured this spin splitting
the term linear irB. Such a model works well with samples in a bulk Cg ¢Mng4Te sample by coherent Raman scatter-
with larger periods, but fails for samples with smaller peri-ing, and found that it decreases according to a Curie-Weiss
ods. law for T=20 K and is constant fof <20 K.3° This behav-
The existence of disordered Kinions, especially near ior is in contrast to the uppermost curve in Fig. 6. This com-
the interfaces between MnTe and CdTe, is in agreement witharison between the magnetic behavior of the CdTe/MnTe
resonance coherent Raman experiments, where a Ram&2f2 ML) sample and the G@Mn, 4Te bulk material is clear
paramagnetic peak was observed in addition to the Ramaexperimental evidence that the MOKE signal in the 2/2
antiferromagnetic resonance, e.g., in the sample with 8ample is not dominated by randomly oriented spins in an
ML.37 intermixed region at the interfaces, but rather that, with this
The linear part of the magnetic-field dependence of thenagneto-optical method, we observe an antiferromagnetic
rotation angles can be caused either by the normal Zeemadering of the Mn spins across the thin CdTe layers, due to
splitting of the mobile carriers in the diamagnetic CdTeinterlayer coupling. The latter results in a suppression of any
guantum wells or the antiferromagnetic part of the susceptiparamagnetic signal in the thinnest superlattice sample. Fur-
bility at low temperature. However, in diluted magnetic thermore, we note that the temperature dependence of the
Cd,_Mn,Te with higher Mn concentration, a nearly linear magnetization deduced from Fig. 6 for the 2/2 sample is
increase of the magnetization with the magnetic field haslifferent from published data for bulk like MnTé&!’ We
also been observeli However, theemperature dependence apparently observe a behavior well known for the suscepti-
of the rotation angles is different for these effects. The Zeebility in parallel fields (y,) of an antiferromagnet. The latter
man splitting of the spin levels is expected to be constanfact demonstrates the orientation of the Mn spins due to
with temperature, while the magnetization of an antiferro-strain.
magnet shows a cusp at the transition temperature between The other two samples exhibit a gradual transition be-
antiferromagnetic and paramagnetic phases. tween the two extreme cases observed with the 10/10 and 2/2
Figure 6 shows the temperature dependence of the amplsamples, respectively. The solid lines again are fitted Bril-
tudes of the interband signatures in the Kerr spectra for théouin functions with the experimental data between 60 and
samples with 2, 4, 6, and 10 ML in a high magnetic field of90 K not taken into account. However, we note that there is
6.8 T. For the sample with the widest peri@D ML), only  a systematic deviation of the experimental points from the
paramagnetic behavior in the region of the charge carriers iBrillouin functions in the range of the phase-transition tem-
observed. The solid line is a fitted Brillouin functio{  perature for the 4/4 and 6/6 samples. This indicates that the
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- ordered due to the interlayer coupling, resulting in a com-
=—u electrons plete suppression of paramagnetism in the 2/2 sample.

| e holes We are well aware of the fact that the molecular-beam-
epitaxy-grown samples exhibit monolayer fluctuations. At a
first glance these fluctuations should change the magnetic
§ properties of CdTe/MnTe superlattices considerably. How-
ever, as the neutron diffraction data have shown, the antifer-
romagnetic interactions through sufficiently thin diamagnetic
] CdTe layers are so strong as to orient effectively all spins of
the 3d electrons of the Mn ions, whether these reside in
completely filled or partially filled atomic Mn layers at the
interfaces. However, with increasing CdTe layer thickness,
these interactions weaken, and the frustrated antiferromag-

PROBABILITY
o
'S

0.0 : : . netism evolves into a paramagnetic behavior in the partially
(2/2) (4/4) (6/6) (8/8) (10/10) filled layers.
SAMPLE Microscopic information on the interface roughness could

FIG. 7. Normalized difference of probabilities to find electrons be obtained fro”? xray Standlhg-wave StUdI?S’ which are
and holes, respectively, at the CdTe/MnTe interfaces and in th n,own to be sensitive to the position and the disorder of very
MnTe-barrier  center: P=(|#iertacd 2= | ¥eontel D/ (| Vintertacd thin layers(less than a monolayer tq several mono_layers; see,
+[Yeonal ?) (Kronig-Penney modghs number of MnTe and CdTe €. Ref. 41 However, such experiments on multilayers are
monolayers. not easily interpreted, and quantitative analysis is usually

restricted to single buried layers. On the other hand, for mag-
netization and neutron diffraction measurements, CdTe/
wave functions of the mobile electrons and holes overlamMnTe multilayers are required by the signal-to-noise ratio.
with two regimes in the MnTe layers, i.e., paramagnetic and
antiferromagnetically ordered regions. V. CONCLUSION
For an understanding of these observations, it has to be

considered that the experiment probes the magnetization due We.have shown that the magnet_o—opnca[ Kerr gffect
to the Mn ions located within the regions with nonvanishingy'elds information on both the magnetic behavior and inter-

expectation probabilities of mobile carriers. In Fig. 7, we band transition energies. As far as the magnetic behavior is

plot the normalized difference of the square of the Wavecor_lcerned, one ha_ls to bear in n_1|nd th_at, with MOKE. Inter-
functions at the interfaces and in the center of the MnTeacUons of the carrier wave functions with the magnetic ions

layers(for the calculations, we used a Kronig-Penney model"” the barri.ers are pro_bed. From neutror)—scatt_ering data. itis
as described in Sec IV)A It is seen that with the 10/10 well established that, in all the samples investigated, antifer-

sample the probability to find an electron in the center ofromagnetlc ordering is present. Whether in the MOKE signal

MnTe is practically zero. Consequently the MOKE signalth's antiferromagnetic behavior shows up or not depends

yields information on the magnetization of the Mn ions at thesensitively on _the penetration of the wave function into the
interface which is mainly paramagnetisee Sec.)| barriers. With increasing numbers of MnTe monolayers, an-

In order to check this assumption, magnetization measur i_ferromagr)e.tic bghavior is less and less prono_unced. Fur-
ments with the 10/10 sample ha\}e been perforfed hermore, it is evident that the antiferromagnetic interlayer

guantitative analysis of these data shows that 11% of the MﬁOli'lp“ng ac(r:oss the C?lTe tlr‘:/frzs IS strclmgerht_rkl).et thlrt'mer the
ions contained in the sample, that means one ML per supe?’yet.fS are. onts.ec}ue? y, U Ih S@g}?é exni II S rs]_rcr)]ng
lattice period, are not antiferromagnetically ordered. Theagwr:c;mag}nelcloea uresl mThed signa ’t.\]fv Ich are
Curie-Weiss temperature, fitted to the paramagnetic contridoSeNt for ther= 1L sample. The decreasing antiierromag-
bution to the magnetization arising from these ions, is 4.5 K’ne"uc interlayer coupling apparer}tly strongly influences the
in fairly good agreement with the value ®f resulting from spin order at _the CdTe/M_nTe mterfa_ces. For m? 10

the MOKE data(see Table)l In contrast to MOKE, magne- sample in this interface region, the antiferromagnetic order-

tization probes the entire sample, regardless of the expectéﬂg is absent, and a strong paramagnetic signal results. In the

tion probabilities to find electrons in the respective Iayers.Samples between these two exireme cases, a coexistence of

Thus, in the magnetization experiment, the antiferromagnetiE’rdered and disordered areas occurs, and consequently both

phase transition is also observed at a temperature of abo ptiferromagrjetic and paramagngtic behaviors are present in
50 K e MOKE signal, clearly seen in the temperature depen-

With decreasing layer thickness, the wave functions pen(-jence of the amplitudes.

etrate more and more into MnTe, and in the 2/2 sample less
than a 20% difference between the expectation probabilities
at the center and the interface occurs. Accordingly, antifer- The project was financially supported by the Deutsche
romagnetic coupling within the MnTe layers increasingly ForschungsgemeinschafbFG), Bonn and the Fonds zur
shows up from the 10/10 to the 2/2 samples in the MOKEFarderung der wissenschaftlichen ForschRy/F), Vienna.
data. But, more than that, with decreasing CdTe thicknes®e wish to thank R. Rupprecht and H. Sitter for helpful
the interface regions of the MnTe also become increasinglyliscussions.
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