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High-temperature magnetic and optical properties of CdTe-MnTe superlattices
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We present a study of magnetic and magneto-optical properties,dfeCd-MnTe superlattices up to the
room temperature. A comparison of low-temperature exciton Zeeman effect and the measurements of the
magnetization performed by superconducting quantum interface device magnetometer shows a perfect agree-
ment with a model description, thus allowing for determination of Mn content profiles width throughout the
structures. Precise high-temperature Zeeman effect measurements show that the exciton splitting decreases
with temperature faster than expected on the basis of the Curie-Weiss law. We attribute this effect to the
influence of thermal fluctuations on exciton sta{é&30163-1829)05311-4

I. INTRODUCTION The magnetic properties near the interface are not well
known and, therefore, any model calculation requires some

Cadmium manganese telluride is one of the best-knowimportant but not well-grounded assumptions.
semimagnetiddiluted magnetig semiconductors. Their in- Two effects influence the magnetization at the interface:
troduction in quantum semiconductor structures has added & intrinsic effect due to magnetic properties of the interface
new dimension to the band-gap engineering allowing to taiitself, and an extrinsic one due to dilution of the interface
lor these structures not on|y by Contro”ing the growth pro_material.m Both effects play a similar role in the enhance-
cesses but also by varying the energies using an externglent of the Zeeman splitting and it is very difficult to dis-
magnetic field The introduction of magnetic ions has tinguish experimentally one from another on the basis of
brought a variety of effects related to ion-carrier interactiondow-temperature data. Therefore, the relative role of both
specific for heterostructures with diluted magnetic semiconcontributions has been subject to many controversies. Sev-
ductors such as spin superlattiéésmagnetic field-induced eral different competitive models have been propdSéd.
type I-type Il transitiorf, observation of above-barrier Such assumptions are no longer necessary if the temperature
states, free-magnetic polaron formatid, ferromagnetic is high enough to make the high-temperature expansion ap-
phasé® or variation of relative valence-band offsets with proach to the magnetization or susceptibility valid. In such
temperaturé. case an accurate calculation of the interface magnetization is

Studies of excitonic Zeeman effect in CdTefCgMin,Te  Possible.
quantum wells and superlattices have also helped to under- In the present paper, we perform a simultaneous analysis
stand the role of interface mixing and allowed to create &f low-temperature Zeeman data and high-temperature mea-
magneto_optica| method of interface Characteriza{ﬂfﬁl surements of both magnetization and the Zeeman Splitting of
The method makes use of numerical simulations of the re€xciton. Precise superconducting quantum interface device
spective quantum well potentials for electrons and holes withSQUID) measurements of very thick superlattices allowed
interfaces assumed to be not abrupt, but containing regiori4s to test magnetic properties of the interface regions. We
of diluted barrier material. The dilution decreases the influ-also utilize the high-temperature approximation to analyze
ence of ion-ion interaction, which favors an antiparallelMagneto-optic data. The presence of clearly visible reflectiv-
alignment of M * spins at low temperatures. Therefore, ity structures up to temperatures as high as the room tem-
interface mixing results in an enhancement of the magnetiperature allowed us to measure the Zeeman effect in the
zation in regions penetrated by excitons, and thus it leads temperature range not accessible for magneto-optical experi-
a strong increase of excitonic Zeeman splitting. The enments in bulk crystals.
hancement makes the Zeeman effect very sensitive to the
interface mixing in CdTe/Cd ,Mn,Te system(see, for ex-
ample, Refs. 12—14 especially for high-Mn concentrations
in the barriers where the magnetization is strongly sup- We studied structures grown by molecular-beam epitaxy
pressed by antiferromagnetic ion-ion exchange interaction. (MBE) from CdTe, Te, Cd, and Mn sources df00)-

In the region of low temperatures there is no theoreticabriented GaAs substrates with thick CdTe buffers. The sub-
simulation correctly reproducing the magnetization of bulkstrate temperature during the growth was approximately
Cd,_,Mn,Te in a wide range of magnetic ion concentra-240°C.
tions. Such a description exists only in the low-concentration The superlattice samplgSL 09124, SL 09094, and SL
limit.'®> An empirical formula for low-temperature bulk 09074 contained 200 periods of CdTe wells separated by
magnetizatiof is commonly used in model calculations. MnTe barriers of the thickness 2, 4, and 8 monolayers, re-

II. SAMPLES AND EXPERIMENT
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spectively. The thickness of the wells was equal to 40 A. SL 09124
The above parameters were chosen to assure good sensi- o ‘ To19K

tivity of both magnetic and magneto-optic measurements. M

The large number of superlattice period repetitions was nec-

essary to obtain a measurable magnetization contribution re- 4T

lated to the interfaces. In order to maximize the relative con- 2T

tribution of interfaces we used thin barrier layers. Also we 1T

polished off the substrates and used samples without o7

Cd,_Mn,Te buffer layergwhich sometimes are preferable T

to CdTe buffers in structures used for magneto-optical ex- pee

periments. The use of superlatticésather than single quan- e

tum wellg assured also sufficient exciton oscillator strength,

making the reflectivity features easily discernible even at 5T o+ |

high temperatures. 1700 1720 1740 1760
The barrier Mn mole fraction was nominally 100%. At
such concentration the magnetization is strongly suppressed

by the ion-ion antiferromagnetic interaction even at high FIG. 1. Low-temperature reflectivity spectra in magnetic field
temperature, making the relative contribution of the dilutedfor superlattice SL 09124.
interface regions quite important. The well width was chosen
to be sufficiently small, to assure sufficient penetration ofpointing the energy of the reflectivity structures at halfway
excitonic wave functions into the barriers, and thus to obtairPetween their maximum and minimum. It is known that, de-
an easily measurable Zeeman effect. pending on light interference effects in the sample, the form
Magnetization was measured by a SQUID magnetomete®f the reflectivity structures may be very different and a pre-
at temperature ranging from 10 to 300 K. The magnetic fielccise determination of transition energy requires a suitable
was parallel to the sample surface and ranged up to 1 Tnodel description of the specttAHowever, the broadening
Before measurement the sample substrate was polished dffechanism possible in our superlatti¢ieck of perfect sta-
mechanically down to about 14@m. The samples, of the bility of the growth parameters leading to a variation of the
area of at least 2 Cﬁ] were cut into pieces 83 mn*? and well thicknes$ is rather difficult to model. On the other hand
glued together in a stack. Such samples were mounted in ‘&€ Use splitting values rather than absolute energy values,
thin plastic straw by a General Electric varnish. therefore our results are reasonably insensitive to the method
All magnetoreflectivity measurements were performed inof pointing of energies.
the Faraday configuration with magnetic field perpendicular Low-temperature Zeeman splitting was used for precise
to the sample surface. The samples were mounted strain-fréfaracterization of the superlattices. The exciton splitting
in a superconducting magnet and immersed in superfluid havas interpreted in terms of the model described in Ref. 10.
lium at 1.9 K. The higher temperature reflectivity measure-We assumed an intermixing profile between CdTe and
ments were performed in the same setup with samples ifdi—xMn,Te represented by an exponential function, with a
gaseous helium under atmospheric pressure. In order to oharacteristic length.
tain a high accuracy of the exciton splitting at high tempera- Such a profile is expected for a segregation mechanism,
tures a polarization modulation technique was applied, simii.€., an exchange of atoms between neighbor layers during
lar to that used by Coquillat al’” Photoluminescence was the growth:* It gives a strongly asymmetric Mn distribution
excited with an Argon-ion laser providing 2-40 mW over a in the well, with a tail extending into the well only from the
spot of diameter between 0.1 and 1 mm. Optical measurddarrier, which was grown first. Variations of the potential in

ments were done with use of Oriel Instaspec IV CCD detecthe plane of the interface were neglected. The potential pro-
tor. files across the interfaces were calculated using bulk magne-

tization dependence for local Mn mole fraction. The intrinsic
enhancement of a low-temperature interface magnetization
Ill. LOW-TEMPERATURE ZEEMAN was included as in Ref. 10, by introduction of an effective
CHARACTERIZATION Mn concentratiorx.¢ as a function of distance in the direc-
étion perpendicular to the interface

Energy [ meV ]

The low-temperature reflectivity spectra, obtained on on
of the superlattices in several fields up3 T are shown in x(z—d)+x(2) +x(z+d)
Fig. 1. The features in two circular polarizations related to Xeff= 3 , (1)
the creation of the heavy-hole exciton ground states at 5 T
are marked by vertical lines. The reflectivity feature iswhered is a monolayer thickness. The local magnetization
broader than exciton lines measured for typical single quanm . is obtained from the dependenbi(x) in the bulk
tum wells due to, possibly, variation of the well thickness.
The horizontal line in Fig. 1 represents the change of the M[Xet(2)]
exciton energy due to a one monolayer change of the well Mioc(2) = T xer(2)
width. In the case of our relatively thick structures with 200
periods, the linewidth comparable to a variation of the quan- The ground states of electrons and heavy holes were
tum well width by only one monolayer points to a good found by numerical integration of the one-dimensional
overall quality of the structure. We used a simple way ofSchralinger equation as a function of the magnetic field.

X(2). (2)
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solid line represents susceptibility obtained for the Curie-
Weiss temperature and Curie const@gsuminds=5/2) ex-
trapolated from the bulk samples with lower Mn confént
MnTe layer (@ =9x%, andd=—470 K). It is clear that for temperatures

Temperaturs [ K
P [ 1]00

300 200 50
9

S above 100 K, the high-temperature expansion is applicable.
E That result allows us to use this simple approximation for
I, the calculation of the magnetization of the superlattices. In
= our simulations the local magnetization was obtained as a
57 function of the distance in the direction perpendicular to

i the interface
2 C(z)B
2 _ Z

C(2) is the Curie constant proportional to the Mn content

X(2)
1.3 14 1.5 1.6 1.7 1.8 1.9 2.0
1000/(T+470) [K'] C(z)=Ng(gup)’S(S+1)x(z)/(3kg). (4)

FIG. 2. Magnetization of 4.5:m thick MnTe layer versus tem- Ny denotes the number of cation sites per unit volumegis
perature. Line represents Curie-Weiss law with coefficients extrapothe Bohr magnetorkg the Boltzman constant, argland S
lated from lower concentrations. stand for the Landdactor and the spin of the Mn ion, re-

spectively. The Curie-Weiss temperat#edepends on the

Transition energies were obtained for the two circular polarion-ion exchange interaction constant and may be expressed
izations with the exciton binding energies taken independertty
of the magnetic field and equal to the values obtained for
similar quantum wells. The intermixing length and well 2
thickness were determined by fitting the calculated spin-split 0(2)= §S(S+ 1); dnd, ®)
exciton energy to the experimental data. The intermixing
length was obtained to be 4.65, 4.67, and 4.88 A for thevhere(,, denotes the average number of Mn neighbors of an
superlattices with barriers of 2, 4, and 8 monolayers, respedon at a particular position in the structure addthe
tively. This means that the Mn concentration in the well Heisenberg-like exchange constant. Such approach describes
decreases from 100% at the end of the barrier to about 1% &oth “intrinsic” and “extrinsic” interface effects and is ac-
the center of the well and to about 0.02% directly before thecurate within the high-temperature expansion. In our simula-
beginning of the next barrier. The obtained intermixingtions we have taken into account only the nearest magnetic
length values are typical for the MBE-grown superlattices.neighbors with the exchange integda —6.7 K2 This pa-
We must stress here that in spite of a relatively long growtlrameter describes well the Curie-Weiss behavior of the bulk
time of our superlattices the intermixing length is of the Cd,_,Mn,Te. We checked that including interactions be-
same order as the values reported for much thinner strudween more distant neighbors did not change the results ap-
tures, such as single quantum wells. This fact supplies apreciably.
additional argument for the segregation intermixing mecha- The experimental data obtained for superlattices is pre-
nism, as opposed to the diffusion one. Let us also note thaented in Fig. 3. One can note that the magnetization de-
intermixing values are mostly sensitive to the Zeeman splitcreases almost linearly versus logarithm of the temperature.
ting and much less to zero-field exciton energy. Thereforéd simple calculation(see Appendix shows that, approxi-
any inaccuracy in the assignment of a particular point on thenately, such a dependence is expected for an exponential
reflectivity structure to the exciton line, as well as inaccuracydecay of Mn concentration at MnFeCdTe interface. A
of exciton binding energy have minor influence on the resultdeading role of such a dependence provides an additional

of the present paper. argument for an importance of interface contribution to the
magnetization. Due to the dilution at the interface, the con-
V. MAGNETIZATION AT HIGH TEMPERATURE tribution of an interface ion to the magnetization may exceed

by orders of magnitude that of the ions lying deep in the
The magnetization was analyzed in the temperature randearrier.

for which the susceptibility of Cd ,Mn, Te obeys the Curie- Since the absolute value of the magnetic susceptibility of
Weiss law!®?0 1t is well known that, for low concentrations a sample contains some uncertainty due to the glue used for
of Mn ions, the law is followed with high accuracy, but for mounting it, only the slope of the temperature variation was
high concentrations there are no accurate experimental dagmalyzed. It was checked by a separate measurement on bare
available. Since the superlattices used by us contained matsubstrates prepared identically as the samples with superlat-
rial with Mn content varying from 0 up to 100 %, we decided tices that the magnetization of the glued substrates does not
to check experimentally the accuracy and the applicabilityvary in the experiment’s temperature range. A simple depen-
range of the Curie-Weiss law. A sample containing agtb- dencea+ 8XIn(T) was fitted to the experiment and then the
thick MnTe layer had been measured by SQUID. The suseoefficient@ was compared to the results of the fitting of the
ceptibility versus temperature is presented in Fig. 2. Thesame function to the numerical simulations with different
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Temperature [K] FIG. 4. Example comparison of circular polarization dichroism

(I,—=12)/(1,+1_) spectra and the derivative of the logarithm of

FI.G' 3 Magnetization of superlattlce_s versus tempera(unre reflectivity 0.9 me\Wd[In(I)]J/dE, used for determination of the
logarithmic scalg The data have been shifted vertically in order to Zeeman splitting

fit on one figure samples with different amount of diamagnetic sub-

strate(GaAs. The dotted lines represent simulations with intermix- —0. We have done calculations for the two extreme cases
ing parameter equal to 0, 1, 2, 3, 4, 5, 6, and 7 A. The solid linest .~ " v ulatl WO ex

represent fits of functiom+ B In(T). of =0 andX=Q.5. None of th_ese profiles reproduce either_
the Zeeman splitting or experimental slope of the magneti-

. o ] ) zation. Experimental data can be described using the expo-

intermixing lengthl;,.. The results of both fits obtained from nential profile, owith a slightly smaller precisiorusing the

SQUID and low-temperature magneto-optic measurementsRF profile, whereas neither of the tested steplike profiles
are combined in Table I. For all samples the experimentaprovide an acceptable description.

data obtained from both methods and results of simulations
(with exponential profile EXPare in a very good agreement.
The SQUID data are not sensitive to any exciton effects,
and are compared to the exact high-temperature simulation. The typical high-temperature spectra are presented in Fig.
Thus a comparison of the high-temperature magnetizatiod. Since the difference between the spectra measured in dif-
and low-temperature Zeeman effect allows to test directly théerent circular polarization is smaleven much smaller than
hypothesis concerning the importance of both “intrinsic” the exciton linewidth we chose to determine the Zeeman
and “extrinsic” contributions introduced in the analysis of splitting from a comparison of the reflectivity spectrui)
low-temperature data. To test the sensitivity of our analysisvith the reflectivity polarization spectruml (—1_)/(l .
to the choice of the interface profile we repeated simulations-1_) (cf. Ref. 17
for several profiles. In particular, the results obtained with
the use of the error functidh(ERP are presented in Table I.
The intermixing length necessary to recover the observed
Zeeman splitting gives slightly larger magnetization slope
(B) than the experimental values, however it remains within  The reflectivity feature related to the exciton ground state
experimental accuracy. The other profiles tested by us weris well visible in both the reflectivity and reflectivity circular
abrupt profiles(STEB, for which the intermixing appears dichroism spectra. An example of the comparison between
only between two monolayers closest to the interf2cBhe  the dichroism spectra and a derivative of the logarithm of the
percentage of ions mixed between the monolayers is givereflectivity is presented in Fig. 4. The Zeeman splitting is
by parametely. A perfect abrupt interface is represented bydetermined by fitting the proportionality coefficient between

V. ZEEMAN EFFECT AT HIGH TEMPERATURE

li—1_ _AZeeman

d
L 2 Eln(l). (6)

TABLE |. Values of intermixing length, coefficieng, and Zeeman splitting.

EXP a+ BXIn(T/1 K); B[10 %]
Sample intermixing (Zeeman splitting aB=5 T [meV)])
line [A] Simulation Experiment

EXP ERF STEP ¢=0)  STEP ((=0.5)

SL 09124 4.650.5 4.64+0.19 4.81 1.88 3.06 4.190.7
(23.9 (23.9 (0.72 (5.39 (23.9

SL 09094 46705 5.66-0.22 6.44 3.21 4.37 6.260.7
(21.2 (21.2 (0.39 (2.88 (21.2

SL 09074 4.880.5 7.19-0.26 7.86 4.95 6.00 7.220.7
(19.8 (19.8 (0.26 (2.15 (19.9
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FIG. 5. The Zeeman splitting versus the temperature. Points represent experimental data; the solid line is calculated with superlattice
parameters obtained from low-temperature Zeeman effect; the dashed line is obtained assuming a decrease of effective Zeeman effect due
to thermal fluctuations; the dotted line is a guide for the eye.

the two curves, as indicated by E@). The accuracy of the One of the mechanisms that may suppress the Zeeman
method was checked by a test measurement performed fsplitting due to the interaction of the carriers with Mh

one of the superlatticdSL 09124 at a low temperaturél.9  ions is the usualdirec) Zeeman effect. In order to examine
K) in a very low-magnetic field. Under such conditions thethis possibility, one has to analyze nonmagnetic counterparts
splitting is proportional to the field and gives a precise test off CdTe/MnTe superlattices, e.g., CdTe(Zd; ,Te

the experimental procedure by comparison with a highef€dTe/CgMg;_,Te superlattices. Measurements of such
field splitting obtained directly frons-* ando~ spectra. The ~Samples containing CdTe-(zh, _,Te heterostructures were
error was less than 0.07 meV for the splitting of 2.44 mev.reported for example in Ref. 22. Additionally, a pair of
The Zeeman splitting versus temperature for both superlag@mples with the MnTe replaced by B4, - Te was tested
tices is presented in Figs(@ and 5b). The same figures PY US. The average measured Zeeman effeét B was 0.3
show results of numerical calculation for high temperaturesMeV (never exceeded 0.5 megWvhen the quantum wells

The superlattice parameters were obtained from low2'€® made of the same materi@ldTe and only the barriers

temperature data and then were used for simulations & different (Cgl_,Mg,Te or Cd _,Mn,Te) the value of the

i -y . nonmagnetic contribution to the Zeeman splitting should be
higher temperatures. In the high-temperature region the e imilar. So the direct Zeeman effect is at least twice smaller

citon splitting was calculated using the same model as th an it would be necessary for explanation of the observed
developed for low temperatures. The potentials for eIeCtronﬁiscrepancy.

and _heavy holes were calculatv_ad yvith_the subba_md splitting As an explanation of the observed effect, we propose the
obtained from the local magnetization in the particular posi-gxciton interaction with thermal fluctuations. Such interac-
tions in the structure. The splitting is given by the carrier-iontjgn |eads to the mixing of wave functions with zero and
exchange constantloa=0.22 eV andNyB=—-0.88 eV  nonzero in-plane wave vectotdBecause of the complex
(Ref. 23 structure of the valence band, the introduction of wave func-
tions with kj#0 leads to a modification of selection rules,
and thus changes the effective Zeeman splitting observed by
AVg=Noa(S?) and AVy,=NyB(S?, (7)  modulation technique.
In order to understand the discussed effect we have to go
beyond the simplest valence-band mo@®ie dimensiona|
where(S?) denotes the average spin per cation and is relateénd analyze also wave functions with nonzero in-plane wave
to the local magnetizatiot?. (S?) was calculated using Eq. vectorsk;#0. We make use of the numerical method pre-
(3) for a high-temperature magnetization. sented in Ref. 23 with incorporated profiles of local Mn con-
Figures %a) and Fb) show discrepancies between the ex-tent and magnetization in direction perpendicular to the well
perimental data and a calculation based on low-temperatufgane, same as described above. The considered Hamiltonian
fits. The calculation gives significantly stronger splitting thanis Luttinger and Bir-Pikus Hamiltonian, which in the basis
the measured one. In order to fit the high-temperature pointgf  |H=*)=1/\2|3/2,+ 3/2),* 1/1/2|3/2-3/2),, |L=*)
the interface mixing length would have to be reduced at=1/y/2|3/2,—1/2),+1/\/2|3/2,+ 1/2),, has the following
these temperatures by at least 1.6 A. form
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FIG. 6. Calculated dispersions of the lowest hole subbands in a
40 A CdTe-MnTe quantum well.

vector the wave functions remains almost pure and subbands
are parabolic. Significant nonparabolicity of the lowest
heavy-hole subband appears abdye 0.02 ALl ltis re-

where in-plane and perpendicular components of strain terlated to the mixing between pure wave functions. Admixture
sor (g) ande,) are given by the material lattice constants of wave functions with different spin momentum leads to a

and elastic stiffness constar(s;
g=[a(CdTe—a(CdMn,_,Te)]/a(CdTe),

e, =—(2C1/Cyye| (10

ande|, =g|—&, . The antidiagonal elemen® appear due

relaxation of the selection rules for optical transitions at high
k;. Particularly in the Faraday configuration the transitions
with both Zeeman-split hole subbands are allowed in each
circular polarization. Thus, for narrow lines involving high
k; we would expect to see two lines in the spectra taken for
every circular polarization. If the linewidth is larger than the

to the exchange interaction with the localized Mn ions, ancsplitting (as in the case of the high-temperature measure-
are given by local magnetization as it was discussed abovénents, the two lines could not be distinguished. If the

1
B=£NoA(S). (12

A typical result of calculations is presented on Fig. 6. Forpolarizations Z=E_ - —

modulation technique is applied for Zeeman effect measure-
ments the obtained “splitting” is decreased by impure line
polarizations. It can be shown that the modulation technique
gives the distance between the average line energies in both
E,+) weighted by the transitions

k;=0 we get the same energies as for previous model androbabilities. If neglecting the electron-hole exchange inter-

we obtain pure|3/2,+3/2), |3/2,+1/2), |3/2,—1/2), |3/2,

action the average line energies in both polarizations can be

—3/2) wave functions. For small values of in-plane wave written in the following way

Ejs=F 2 mim[f)P[E+AEq(m= 1)]/ > [m(mlf)P+E,, (12)
i=1,2m= I;,I% i=1,2m= I%,I%
|
where|f;) and|f,) denote the wave functions of the two (Ex—Ex)([(+3/2f )P = [(+3/2f)[%). (14)

lowest hole levels(for k=0 they are just|+3/2) and
| —3/2)), E4,E, denote their energies, atdE—splitting en-

ergy of the electron subband. The above formula takes much The effective “modulation technique” Zeeman splitting
simpler form by noting that for splitting much smaller than versusk; in relatively small magnetic field is presented on
the distance between ground and excited states, one can &dg. 7. The value of the splitting decreases significantly

sume

[(+mlf )= [(—m[f2) [ (13

The dominant terms in th& dependence of Eq12) are
those containing

abovek;=0.03 A"'. The suppression of the Zeeman effect
observed in high-temperature experiments is easily obtained
for averagek ~0.04 A~L. In order to check the consistency
of above calculations with low-temperature data one has to
consider a free exciton. As long as the exciton remains de-
localized there should be no important contributions of high
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In conclusion, we performed precise measurements of
magnetic and magneto-optical properties of CdTe-MnTe su-
perlattices up to the room temperature. The comparison of
low-temperature exciton Zeeman effect to the measurements
of magnetization performed by SQUID magnetometer shows
a perfect agreement with used model, and allows to test man-
ganese concentration profiles. Experimental data can be de-
scribed using the exponential profile, Gwith a slightly
smaller precisionusing the ERF profile, whereas neither of
the tested steplike profiles provides an acceptable descrip-
tion. The analysis of the Zeeman splitting at high tempera-
tures shows a decrease of exciton splitting with temperature
faster than that deduced from Curie-Weiss law. We attribute
0 0.01 0.02 0.03 0.04 0.05 0.06 that effect to the influence of thermal fluctuations on exciton

k[ A" states.

0.25

FIG. 7. An effective decrease of the Zeeman effect veigus
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of wave vectors smaller thak, for which bands become

nonparabolic. This is the case of a low temperature: we ob- APPENDIX

serve splittings larger than the linewidth and within the ex-

perimenta| accuracy we see on|y one Component at each cir- Calculation of magnetization for a MnTe/CdTe interface.
cular polarization. Such a behavior is expected for transition$ the local approximation the interface contribution to the
involving only states with negligibld values. In a high- magnetization in a superlgttlce consisting of CdTe wells of
temperature thermal fluctuations may modify the wave functhicknessa and MnTe barriers of thicknedsreads

tion. It has been shown that interaction with thermal mag-

netic fluctuations results in the mixing between differ&nt 1 (a

states and leads to the modification of the energy’§djne Xint:mjo x(z)dz.

same effect in the case of a quantum well is much more

difficult to handle quantitatively, since the magnetic fluctua-\yitnin the high-temperature expansion the susceptibility for

tion in inhomogeneous material has a more complex formany compositionx of Cd,Mn;_,Te mixed crystal obeys a
and may lead to the localization of the exciton. Neverthelessgjrie-Weiss law X

the influence of the fluctuations on the exciton may be esti-
mated from the temperature broadening of the exciton line.
Unfortunately, the samples used for high-temperature Zee-
man measurements are not suitable for line broadening
analysis due to large inhomogeneous linewidth. Only in
highest temperatures the significant temperature broadenighereC and ® are MnTe Curie constant and Curie-Weiss
may be observed. The linewidth reaches about 20 meV demperature, respectively. Assuming an exponential interface
270 K. In order to avoid problems with experimental deter-profile of width d x(z)=exp(-z/d) and noticing that
mination of thermal line broadening we use data of linex(z)dz=—ddx we obtain

broadening in other similar quantum wetfs?® We assume

average hole kinetic energy proportional to the line broaden- 1 (a x(z)C g dc 1 dx

ing, and use it for Zeeman effect calculation. If the full line Xint= f — z= e v

width was 14 meV in 300 K® we obtain reasonable agree- atbloT-x(2)0 O@th)Jew-aa T/0 =X
ment with observed decrease of the Zeeman splitting, b%md finally
taking average kinetic energy equal to 0.75 of linewidth. The
result of such approach is presented on Fig. 5 by dashed line.

At low temperatures the mechanism we propose is not ex- o dc In T-0

pected to introduce significant contribution to the measured Xint O(a+b) T—-0Ox(a)’

Zeeman splitting. Within the second-order perturbation ap-

proximation used in Ref. 23, the contribution of the fluctua-Within the approximationsT<|®| (rather crudg and T
tions is proportional to the product of temperature and mag>x(a)|®| (quite well satisfieflwe obtain the linear depen-
netic susceptibility and therefore becomes insignificant atlence of susceptibility on the logarithm of temperature.
low temperatures. Experimentally, at low temperatures wesince for not-too-thick barriers we can expect a not-too-
are able to distinguish the Zeeman components and no sigtrong temperature dependence for the barrier contribution,
nificant relaxation of selection rules is observed, proving thathe above calculation holds approximately for the magneti-
influence of fluctuation is negligible. zation of the whole superlattice.

_ xC
X(X)—m,
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