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Magnetoluminescence  studies of highly excited undoped CdTgih,,,Te and
Cdy gMng o3Te/Cd, 79Mgg 2sTe quantum well§QW’s) have been carried out in magnetic fields up to 14 T at
4.2 K. Qualitatively different excitonic systems, spin aligned@u,Mn)Te QW and spin depolarized in CdTe
QW, have been generated. The interaction of spin-aligned excitons are found to be weakly repulsive. In
contrast, an additional well pronounced emission lehas been found to appear at approximately 5 meV
below the excitonic line in the spectra of the spin-degenerate system. This line is assigned to the emission of
excitonic molecules consisting of excitons with different spins. Finally, we have shown that the renormaliza-
tion of Landau-level transitions in dense electron-hole magnetoplasmas with several occupied Landau levels
depends on their spin state, it is markedly weaker in the spin-polarized pld$$0463-18206)10331-3

l. INTRODUCTION Cdy gMng 0aTe/Cdh -Mgg oeTe QW'’s at 4.2 K and magnetic
fields up to 14 T. The systems are qualitatively different. The
During the last few years a number of studies have adspin splitting for electrons and holes located in the CdTe QW
dressed the properties of quasi-two-dimensioni@D) s relatively small due to the small penetration of carrier
electron-hole ¢-h) systems in semiconductor structures.wave function into semimagnetic barrier layers. Therefore
Many body effects in these systems were discussed in a nunthe dense system of excitons or of electrons and holes is
ber of investigations of Ill-V semiconductor quantum wells polarized relatively weakly, similar to that in GaAs QW'’s.
(QW’s) both with and without magnetic fields™ With in-  The addition of 3% Mn ions into the QW layer results in a
creasing density, the excitonic system in a high magnetigpin splitting (both for electrons and for holgsvhich ex-
field transforms into are-h magnetoplasma. Many-particle ceeds the cyclotron energy. In such a QW we succeeded in
interaction in the magnetoplasma results in a renormalizatiogreating excitons and magnetoplasmas with a strong spin
of the band gap and the Landau-level spacings. In neutrallignment.
quasi-2D e-h plasmas in GaAs andinGaAs QW's, the We have found that the properties of a dense excitonic
magnitude of the band gap renormalizatiBGR) was system are determined by its spin state. The spin-aligned
found to increase monotonically with the plasma dedsity excitons created in the Gd-Mno3Te QW reveal a weakly
whereas most of the change in the effective masses occurs fpulsive interaction. With increasing density, the emission
intermediate densities where the interparticle separations igpectrum transforms from an excitonic ofith a single
the plasma become comparable with the exciton radit’s. narrow polarized exciton emission linéo that of a dense
A decrease of the plasma temperature results in a strongagnetoplasméwith several lines corresponding to allowed
enhancement of the-h correlations at the Fermi edge, espe- transitions between occupied Landau levglsand j,, and
cially when a magnetic field normal to thignGa)As QW  strongly broadened due to many particle interadtitmcon-
plane is applied®™*° trast, in the spectra of a dense spin-depolarized excitonic
In contrast with IlI-V QW'’s, optical investigations of system generated in the CdTe QW, an additional well pro-
[I-VI QW’s have up to now mainly addressed the low exci- nounced emission link! was observed to appear at approxi-
tation density range. At the same time the behavior of anately 5 meV below the excitonic line. This line indicates a
densee-h system in these QW'’s is expected to exhibit somerather strong attractive interaction between excitons and can
peculiarities. For example, the effects of exciton-exciton in-be assigned to the emission of excitonic molecules consisting
teractions in a dense excitonic system should be more praf excitons with different spins of electrons and holes.
nounced because of an enhanced Coulomb interaction. For The paper is organized as follows. In Sec. Il we describe
the same reason, much stronger excitonic correlations athe experimental technique. In Sec. lll the dependence of
expected in the dense magnetoplasma. In addition, semimagmission spectra from the CdTe and dgéMnosTe QW's
netic semiconductors being used as a QW material make @n the excitation density is described. Both the dense exci-
possible to realize qualitatively new, spin-aligned excitontonic system and the magnetoplasma with several Landau
ande-h systems® levels occupied with carriers are considered and the different
In the present paper we study the behavior of photoexbehavior of spin-aligned and spin-depolarized systems has
cited e-h systems in undoped CdTe/ggiMngq,Te and been demonstrated. Finally, in Sec. IV the experimental re-
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sults are compared with theoretical predictions and the rea-

sons for a qualitatively different behavior of the excitons and Cdo.s7Mno.0sTe/CdorsMgoasTe QW
e-h magnetoplasmas in CdTe and &AMn g osTe QW's are ' ’ ‘ ’
discussed in detail. T=4.2 K
X L=19 nm
~
Il. EXPERIMENTAL Y !
'
The measurements were performed on undoped § J\j o T
CdTe/CdgMngoTe  and  CdgMng o3Te/Cdh 79Mgp 2sTe |
heterostructures each with a single 10-nm thick QW grown & A
by molecular-beam epitaxy on &001)-oriented CdTe é |
substraté’ The samples were immersed in liquid heliumina ™~ 5y | 27
cryostat with a superconducting coil. The plane of the QW é A
was oriented normally to the magnetic field. Photolumines-  ~ \ 6 T
cence(PL) spectra were recorded &t= 4.2 K and magnetic 2 |
fields B=0-14 T with the use of a picosecond pulsed dye &y /\_ 4 T
(R6G) laser(pulse durationr, = 1 ps and a grating mono- ; \\
chromator. The emission was detected by a cooled photo- *~ J/\ 2T
multiplier and processed by a time-correlated photon count-
ing system with a gate of 200 ps. ’A
To avoid problems arising from electron-hole plasma in- T
homogeneity, first, the same optical fiber located very close T o T
(0.1 mm to the QW surface has been used both for excita- DX
tion and for collection of the QW PL and, second, the PL has . 611%3165
been recorded just after the ps photoexcitation pulse with a ’ E]VERGY (eV)n

gate as narrow as 200 ps. Experimentally it has been founa‘a)
that under these conditions the influence of lateral plasma
expansion becomes negligible when the fiber diameter ex-
ceeds 0.6 mm. In particular, in this case the emission of a
highly excited QW has a well pronounced steplike shape
reflecting the 2D density of states of electrons and holes.
Note that such spectra can be never obtained in the case of
inhomogeneous plasma because the emission from the region
with smaller plasma density will increase the PL signal near
the band edgé:®

Cdo.e7M no.os-l_e/(:do.75'\/|go.ste QW

L=10 nm

Ill. PHOTOLUMINESCENCE SPECTRA
A. (CdMn)Te QW

Figure Xa) illustrates the magnetic field dependence
of PL spectra from a 10-nm thick
Cdy gMng gaT€/Cd) 79Mgg 25Te QW for low excitation den-
sity. The spectrum @B = 0 T consists of a relatively broad 0T

— B B - H H T T T T | T T T T | T T T
(~ 4 meV) emission line corresponding to a bound exciton 158 163 168

recombinationt® With increasing magnetic field, the line ) PHOTON ENERGY (eV)L-B

shifts strongly to lower energies. The shift is mainly caused
by an exchange interaction between carriers and the Mn-ion
spin system. It increases witBh because of Mn-ion spin
polarization®®

INTENSITY (arb. units)

nz:2

FIG. 1. (@ PL spectra from a 10-nm thick
Cdy gMng o3Te/Cd) ;Mg sTe QW at low excitation density

With increasing magnetic field one more liKeappears at (~3x10"® Wicm?) and various magnetic fieldsb) PL spectra
9 9 PP from a 10-nm thick CglgMngg3Te QW at high excitation density,

the high e”ergY side of thB,X line. Its'energy IS very C"?Se, P=5uJ/cm? and various magnetic fields. Tleeh magnetoplasma

to the free exciton e_”ergy as Qetermlned from. PI,‘ eXCItatIor\‘Nas excited with a picosecond laser; the PL signal was collected

spectra. Therefore linX is assigned to the emission of ex- ihin 200 ps gate just after the excitation pulse.

citons weakly localized at potential fluctuations in the QW.

Only this line is observed at high. The lineDyX disappears ~ 4:1 we have estimated that the hole and electron spin

from the PL spectrum aB> 4 T because a complex with splitting are equal to- 39 and~ 10 meV, respectively.

two electrons in a spin singlet state becomes unstable when PL spectra from a highly excited QW are shown in Fig.

the electron spin splitting exceeds its binding enéfyy. 1(b). The signal was collected within a 200 ps gate just after
It is seen from Fig. (&) that the band gap shrinkage in the the 1 ps excitation pulse. The emission consists of a very

QW reaches~ 24 meV. Taking into account that the ex- broad band with the main maximum at 1.646 eV and a

change integral ratio for holes and electrons is ejua  small additional hump at 1.69 eV. This emission originates
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from the e-h recombination in the dense plasma. The main
peak corresponds to the transition between the lowest,
n,=1, QW subbands for electrons and holes, whereas the ;:‘fﬂ"”‘
additional hump at 1.69 eV originates from the recombina- 0-0 A _
tion of carriers in the second subbands. 55 4
The plasma density)._y,, and its temperaturd,,, were
estimated with the use of the emission band shape analysis
by line shape fits with calculated spectr@ihe carrier effec-
tive masse¥ for the empty QW (n.~0.1m,, m,~0.3m)
have been used. We have found thgtincreases strongly 5
with n._y,. It reaches~ 200 K atn,_,~1.5X 10" cm™2,
Similar to the exciton line the plasma emission band shifts A 3 ¢
quickly to lower energies at small magnetic fields and only —/\C 2
very little at highB. The shift is mainly connected to an 680 1.62 1.64 166 1.68 1.70
exchange interaction of electrons and holes in the plasma PHOTON ENERGY (eV)
with the Mn-ion spin system. A comparison of Figsajland
1(b) shows that the shift of the plasma line occurs up to FIG. 2. PL spectra from a GgMngosTe QW atB = 14 T for
somewhat higher fields than that of the exciton line. Thedifferentn._,. The QW was excited with a picosecond laser. The
difference is due to unavoidable heating of the Mn-spin sysPL signal was 2coIIe_czted within 200 ps gate just after the excitation
tem in the highly excited QW’s. To determine the Mn-ion pulse.n._p(10" cm~?) = 0.061), 0.1(2), 0.253), 0.54), 0.855),
spin temperaturd we have extrapolated the dependence ofand 1.96).
the shift of the plasma emission line at fixed excitationobserved in the magnetoplasma in GaAs QW's because of
power and delay time on the magnetic field with Brillouin Coulomb interaction in a dense plasfita.
function. In particular, it was found that the shift of the  Note that in highly excited semimagnetic QW’s there is
p|asma line in F|g Gb) Corresponds ta’s = 12 — 15 K. Note an additional contribution in the emission line shift con-

that the Mn-ion system is not in thermal equilibrium with the N€cted to the heating of the Mn-ion spins. The latter de-
e-h plasma, the temperature of the latter is more than on&'€2S€S Mn-spin polarization and hence leads to the reduc-
order of ma’gnitude largefTe> 200 K) ion of contribution from exchange interaction of the carriers

In general, the Mn-spin temperature depends strongly oﬁmd Mn-ion spin systert. As was mentioned above the Mn-

the conditions under which plasma was obtained. It increaseg” SPIN temperature for any fixed excitation power can be
etermined from an analysis of the magnetic field depen-

with the excitation pulse duration and/or with the time delayrdence of the plasma line shift with rather high accuracy. We

T., the plasma was excited by a very short, picosecon a}t;ave carried out such an analysis and estimated the contri-

pulse and the spectra were recorded with a time dejay u'tion to the line Sh.iﬁA; dug to the hegt!ng of the Mn—iqn
200 ps. spin ;system for various excitation gler.lsmes. Tht_a magnitude
Figure 1b) shows as well that the steplike shape of the®f As changed from 0 at low excitation densities to 5
plasma emission which is characteristic of the emission of &€V at the highest ones. The renormalization due to many-
degenerate 2D plasma becomes more pronounced with ijparticle Coglomb interaction in a dgnse pIa;ma was obtained
creasing magnetic field. This is due to the lifting of the elec-from experimental data by extractin . This is discussed
tron and hole spin degeneracy which decreases the density tf more detail in Sec. IV.
states in the conduction and valence bands and, hence, leads
to a significant increase of carrier Fermi energies.
The quantization of the electron states in the magnetic 1
field causes an additional structure in the plasma emission 168 12N

Cdo.g7M no.osTe/Cdo.75MC_Jo.ste Qw

=1

INTENSITY (arb. units)

—

Cdo.97Mno03Te/Cdg 7sM JoosTe QW

spectra. Figure (b) shows that it appears in the spectra only I\ 53
atB> 10 T. The humps, marked-j,(j=0,1,...,) arecon- N ——
nected with allowed transitiong{=j,) between the occu- 5 s
pied electron |) and hole {;) Landau leveldLL’s) in the % i _
first subband. The energy spaciag; ,; between the humps Mg d e
is~ 10 meV at 11 T and increasesto12 meV at 14 T. At E ' 0_0

the high energy side of the spectrum there is an additional I —
emission from the transition between the occupied LL’s in 3
the second subbands labelet-m?.

The change of the emission spectra from, gGing osTe ]
QW atB=14 T with excitation density is shown in Fig. 2. 1.60 o T o T
The number of observed LL transitions in the spectra in- DENSITY (10" em™)
creases in accordance with filling of the excited LL’s. The
LL transition energies increase slightly with plasma density FIG. 3. Density dependence of LL transition energies in the first
as displayed in Fig. 3. The latter is in contrast to a wellsubband of a CglyMn osT€/Cdy 79Mg g 5Te QW at 14 T andl =
pronounced lowering of the LL transition energies which is4.2 K.
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FIG. 4. Polarized spectra from a 10-nm thick CdTe QW at MAGNETIC FIELD (T)

4.2 K, B = 13 T and various excitation densitiés=1(1) and =
0.3uJd/cn? (2). The inset displays the allowed transitions for exci- ~ FIG. 6. Landau fan plot for allowed magnetoplasma transitions
tons and excitonic molecules. from a 10-nm CdTe QW.

B. CdT shoulder transforms into a separate line markkdThis line
. e QW . . .
is well resolved in the spectra in the range of

In the 10-nm thick CdTe/CglggMng ;e QW hetero- n,_,,=(4—8)x 10" cm™2. The superlinear dependence of
structure with Mn ions in the barrier layers, the Mn spinline M intensity suggests that it should be assigned to exci-
alignment does not influence the energies of electrons angn complexes consisting of more than one exciton, e.g., to
holes in the ground subband because of a weak penetratigixcitonic molecules. An,_,,>10? cm™?2 the linesX and
of carrier wave functions into the semimagnetic barrier lay-M broaden and merge into one broad band labeled 0-O0.
ers. Figure 4 displays magnetoexciton emission spectra of The comparison of Figs. 2 and 5 shows that the behavior
the CdTe QW aB = 13 T recorded inv~ ando " polar-  of the spectra from spin-alignddCdMn)Te QW] and mark-
izations at 4.2 K. It is seen that the spin splitting is within 5 edly spin-depolarizedCdTe QW exciton systems is quali-
meV. The ratio of intensities of the exciton emission for tatively different. In the first cas@) there is no bound exci-
these two polarizations is of the order of 10. This ratio cor-ton emission at low excitation level, arid) no additional
responds to the exciton spin temperature within 20—25 K thaline appears at the low energy edge of the exciton emission
is markedly larger than the bath temperatdres 4.2 K. line with increasing excitation level. The origin of these dif-

The change of the emission spectra of the CdTe QW witlferences will be discussed in more detail in Sec. IV A.
excitation density is shown in Fig. 5. At low excitation level  The energies of electrons and holes in the ground subband
(spectrum 1the exciton emission linX with a maximum at  of a dense magnetoplasma in the 10-nm thick
1.622 eV has a low energy shoulder. This shoulder is due t€dTe/Cg gdVin, 1,Te QW are weakly influenced by the Mn-
the excitons localized at the QW impurities and therefore itgon spin alignment in the barrier layer because of the weak
intensity was expected to saturate with excitation density. Tgenetration of carrier wave functions into the barrier layers.
the contrary, the relative intensity of the shoulder starts tdn particular, the shift of the emission band connected with
increase strongly at higher excitation densities, and theéhe recombination of carriers in the first subbands does not
exceed® ~ 1 meV.

The LL structure in the CdTe QW emission appears, same
CdTe/Cdg12Mnogsle QW as in(CdMn)Te QW, approximately & = 11.5 T. The field
;‘1‘; "™ oo dependence of the LL transition energies is represented in

Fig. 6. The fan of lineg—|j convergingto 1.61 eV a8 = 0
T is connected with allowed transitions between the occu-
pied LL’s in the first subband. The line at 1.68 eV which is
only weakly dependent on magnetic field at highis due to
the transition between zero LL’s in the second subband. It is
labeled G—02.

Figure 7 displays the density dependédaef interband
transition energies in the emission spectrum of the CdTe QW
at 14 T. In addition, the open trianglem_,, = 0 shows the
1-1 transition energy in the “empty” QW determined by PL
excitation measurements. It is seen from Fig. 7 that the ex-

FIG. 5. Emission spectra from CdTe QWHt= 4.2 K,B = 13  citon energy is nearly independent of density. Two lin&s (

T and various excitation densities,_,(10> cm~2) = 0.151), andM) corresponding to the recombination of particles from
0.252), 0.353), 0.634), and 1.85). zero LL are observed in the emission spectra at densities

INTENSITY (arb. units)

162 164 1.66
PHOTON ENERGY (eV)
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particle Coulomb interaction in a dense plasma obtained by

170 i CdTe/CossMnorgTe QW = ] extractingA? is displayed in the inset of Fig. 7. It shows that
Ji-wom H °§wu o at low densities §1<6x 10'* cm~?) the exciton line shifts
1.68 1 5] weakly to the higher energies. The shift 4s0.6nx 1012
N ] 2 s meV cm?. It means that repulsive interaction prevails in a
N ] B AP A spin-aligned exciton system. This is in agreement with theo-
s, 1-66 3 ENSITY (107 en™ retical predictiong®?* Note that with magnetic field the re-
= . T 373 pulsion in the excitonic system has to decrease and in the
Riggad W T e L oo high magnetic field range it should be similar to an ideal
= N gas®® However 10-14 T for excitons in CdTe QW's is still
] LT\'“'“"—' -1 far from this limit as the magnetic length is still as large as
162 I 0-0 two exciton Bohr radii. _ N _ _
] Mo In the CdTe QW, the spin splitting of exciton states is
S e g0 T0 K much smaller. The spin splitting of excitonic states in this
: PR o 3T 4 QW causes a rather strong polarization of the exciton system
DENSITY (10" em™) at high magnetic field but it is not enough to cause the dis-

sociation of bound exciton complexes, whose emission ap-
FIG. 7. Density dependence of LL transition energies in the firstpears in the spectra in Figs. 4 and 5 as a low energy wing of
subband at 14 T and@l = 4.2 K. The dotted line shows the density the exciton emission line.
dependence of the,8- 0, transition energy calculated fdr = 0 K We believe that lineM which appears with increased ex-
taking into account the finite QW width but neglecting the electron-citon density at the low energy side of the exciton emission
LO-phonon coupling. The open triangle shows the spectral posi- line X in Figs. 4 and 5 can be assigned to the recombination
tion of the J—1; transition in the empty QW determined by PL of excitonic molecules with electrons and holes in singlet
excitation measurements. The inset displays the shift of the maigtates. First of all, both the density dependence and the en-
0-0 transition energy in the dense spin-degenef@ttfe QW and  ergy position of the lineM are consistent with this model.
spin-aligned(CdMnTe QW systems compared to the free exciton according to calculatiorfs?®the binding energy of excitonic
energy. molecules in the QW is expected to be within ©.0.25R,
N _2 . whereR is the exciton binding energy. Figures 4 and 5 show
”e.*fh”(4_8)><_101 cm “. At higher ne_, they broaden hat the lineM is at approximately 5 me¥that is~0.2R for
and transform into one broad band, 0-0. the investigated QWhelow the exciton line. Further, line
The 0.~ 0, and I— 1, gransu_tlzon energies in the dense \y gemonstrates a superlinear density dependence which in-
magnetoplasmar@_h>101 cm %) are markedly smaller gjcates the presence of more than one exciton. Moreover, no
than in the empty QW. The shift of the‘ee2 Oy emission line,  similar line appears in PL spectra of a spin-aligned exciton
8o, reaches 51 meV atne_p=2.6x 10 cm™2 The shift  gystem of Cg oMn o osTe QW (cf. Fig. 2). Hence the exci-
of the 1.—1, emission line 5y, is much larger; it exceeds 25 tons with opposite spins should participate in the exciton
meV. As a consequence, the spaciig decreases from-  complex. This assumption is supported by the emission spec-
30 meV in the unexcited QW te- 12 meV in the dense tra from CdTe QW recorded in different polarizations. Fig-
magnetoplasma. The spacings between the higher LL'Syre 4 shows that the splitting of the" and ¢~ components
Ay, and Ay, in the dense plasmas are also within 12—13yf |ine M corresponds to that of the exciton lie but, in
meV. This is very similar to that in the€CdMn)Te QW (cf.  contrast to the latter, the intensity of liné does not show

Figs. 3 and 7. any strong dependence on polarization. These are intrinsic to
the emission of molecules whose ground state is a spin sin-
IV. DISCUSSION glet. The difference in the energies of thé ando~ tran-
sitions for lineM appears due to the spin splitting of the final
state(which is the exciton, cf. the transition scheme in Fig.
4). Some difference in the* ando~ intensities can be due
The different behavior of the excitonic systems observedo an additional emission from impurity bound excitons
in CdggMngosTe and CdTe QW'’s arises from the differ- which is in the same spectral range. The latter is highly po-
ence in their spin composition. The splitting of exciton statedarized because complexes contain only one hole.
with different electron and hole spins in the &eMng osTe
QW atB>10 T is much larger thakT and exceeds the
binding energy of bound excitons and excitonic molecules.
Therefore the exciton emission line remains single in the
spectrum until the upper LL's are occupiéd. Fig. 2). As The density dependence of the shift of the-®@y, transi-
was shown in Sec. lll A the shift of the 0-0 emission line in tion energyd, in the magnetoplasma with a few filled LL’s
the (CdMn)Te QW is caused both by the many-particle in-is shown in Figs. 3 and 7 for GdMn,gsTe and CdTe
teraction in the exciton system and by the decrease in eX@W'’s, respectively? It is unusually weak as compared to
change interaction of the carrier and Mn-ion spik§ be- that in (InGaAs/GaAs and GaA$AlGa)As QW
cause of the heating of the latter. magnetoplasmas’ The dotted line in Fig. 7 shows the den-
The latter becomes marked at-10'? cm~2. The contri-  sity dependence of BGR for the plasma in the CdTe QW
bution to the transition energy renormalization due to many<alculated forT = 0 K taking into account the finite QW

A. Comparison of exciton-exciton interaction in spin-aligned
and spin-depolarized systems

B. Comparison of renormalization effects in dense
spin-polarized and spin-depolarized magnetoplasmas
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width but neglecting the electron—LO-phonon coupfing. Heref w =% weet A wen andR; is the magnetoexciton bind-
Such an approximation is valid for high plasma densities andhg energy at thgth LL. So, in the empty CdTe QW the
temperatures when the excitonic effects can bevalue of Ay, at 14 T is equal to~ 30 meV and consists of
neglected:*?*° The calculated curve is well below the ex- fw.=20 meV and of the differencR,—R,=10 meV.
perimental one and the difference increases with,. The The small value ofAy=12 meV (that is by ~R/4
difference cannot be explained by an influence of thesmaller thaniw:) measured in the case of magnetoplasma
electron—LO-phonon coupling because this coupling shouldvith one LL filled (ne_,~7-9x10" cm™~? in the CdTe
result in an increased rather than decreased BGR. QW and ~3-5Xx10" cm~? in the CdygMngosle QW
The observed discrepancy between calculations and eith spin-aligned plasmys not surprising. In such a plasma
perimental data can be partly associated with the temperatuf8€ récombination of electron and hole from nearly filled LL

induced corrections which were not taken into account inf€sults in the formation an excitonic like stdteferred to as

calculation in Ref. 8. In the experiment the plasma temperad€€Xciton, an electron is in the valence and a hole in the

ture reaches 300 K at. .~2.5x 102 cm~2. The calcula- conduction bandsn the final state of recombination act. As
tions for GaAs QW's g;;rhriedlout in Ref 9.show that BGR the deexciton state is in the final state of the transition, the

decreases with temperature. In particular, the correction 0<?xcitonic correct_ions o the interband transition energy turn
10 meV was found at 300 K fon —’(1—5)><1012 out to be negativé® As a consequence the magnitude of
e—h™

cm™~2. A similar correction of BGR in our case will decrease Ag, becomes smaller thaiw, which is in qualitative agree-

the discrepancy between the experiment and calculations plpent with 'ghe experiment, . :
cannot explain the observed difference. It seems that the ex- The excitonic corrections j]gg;"d decrease with increasing
citonic corrections in CdTe QW’s remain very important plasma density or temperature.” However, Figs. 3 and 7

even in magnetoplasma with a few LL filled. A reduced show thatd, ; .., remain small in a wide range ok_ both
screening of magnetoexcitons in the CdTe QW’s can be adD spin-aligned and spin-degenerate plasmas. Additional cal-

sociated with the fact that the exciton binding energi at cullantlonna:e ?erc]:e\.:,lsa;y\to e>r<pla|:t tgls rr?]SUIL qtu anu?tl\{elgl. d
11 — 14 T exceeds the LO phonon enefgyHowever a conclusion, we have presented a magneto-optical study

theoretical calculation are necessary for the final conclusion(.)f a dense neutral e-h  magnetoplasma  photo-

The insert of Fig. 7 compares the renormalization of theexc'ted in an  undoped CdTe/GgMn,q,Te  and

S Cdy gMng g3Te/Cd) 79Mgg .sTe QW's in magnetic fields up
ground Q— 0, transition in the CdTe and GdMnggsTe 9 : : 0.25 : N
QW's. In the latter case the data were corrected for the shift® .14 T at 4'.2 K. Qualitatively different gxmtomc SyStemS’
due to heating of the Mn-spin systéfNote that the mag- spin aligned in thgCd,Mn)Te QW and spin depolgnzed n-
netic field leads to destabilization of bound excitons in thethe CdTe QW, have been generated whose density behavior

CdMnTe QW and does not do this in the CdTe QW's. As avas found to be qualitatively different. The spin-aligned ex-
consequence the accuracy in the plasma parameter deterrﬁﬁzr.‘t.s shlol\{v aMWﬁakI%/ reptf.:lswg tmteracnon.tln contr_ast,t ?n
nation at intermediate densities in the latter case is wors "3”3 Ilne th as (?ten Ic.>un. otr?ppear? ap;:)rtcr)]xn‘r&a ely
Therefore the data for the band gap renormalization at inter> M€V DelOW The exciion fin€ In the spectra of the dense
mediate densities in the CdTe QW are not shown in the ins pln-de_pol_arlzed excitonic system. This I|n_e was a55|gn_ed to
in Fig. 7 and are not discussed in the text. The inset show e emission of excitonic molecules consisting of excitons
that the carrier spin aligning in the dense magnetoplasm ith oppqsite spins. In adg?tion, both the renormalization of
leads to a strong decrease of the transition energy renormal € prlnmkp))al Q_Ohh trz_r;fsmon I(_a[lergy _a_nd OPI thebenergy
ization. It means that the interaction of particles with differ- spactljngs hetwdeent ed erentl transmpas ave leen me_a;i
ent spins gives a significant contribution in the case of th u,re In the dense magnetoplasmas with several occupie
spin degenerate magnetoplasma in the CdTe QW L’s. It was shown that the renormalization of LL transitions
Figure 7 displays also a very strorigearly 2.5 .time;s is markedly weaker in the spin polarized plasmas. Besides, it

decrease of the LL spacings when passing from an unexciteff> found that In 'theéCdMn)Te QW the tran3|t!on energies
CdTe QW to the dense magnetoplasma. Comparison of Fig§.uﬁer to an additional Sh'ft beca_use of heating of the Mn
3 and 7 shows that the LL spacings in the dense magnetGPIn System by photoexcited carriers.

plasmas in the CdTe and ggMngo:Te QW's are nearly
identical. In general, in the empty QW we deal with well
defined stable magnetoexcitons and the spacings between theThe Deutsche Forschungsgemeinschg8FB410, the
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