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We present direct evidence of the interaction between localized
3d? electrons of Mn*2-jons and excitons in {111) CdTe/Cdj.yMn,Te super-
lattices. The effective g-factor, for a given weil width, increases with
increasing barrier thickness. The main character of the third component
of the total angular momentum is obtained for the lowest-lying excitons.

The substitution of the Cd atom in the semiconductor CdTe by Hn
leads to a diluted magnetic semiconductor. They show a giant Zeeman split
ting of the bands in external magnetic fields ”. as a resuit of the ex-
change interaction between the localized 3:15 electrons of the [{n2+ior|s and
itinerant band electronsz). Superiattices (8L's} of diluted magnetic semi-
cofiductors ‘offer new possibilities Zo study the effects of dimensionaiity
on magnetic behaviorsi. The effects of magnetic fields on their optical pro
perties have been investigated pv photoluminescence {PL) and 2L excitation
(PLE} up to 15 Tesla‘”, and also by time-resolved spectroscopy 5]. In this
work we study the effects of the penetration of the exciton wavefunctions
in the semimagnetic barriers and analyze the main character of the

third component of the angular momentum of the iowest-lving excitons.

The samples ware 4rown by molecular beam epitaxy on {100)}-GaAs subs
trates. A 0.15um {111)-oriented CdTe buffer layer was followed by a CdTe/
Cdl_anxTe superlattice. Two samples with x=0.13. constant well width (dl=
1006 R) and barrier thicknesses, dflOGg and 503 were investigated. The
PL and PLE measurements weve performed with a LD700 dye-iaser. The incident
iignt was circulartiy polarizea. The 2mitted light was analyzed iato 1its 9
and ¢ components. Magnetic fields, up to 13T, were applied in the Faraday
conf iguration.

The PL of CdMaTe alloys, due 1o exciicnic -zcoumbinatiorn, becomes cir
cularly polarized in the presence of a magnetic field, as a result of the
internal exchange field, which produces large Zeeman splittings of the

bandss). A strongly polarized emission has been reported for CdTe/CdMnTe
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Si's, but oniv Tor bana-edge emission, not invelving excitonic recambina-
+) . . : . . . .
rion . We show in rig.l PL spectra in the four peossin:e polarizatlion con -

Trgurartions, excited «ith light of 1.76e¥Y. The excizcr:

strongly polarized and 15 splitted into Two componenti. T

5 determined by 1its polarization and it is nearly indspemdent o

iarization of the exciting light. We attribute the right-handed {_eli-nan

ded) pclarized emission to bound-excitons associated —o {1/2,41/2> conduc-

if2 102,172

tion- and nearly degenerated |3/2,-3/2> and |i/2,-1/2> ([3/2,3/2> and {1/2,

-7 + \ . ..
valence band states ). The ¢ PL spectra red shift with magnetic Zieid un-
+il a saturation is reached. The splitting and the polarization penavior

of the PL indicate a strong exchange interaction of the 2xciltons with the

Mn2+—ions in the CdMnTe layers.

We summarize in Fig.Z the shift with magnetic field of the lowest
excitonlc transitions obtained from PLE. We label the red-shifting (blue-
shifting} excitons, corresponding to spin-down {spin-un), with an A (B}.
From the shift at low fieid, we obtain an effective g-factor of 17 and
N5 for -the. 508-kdrrier and 100Rbarrier SL's, respectively. The presence
of the an-z—ion in the CdMnTe layers amplifies the magnetic fieid on the
excitonsa’, due to penetration of the excitonic wavefunction into the pa-
ramagnetic barriers. The effect is larger for the sample with 100 -
barriers indicating the larger sampling of the magnezic ions by the =xcli-
tons. The infiuence of the number of Hn'z ions is also observed as as in-
crease of the value of the field at which the magnetization of the CdnTe
becomes saturated for the 1008-barriers sample. The spiitting of the sze-
cond exciton is much smalier and it behaves rather differently than the

ground-state exciton.

The main character of the third component of the tTotal angular mo-
mentum for the lowest exciton can be obtained from an enalysis of the cir
cular polarization of the emission, exciting with licht of 5 and ¢ heli-
cities. The PLE spectra, unpolarized at zero field, become strongly pola-
rized in the presence of a small magnetic field. Fig. I depicts FLE spec-
tra at 7 Tesla recorded with the monochromator at the peak posicion of the
o polarized PL. If we consider a |..7.mJ) electron-nole representation, a
simplified scheme for the vaience band can pe obtained from the resuits

of Fig.3. The fact that the 1.632eV peak isnot observed in o ¢ indicates
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that the state 13/2 3/2> does not contribute appreciaply to A. S.u'nllarlg,,

the absence of the 1.638eV pesk in g "o Suygests tne non-participation of
1372,-3/2> in B. The relatively large intensity of --e 1.638eV peak in g o
points to the participation of [i/2,-1/%» -0 4 anc o 1142,1/2> in B. On the

+ - - -
oLher hand, the observation of the 1.&33e¥ (. .o35e7 ceak ino o (o g ).

bul with low intensity, indicates some smali admixtire of {J.+> and IJ -
states. The situation is actually field dependent: Lhe ratlo of the .Lnteg%
sity of the peak labeled A in o cr t¢ that obtained in U o increases m-j ’1&‘
notonically from 1 at G Tesla toc 12 at 13 Tesla. We propose that the A B
exciton is mainly composed of a mixture of [J,-> states whereas the B exci |
teon is mainiy an admixture of iJ,+> states. We should also mention that

the processes of spin relaxation of the photocreated carriers ray influen

ce the degree of polarization obtained in our photoluminescence excita-

tion experiments %.10) .

In summary, we have shown the strong effects of the exchange 1nte— .
raction between the Mn *+2 ions anda excitons in (111) CdTe/CdMnTe Superlattl %
ces, The valwe of the effective g-factor and the saturation of the magne-
tization, increases with increasing barrier thickness. The character of;i'",
the two components of the lowest exciton, has been cbtained from an analy

sis of the polarization of photoluminescence excitation spectra,

We acknowleage partial support from the Spanish Ministry  of Educa--
tion under grant No. MAT-88-0116-C02-02. e
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Figure 1. PL spectra for the four Figure 2. Energy vs. magnetic field
polarization configurations. The in CdTe/CAMnTe superlattices. Open
daghed-line shows the shift be- {close) symbels are obtained from FIE
tween ot and ¢~ emission. recorded with o*(c™) exciting light.
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