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Inter band magneto-reflectivity studies of short period semimagnetic superlattices

in the system CdTe/Cd;_xMnyTe

R.J.Nicholas* ®, M.J.Lawless®, S.Sasaki®, N.Miura®, D.E.Ashenford® and B.Lunn®
a : Clarendon Laboratory, Parks Rd., Oxford, 0Xl 3PU, U.K
b : Institute for Solid State Physics, Tokyo University, Roppongi, Minato-ku,
Tokyo 106, Japan
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1) Short period superlattice magneto-reflectance and magneto-PL

Fig.1 shows a series of plots of the reflectivity of the short period SL structure H231
(~60A period CdTe/Cd,-xMnxTe, 20% Mn), which shows a strong minimum at ~ 1.72eV, which
is attributed to the HHIs exciton which rapidly splits into two strong components at low
magnetic fields. Above 20T three new features appear in the spectrum between the original
two peaks, and by 42T the lowest energy feature is rapidly losing intensity and being
overtaken by the higher energy feature. The peak positions as a function of field are
shown in fig.2., which also shows that, in contrast to the bulk and simple expectations
the splitting of the two outermost transitions is increasing at a progressively faster
rate at high fields. The bulk splitting was also studied, but gave much less pronounced
features in the spectrum, as shown in fig.3. Nevertheless the splitting could be follow
-ed up to high fields, as shown in fig.4, and it was seen that the splitting was only
slowly approaching full saturation. This is due to the need for very high fields to

overcome the antiferromagnetic coupling of the Mn pairs and clusters in this relatively
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high Mn content alloy.

Magneto-PL was also studied, as shown in fig.5. Two transitions were observed, the
stronger and sharper of which corresponded to the lowest transition seen in the magneto-
reflectivity. The most interesting feature was the magnetic field dependence of the PL
intensity (fig.6), which initially fell with incerasing field, then showed a sharp
increase up to a peak at around 12T, followed.by a further slow decrease.

Overall these results demonstrate the large change in superlattice properties produced
by using very high magnetic field, combined with high Mn content alloys, to give large
magnetic shifts and splittings of the valence band edges. In the sample studied the
results are all consistent with the assumption of an (unstrained) band offset ratio of
18% for the valence band, which increases to approximately 22% when strain is included.
This gives a heavy hole well depth of over 65meV at zero field, with a relatively small
miniband width of 10meV. As the field is applied the -3/2 state barrier falls rapidly
causing the heave hole to spread into the barriers and weakening the excitonic overlap.
The typel /type I crossover occurs at around 12T. This corresponds to the sharp peak
in the PL response, which we associate with a peak in the vertical hole mobility as the
superlattice band modulation disappears. By 25 T the type T well depth has reached 20
meV, comparable in energy witn the Is exciton, and the reflectivity features are beginn-
ing to split and break up. By 42T the type T well depth is close to 45 meV, and the
miniband width is falling rapidly as the -3/2 hole state is becoming localised in the
CdMnTe. It is only at this point that the system begins to demonstrate very clearly its
type II character through the changes in the exciton spectra seen in the reflectivity

(i) Polaron coupling.

Again using the pulsed fields in Tokyo, a study of magnetoreflectivity of a wider well
with narrow linewidths (H311) shows a well defined 2s exciton resonance which has been
studied up to 42T. In the region 20-30T there is a very strong coupling in which the
resonance is broadened and shifted for both spin orientations. This is due to resonant
polaron coupling of the electrons, and it is the first time this effect has been clearly

observed with an excitonic system
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