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Resonant photoemission spectroscopy was applied to determine the
Mn 3d derived contribution to the valence band density of states of
Mn0.44 Mg0.56 Te grown by molecular beam epitaxy on a GaAs(001) sub-
strate. The modifications of the valence band density-of-states distribution
are discussed as a consequence of the substitution of Mg ions for Mn ions.
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1. Introduction

The group of Mg-based semiconductors has attracted an increasing inter-
est since their importance as optoelectronic materials was demonstrated [1-3].
Mn1-xΜgxΤe, very recently grown by molecular beam epitaxy (MBE), is not an
exception [4]. Moreover, due to the presence of Mn ions, it is expected to be a
suitable material for magnetic barriers in quantum heterostructures. Therefore,
it became a very interesting subject of studies carried out by means of different
experimental techniques [4]. In particular, its band structure is far from being
determined.

We present the results of photoemission studies undertaken in order to
determine the valence band density-of-states (DOS) distribution in zinc blende
Mn0.44Mg0.56Te. The experiments were performed by means of resonant photo-
emission spectroscopy. This means that photoemission spectra were recorded for
the photon energies close to the intra-ion Mn 3p 6 3d5 —> Mn 3p53d6 transition. The
autoionization of the excited state to the Mn 3p 63d4 + e- configuration (by the
super Coster-Kronig decay) [5, 6] leads to the strong resonant enhancement of
the spectral features corresponding to the emission from the Mn 3d shell. As the
dependence of the resonant photoemission intensity is described by the Fano pro
file [5], the difference between the spectra taken on resonance and at antiresonance
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photon energy is interpreted as a measure of the Mn 3d contribution to the va-
lence band. On the other hand, the comparison of the spectra with those previously
collected for zine blende (zb) MnTe [7], under the same experimental conditions,
enabled us to identify other modifications of the valence band structure caused by
the presence of Mg atoms.

2. Experimental conditions ,
The Mn0.44Mg0.56Τe layers were grown by an MBE technique on a GaΑs(001)

substrate with a CdTe buffer of the thickness of 1000 Α [4]. As the Μn 0 . 44 Μg0. 56 Τe
layer thickness amounted to 2 μm we believe that the obtained results are rep-
resentative for the bulk properties of the studied material. The clean surface for
the photoemission experiments was prepared by Ar+ ion sputtering (at the argon
pressure of 1 x 10 -4 torr and with the accelerating potential difference of 600 V)
and annealing at 260°C under ultrahigh vacuum (UHV) conditions.

The experiments were carried out at the E1 beamline of the storage ring
DORIS III in the synchrotron radiation laboratory HASYLAB in Hamburg, Ger-
many. The FLIPPER II experimental setup, designed for sample preparation and
extended characterization of solids by means of electron spectroscopies, was at-
tached to the beamline via a plane grating monochromator which operated within
the photon energy range'of 15-200 eV [8].

3. Experimental results and discussion
Figure 1 shows the set of photoemission spectra acquired for the photon

energies close to the energy of the Mn 3p → 3d transition. The strong changes in
the intensity of the peak at the binding energy of 4.5 eV, observed with the increase
in photon energy, enabled us to determine the resonance and antiresonance photon
energy as equal to 51.2 and 48.6 eV, respectively. The shape of the spectrum
taken at the antiresonance energy is determined mainly by the distribution of the
states constituting the valence band of the host semiconductor. A comparison of
the antiresonance spectra of Μn 0 . 44Μg0 . 56Τe and zb-MnTe (Fig. 2) shows that a
substantial part of the valence band states was transferred to the deeper part of
the band. It might be a manifestation of an interaction between the hybridised
Mg 3s, 3p and Te 5s, 5p states. It can also occur due to the reduction of the
number of Mn 3d states hybridising with the valence band states. However, it
is difficult to propose a final interpretation before the results of band structure
calculations are available.

In order to visualise the Mn-derived contribution to the valence band we
subtracted the spectrum taken at the energy of 48.6 eV (antiresonance) from that
obtained for ħ ν =51.2 eV (resonance) (Fig. 2). The overall shape of the difference
spectrum corresponds well to those obtained for Mn-based diluted magnetic semi-
conductors (DMS) [9, 10] and cubic MnTe [7, 11]. However, the relative intensities
of its main components markedly differ from those reported for MnTe.

In the resonant photoemission difference spectrum of an Mn-based compound
three main parts can be distinguished [9]. First of them (VB) corresponds to
the upper part of the valence band, second one (M) is dominated by the main
maximum of the difference spectrum at about 3.5 eV below the valence band edge
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and the third component, the satellite (S), extends from the energy of about 6 eV
to about 12 eV below the valence band edge. These three features are built of
components corresponding to the emission processes which leave behind the Mn
ion in final states belonging to two categories: d4 and d5 L. d4 denotes the states
with an unscreened hole in the Mn 3d shell. d5 L describes the states with the hole
screened by the charge transfer from the ligands. The former states dominate the
satellite structure and contribute to the main maximum. The latter states form the
valence band part, dominate the main maximum and contribute to some extent
to the satellite.

It was shown by means of configuration interaction (CI) cluster model cal-
culations done for several Mn-based diluted magnetic semiconductors [8, 9] that
the relative intensities (IVB /IM and IS /IM) of the main parts of the resonant
photoemission difference spectrum can be correlated with the energy position of
Mn 3d states with respect to the anion p states composing the valence band as
well as with the strength of the p-d hybridization. Therefore, our results could
be interpreted as a symptom of the change in the strength of p—d hybridization,
occurring due to the presence of Mg atoms. However, it was usually observed that
an increase in IVB/IM correlates with a decrease in IS/IM and vice versa. It was
also confirmed by CI cluster model calculations [9]. Comparing the difference spec-
arum of Mn0.44Mg0.56Te with that of MnTe [7] we found that the values for both
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IVB/IMand Is/IMare lower for Μn0.44Mg0.56Te (Ινs/ΙM = 0.17, IS/IM = 0.27)
than for MnTe (IVB/fM = 0.21, IS /fM = 0.54). It suggests that not only the
d5 L component has decreased in the whole difference spectrum. It seems that the
transition probability distribution between 5Ε and 5T2 final states as well as the
energy position of these states have been markedly modified.

The influence of the Mn contents on the shape of resonant photoemission
spectra observed for Mn0.44Mgο.56Te and MnTe contrasts with the results of pho-
toemission studies of Cd1-xΜnΧ (Χ = S, Se, Te) [9], MnY (Y = S, Se, Te) (with
NiAs-type or NaCl-type crystal structures, respectively) [12] and Cd 1-xΜnxTe [10].
For those compounds the crystal composition seemed not to influence the strength
of the p-d hybridization. The change of the anion and the increase in the chem-
ical bonding ionicity resulted in the simultaneous increase in the valence band
component and decrease in the satellite (with respect to the main peak). Such a
behaviour could be explained in terms of a Cl cluster model as occurring due to
the changes in the energy position of anion p-orbitals and in the p-d orbital over-
lap [9]. The results presented in this paper can hardly be interpreted this way. It
seems that we have to consider interactions which were not included in the model
based on the cluster built of an Mn ion and its nearest neighbours.
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4. Summary

Photoemission spectroscopy was applied to determine the valence band
density-of-states in Mn0.44Mg0.56Te grown by MBE technique on a GaAs(001).
The Mn 3d derived contribution to the electronic structure was revealed by reso-
nant photoemission experiments. The results were compared with those obtained
for other diluted magnetic semiconductors and for zb-MnTe. The changes of the
valence band DOS caused by the presence of Mg atoms cannot be interpreted in
terms of the CI cluster model successfully applied for other Mn-based DMS. We
suppose that interactions ranging beyond the nearest neighbours have to be taken
into consideration.

Further results concerning Mn0.44Mg0.56Te crystals with different Mn con-
tents could be a valuable contribution to the discussion about the dependence of
p—d hybridization on the diluted magnetic semiconductor composition.
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