IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Mn 3d states in NiAs-type MnTe studied by means of synchrotron radiation photoemission

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
1994 J. Phys.: Condens. Matter 6 8607
(http://iopscience.iop.org/0953-8984/6/41/022)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 171.66.16.151
The article was downloaded on 12/05/2010 at 20:47

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/6/41
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

J. Phys.: Condens. Matter 6 {1994) 8607-8612. Printed in the UK

Mn 3d states in NiAs-type MnTe studied by means of
synchrotron radiation photeemission

Y Uedafg, H Satof, M Taniguchit, N Happof, T Miharaf, H Namatamef,
T Mizokawa? and A Fujimorif

t Department of Materials Science, Faculty of Science, Hiroshima University, Kagamivama
1-3, Higashi-Hiroshima 724, Japan
1 Department of Physics, The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

Received 13 May 1994

Abstract. A measure of the Mn 3d partial density of states (D0S) of NiAs-type MnTe has been
obtained from resonant photoemission experiments in the Mn 3p-3d core excitation region.
On the basis of an analysis of the Mn 3d partial Dos spectrzm in terms of a configuration
interaction on a Mn?* (Te?~)s model cluster, we find that the spectral intensities in the top 6 eV
are predominantly due to transitions to the dL. final-state configuration, where L represents a
ligand hole. On the other hand, those at 6-14 ¢V originate mainly from transitions to the d*
configuration,

Among transition-metal compounds with hexagonal. NiAs-type structure, MnTe is a
particularly interesting material because of its mon-standard magnetic and elecironic
behaviour [1-3]. Most of the materials belonging to this group are metallic or semimetallic,
while MnTe is a semiconductor with a direct band-gap energy of 1.3 eV [4]. The other
manganese chalcogenides (MnO, MnS and MnSe) are wide-gap insulators and their stable
structure is NaCl type [4-6]. Therefore, semiconducting MnTe occupies an intermediate
position between Nids-type metallic transition-metal compounds and NaCl-type insulating
manganese chalcogenides. With respect to the magnetic properties of NiAs-type MnTe, it
is well known that the crystal is antiferromagnetic with a Néel temperature Ty of 307 K
[7). A number of studies have been made using neutron diffraction [8], pressure-induced
phase transiticns [9], optical absorption [4, 10, 11], x-ray photoemission measurements [12]
and band-structure calculations [13-16] so far,

The purpose of the present paper is to evaluate a measure of the Mn 3d-derived partial
density of states {DOS) of NiAs-type MnTe in the valence bands and to investigate the
degree of hybridization in detail from resonant photoemission measurements in the Mn 3p—
3d core excitation region [17-19]. The resonance takes place over a specific energy range
as a result of interference between the direct excitation process of the Mn 3d electrons
(3p°3d° + fiw —> 3p‘53df1 + €l) and the discrete Mn 3p-3d excitation process followed by
a super Coster-Kronig decay (3p®3d® + fiw — 3p°3d® — 3p53d* + €l), where fiw is the
excitation photon energy [20]. Since only the Mn 3d states are resonantly enhanced for fiew
near the Mn 3p-3d excitation, we can estimate their contribution to the valence band DOS
by subtracting the spectrum at antiresonance from that measured just on resonance. The
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cross sections of the remaining states (Te 5s and 5p) do not vary appreciably over the small
energy region of the resonance,

Total yield and valence band photoemission measurements were carried out with
the aid of synchrotron radiation on the beamline LID of the Photon Factory in the
National Laboratory for High Energy Physics (KEK-PF). Total yield mode was employed
to obtain core absorption spectra. In addition, a combination of a constant-deviation-type
monochromator and a double-stage cylindrical-mirror analyser was used to measure angle-
integrated photoemission spectra. The binding energy with respect to the valence band
maximum (VBM) was determined by extrapolating the steep leading edge of the highest
valence band peak to the baseline. The intensities of the total yield spectra and valence
band spectra for resonant photoemission experiments were normalized to the monochromator
output.

The background due to inelastic secondary electrons in the valence band spectra were,
in some cases, removed from the spectra. Then, we assumed that the intensity I,(E) of
secondary electrons at a binding energy E is given by

E

(EY=Fk I(ENAE' (1)
s

where T(E'), Eg and k represent the total emission iptensity at binding energy E’, the binding
energy corresponding to the highest kinetic energy of emitted electrons and a constant,
respectively [21]. The constant k£ can be determined by applying (1) to the emission intensity
at binding enerzy E, where the entire contribution is only from secondary electrons. Then,
k satisfies the following relation

E,
k= I(E.) / j; I(ENdE'. 2

The working pressure in the analysis chamber was 4 x 10710 Torr during the measurements.
All measurementis were performed at room temperature.

Polycrystals of NiAs-type MnTe were grown by quenching the quartz ampoule with
equal amounts of Mn and Te from 1000°C to room temperature [22]. A small amount of
Na (below 0.1 at.%) was doped into the crystals [23] to realize a low resistivity and to prevent
the electrostatic charging effect in photoemission measurements. The crystal structure was
checked by x-ray diffraction measurements. The Mn and Te concentration were evaluated
by electron probe microanalysis. Clean surfaces for photoemission measurements were
obtained by scraping with a diamond file under 4 x 1071 Tor.

Figure 1 shows a series of valence band spectra of NiAs-type MnTe for fiw in the Mn
3p—3d core excitation region. The intensities have been normalized to the monochromator
output; thus the spectra can be compared not only with respect to their shape but also in
terms of relative intensities. One notices six structures at 0.6, 2.4, 3.7, 5.0, about 8.0 and
11.5 eV below the vBM as shown by vertical arrows for the spectra taken at hw = 47.4 and
50.0 eV. Among these structures, the peak at 3.7 eV exhibits a prominent resonance. With
increasing Ae from 43.0 to 60.0 ¢V, the intensity of this peak first decreases gradually to a
minimum at fw = 47.4 eV and then increases sharply to reach a maximum at Zew = 50.0 eV.
The remainder of the valence bands are also resonantly enhanced. In particular, a set of
states appears between 6 and 14 eV near the resonance.

In order to investigate the resonant profile in detail, we plot the photoemission intensities
of selected valence band features as a function of Ae in figure 2(a), where each valence
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Figure 1. A series of valence band photoemission spectra of NiAs-type MnTe for iz in the Mn
3p-3d excitation region, The binding energy is defined relative to the vEm, The vertical arrows
represent energy positions of structures.

band is specified by the binding energy E; with respect to the VBM. One notices that the
spectrum for E; = 3.8 ¢V shows a prominent Fano-type resonance [20,24]. In addition,
the spectra for E; = 1.0 and 2.1 eV also exhibit resonance. The amount of enhancement
for the spectrum for E; = 1.0 ¢V is as much as about quarter of that for the spectrum for
E; = 3.8 eV._ As far as the spectra for E; = 5.5 and 8.1 eV are concerped, these spectra
are affected by the background of inelastic secondary electrons. After correction for the
background contribution, however, we still obtain a sizable resonance. The correlation of
the valence band resonance with the Mn 3p—3d core excitation is clear from comparison
with the corresponding absorption spectrum of MnTe in figure 2(b), obtained in the form
of the total yield spectrum.

Here, we realize our aim to deduce a measure of the Mn 3d partial pOs of MnTe. For
this purpose, we subfract the spectrum measured at antiresonance (hw = 47.4 eV) from that
taken just on resonance (iw = 50.0 eV), after normalization of the spectral intensities to the
monochromator output. The result is shown in figure 3(a). We find a prominant peak again
at 3.7 eV, and an appreciable Mn 3d contribution throughout the valence bands from 0 to
6 V. In addition, the difference spectrum shows a satellite structure in the energy region
from 6 to 14 eV.



8610 Y Ueda et al

T 1 I
(a)
Ei(eV)
:-Q‘. - ."u""“."""--.-.u.. 1.0
.E -'"'-n-—.....,__m.’__,. — -«---m..-'-n:
:: e tadg, -.. Nuuﬁ""‘"“""’wm.?i_
-E L, Py l-u-_-.
© [ S
g R ,.-.-".‘...h.. ', -“.&mmw"fmsm-
B [ . T, 5.5
% mﬂ""’""---...-u o . T ———
= © e 8
....“""—..u— - S ks
| t H
45 50 55 80
Photon Energy (eV)
1 T T
) ®
= Rt
3 - .-.c.
o o
\f_ﬁ’ -.'-. Lk Y
= .
@ |, Total Yield
G| e
£
i L L] |
45 50 55

Photon Energy (eV)

Figure 2. (a) Plots of the photoemission intensities of selected valence bands as a function of
fieo. Bach valence band is specified by the binding energy E; with respect to the vBM. (b) Total
yield spectrum of NiAs-type MnTe for the photon energy region between 40 and 57 eV,

In order to analyse the Mn 3d partial DOS features in detail, we bave performed
a configuration interaction (CI) calculation on a model cluster Mn?+ (Te?")s, following
similar calculations for Cdy_.Mn,Te alloys [17, 1§, 25]. In the calculation, the ground state
is Tepresented as a mixture of the purely ionic d° configuration and the charge-transfer
configurations of d®L and d’L%:

W, = a,|d®) + byld®L) + cgfd’L?) 3

where L denotes a ligand hole. The final state of d-electron emission is a mixture of the
d*, d°L and dSL? configurations as given by

Wr = agd*) + beld®L) + eeld®L?). @)
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Figure 3. (a) A comparison between the experimental Mn 3d partial pos spectrum and medel
spectrum calculated in terms of the c1 theory using parameters of A =2.0 eV, I/ =5.0 eV and
(pdo) = —0.75 eV (b) Final states decomposad into the d*, d°L and dSL.2 components.

The d5L configuration, for instance, originates from the screening of the photoproduced hole
in the Mn 3d states by a ligand-to-metal charge transfer as well as from direct d-electron
emission from the d®L component in equation (3).

The calculated Mn 3d DOS spectrum is shown in figure 3(a), where the line spectra are
convoluted with Gaussian and Lorenizian functions for comparison with the experimental
spectrum [26,27]. We find that the experimental spectrum is well reproduced using the
parameters A = 2.0 eV, U = 5.0 eV and (pdo} = —0.75 eV, where A is ligand-to-metal
charge-transfer energy and U is Coulomb correlation energy of Mn 3d electrons. (pdo)
denotes a p~d transfer integral and (pdo)/(pdr) is fixed at —2.16 [28]. In figare 3(b)}, the
final state is decomposed into the d*, d°L and dL? components.

The present €I analysis reveals that the intensities of the line spectra in the top 6 eV
(figure 3(a)) originate predominantly from transitions into the d°L final-state configuration
with a smatler contribution of the d* configuration. On the other hand, those at 6-14 eV
stem mainly from transitions into the d* configuration, while the transitions into the d°L
configuration contribute to a lesser extent.

-Finaily, we comment on the theoretical valence band DOS of NiAs-type MnTe calculated
by Wei and Zunger [16] on the basis of the spin-polarized self-consistent local-spin-
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density total-energy and band-structure calculation. The theoretical DOS of valence bands
is composed of the Te 55 bands centred at 11.8 ¢V with a band width of 1.5 eV, and the
upper Te 5p and Mn 3d hybridization bands in the energy region from 0 to 6 eV. The
characteristic feature of the theoretical DOS is qualitatively consistent with the experimental
spectrum measured at 47.4 eV. We find that the spectra in figure 2(a) can be roughly
reproduced using a Fano profile with g-parameters of around 2. For such g-values, the Mn
3d cross section in the 1-14 ¢V range is nearly zero at antivesonance {20, 24]. Therefore,
the spectrum at 47.4 eV can be reasonably assumed to reflect predominantly information
on the sp-band states.
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