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The band structure of MnN films prepared by ion assisted deposition has been investigated by optical
conductivity and x-ray absorption and emission spectroscopies. X-ray diffraction and extended x-ray absorp-
tion fine structure show the films to be nanocrystalline but phase pure and exhibiting the known antiferromag-
netic distorted rocksalt phase. X-ray emission spectroscopy of the N K-edge and x-ray absorption near edge
spectroscopy of both the N K- and Mn L-edges are used to probe the occupied and empty densities of states,
which compare well with the N�2p� and Mn�3d� partial densities of states calculated using the linearized
muffin-tin orbital band structure method. A similar comparison is made between the measured optical conduc-
tivity and the calculated contribution from interband transitions. It is possible to associate the main features in
the measured spectrum with corresponding ones in the calculated optical function. The major differences
between calculated and measured spectra can be understood on the basis of a limited electron mean-free-path
in these nanocrystalline films, which broadens the features in the joint density of states and relaxes the
momentum conservation requirement. The calculated optical functions are analyzed in detail in terms of their
dominant band-to-band contributions and in addition the polarization dependence is predicted. Temperature
dependent conductivity measurements are also reported and show a clear metallic behavior and a weak Kondo-
like low temperature anomaly.
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I. INTRODUCTION

The transition metal nitrides have gained attention for the
extensive range of conduction and magnetic properties they
display, as well as for their potential for application in elec-
tronic and spintronic technologies. Manganese nitrides are
especially interesting, for they form a variety of stoichio-
metric phases1 with Mn ions in various valence states, and
among them one finds both antiferromagnets and
ferrimagnets.2–4 The Mn nitrides have also generated interest
as potentially magnetic secondary phases forming within
films of the magnetic semiconductor GaN:Mn, which has
been studied as a source of spin-polarized electrons.5,6

The most N rich manganese nitride is the mononitride,
MnN, which has an ambient-temperature antiferromagnetic
phase in a distorted rocksalt structure with cube axes a
=4.256 Å and c=4.189 Å.1,3,7 The material often contains N
vacancies, and the closely related Mn3N2 is again of the

NaCl structure, but with an ordered array of N vacancies.1

Recent x-ray and neutron diffraction measurements have
been performed on MnN samples prepared as sputtered thin
films, in which the N vacancies common to earlier material
appear to be rare.3,4 The results confirm the antiferromag-
netic phase below a Néel temperature of 660 K, displaying
ferromagnetic alignment along the c axis within each ab Mn
plane, and antiferromagnetic order between adjacent planes.
The structure reverts to cubic �FCC� above the Néel tempera-
ture.

The developing interest in MnN has encouraged a number
of band-structure calculations,8–12 which reproduce the ob-
served structures and magnetic phases of MnN. There are,
however, no spectroscopic measurements against which the
predicted band structures can be tested. Interestingly, to our
knowledge there are also no definitive measurements of the
dc conductivity of MnN. It is known to be metallic based on
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the value of its ambient-temperature conductivity, in agree-
ment with computed band structures, but no full temperature-
dependent conductivity measurements appear to have been
reported.

In this paper we describe the preparation of MnN films by
ion-assisted deposition and their characterization by Ruther-
ford backscattering spectroscopy �RBS� supported by
nuclear reaction analysis �NRA�, and x-ray diffraction
�XRD� to establish that they are stoichiometric and of the
expected distorted rocksalt structure. Extended x-ray absorp-
tion fine structure �EXAFS� measurements will be seen to
show no evidence of like-ion nearest neighbors and to dem-
onstrate a high degree of order within the crystallites com-
prising the films. We then report the first studies of the dc
conductivity at temperatures from 4 to 300 K and of the
spectroscopic conductivity from 0.01 to 6 eV. These band-
structure probes are complemented with x-ray spectroscopic
measurements of partial densities of filled and empty states
�PDOS�.

Calculations of the interband contribution to the optical
conductivity of single-crystalline MnN are carried out using
the linearized muffin-tin orbital �LMTO� method. The pre-
dictions of these are appropriately angle-averaged to repre-
sent the isotropic spectral conductivity of polycrystalline
films, and the results are compared with the measured spec-
trum. Disentangling the intraband �Drude-type� contribution
is not straightforward, but nonetheless we will show that it is
possible to associate definite experimental features with cor-
responding theoretical features. There are discrepancies, in
especially the strength of various interband features, that re-
sult from the nanocrystalline nature of the films. The imagi-
nary part of the dielectric function is further analyzed in
terms of separate band-to-band contributions, and the domi-
nant nature of the main experimentally observed peaks in
terms of specific k-point regions in the Brillouin zone are
determined. Polarization dependences are predicted, al-
though these cannot be verified with the polycrystalline films
in this study.

II. EXPERIMENTAL AND COMPUTATIONAL METHODS

A. Sample preparation and characterization

We have grown MnN films by an ion-assisted deposition
process, depositing Mn from a thermally heated source while
exposing the substrate to a 500 eV nitrogen ion beam from a
Kaufmann-type source. The growth rate was 1 Å/s, and the
ionised N:Mn rates were held at 2:1 �ion current density
90 �A cm−2� to encourage growth of the most N-rich phase,
MnN. The films were grown to a thickness of between 150
and 200 nm. To ensure clean growth conditions the vacuum
chamber was pumped to 5�10−6 Pa prior to deposition. The
substrates were first sputtered with nitrogen to prepare the
surface and improve adherence, and thereafter were held at
ambient temperature throughout the deposition. Substrates of
silicon �100�, fused silica, and glassy carbon were used, and
we have found no evidence of differences among the films
on these various substrates.

The surface of the films were inspected by scanning elec-
tron microscopy �SEM� and found to be smooth. Their com-

position was established primarily by RBS, complemented
for lighter elements �N, O� by NRA. All films were found to
be stoichiometric MnN to within the 1 to 2 at. % accuracy of
the measurements. The area density of the atomic species
provided by RBS and NRA was also used to confirm the film
thicknesses measured by a quartz microbalance during
growth.

Structural characterization was accomplished by XRD
and EXAFS. Turning first to XRD we show in Fig. 1 the
pattern provided by a grazing-incidence geometry on a film
grown on Si. All of the features can be assigned to the known
distorted NaCl structure of MnN, and the width of the stron-
gest �111� peak indicates an average crystallite diameter of
about 8 nm. At that crystallite size it is not possible to re-
solve the �200� and �002� peaks fully, but the clear evidence
of an asymmetry in that feature confirms the presence of a
distortion along the c axis, as expected in the antiferromag-
netic phase.3 The peak positions are in full agreement with
the unit cell dimensions for rocksalt MnN, further confirming
their 1:1 Mn:N stoichiometry. In particular we note that there
is no evidence at all of the peaks of Mn3N2, a common
secondary phase in MnN.1,4

These structural parameters are confirmed by EXAFS
measurements performed on the spectrometer EXAFS-13,
line D42, at LURE, Paris Sud University. Figures 2�a� and
2�b� show the Mn K-edge EXAFS pattern and the pseudo-
radial-distribution function �Fourier transform of the EX-
AFS� for the first four nearest-neighbor shells extracted from
an x-ray absorption spectrum taken at 77 K. The parameters
obtained from the fit �solid lines in Fig. 2� are compared in
Table I with the crystalline values reported at room
temperature.3 The EXAFS, which has been simulated using a
single peak, is used to fit each shell �i.e., a cubic rocksalt
structure is assumed� and the fitted lattice constant is found
to be 4.195 Å, intermediate between the ab and c axis lattice
constants of tetragonal MnN. Thus, the results show only

FIG. 1. XRD data for MnN deposited by ion-assisted deposition,
demonstrating the nanocrystalline distorted NaCl structure of the
films.
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MnN to be present, with the interatomic distances and the
number of ions within the shells consistent with the expected
values. Note, however, that the limited resolution of the EX-
AFS results prevent detection of the noncubic distortion seen
in XRD.

B. Electrical and spectroscopic measurements

The temperature dependent electrical resistivity was mea-
sured on a channel scribed on the films to form a conven-
tional four-terminal geometry. The spectral conductivity was
determined by ellipsometry �Beaglehole Instruments Picom-
eter� across the visible-UV �1.5–6 eV�, and by Kramers-
Kronig analysis of reflectance measurements through the
mid-IR-visible �Bomem DA8 Fourier-transform infrared

�FTIR� spectrometer and high-accuracy spectrophotometer�.
Extrapolations of the reflectivity for the Kramers-Kronig
analysis followed a power-law �−0.75 for frequencies
40 000–150 000 cm−1 and �−4 beyond that, chosen to repro-
duce the ellipsometry-determined UV conductivity, and the
standard Hagen-Rubens form �1−A��� appropriate for a me-
tallic response at low frequencies. It should be noted that in
the overlap region from 1.5 to 4 eV the measured reflectance
was in full agreement with that generated from the ellipso-
metrically determined optical constants, implying that the
films are fully specular up to at least 4 eV
�33 000 cm−1 ,300 nm�.

X-ray absorption near-edge spectroscopy �XANES� was
performed at both the N K-edge and the Mn L-edges, pro-
viding the partial density of filled states projected onto the
N�2p� and Mn�3d� orbitals. In addition soft x-ray emission
spectroscopy �XES� was performed at the N K-edge, which
then gives the N�2p� partial density of filled states. The syn-
chrotron experiments were performed at the soft x-ray undu-
lator beamline 511 at MAXlab �Lund, Sweden�, which is
equipped with a spherical grating monochromator.13 XES re-
sults were recorded using a Nordgen-type grazing-incidence
spherical grating spectrometer.14 The energy resolution of the
N K-edge soft x-ray emission spectra presented here is ap-
proximately 0.6 eV. XANES measurements were performed
with incident resolutions of 0.2 eV and 0.1 eV at the N
K-edge and Mn L-edges, respectively. XANES spectra were
recorded using the sample drain current technique to obtain
the total electron yield �TEY� and with incoming radiation
incident at 75 deg to the sample surface normal. All synchro-
tron measurements were performed with the sample in an
ultrahigh vacuum environment with base pressure 5
�10−8 Pa.

C. Computational approach

The calculations of the band structure and optical re-
sponse functions were carried out using the linearized
muffin-tin orbital �LMTO� method in the atomic sphere ap-
proximation �ASA�.15 The potential in this method is con-
structed self-consistently within the density functional theory
in the local spin density approximation16 using the
Ceperley-Alder17 exchange-correlation functional as param-
eterized by Perdew and Zunger.18 The results for the band
structure obtained in this manner are in good agreement with
the full-potential �FP-LMTO� calculations by Lambrecht et
al.9 The imaginary part of the dielectric function is then cal-
culated using the approach described in Ref. 19 within the
random phase approximation �RPA� and neglecting local
field and excitonic effects:

�2
j ��� =

e2

m2�2�
�
v,c
�

BZ

d3k�	vk�pj�ck
�2

��Eck − Evk − ��� , �1�

where pj =−i�� j is the jth Cartesian component of the mo-
mentum operator, and Evk and Eck are the occupied valence
and unoccupied conduction band states, respectively. A well

FIG. 2. �a� Extended x-ray absorption fine structure for MnN.
�b� Fourier transformed EXAFS showing the first four nearest-
neighbor positions.

TABLE I. Comparison between lattice parameters extracted
from EXAFS measurements and literature values for MnN.

This work Suzuki et al. �Ref. 3�

a �Å� 4.195 4.256

c �Å� 4.195 4.189

c /a 1 0.9843

dMn-N �Å� 2.098 2.128�a� /2.095�c�
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converged 10�10�7 k-point mesh in the reciprocal space
unit cell is used in conjunction with the tetrahedron integra-
tion method20 to evaluate the integral over the Brillouin
zone. �2��� is calculated up to 20 eV by including all occu-
pied valence bands and up to 40 bands in the conduction
band. The calculations of the optical functions are performed
for the antiferromagnetic unit cell. From this the real part of
the dielectric function is obtained by Kramers-Kronig trans-
formation and any other desired optical function such as the
optical conductivity Re������=4� Im����� /�� can easily be
obtained.

III. RESULTS

A. Experiment and comparison to calculations

Figure 3 displays the temperature dependence of the nor-
malized resistivity. The room temperature resistivity is ap-
proximately 135 �	 cm. The films are clearly metallic,
though they show a high residual resistivity of more than
100 �	 cm as expected for the very small crystallites in the
films. The intrinsic temperature-dependent resistivity is simi-
larly large, rising to 25 �	 cm when the temperature reaches
300 K. The inset to Fig. 3 shows a weak approximately loga-
rithmic upturn below 30 K reminiscent of a Kondo anomaly,
which is a feature usually associated with magnetic impurity
scattering.21 The interpretation of this upturn is as yet un-
clear.

The measured spectral conductivity �Fig. 4, solid blue
line� shows a conductivity that rises to 7500 S/cm at the
lowest measured frequency, in good agreement with the dc
value of 7400 S/cm. This behavior is characteristic of an
intraband metallic contribution, although the data do not fit
well to the simple Drude expression

���� =
�DC

1 + �2
2 . �2�

As discussed below there are significant low-frequency inter-
band contributions which overlap the intraband conductivity.

In particular, the calculated interband conductivity, �short
dashed black line in Fig. 4� shows a feature at 1000 cm−1 or
0.13 eV. Therefore, a Drude term, shown as a dotted green
line, with ��0�=6000 S/cm and 
=9.5�10−13 s was sub-
tracted so as to give approximate agreement between calcu-
lated and experimental � in the region 1200–2200 cm−1. The
experimental spectrum after the Drude term subtraction,
shown as a long dashed red line, then agrees remarkably well
in absolute value and shape of the curve all the way up to
about 9000 cm−1 or 1.1 eV.

At frequencies above 5000 cm−1 �0.6 eV� the conductiv-
ity is dominated by interband transitions. In our measured
data these are signalled by features with maxima at
14 000 cm−1 �1.7 eV� and 32 000 cm−1 �4.0 eV�. For com-
parison between the experimental and theoretical data the
calculated interband contribution has been averaged over
both polarizations, corresponding to the sample’s polycrys-
talline nature, i.e., �av= �2�ab+�c� /3. The strongest peak in
the calculation corresponds well in energy to the observed
1.7 eV experimental feature, and a second peak appears in
the calculation at 3.4 eV, near to the measured feature at
4.0 eV. However, both features are much weaker and
broader in the experiment than in the theory. Thus there is
substantial agreement in regards to the energy at which the
structure occurs, but a severe disagreement in the strengths
of the features. We now discuss the role that the nanocrys-
tallinity may play in that disagreement.

As will be discussed in the next section, the 1.7 eV peak
corresponds to a strong peak in the joint density of states
originating from nearly parallel, but not flat, bands across an
extended portion of the Brillouin zone �BZ�. The calculated
conductivity is appropriate for fully crystalline material, and

FIG. 3. Normalized temperature dependent resistivity of MnN.
The room temperature resistivity is about 135 �	 cm. The inset
shows the approximately logarithmic resistance anomaly observed
at low temperature.

FIG. 4. �Color online� Optical conductivity as the function of a
wavenumber and photon energy: Solid blue line experimental data
obtained from reflectance and Kramers-Kronig analysis in the infra-
red, indigo part at higher energy was obtained separately from el-
lipsometry in the UV, visible and near-infrared; short-dashed black
line, calculated interband contribution to the conductivity, dotted
green line, Drude-expression with ��0�=6000 S/cm and 1/

=3500 cm−1, long-dashed red line, experiment with Drude inter-
band contribution subtracted, dash-dotted orange line, convolution
of empty and filled density of states multiplied by frequency and an
arbitrary factor.
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thus assumes vertical transitions, or strict momentum conser-
vation. As discussed above, the films used in the experiment
comprised crystallites of typically 8 nm diameter, limiting
the mean free path ��� to about 4 nm. Furthermore it is
likely, given the high residual resistivity, that the mean free
path is limited further by defects within the crystallites. In
the presence of such strong scattering the wavevector of both
initial and final states will be broadened to about �k
�−1,
in turn broadening the interband absorption features by as
much as twice the product of the wavevector broadening and
the band dispersion. With the band calculated dispersions
�see next section� one should expect broadening of at least
0.5 eV from the limited mean free path. The effect on the
relatively narrow 1.7 eV feature is especially severe, broad-
ening it by a factor of at least 3 with the accompanying
reduction in its strength. It is, however, insufficient to fully
explain the reduction to the measured feature.

It is useful further to consider the extreme short mean free
path limit, when wavevector conservation is completely vio-
lated. In that limit one might expect that the conductivity is
proportional to a convolution of the filled and empty parts of
the density of states, i.e.,

�1��� 

1

�
� f�E�g�E��1 − f�E − ����g�E − ���dE , �3�

where �1 is the real part of the conductivity, f�E� is the
Fermi function, and g�E� the density of states. We can dem-
onstrate the dominant nature of momentum conservation in
the 1.7 eV feature by plotting the above convolution multi-
plied by an arbitrary factor for comparison with the mea-
sured spectral function. This curve is shown as the dash-
dotted orange line in Fig. 4. One may notice that the peak at
1.7 eV is totally absent. In fact, this curve gradually rises and
peaks near 2.8 eV. If one assumes that the real measured
spectrum is some superposition of momentum conserving
regions and momentum relaxed regions lying across grain
boundaries, one may well imagine that the features get
strongly reduced because the peaks in one curve occur near
the valleys in the other. The convolution curve on the other
hand would strongly underestimate the experimental conduc-
tivity in the region below 1 eV. As will be shown in the next
section, the peak centered at about 0.6 eV arises from
smaller regions of the BZ which are perhaps less affected by
the momentum conservation relaxation.

As for the discrepancy in the higher energy peak position,
we note that LDA will tend to underestimate conduction
band energies and overestimate valence band energies, and
thus underestimate optical transition energies. This effect is
similar to the well-known underestimate of the band gap in
semiconductors. On the other hand, excitonic effects, not in-
cluded here, would tend to lower optical transitions. Since
this is a metallic system, excitonic or electron-hole interac-
tion effects are expected to be strongly screened.

Figure 5 displays both XANES and XES results for N
K-edge transitions, representing the filled �XES� and empty
�XANES� N�2p� partial density of states. The XES spectrum
was obtained using 419 eV excitation. Note that these tech-
niques do not assign an absolute scale to the PDOS function,

and the two sets of results have simply been normalized to
their peak values. On the other hand their energy scales are
well-calibrated so that a common Fermi energy for the MnN
is clearly seen at 397 eV �relative to the 1s level�, where the
XES �filled� DOS falls to zero and the XANES �empty� DOS
rises rapidly. The figure also shows the PDOS as predicted
by the calculated band structure. The agreement in peak po-
sitions is reasonable taking into account the broadening of
the experimental results due to both experimental resolution
effects and the nanocrystallinity of the sample and the fact
that no matrix element energy dependence was taken into
account in the calculations. The additional peak at 402 eV in
the XANES data is the �* resonance of a small density of
trapped molecular N2 in the films, as seen also in other IAD-
grown films.22,23 A corresponding N2 3�g resonance was also
observed in the XES spectrum when the excitation energy
was resonant with the �* absorption �i.e., Eex=401 eV�. The
presence of these two features with well-known energies24

allows an excellent confirmation of the energy calibration.
The molecular nitrogen in the films does also add uncertainty
to the interpretation of the RBS measurements, but a com-
parison of the relative intensity of the N2 peak to similar
peaks seen in disordered GaN films22 indicates that the frac-
tion of nitrogen held as molecules is within the RBS uncer-
tainty limits.

Figure 6 shows XANES results from the Mn�2p� core
level. In this case the PDOS is reproduced some 12 eV
above the first edge, representing the spin-orbit splitting of
the 2p1/2 and 2p3/2 states �the L2 /L3 edges�. Again the agree-
ment with the calculated PDOS is reasonable in terms of
peak positions. Both experiment and theory show two peaks
followed by a shoulder spaced by about 1 eV. The intensities
are not expected to match because matrix element effects
were not included in the theory.

B. Analysis of calculated spectra

In this section we analyze the calculated optical spectral
functions in terms of the band structure. First, we show the
calculated optical conductivities again in Fig. 7, this time

FIG. 5. XANES ��� and XES ��� spectra for N�1s�− �2p� tran-
sitions representing empty and filled states respectively, compared
to calculated N�2p� PDOS �solid line�. The narrow peak at 401 eV
is due to a small quantity of molecular N2 trapped within the films.
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including the polarization dependence and energies well into
the ultraviolet region up to 11 eV. Although the polarization
dependence could not be determined from the present mea-
surements on polycrystalline films and the present measure-
ments were limited to the IR, visible, and near UV, we hope
it will be useful for future reference.

Next, since the primary optical response function calcu-
lated is the imaginary part of the dielectric function, we ana-
lyze it in partial band to band contributions, beginning in
Fig. 8 with the case where the electric field E is polarized
perpendicular to the c axis. For reference, the region of the
band structure near the Fermi level is shown in Fig. 9 with
some of the bands labeled, counting them upward starting
from the N�2s�-like bands. Bands 13 and 14 are seen to cross
the Fermi level.

Returning to Fig. 8 we first note that there is a sharp peak
at 0.1 eV which is primarily due to transitions from band 13
to 14. This arises from the small regions in k-space where
both bands 13 and 14 cross the Fermi level close to each
other, such as a little before halfway along �−X or along
�−M, since of course the transitions only correspond to the
region where band 13 is occupied and band 14 empty. Tran-
sitions between band 12 and 13 extend from 0 to 2 eV but

give a rather broad background-like contribution. The peak
standing out at 0.6 eV, which corresponds in energy to the
onset of strong interband contributions to the measured op-
tical conductivity, is seen to arise from a band 13–14 contri-
bution riding on top of this background. Inspecting the
bands, this can be seen to arise from near the M and the Z
points, where band 13 is well below the Fermi level and
band 14 is above it. Several contributions add together to
form the strong peak centered at 1.5 eV. These are shown as
the dotted red line and correspond to transitions from band
12 to bands 14 and 15.

Figure 10 shows the energy band differences between
bands 14 and 16 from band 12. Whenever bands are parallel,
this shows up as flat lines in this plot. This happens for
12–14 along �−X and mostly for bands 12–15 over several
extended regions in the Brillouin zone all for energies near
1.5 eV. This explains why there is a large joint density of
states associated with this peak. No other strong features are
seen in �2��� below 5 eV.

Next, we turn to the E �c spectrum shown in Fig. 11. First
of all, we may notice that the polarization dependence is
indeed significant. The main peak �in terms of area under the
curve� is now at 0.6 eV with a smaller peak at 1.5 eV. The
peak above 3 eV which was clearly identified in the experi-
ments is now seen to arise mainly from E �c transitions. The

FIG. 6. X-ray absorption near-edge spectrum for the Mn�2p3/2�
core level ��� compared with the calculated Mn�3d� PDOS �solid
line�. The Mn L2-edge �2p1/2� contributes the features above
652 eV.

FIG. 7. �Color online� Calculated optical conductivity for inci-
dent light polarized along the two inequivalent crystal directions.

FIG. 8. �Color online� Separate band-to-band contributions to
the imaginary part of the dielectric function �2 of MnN for E�c.

FIG. 9. Calculated band structure of MnN near the Fermi
level.
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strong feature at 0.6 eV is seen to arise mainly from transi-
tions between bands 12 and 13 and since there are only a few
k-point regions where band 13 is empty, we may associate
them with the regions near X and in the middle of the
�−M line. The outstanding contribution to the peak at
1.5 eV is again from transitions between bands 12 and 15. A
small but distinct peak occurring at 2.6 eV can be seen to
come mainly from transitions 10 to 15. The peak starting at
3 eV is seen to arise mainly from 11 to 17 transitions, with
additional contributions from 10 to 15 and 10 to 16. Bands
11 and 17 can be seen to be nearly parallel along large por-
tions of �−X and �−M with an energy band difference of
about 3 eV, explaining the large joint density of states.

IV. SUMMARY AND CONCLUSIONS

MnN films were grown by ion assisted deposition. XRD
and EXAFS showed them to be nanocrystalline. Temperature
dependent dc conductivity measurements were carried out
and the optical conductivity in the infrared to visible spectral
regions were deduced from reflectivity and ellipsometry
measurements. XANES and XES spectra were measured for
the N K-edge and XANES for the Mn L1- and L2-edges. The
XANES and XES spectra were compared to the calculated
PDOS of N�2p� and Mn�3d� character and were shown to be
in good agreement when taking into account broadening ef-
fects in the measurements. The contribution of interband
transitions to the optical response functions were also calcu-
lated based on LMTO band structure calculations. Compari-
son between the calculated and measured optical spectra al-
lowed us to identify certain features in the measured spectra
in terms of position of the peaks. Discrepancies in the spec-
tral intensity of the measured and calculated peaks is be-
lieved to be due to the nanocrystalline nature of the films
which breaks the momentum conservation rule for the opti-
cal transitions. As a result features characteristic of large
joint density of states due to regions of parallel bands in the
calculated spectrum are strongly reduced in the measured
conductivity. The calculated and measured conductivity,
however, agree nicely in shape and absolute intensity in the
spectral region 1000–10 000 cm−1 once a Drude like intra-
band contribution is subtracted from the data. Deviations
from Drude like behavior at low energy put in evidence the
occurence of interband transitions at low energy, which
could furthermore be associated with specific interband tran-
sitions between bands 13 and 14 �see Fig. 9� which cross the
Fermi level close to each other in several regions of the
Brillouin zone. A detailed analysis of the calculated imagi-
nary part of the dielectric function was carried out, thereby
assigning the peaks to specific band-to-band transitions and
specific regions of the Brillouin zone. This analysis was
separately carried out for the two polarization directions and
reveals significant polarization dependence.
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