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Reflectance spectra measured with synchrotron radiation on AlN single crystals in the energy range from 6
to 120 eV are reported. The imaginary part of the dielectric constant for AlN was determined by using the
Kramers-Kronig analysis, and the structures in the spectra were assigned based on the theoretical results
reported.@S0163-1829~97!51524-4#

Aluminum nitride ~AlN !, one of the III-V compound
semiconductors with a wurtzite crystalline structure, is prom-
ising not only for the use of passivation of semiconductor
surfaces and insulators for high temperatures, but also for the
use of optical devices at ultraviolet spectral region and sur-
face acoustic wave devices, because it has the widest band
gap in all the III-V compounds and high sound velocity.
Recently, it has received more attention from the properties
of its alloys with GaN and InN which permit the fabrication
of Al12x2yGaxInNy based shortest-wavelength semiconduc-
tor laser diode.1–3 In spite of the prospects of AlN in device
applications, experimental data on the optical properties are
surprisingly scarce,4 although several theoretical studies
were performed.5–8 Yamashitaet al.9 measured the reflec-
tance spectra of AlN in the photon energy range from 5.8 to
8.4 eV by using the deuterium lamp as the light source.
Michailin et al.10 attempted to measure the reflectance spec-
tra of AlN up to the photon energy 40 eV. However, no
experimental data relevant to the electronic band structures
of AlN are available.8 Accurate knowledge of the optical
spectra over a wide range of wavelength is indispensable for
understanding the electronic structure. In this paper, we
present the results of reflectance measurements on AlN
single crystals in the photon energy range from 6 to 120 eV.
The imaginary part of the dielectric function derived through
the Kramers-Kronig analysis are also reported.

AlN films were grown epitaxially on~0001! a-Al2O3 sub-
strates using the chemical reaction of trimethylaluminum
with ammonia.11 Reflection high-energy electron diffraction
results showed all the AlN samples to be a single crystal and
to have an orientation relationship of~0001! AlN i~0001!
a-Al2O3. Reflectance spectra were measured at two different
beam lines of synchrotron radiation facilities. One is BL1 of
SOR-RING in the Institute for Solid State Physics, the Uni-
versity of Tokyo for the photon energy range of 6–20 eV,
and another is BL5B of UVSOR in the Institute for Molecu-
lar Science for 15–120 eV. Reflectance dataR(E) were ob-
tained by taking the ratioI r(E)/I 0(E), where the intensities
for incident light I 0(E) and reflected lightI r(E) were mea-
sured in sequence in a given photon energy interval. The
incident angle was nearly normal to the substrate, 15° away
from the normal axis of the sample surface. Since AlN has a
wurtzite structure, the reflectance data and the dielectric

function are for the electric vector perpendicular to thec
axis. The dielectric function was determined from the reflec-
tance and the phaseu(E) which was calculated by the
Kramers-Kronig analysis of the reflectance spectra. Since the
spectral region of the reflectance measurements is always
bounded~6< E<120 eV in our measurements!, it becomes
necessary to extrapolateR(E) to infinite energies in order to
estimate the phaseu(E). Below the lowest-energy limit of
the measurements, the reflectance was assumed to be con-
stant. In the higher-energy region, we used the usual typical
function R(E)5CE24,12 where the constantC was deter-
mined so as to connect smoothly with the measured spec-
trum.

Figure 1 shows a typical reflectance spectrum of AlN
single crystals in the photon energy range from 6 to 120 eV.
The transitions revealed at 7.9, 9.0, 13.0, and 14.8 eV are
interpreted in a conventional way as the interband transitions
from the valence to conduction bands. Fairly good agreement
was found in the overlapped photon energy region~6.0–8.4
eV! between our reflectance spectra and those reported by
Yamashitaet al.9 We note that our reflectance spectra differ
from those reported by Michailinet al.10 in the curve shape
and peak positions except for the peak observed at 7.9 eV. In
the higher-energy range in Fig. 1, the reflectance spectrum
has a peak at 78.6 eV which is ascribed to the inner core
transitions from the Al 2p level.

Figure 2 shows the spectral dependence of the imaginary
part of the dielectric constant«2 for AlN. The shape of the

FIG. 1. Spectral dependence of the reflectance for AlN.
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imaginary part of the dielectric constant is similar to that of
the reflectance spectrum in Fig. 1, but the actual positions of
the peaks are slightly shifted in energy. There have been
several calculations of band structure for AlN. Hejda5 calcu-
lated the electronic structure of AlN by means of the or-
thogonalized plane-wave method. Kobayashiet al.6 per-
formed a band-structure calculation by using the
semiempirical tight-binding method. Ching and Harmon7

studied the electronic structure by means of the first-
principles linear-combination-of-atomic-orbitals method.
Unfortunately, our experimental data cannot be directly com-
pared with those calculated results, because only the energy
(E) vs wave-vector diagrams were reported in those papers.
Recently, Christensen and Gorczyca8 investigated the optical
and structural properties of AlN by means of the linear
muffin-tin-orbital method in its scalar-relativistic form in
conjunction with the local-density approximation to the
density-function theory. They identified the regions ink
space of dominant interband contributions to the elements of
structure in the dielectric function of AlN. Their calculated
imaginary part of the dielectric function is presented in the
inset in Fig. 2. There is a reasonable agreement between our
experimental spectra and the calculated results, although the

intensity of the theoretical peaks is much higher than of
those in our experimental spectra because the theoretical
spectra was derived in the single-particle scheme.13 From the
calculated«2 spectra, we assigned the peak positions for
each transition, and listed them in Table I. The main peak
observed at 7.6 eV in our experimental«2 spectra comes
from transitions at theM point (M :6→10). The small struc-
ture located at 8.9 eV is connected with~6→10! transitions
close to14SR, and the peak revealed at 13.0 eV is assigned to
transitions from band 7,8 to 15,16 at theD point of Brillouin
zone.

In conclusion, we have presented optical reflectance spec-
tra of AlN measured with synchrotron radiation in wide pho-
ton energy range from 6 to 120 eV. The imaginary part of the
dielectric function for AlN was determined by using the
Kramers-Kronig analysis, and each of the transitions ob-
served has been assigned based on the linear muffin-tin-
orbital calculations. The present work, complemented with
theoretical studies, yields a realistic picture of the electronic
band structure for AlN.
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FIG. 2. Spectral dependence of the imaginary parts of the di-
electric function«2 for AlN. The solid line indicates our experimen-
tal data, and the broken line represents the calculated result by
Christensen and Gorczyca~Ref. 8!.

TABLE I. Identification of structure in«2(E) for AlN.

Energy of optical structure~eV!

Our results Calculationsa Transition

7.6 8.08 M :6→10
8.9 9.35 1

4SR:6→10
13.0 13.43 D:7,8→15,16
14.6

aReference 8.
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