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We present data obtained with inelastic x-ray scattering
measurements of the phonon dispersions in hexagonal
aluminum nitride (AlN) along all three high-symmetry
directions. These are the first such data for AlN. Presently
available single crystals are large enough to perform an
inelastic x-ray scattering experiment. The results are
compared with first-principles calculations. We find
excellent agreement between the data and the calculations.

The group-III nitride-based semiconductors offer great
potential for applications to high-temperature electronic
devices, including light emitters, diode laser structures, and
detectors operating in the visible and near ultraviolet
spectrum. The phonon spectrum is one of the most
fundamental characteristic of these crystals. It determines
their thermal and optical properties including phonon-
assisted optical transitions. Therefore, a study of lattice
dynamics of nitrides is not only of fundamental interest but
results in a better understanding of structural parameters
responsible for the efficiency of optical devices. It is
suggested that the electronic and thermal properties of zinc-
blende (cubic) nitrides will be superior than those of the
wurtzite materials due to reduced phonon scattering in the
high-symmetry crystals. The cubic nitrides are also believed
to be better suited for doping than the wurtzites. However,
in the bulk, group-III nitrides grow as crystals of wurtzite
structure. Nitrides of the metastable cubic structure are
grown as films using various techniques [1].

Theoretical work has focused on the lattice dynamics of
both the cubic [2–6], and the wurtzite structure [7–10]. To
our knowledge, experimental work related to phonon
dispersions in wurtzite AlN has been limited to studies of
the phonon density of states. Thin films have been studied
by second order Raman scattering [5, 10], and powdered
samples were probed using time-of-flight neutron
spectroscopy [9]. The high melting temperature and the
decomposition of the material at temperatures approaching
the melting point make it difficult to grow large single
crystals. However, wurtzite AlN is available as single
crystals of reasonable size (approximately 1 mm3) [11, 12]
to perform inelastic x-ray scattering studies. Our results on
the phonon dispersions in AlN are a first approach to
understand the lattice dynamics in GaN and InN which
require modified theoretical models accounting for the
presence of 3d and 4d electrons, respectively [4].

The authors recently developed a new instrument for high-
resolution inelastic x-ray scattering (HRIXS) at the
Advanced Photon Source (APS) located at sector 3 of the
Synchrotron Radiation Instrumentation Collaborative
Access Team (SRI-CAT) [13]. The insertion device of the
undulator beamline provides a typical photon flux of 3 x
109 counts/s within a band pass of approximately 5 meV at
a photon energy of 13.8 keV. A spectrometer in
backscattering scheme is used employing silicon (777)
reflections. The data were taken with a total energy
resolution of approximately 9 meV (72 cm-1).

The AlN single crystal was of hexagonal shape, and had a
size of approximately 0.5 x 0.5 x 0.5 mm3. The typical
width of Bragg reflections was a few hundredths of a
degree. The phonon dispersions were measured in
transmission (Laue geometry). Typical raw data are
presented in Figure 1. The dispersions of longitudinal and
transverse polarized phonons were measured along <001>,
<100>, and <110> [(-A, (-M, (-K-M] directions in the (006),
(300), and (220) zone. It took four days to collect the data.
Not all phonon branches were measured either due to a
vanishing phonon structure factor or due to limited
instrumental resolution.

Figure 1: Transverse phonon spectra along (-A in hcp-AlN.

The calculations where performed using the plane-wave
pseudopotential approach to density-functional theory
(DFT) within the local-density approximation [14]. The
linear-response coefficients, which allow for the



determination of dynamical matrices and, in turn, of the
harmonic frequencies, are calculated within density-
functional perturbation theory [15]. Interatomic force
constants are obtained via Fourier deconvolution of a set of
dynamical matrices calculated on an homogeneous grid in k
space. Back transformation of the force constants gives
phonon frequencies at arbitrary points in reciprocal space. In
our calculations, we used norm-conserving pseudopotentials
and basis sets including plane waves up to a kinetic-energy
cutoff of 55 and 50 Ry for the calculation of static and
dynamical properties, respectively. Brillouin-zone (BZ)
integrations have been performed using 28 special points in
the irreducible wedge of the Brillouin zone. These
parameters ensure convergency of the calculated
frequencies within some percent. Further calculational
details are described to a larger extent in [15]. The
equilibrium lattice parameters obtained by minimization of
the crystal total energy of wurtzite AlN are a = 5.83 (5.88)
a.u. and (c/a) = 1.599 (1.601); brackets denote the
corresponding experimental values. The calculated phonon
frequencies at equilibrium are shown together with our
experimental data in Figure 2.

Figure 2: Longitudinal (diamonds) and transverse (squares)
polarized phonon branches in hcp-AlN together with the
results from ab initio calculations.

The agreement of the calculated dispersion curves with the
measured points is remarkable. Minor discrepancies appear
in cases where close-lying branches could not be resolved
due to the instrumental resolution. With respect to other
III–V semiconductors in the nitrides, one has to consider
mixture of long-range Coulomb and short-range valence
forces. In their work, Nipko and Loong use a rigid-ion
model to calculate the phonon dispersion curves, from
which they derive the phonon density of states. The first-
principles calculations in this work and the calculations of
Davydov et al. [10] (which follow a phenomenological
approach) account for both the ionic and covalent forces.
Only minor differences occur in the calculated phonon
density of states using either approach. However, looking at
the phonon disperion curves, differences become evident.
Acoustic branches in the work by Nipko and Loong are less

stiff than observed in our measurements. Moreover, they
result in only one anticrossing (repelling) of acoustic
phonon dispersion curves occurring along (- M. We
conclude that current models which account for the presence
of the ionic and covalent forces in nitrides result in phonon
dispersion curves in agreement with our data.
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