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a b s t r a c t

We study the lattice dynamics of the zinc-blende (ZB) allotropic form of bulk group-III nitrides using an

approach based on the linear chain model. Supported by the fact that the longitudinal oscillations and

the transverse oscillations are effectively decoupled, the relationship between the three dimensional

(3D) and linear chain (1D) force constants has been reported. It is possible then to fit the 3D bulk force

constants (and consequently the whole dynamical matrix) from the information related to few points,

either experimental or theoretical. In particular, we derive the dispersion relation and the

corresponding force constants of BN, AlN, GaN and InN. Our results are in good agreement with

previous ab initio results.

& 2010 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, the study of the group-III nitrides has become
attractive because of their promising mechanical and electronic
properties such as extreme hardness, high melting point, wide
band gap and relatively low dielectric constants; with applica-
tions in high temperature, high power and high frequency
electronics. It is a well established fact that most of those
properties mentioned above are strongly dependent on the lattice
dynamics. In the zinc-blende (ZB) phase of group-III nitrides this
phenomenon has been studied theoretically using either the ab

initio approach [1–3], the adiabatic bond charge model [4,5], and –
experimentally – Raman spectroscopy techniques [6,7]. However,
ab initio calculations are computationally very demanding while
results using second order Raman scattering experiments (which
provides information about phonon modes along the whole
Brillouin zone) have not been reported. Therefore is not
underrated to develop alternative methods to determine the
dispersion relations on these materials, using a few number of
free parameters with a clear physical meaning.

In the past the force constant model was the usual way to study
the lattice dynamics of compounds in any crystal system, particu-
larly in those which crystallize in the ZB structures [8–10]. Given the
limited amount of experimental data available at that moment
for the III–V compounds studied, the investigations cited above
were carried out in a simplified way. However, nowadays the

experimental phonon frequency values at the center and boundaries
of the Brillouin zone of group-III nitrides with ZB structure are much
better known. Taken this fact into account we propose using a force
constant model once again, and to apply it to the study of the lattice
dynamics in the ZB phase of BN, AlN, GaN and InN.

For that purpose, we consider harmonic interaction between a
limited number of neighbors. The dynamical matrix is then
constructed, taking into account the symmetry of the underlying
lattice. Interesting properties of the equations of motion are found in
this way. In particular, we check explicitly how the three-
dimensional (3D) problem is reduced to decoupled linear chain
equations for high symmetry directions, with the aim of obtaining
the relation between the 3D and one-dimensional (1D) force
constants. A partial study in this sense was previously reported in
Ref. [11]. To the best of our knowledge, this relationship has not
been explored so far. In consequence, our study helps to understand
better the richness of the linear chain models. The numerical
implementation of our model implies fitting the 3D bulk force
constants (and consequently the whole dynamical matrix) from
frequency values corresponding to very few points, either experi-
mental or theoretically determined. We show the dispersion relation
calculated for the mentioned materials and compare our results
with Raman measurements and ab initio calculations. The paper is
organized as follows. In Section 2 we describe briefly the theoretical
method used. In Section 3 report and discuss our results. At the end
in Section 4 our main conclusions are summarized.

2. Method

In our model we assume the harmonic and the adiabatic
approximations. Within these approximations the equation of
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motion has the form [12]:

o2ð~qÞeaðkÞ ¼
X
kub

Dabðkku,~qÞebðkuÞ: ð1Þ

In this equation and in the following we use the standard
notation [12] for cells ðn,nuÞ, atoms ðk,kuÞ, components ða,bÞ,
polarization vectors ðea,ebÞ, etc.; in particular, Dabðkku,~qÞ repre-
sents the dynamical matrix. It is given by

Dabðkku,~qÞ ¼
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

mkmku
p

X
nu

Fabðnk,nukuÞ � e�i~q �ð~Rn�
~RnuÞ þDLR

abðkku,~qÞ,

ð2Þ

where Fabðnk,nukuÞ is the matrix of force constants defined as the
second derivatives of the potential energy in the harmonic approx-
imation. The second term, DLR

abðkku,~qÞ, is an expression modeling the
long-range contribution needful to describe the splitting between
longitudinal and transverse optical frequencies in the Brillouin zone
center in partially ionic materials, and can be written as [13]

DLR
abðkku,~qÞ ¼

4pe2

V
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mkmku
p

½~q � Z�ðkÞ�a½~q � Z
�
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( )

�expf�2pi~g � ½~rðkÞ�~rðkuÞ�g � ð1þcosðpj~qj=j~qBZ jÞ

2
: ð3Þ

In this expression e is the elementary charge, Z* represents the
effective charge tensor, ~q is a wave vector within a Brillouin zone
centered at the reciprocal lattice vector ~g . V is the volume of
the primitive unit cell, ðmk,mkuÞ and ð~rðkÞ,~rðkuÞÞ are atomic masses
and positions, respectively. Additionally,~qBZ is a wave vector parallel
to ~q, with a length equals to the distance from G to the Brillouin
zone surface. As a matter of convenience we define parameter O as

O¼
4pe2

V
ffiffiffiffiffiffiffiffiffiffiffiffiffi
m1m2
p Z2: ð4Þ

Notice that O is the limit of Eq. (3) as q tends to zero and is a
measure of the importance of this term.

We consider the second neighbors interaction approximation
and write the equation of motion in terms of the force constants
matrices, given by Fabðnk,nukuÞ (2). The number of free parameters
is reduced applying the symmetry invariance. The remaining
parameters are determined fitting experimental and/or theore-
tical frequencies at the symmetry points G, L and X. The notation
for the parameters representing force constants as well as the
symmetry of each group of neighbors is listed in Table 1. A more
detailed analysis is presented in Refs. [14,15].

Under such approximation the equations of motion along high
symmetry directions (G2X-½1 0 0� and G2L-½1 1 1�) are de-
coupled into one longitudinal and two degenerate transverse

Table 1
The matrix force constants elements are denoted by aij (cation-nitrogen) to first

neighbors interaction and by bij (cation-cation) and gij (nitrogen-nitrogen) to

second neighbors interaction.

Neighbors Force constants Symmetry

First aij C3v

Second bij , gij C4v

Fig. 1. Linear chain with second neighbors interaction.

Fig. 2. Phonon dispersion curves for BN, AlN, GaN and InN in zinc-blende

structure. Filled diamond are taken from ab initio calculations from Ref. [16] for

BN, Refs. [1,2] for AlN and GaN, and Ref. [3] for InN.
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