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We have performed systematic first-principles pseudopotential local  density functional calculations 
of stacking faults in GaN and AlN.  Their band offsets and the charge accumulation at stacking fault  
interfaces has been investigated, taking fully into account the effects  of lattice relaxation and electric 
polarization. We find the stacking  fault junctions to be of type I in both materials. However, the 
intrinsic valence band offsets are close to zero, so that the conduction band offsets result mostly from 
the differences in the energy gaps between the cubic  and wurtzite phases. The charge accumulated

at the interface between  the cubic and wurtzite phase is found to be 0.009 and 0.003 C/m2  for the 
AlN and GaN stacking fault, respectively. 

 

1 Introduction

Owing to their unique material properties, III-V nitrides
have a great  potential for optoelectronic and high tem-
perature, high-power microelectronic applications. A
key property of the nitrides is their large spontaneous
and  piezoelectric internal fields  [1] that allow a novel
type of tailoring  of the carrier dynamics and optical
properties of nitride devices.  One of the characteristic
features of the nitrides is the large number of  extended
defects in these materials, which are mainly caused by
the growth on  lattice mismatched substrates. The influ-
ence of such defects on optical and  electric properties
of nitrides is not well understood up to now.  However,
the  recent theoretical studies  [2] of threading and screw
dislocations  in wurtzite GaN revealed that these defects
are electrically inactive  (i.e. without levels in the gap).
Stacking faults or zinc-blende inclusions in the wurtzite
matrix of AlN  and GaN constitute a common type of
extended defects  [3] [4] [5]  in these materials. In addi-
tion, it has been suggested that Mg doping can  enhance
the formation of zinc-blende regions.  [6] Indeed, recent
optical  experiments suggest that the high concentration
of stacking faults correlates with  the presence of a deep
bound exciton.  [7] [8] [9] 

The strong pyro- and piezoelectric character of these
materials leads to a pileup  of charge at the interface
between two different crystallographic phases.  This
affects the performance  of the nitride devices
significantly.  [10] In the present paper, we have per-

formed ab-initio calculations of zinc-blende  inclusion
embedded within hexagonal bulk AlN and GaN, an
studied their band  offsets, and the electric field result
from the charge accumulation  at the wurtzite/zin
blende interfaces. In our calculations, the effects of l
tice  relaxation, and electric polarization have been fu
taken into account.  Additionally, we have calculated t
band structure, and examined the appearance  of ele
cally active interface gap states.

Model calculations   [11] as well as first-principle
calculations  [12]  of stacking-fault formation energie
have been reported recently. The electronic  structure
GaN stacking faults has been calculated in the fram
work of empirical  pseudopotential theory.  [13] 

2 Stacking faults - geometry and 
polarization

In the wurtzite structure, the hexagonal lattice points (
B, C) are occupied in the following stacking sequen
...ABABABAB... along the [0001] direction. In the zinc-
blende structure, on the other hand, all three latt
points are  occupied leading to the stacking seque
...ABCABCABC... along the [111]  direction. A stack
ing fault within the wurtzite structure occurs whenev
the hexagonal lattice point C gets also occupied, lead
to four different possible types of stacking faults (s
Ref.  [12]).  In the present paper, we focus on the extrin-
sic stacking faults that  are characterized by the follow
ing stacking sequence (AB)n (ABC)m  and  correspond
to the wurtzite/zinc-blende homojunction (See  Figu
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1).  In the present calculations, these interfaces are rep-
resented by supercells with dimension n ≤4 and m ≤2,
respectively. We assume that all layers have the lateral
lattice constant of only one  phase which implies that the
other one is slightly strained.

The space group P63mc (C6v
4) of wurtzite is com-

patible  with a spontaneous polarization along the hex-
agonal c-axis.  Therefore, the polarization can be of both
pyroelectric and piezoelectric  origin in the wurtzite
phase, but only piezoelectric in the cubic one.  Since the
polarization is always parallel to the hexagonal axis,  its
change across the basal-plane interface is equivalent to
an interface charge.  The magnitude of the interface
charge can be estimated from the bulk  values  [1] of
spontaneous polarization and piezoelectric constants.  In
the present paper, we have determined the interface
charges from self-consistent  supercell calculations.
These calculations show that the atomic relaxation at the
interface largely influences the interface charge and the
valence band offset.  In fact, the relaxed interface exhib-
its roughly half of the charge that is  associated with the
unrelaxed interface. 

3 Valence band offsets and interface 
charges

The valence band offset ∆EV at an interface between
two phases  of a nitride can be conveniently split up into
two terms  [14]

(1)

where    =    -     is the asymptotic dif-
ference between the laterally and vertically averaged
electrostatic (Hartree plus ionic) potential V( r ) in the
superlattice far  from the interface (zA and zB denote
coordinates on an axis perpendicular  to the interface
and lie within material A and B, respectively).  The

quantity    is related to the macroscopically aver-

aged  electrostatic charge density    by the Poisson

equation.  [14] For neutral interfaces,    equals the

dipole moment of  the electrostatic charge density  
across the interface.  It is nonzero due to the rearrange-
ment of the ions and electrons near the  interface and
therefore depends on the detailed interface geometry. 

In the case of charged interfaces, the electrostatic

charge density    contains not only a dipolar contri-
bution but also a  monopole term that is proportional to
the difference between the polarizations  of the two
materials of the heterojunction. The monopole charge
density causes the macroscopically averaged elecro-
static potential to change linearly with distance  from

the interface rather than to approach a constant va
However, the monopole contribution to the electrosta
charge density can be filtered out  [15] [16] and t

intrinsic    can be obtained from the remaining dip

lar contribution to   .  We have calculated the char
induced at the interface σ by integrating  the monopole
contribution to the charge density across the interface

The second term in Eq. (1), ∆EBS = Ev(wz) - Ev(zb),
is  the difference between the eigenvalues of the top
the valence band in the  wurtzite and zinc-blende pha
of the bulk materials, measured with respect to  the av

age electrostatic potential   . ∆EBS can be obtained
from standard bulk band structure calculations for the
two crystallographic phases. The spin-orbit couplin
influences ∆EBS and consequently the band offsets  b
less than 0.01 eV in the presently studied systems 
may therefore be neglected. We would like to point o
that in previous calculations,  [13] the dipole contribu
tion to the VBO‘s has been neglected. 

The conduction band offset ∆EC is defined by  

  ∆EC = ∆EV + ∆Egap , (2)

where ∆Egap is the difference between the funda
mental  bulk band gap in the wurtzite and zinc-blen
phase of the nitride, respectively.

4 Method and computational details

The present calculations are based on the first-princip
total-energy pseudopotential method within the  loca
density-functional formalism (LDA).  [17] The LDA
was implemented using the Ceperley-Alder  [18] ele
tron-gas exchange-correlation energy, as parametri
by Perdew and Zunger.  [19] The Kohn-Sham equatio
have been solved self-consistently, employing a prec
ditioned conjugate gradient algorithm,  [20] and min
mizing the total energy with respect to the electron
density and to the ionic coordinates. The electron-io
interaction is represented by norm-conserving ion
Troullier and Martins pseudopotentials  [21]  cast in th
separable form of Kleinman and Bylander.  [22]

If one treats the semicore Ga 3d-electrons as vale
electrons in the LDA  calculations, one obtains mu
too shallow d-bands. In GaAs, for example,  the calc
lated 3d-bands lie 3.9 eV higher than the experimen
values.  [23]  As a result, the hybridization between G
3d and N-2p states gets strongly overestimated.  
overcome this difficulty, we have treated the Ga 3
states as part of the frozen  core in the present calc
tions. The effect of the 3d-states on the valen
exchange-correlation potential is properly taken in
account by the so-called  nonlinear core correction
[24]  This procedure increases the transferability of t
pseudopotentials  significantly and yields lattice co
2  MRS Internet J. Nitride Semicond. Res. 3, 21 (1998).
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stants, atomic positions,  bulk moduli,  [25] and valence
band splittings of biaxially strained  GaN that are in
excellent agreement with experiment.  [26] [27]  

The presently studied supercells include up to 12
double-layers (24 atoms) along  the hexagonal c axis.
All atomic positions in the supercell as well as the
supercell length along the c axis have been optimized by
calculating the  Hellmann-Feynman forces and the c-
component of the stress tensor, and by preserving  the
hexagonal symmetry. Our calculations show that the
charge induced at the  wurtzite/zinc-blende interface and
VBO‘s are insensitive to the lattice constant  along c
direction, but highly sensitive to the atomic relaxation at

the interface  (e.g.    equals 0.16 eV and 0.28 eV,
respectively, for an unrelaxed  and relaxed wz/zb AlN
junction). 

5 Results

The calculated interface charges and band offsets,
together with the individual  contributions as defined in
Equation (1), are given in  Table 1.  The wz/zb interface
charges and the VBO‘s are nearly independent on the
number  of wz and zb layers, provided one takes into
account lattice relaxation.  Since the wurtzite and zinc-
blende phases are only very slightly mismatched  in the
basal plane (ca. 0.3 %), the computed interface charges
σ and  VBO‘s are the same irrespective of which lateral
lattice constant is chosen. Consequently, only one value
is given for each material in  Table 1. 

Our calculations predict that the band lineup of the
stacking fault junction  is of type I, and that the top of
the valence band is marginally higher in  the zinc-blende
phase. The computed conduction band offsets predomi-
nantly  reflect the difference in the energy gaps of the
wurtzite and zinc-blende  phase. We note that the con-
duction band offset in wz/zb AlN junction is very  large
which originates in the fact that the cubic phase of AlN
has an  indirect energy gap (   X), in contrast to the
direct gap in wurtzite  phase of AlN.

The large charges accumulated at the stacking fault
interfaces result mainly from  the spontaneous dielectric
polarization of the hexagonal phase, whereas the  strain-
induced piezoelectric contribution is negligible. The
induced charges  are seen to be reduced by a factor of
two by the relaxation of the atomic positions  at the
interface. The presently calculated charges compare
well (the difference  amounts to 15-20 %) with charges
calculated from the statically screened bulk  spontane-
ous polarization.  [1]

The changes of the bond lengths are of the order of
0.014 Å near the  wurtzite/zinc-blende interface and of
order of 0.002 Å farther away from  the interface. Gen-
erally, the the zinc-blende phase bond lengths adjust

themselves smoothly towards the wurtzite bond p
terns. A typical relaxation  pattern near a stacking fa
interface is depicted in  Figure 1. 

As already stated above, our calculations predict t
the valence band edge lies  in the cubic phase for b
AlN and GaN stacking faults. This orginates in th

dominance of the dipole contribution    to the VBO
The band  structure contribution, on the other han
causes the valence band edge to become  lower in
cubic phase. This disagrees with the results of Ref.  [1

where ∆EV in GaN is equal to -0.07 eV and  
eV. Unfortunately, these small discrepancies are of 
order of typical numerical  errors in pseudopotential c
culations, so that there remains some uncertainty  a
whether the VBO is of type I or II. We note, howeve
that the calculations  of Ref.  [12] did not fully optimiz
the atomic positions and that  our prediction seems
least not inconsistent with recent experimental  data.  

Our calculatios show that there are no interfa
states in the gap associated  with the stacking fau
This is in accord with recent ab-initio  studies,  [12] b
in contrast to earlier local empirical  pseudopotent
calculations.  [13]

In  Figure 2, we plot the band lineup across a cub
inclusion within a wurtzite matrix. The thin zinc-blend
layer acts a dipole layer due to the  divergence in the t
interface polarizations. Consequently, there is a  nonz
electric field within the two interfaces and a zero fie
outside.  Experimentally, this implies that the stackin
faults can  generate persistent photoconductivity a
they can be tuned to act  either as excitonic traps
luminescence centers, depending on the width  of 
cubic layer. 

6 Conclusions

The stacking fault homojunctions of AlN and GaN a
predicted to be  borderline type I with VBO‘s that ar
nearly zero, and to possess  conduction band offsets 
are determined by the difference in the  energy g
between the cubic and the wurtzite phase. We predict
interface states to lie within the energy gap. Our calcu
tions  reveal the existence of large internal electric fie
which may  lead to interesting device applications.
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FIGURES

Figure 1. Schematic picture of atomic relaxation at th
wurtzite/zinc-blende interface. Thick line connects atoms th
lie in one plane. Note  the -ABAB- stacking sequence in t
wurtzite and  the -ABC- sequence in  the zinc-blende phase

Figure 2. Band lineup of a cubic inclusion in wurtzite matrix fo
AlN and GaN.
4  MRS Internet J. Nitride Semicond. Res. 3, 21 (1998).
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TABLES Table 1. Valence and conduction band offsets, ∆EV and ∆EC,

potential lineups   , band structure contributions ∆EBS  (all

in eV and relative to the band edges of the wurtzite phase), 

monopole  interface charges σ (in C/m2) for stacking fault
interfaces.  ∆EC has been corrected by a scissor opera

extracted from experimental  bulk data. Values for unrelax
interfaces are given in parenthesis.  The conversion factor fr

C/m2 to e/cm2 is 6.241×1014.

AlN GaN

∆EBS  -0.25 -0.04 

  0.27 (0.15) 0.08 (0.06) 

∆EV  0.02 (-0.10) 0.04 (0.02) 

∆EC  1.30 (1.40) 0.12 (0.14)

σ 0.009 (0.022) 0.003 (0.006) 
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