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Cubic InN layers were grown by molecular beam epitaxy on buffer layers of indium oxide prepared
onto sapphire �0001� substrates. The structure was analyzed by means of electron diffraction and
transmission electron microscopy. The intermediate indium oxide layer presents a body centered
cubic �bcc� structure, with bcc-In2O3�001� �Al2O3�0001� plane relationship. Thereupon, a
zinc-blende phase of InN �001� was grown with a reticular misfit of 1.6% and a significant reduction
of mismatch-related defects. This good coherence offers a promising expectation to obtain high
quality cubic InN layers superior to other highly mismatched cubic substrates used previously.
© 2007 American Institute of Physics. �DOI: 10.1063/1.2696282�

Indium nitride has recently attracted much attention due
to its enormous potential as a consequence of its outstanding
properties such as the smallest effective electron mass, larg-
est mobility, highest saturation velocity, and smallest direct
band gap among the nitride semiconductors.1 Up to now, the
huge majority of research on InN has been concentrated on
the hexagonal wurtzite �2H polytype� form �h-InN�, which is
the thermodynamic stable phase at usual growth conditions.
Nevertheless, cubic InN �c-InN� with zinc-blende structure is
also interesting because it is predicted to possess superior
electronic properties for device applications.2 For instance,
since the lattice of zinc-blende structure is isotropic, phonon
scattering would be lowered, and it is expected to achieve a
higher saturated electron drift velocity than in the wurtzite
structure.3 Besides this, a special attention on its optical
properties exists. The direct band gap of wurtzite InN films is
accepted to be 0.65–0.69 eV.4,5 For cubic InN, the band gap
could not be determined yet since up to date no thick layers
of c-InN were available. In all the cases, the band gap energy
of c-InN is expected to be slightly below the one of h-InN.
Recent calculations propose a band gap of 0.53 eV,6 which
would expand the applications of group-III nitrides more to-
wards the infrared region.

However, the improvement of the structural quality of
c-InN layers is still a challenge, which is difficult to solve
due to the lack of suitable substrates. Up to date, publications
about c-InN have appeared very scarcely. In the past decade,
structural properties of c-InN films grown on GaAs�001�,7

GaAs�111�,8 and �001� yttria-stabilized cubic zirconia9 sub-
strates were reported. The best attempt to grow cubic phase
has been using an InAs interlayer on GaAs�001�, although
the c-InN contained a very high density of stacking faults
due to the large mismatch with the InAs intermediate layer.10

In all these cases, zinc-blende InN was grown on a substrate
with a zinc-blende crystal structure. However, sapphire is the
most extensively used substrate material for the epitaxial
growth of III-N compounds. Large area, good quality crys-

tals of sapphire are easily available at relatively low cost,
being transparent and stable at high temperature. To date, the
best quality epitaxial films of h-InN have been grown on
sapphire substrates by means of the incorporation of buffer
layers such as AlN and GaN, which improve greatly the
structural and electrical properties of InN films.11 c-InN on
sapphire was only obtained at low temperatures either as
isolated domains inside h-InN layers on c-plane sapphire11 or
as film on r-plane sapphire.12

On the other hand, doped indium oxide has become of
special interest for semiconductor device manufacturers as a
material for p-Ohmic contacts in III-N devices.13 The need to
improve the contact resistance and the light transmission ef-
ficiency for nitride light-emitting diodes �LEDs� could be
fulfilled by the use of �Cu, Sn, Ga, or Zn� doped indium
oxide that shows a high transparency in the visible spectral
region, a high electrical conductivity, and a high work
function.13 The integration of a high efficiency transparent
conductive oxide such as In2O3 with a promising active layer
such as InN becomes a good approach for yielding high per-
formance metal-semiconductor-metal photodiodes or photo-
switching devices.

In this letter, we show the potential of indium oxide as a
buffer layer for the growth of InN onto sapphire �0001� sub-
strates. The occurrence of the cubic phase of InN and its
epitaxial matching with indium oxide are demonstrated. The
heterostructure formed by c-InN and In2O3 could become an
established couple for the development of InN-based LEDs
or metal-oxide-semiconductor field-effect transistors.

All InN samples referred in this work were grown by
plasma induced molecular beam epitaxy �PIMBE� on ex situ
prepared indium oxide epitaxial templates. 520 nm thick
bcc-In2O3�001� films used as buffer layers were grown in a
horizontal metal organic chemical vapor deposition
�MOCVD� reactor on �0001� sapphire substrates. The de-
tailed description of the growth conditions for PIMBE of InN
�Ref. 10� and MOCVD of bcc-In2O3 �Ref. 14� has been re-
ported elsewhere. Structural analysis was also performed by
high resolution x-ray diffraction �HR-XRD� using a Bruker
D8 diffractometer. Selected area electron diffraction �SAED�
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and high resolution transmission electron microscopy �HR-
TEM� in cross section TEM �XTEM� specimens were carried
out in a JEOL 2011 and a JEOL 2010 field emission gun,
both working at 200 kV.

Figure 1 displays a HRTEM micrograph and a SAED
pattern of the interface between sapphire and the In2O3 layer.
The analysis of the diffraction patterns �Fig. 1�a�� shows
that In2O3 crystallizes in a body centered cubic structure
with an in-plane epitaxial relationship of In2O3�001� �

�-Al2O3�0001�. This cubic phase of In2O3 consists of the

so-called bixbyite structure with the Ia3̄ space group, having
a complex unit cell which contains 80 atoms. The lattice
parameter was estimated from HRTEM images using the re-
laxed sapphire as reference. The measured value of
10.1�3� Å is in a good agreement with previously reported

lattice parameter of 10.1192 Å.15 The epitaxial relationship
has been verified �see Fig. 1�b�� as In2O3�001� �Al2O3�0001�
and In2O3�11̄0� �Al2O3�11̄00�. The lattice mismatch between
Al2O3 and bcc-In2O3 is better described by comparing the

average spacing between oxygen atoms in the �2̄110� sap-
phire planes, 2.382 Å, with the average spacing of In atoms

at the �22̄0� bcc-In2O3 planes, 3.577 Å. From this result, a
lattice mismatch of 50.0% is calculated. Figure 1 shows the
scheme of the superposition of both interfaces. There, the
Al2O3 unit cell is symbolized by a dashed line �rhombus� and
only those O atoms from sapphire placed just at the interface
plane are displayed. The unit cell of In2O3 is also represented
by a solid line �square� and both In and O near-interface
sublattices are displayed. The almost total coincidence be-
tween In and O �from sapphire� atoms is marked by blue
circles. As we can see in the figure, an approximate matching

of three �22̄0� bcc-In2O3 planes of the film with four �2̄110�
planes of the sapphire is in good agreement with the HRTEM
images �Fig. 1�b��. These extra half planes define an orthogo-
nal dislocation network which is formed in a high percentage
from the beginning of the film growth. A geometrical misfit
dislocation network with a linear density of 1.3�107 cm−1,
arising from a different mechanism in comparison with the
classical van der Merwe–Matthews type,16 accommodates
most of the mismatch from the first monolayers. We also
highlight that, in spite of the very high density of misfit
dislocations, the formation of threading dislocations driven
through the indium oxide is very low.

InN layers were grown over the In2O3-bcc structures,
and Fig. 2�a� shows a SAED pattern of both layers.
The indexing of the diffraction pattern proved that InN
grows in a zinc-blende structure where �001� c-InN planes
are parallel to bcc-In2O3 �001� planes. This epitaxial relation-
ship can also be verified from HRTEM images of the inter-
face �Fig. 2�b�� as bcc-In2O3�001� �c-InN�001� and bcc-

FIG. 1. �a� XTEM SAED pattern along the �11̄0� zone axis of In2O3 �blue

circles� and �11̄00� of sapphire �red circles�. �b� HRTEM image taken along
the same direction. �c� Schematic diagram showing the superposition just at
the interface between the O atoms of Al2O3�0001� �red atoms� and
In2O3�001� where the O sublattice �light blue atoms� and the In sublattice
�cyan atoms� are displayed. Solid and dashed lines draw the projection of
the unit cells of bcc-In2O3 and sapphire, respectively. The fitting of three

�22̄0� In2O3 planes with four �2̄110� sapphire planes is visible.

FIG. 2. �a� Cross section SAED pattern along the �11̄0� pole of the interface
between bcc-In2O3 �light blue circles� and c-InN �light red circles�. �b�
HRTEM image of the interface along the same pole. Inside, intercepting
fringes indicate the good coherence between the �111� planes of both layers.
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In2O3�11̄0� �c-InN �11̄0�. The lattice parameter of c-InN was
estimated to be 4.9�8� Å, which is in a good agreement with
previously reported values for epilayers grown on InAs�001�
�Ref. 10� �5.04 Å�, on GaAs�001� �Ref. 7� �4.98 Å�, and on
r-plane sapphire12 �4.986 Å� substrates. Using the SAED
pattern it is possible to appreciate the spatial coincidence
between the �111� diffraction vectors of the c-InN with the
�222� diffraction vectors of the bcc-In2O3. This match is easy
to verify from the HRTEM images of this interface �see Fig.
2�b��, where an excellent correspondence is observed imply-
ing a very low density of misfit dislocations lying at the
interface.

The polytype of the InN layers was confirmed by � /2�
HR-XRD experiments. In agreement with the TEM results,
there are no hexagonal peaks related to the presence of
w-InN phase. However, c-InN peak is weaker and worse
than InO one. Up to now, bcc-In2O3 surface is greatly
textured,14 which likely limits the growth of large InN do-
mains. It means that quality of c-InN for fabrication of high
performance devices is a challenge that powerfully depends
on the improvement of the bcc-In2O3�001� growth.

We have demonstrated the possibility to obtain zinc-
blende InN layers on sapphire using bcc-In2O3�001� as
buffer layer. However, wurtzite is the most common crystal
structure of group-III nitrides �except for BN�. InN is not an
exception and we may analyze why the less thermodynami-
cally favored phase is promoted in this case. In the frame-
work of the density functional theory, Mancera et al.17 pre-
dict that the total energy of cubic InN is only 40 meV/unit
higher than for hexagonal InN. Zoroddu et al.18 proposed
that this difference is even lower �17 meV�. This small dif-
ference in total energy explains why the two structures can
be obtained experimentally depending on the substrate and
the growth conditions. For comparison, the predicted differ-
ence per unit is 16 meV for GaN which implies that InN can
be grown as easy as GaN in the cubic polytype.18

In our case, we propose that two factors lead to a pref-
erential nucleation of the cubic polytype surpassing the small
energetic barrier of the phase transition. Firstly, the fourfold
symmetry of the �001� bcc-In2O3 surface constitutes the
main driving force to replicate the squared atomic configu-
ration characteristic of the zinc-blende phase. Secondly, the
excellent match between these planes and the �001� c-InN
planes leads to a very low stress in the interface region.
Highly stressed sites can work as activity centers to promote
the wurtzite phase transformation since the estimated fault
energies in the zinc-blende InN are all negative.19 Indeed,
some c-InN regions with a high density of staking faults
were observed demonstrating the metastability of the cubic
phase even in such a low mismatched system, being an ad-
ditional consideration to be taken into account in order to
control carefully the growth conditions. The use of lower
growth temperatures and an enhancement of the quality of
the interface �flatter In2O3 surfaces� may reduce local stress
concentrations and could be the key to limit the stacking
fault formation.

Besides this, the improvement of the crystalline quality
of the In2O3 buffer layer is a current challenge because the
highly textured surface of the bcc-In2O3�001� �Ref. 14� is a
handicap to overcome for the development of functional de-

vices. As an example, InN growth on another crystallo-
graphic plane, as, for instance, the bcc-In2O3�111�, would
reduce the lattice mismatch up to 30% and could suppress
the disorientation observed among bcc-In2O3 domains inside
the epitaxial layer. However, the advantage of growing InN
on a fourfold symmetry template would be lost. The growth
of In2O3 layers on sapphire is recent, and further studies are
needed for understanding its nature and improving the film
quality.

In summary, it was demonstrated that a buffer layer of
In2O3 on �0001� sapphire substrates can be used for the
growth of zinc-blende InN layers. Indium oxide buffer layers
presented a bcc structure with In2O3�001� �Al2O3�0001�
plane relationship. Zinc-blende InN�001� was deposited onto
the buffer layer showing a low reticular mismatch of 1.6%
and a low density of threading dislocations. The good assem-
bly between c-InN�001� and bcc-In2O3�001� makes them an
excellent candidate to integrate high quality c-InN layers
with high electrical conductivity p-Ohmic contacts for III-N
devices.
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