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A detailed study on the influence of an InGaN interlayer

between theGaNbuffer and InN epilayer on themicrostructural

properties of the InN layer is reported. Using high-resolutionX-

ray diffraction measurements the mosaicity of MOVPE grown

InN epilayers deposited directly on c-plane sapphire, on GaN

buffer layers, and on different InGaN interlayers have been

compared. Generally the angle of tilt and hence the screw
dislocation density in the InN epilayers can be controlled by

growth conditions, while the angle of twist, corresponding to

the edge dislocation density is usually weakly dependent on

growth conditions. However, for a given layer thickness the

edge dislocation density can be significantly reduced by the

insertion of an InGaN interlayer.
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1 Introduction The synthesis of high quality InN
epilayers is one of themost challenging among theGroup III-
Nitride semiconductors. Apart from the large lattice
mismatch with the commonly used sapphire substrates,
growth of InN byMOVPE is particularly difficult because of
the narrow growth temperature window and the use of
relatively high (>10,000) V/III ratios [1]. The microstruc-
tures of the deposited films are hence very sensitive to the
growth conditions. We have earlier reported a comprehen-
sive investigation of the growth parameter space for the
epitaxy of InN in a close-coupled showerhead reactor system
[2] and also presented a detailed analysis of the influence of
growth parameters on the inbuilt strain [3] and microstruc-
ture of the epilayers [4]. Those InN epilayers were deposited
on GaN buffer layers or directly on c-plane sapphire
substrates. However, the lattice mismatch between InN and
GaN or sapphire is very large which results in a high
dislocation density with the epilayer being composed of a
large number of mosaic blocks with in-plane (twist) and out-
of-plane (tilt) misorientation with respect to each other. The
lattice mismatch between InN and GaN is 11% [1] and
the mismatch between InN and sapphire is �25 or 29%
(depending on the orientation) [5]. The use of composition-
ally graded layers or growth on a material of intermediate
lattice constant has been a standard route to improvematerial
quality in a range of material systems like SiGe [6], InGaAs/
GaAs [6, 7], and GaAs/Si [8]. For the Group III-Nitrides, the
insertion of low-temperature grown interlayers for dis-
location reduction is common for the growth of GaN and
AlGaN layers [9]. However, while there are reports which
describe the growth of thin InN quantum wells embedded
within high indium concentration InxGa1�xN barriers
[10–12], there is very little reported data [13] on the role of
an InGaN intermediate layer for the growth of thicker InN
layers. For example, Che et al. [10, 12] reported the growth of
InN/InGaN (3–16 nm/9 nm) multi-quantum wells (MQWs)
onGaN underlayer and also studied the effect of the InNwell
thickness on the photoluminescence (PL) peak position.
Ohashi et al. [11] also showed the effect of QW thickness on
PL emissionwavelength in InN/In0.75Ga0.25NMQWs. These
results are on samples grown by molecular beam epitaxy.
Recently, Hartono et al. [13] attempted MOVPE growth of
InN on GaN using a thin InGaN interlayer and reported
pyramidal island growth for the InN rather than smooth InN
layers. However, they did not showany PL emission from the
InN layer. None of these groups have studied the influence of
the InGaN on the crystallinity and microstructure of InN
epilayers. Herewe discuss the role of the InGaN interlayer on
� 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 1 (online color at: www.pss-a.com) Typical (0002) v/2u
XRD rocking curves of InN films grown directly on a sapphire
substrate, on a GaN buffer layer, and on an In0.13Ga0.87N intermedi-
ate layer between GaN buffer and InN film. Scans are vertically
displaced for clarity.
the mosaicity of InN epilayers using high resolution X-ray
diffraction (HRXRD).

2 Experimental All the InN epilayers studied in this
work were grown on on 2-inch c-plane sapphire substrates
via MOVPE in a 3� 2 inch close-coupled showerhead
reactor system (Thomas Swan) using trimethylindium
(TMIn) and ammonia (NH3) precursors with nitrogen as
the carrier gas. The deposition parameters were optimized for
best crystalline quality of InN epilayers which was reported in
a prior work [2]. Using these optimized deposition parameters
for the InN layer (temperature¼ 530 8C, reactor pressure¼
500 Torr or 0.66� 105 Pa, V/III ratio¼ 18,700, and growth
rate 0.2mm/h) a series of 0.2mm thick InN epilayers on
InGaN were grown where the temperature, indium content
and the growth time for interlayer were varied. The InGaN
interlayer and InN epilayerswere grown usingN2 carrier gas.
Before the growth of the InGaN layer, a 1mm thick undoped
GaNbuffer layerwas grown at 1040 8Cusing a standard two-
step process. Two samples were grown on InxGa1�xN with
fixed In contents x¼ 0.13 (Tg¼ 720 8C) and x¼ 0.25
(Tg¼ 660 8C), respectively, and the thickness was
�15–20 nm. Another set of two samples were grown with
graded indium composition in the interlayer varying from
x¼ 0 to 1 by varying TMIn/TMGa ratio and by ramping the
temperature. The growth time for these two graded InGaN
layers were 660 and 1620 s. These samples however are not
discussed in detail as the X-ray data from those samples were
not conclusive and the simulation of the X-ray data had not
been possible. Table 1 shows details of the samples
investigated.

The structural characterization of the InN layers was
carried out using a Panalytical X’PERT HRXRD system
using CuKa1 X-rays obtained from a Hybrid 4�
monochromator with an angular divergence of �20 arcs in
the scattering plane. AXenon filled proportional counter was
used as the detector. The 2u axis was collimated by using a
1/2o slit instead of the usual triple axis attachment. This was
done so that reasonable intensity could be obtained for all the
reflections. Symmetric v/2u and v scans for the (0002),
(0004), (0006), andv scans in the skew-symmetric geometry
for (10–15), (10–14), (10–13), (10–12), (10–11), and (30–
32) reflections were recorded. The mosaicity parameters of
the InN layer were extracted from Williamson–Hall (W–H)
plot analysis for a set of symmetric reflections like (0002),
Table 1 Details of samples studied.

sample no. V/III ratio underlying
layer

FWHM of (0
v scan (8)

TS06033 18,700 sapphire 0.82
TS06009 18,700 GaN 0.67
TS06011 18,700 InxGa1�xN 0.79
TS06014 18,700 In0.13Ga0.87N 0.76
TS06034 18,700 InxGa1�xN 0.98
TS06035 18,700 In0.25Ga0.75N 0.74

All samples were grown at Tg¼ 530 8C and reactor pressure of 500Torr.

www.pss-a.com
(0004), and (0006) and we have extracted the value of tilt
angle from the slope [14]. The value of twist angle was
estimated by recording a series of v scans in the skew-
symmetric geometry, plotting their widths as a function of
angle c (c is the angle between the plane and the sample
surface) and fitting the data using the model of tilt and twist
as proposed by Srikant et.al [15]. For wurtzite III-nitrides,
screw-type dislocations with a Burgers vector b¼<0001>
result in a tilt of lattice planes. The other type of dislocation
in III-nitrides are of edge type with a Burgers vector
b¼ 1/3<11–20>. For a random distribution of dislocations,
the dislocation density (N) can be related to the tilt/twist
and the respective Burgers vector b by the expression:
N¼a2/4.35b2 where, a is the value of the tilt/twist and b is
the corresponding Burgers vector’s magnitude [16].

Room/low temperature PL measured using a 0.67m
monochromator and Arþ ion laser excitation and Hall
measurements in the van-der-Pauw geometry were used to
determine the carrier concentration and mobility. A Digital
Instruments Nanoscope III atomic force microscope (AFM)
operated in contact mode was used to record the surface
morphology of the samples.

3 Results and discussion Figure 1 compares the
(0002) X-ray rocking curve in v/2u geometry from 0.2mm
thick InN epilayers deposited under the same growth
002) carrier concentration
(cm�3)

mobility
(cm2/Vs)

absorption
edge (eV)

2.51� 1019 132 1.04
2.41� 1019 124 1.1
1.72� 1019 191 1.05
2.08� 1019 117 1.05
1.90� 1019 149 1.03
1.52� 1019 157 1.01

� 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



1072 A. Kadir et al.: The role of InGaN interlayers on the microstructure of InN epilayers
p

h
ys

ic
a ssp st

at
u

s

so
lid

i a

Figure 2 (online color at: www.pss-a.com)The FWHMof various
reflections for InN films deposited on different buffer layers as a
function of inclination angle. Solid lines are the fit obtained by using
the model of Srikant et al.

Figure 3 (online color at: www.pss-a.com) Broadening in the
reciprocal space as obtained from symmetric scans (a) along v axis
(qx) and (b) along thev/2u axis (qz)measured for the (0002), (0004),
and (0006) reflections.
conditions directly on sapphire, on a GaN buffer layer and
with an In0.13Ga0.87N interlayer. A close observation reveals
similar values of the peak positions and the FWHM for the
InN layer. Low temperature PL and room temperature
absorption measurements indicated that the bandgap values
are all very similar. Though themobility value for the sample
with InGaN interlayer was slightly higher, no remarkable
difference in the carrier concentration (�1� 1019 cm�3) was
observed for different buffer layers.

Figure 2 summarizes the measured FWHM (points) of
various skew-symmetric reflections for InN layers and the
model fit (solid lines) which are plotted as a function of
the angle of inclination. The vertical axis on the left-hand
side indicates the value of tilt, the value of twist is determined
by extrapolating the fit to c¼ 908, which is shown on the
right hand side. It is found that by inserting an InGaN
interlayer the angle of twist is reduced, albeit at a small
increase in the angle of tilt. The lowest value of edge
dislocation density measured from the twist value is
4� 109 cm�2. The reduction in twist is remarkable as our
earlier study had found the twist angle was relatively
insensitive to growth conditions, and was reduced only on
growing thicker layers [4]. Growth on an InGaN interlayer
hence offers a route to a reduced edge dislocation density for
a given layer thickness. We surmise that the reduction in
twist and hence the edge dislocation density is related to the
difference in the size of islands during the initial nucleation
of the InN layer on the InGaN layer. Since the strain
difference is reduced, there is a greater propensity for larger
islands to be formed. Further, the evolution of defects in the
InGaN interlayer (which is under compressive stress) may
influence the edge dislocation in the InN layer. To probe the
island sizes/lateral coherence lengths, and to also get a better
estimate on the values of tilt, W–H plots for these samples
(Fig. 3a and b) were analyzed. The slope of the lines in Fig. 3a
confirms the observation that tilt value of samples grown on
� 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
the InGaN interlayers are slightly higher than those on the
GaN buffer. InN layers deposited directly on sapphire also
have a higher value of tilt. Figure 3b shows the broadening of
the reciprocal lattice points along the qz direction which
represents the microstrain in the epilayer. The slopes are
nearly identical, signifying that different buffer layers have a
marginal effect if any on themicrostrain. However the lateral
coherence lengths in all cases turn out to be larger than what
can be reliably probed by X-ray diffraction measurements,
thus the W–H plots cannot provide a quantitative estimate
of this.

Another route to estimate the island sizes during
nucleation of the InN layer would be from surface
morphology measurements via AFM. The sizes of the
islands seen on the surface after the growth of the layer
should be related, to first order, to the sizes of the initial
islands. Though we have looked at the surface morphology
of various InN sampleswithAFM, a quantitative comparison
of island sizes based on AFM images is difficult, given the
limited data available. While AFM images are relatively
easy to analyze for height differences, lateral dimensions
measured from AFM are dependent on the nature of the tip-
sample interaction. In cases where the differences between
samples are small, it would require evaluation of averages
over a large number of samples taken under similar
conditions for meaningful comparisons to be made.

4 Conclusions We have performed a detailed micro-
structural analysis of MOVPE grown InN layers deposited
directly on sapphire, onGaNbuffer and on InGaN interlayers
between GaN and InN films. Analysis of X-ray diffraction
data shows that twist angle and hence the density of edge
www.pss-a.com
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dislocations is reduced by inserting an InxGa1�xN interlayer.
Though growth on an InGaN interlayer provides an
interesting route to improve material quality, further
comprehensive analysis is needed to clarify the mechanism
of reduction in defect density.
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