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A quaternary AllnGaN layer is grown by metal-organic chemical vapour deposition on a sapphire (0001) substrate
with a thick (> 1um) GaN intermediate layer. The compositions of In and Al are determined by Rutherford

backscattering (RBS). The low ratio between the channelling yield and random yield according to the spectra of
RBS/C (Xmin = 1.44%) means that the crystal quality of the AlInGaN film is perfect. The perpendicular and
the parallel elastic strain of the AllnGaN layer, et = —0.15% and e/l = 0.16%, respectively, are derived using a

combination of XRD and RBS/channelling.

PACS: 61.10. Nz, 82.80. Yc, 81.05. Ea

In the past decade, InGaN-based ternary alloys at-
tracted a great deal of interest because of their success
in blue light emission diodes, in which the InGaN layer
normally bears a compressive stress due to the lat-
tice mismatch between InGaN and GaN crystals. The
availability of AllnGaN quaternary alloy permits an
extra degree of freedom by allowing independent con-
trol of the band gap and the lattice constant.l] The
value of this freedom is the ability to engineer lattice
matched heterostructures or novel structures with dif-
ferent layers subjected to an adjustable degree of in-
plane stress. Therefore, the growth and characteriza-
tions of AlInGaN films play a key role for the further
application of GaN-based wide band-gap semiconduc-
tors. Some research results on the epitaxial growth
and the optical and electrical properties of AllnGaN
quaternary alloys have been published,2=4 however
there is not enough structural analysis on this kind of
quaternary AlInGaN alloys.

Rutherford back-scattering (RBS) is a standard
technique in the analysis of materials, and is used to
determine the composition, the thickness and the in-
terface of films.[®/ If the ion beam is directed along a
high-symmetry crystal direction, a phenomenon called
the channelling occurs.
undergo a series of correlated small angle scatterings
and consequently the backscattering events signifi-
cantly reduce compared to the backscattering events
when the ion beam is directed in random direction.
Here Xmin is the ratio of the backscattered yield when
aligned to a crystallographic axis Y to that aligned
to the random direction Yg, is a measure of the crys-
talline quality of the film, which is typically calculated
behind the surface peak. RBS combined with chan-

The incident ion beam will

nelling can provide useful information such as the crys-
talline quality and the defect density profile. More-
over, the angular scan around an off-normal axis can
determine the tetragonal distortion e7 induced by the
elastic strain in the epilayer.[]

X-ray diffraction is a powerful tool to precisely de-
termine to lattice constant of the thin film especially
for the good crystal quality film. In order to compen-
sate for the possible interlayer tilts, two scans were
performed with rotating of the sample by 180°.

In this Letter, we first use the RBS/C to describe
the thickness, composition and the crystalline qual-
ity of the AllnGaN/GaN/Al; O3 heterostructures, and
then combining RBS/C and XRD, we present a quan-
titative analysis of the tetragonal distortion er and
the elastic strain in the AllnGaN layer.

A quaternary AllnGaN layer was grown at 850°C
by MOCYVD on a sapphire substrate using a thick GaN
layer as a template. For RBS measurements, a colli-
mated 1.570 MeV He™ beam was used with a backscat-
tering angle of 167.8°. The sample was mounted on
a high precision (£0.01°) three-axis goniometer in a
vacuum chamber, so that the orientation of the sample
relative to the He™ beam can be precisely controlled.
X-ray measurements were performed on a high reso-
lution x-ray diffraction equipped with a four-crystal
monochromator in Ge (220) configuration and one or
two 200 pm slits before the detector. Monochromatic
Cu K,y x-ray (A =0.15406 nm) was used as the inci-
dent light.

Figure 1 shows the random, (0001) aligned, and
the simulated spectra of the AllnGaN/GaN/Al,O;
sample. The inset shows the geometry used in the
backscattering measurements. The arrows (labelled
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with In, Ga and Al) indicate the energy for backscat-
tering from In, Ga and Al atoms at the surface respec-
tively. The (0001) aligned spectrum of the Ga atoms
indicates that the AllnGaN film has minimum yield
Xmin = 1.44% and low dechannelling rate, showing
that the AlInGaN layer has a perfect crystalline qual-
ity (the value of xmin from 1% to 2% indicates perfect
crystalline quality and 100% an amorphous or poly-
crystalline material), which means that the density of
defects in both layers and the interface between the
AlInGaN and GaN is extremely low. A simulation of
the random spectrum given by the RUMP program,!”!
which is used to simulate the random RBS spectrum,
reveals that the thickness of the AlInGaN and GaN
layers is respectively 83 nm and 1050 nm, and the com-
positions of In and Al in the AlInGaN layer are 0.025
and 0.300.
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Fig.1. Random (open circles), (0001) aligned (closed

circles) and simulated (solid line) RBS spectra of the
AllnGaN/GaN/Al»O3 sample prepared by MOCVD.

Figure 2 shows a symmetric XRD measurement of
the sample. Taking the position of the Al,O3 (0006)
peak as a reference, cop; of AllnGaN epilayer is cal-
culated to be 5.128 4+ 0.001 A. On the other hand,
using Vegard’s law and the lattice constants of InN
(ap = 3.538A, ¢, = 5706 A), AIN (a, = 3.111A,
ey = 4.978 A) and GaN (a, = 3.189A, ¢, = 5.185A),
a, = 3.174 A and ¢, = 5.136 A for bulk (fully re-
laxed) Alg.300Ing.025Gag g75 N are obtained. Therefore,
the perpendicular elastic strain et = (Cepi — Cb)/Cp =
—0.15% £ 0.02% is deduced, indicating that the layer
is under tensile strain in the parallel direction.

To measure the parallel elastic strain, an RBS
angular scan (Figs.3 and 4), similar to the study in
Ref. [8], was carried out along the AllnGaN {1010}
plane by choosing a region of integration (channel
680-820 in Fig.1) corresponding to the In and Ga
atoms in the AlInGaN layer. Figures3 and 4 show
the dips of the angular scans along the AllnGaN
(0001) axis and (1213) axis. Gauss function fits

are used to accurately determine the position of the
dips (dotted line) respectively. The angle ®.,; be-
tween the (0001) axis and (1213) axis is determined
to be 31.90°-0.10°=31.80°.
of the angle is equal to tan~!(ap/cp), which is @, =
tan=!(ap/cp) = 31.72° for bulk Al 309Ing.025Gag.g75N.
Therefore, A® = ®.,; — ¢, = 0.08° + 0.005°. The
positive A® value means that the AllInGaN layer is
under tensile strain in the parallel direction, which is
consistent with the XRD result. The tetragonal dis-
tortion deduced from the RBS/channelling study is
er =e// —et = A®/sin® cos & = 0.31%+0.02%. Fi-
nally, the parallel elastic strain e// = 0.16% + 0.02%
can be obtained. The result ratio |e*/e//| = 0.94
is larger than the value of 0.38 reported for the
GaN! and also larger than the value of 0.40 reported
for the Ing13Gagg2N.[10 As compared to GaN and
Ino.lgGao'gzN, the lattice of A10.3001n0.025Ga0,675N is
more elastic than the GaN and Ing 18GaggaIN. Due to
the induced Al and In in the quaternary AllnGaN film,
the lattice constant in plane (a, = 3.174A) can be
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Fig.2. XRD 26/w scan of the sample with 20 ranging
from 33° to 42°.
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Fig. 3. Angular scan along the AllnGaN {1010} plane

showing the AllnGaN (0001) axis dip.
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Fig. 4. Angular scan along the AllnGaN {1010} plane
showing the AllnGaN (1213) axis dip.

adjusted very close to the in-plane constant of
GaN(ap = 3.189 A). Thus the strain in the parallel di-
rection e// must be slightly smaller than that of GaN
and Ing 13Gag g2N. That is why the value of |eJ‘/e//|
is larger than the GaN and Ing.15Gag.s2N.

In conclusion, an 83-nm Al 300In9.025Gag.g75N
with perfect crystalline quality has been prepared on
GaN/Al,O3 by MOCVD at 850°C. The composition
and the thickness of the AllInGaN layer are determined

by RBS. Combined with XRD the strain in AllInGaN
layer are determined as et = —0.15% and e// =
0.16%, respectively. The ratio |e*/e//| = 0.94 indi-
cates that the lattice of Alg 300Ing.025Gag.g7sN layer is
more elastic than GaN and Ing ;8Gag.g2N.
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