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Abstract 

We report on the compositional pulling effect in the 
epitaxial growth of GaInN by radio-frequency plas-
ma-assisted molecular beam epitaxy (RF-MBE), ob-
served using in-situ X-ray diffraction (XRD) reciprocal 
space mapping (RSM) measurements. The epitaxial 
growth kinetics and mechanism are also discussed using 
the results of the evolutions of In composition as well as 
growth rate of GaInN in the initial growth stage. 
 
1. Introduction 

GaInN alloys have been attracting considerable attention 
for application to not only visible but also infrared 
light-emitting devices since the band gap of InN was re-
ported in 2002 to be around 0.7 eV. They can cover poten-
tially the most part of solar energy spectrum. This attracted 
further interest in these materials as extremely high effi-
ciency solar cells. However, the fabrications of high-quality 
GaInN-based structures, including a Ga1-xInxN thick film 
and a Ga1-yInyN/Ga1-xInxN (y>x) quantum well on the thick 
film have still been challenging topics, owning to the het-
eroepitaxial growth with a large lattice mismatch system of 
about 11 % between GaN and InN. The deeper understand-
ing of the epitaxial growth kinetics and mechanism has been 
still required. 

In this talk, we report on the compositional pulling effect 
in the epitaxial growth of GaInN by radio-frequency plas-
ma-assisted molecular beam epitaxy (RF-MBE), observed 
using in-situ X-ray diffraction (XRD) reciprocal space map-
ping (RSM) measurements. 
 
2. Experiments 

The in-situ RSM measurements were performed using 
the MBE directly coupled to an X-ray diffractometer at 
beamline 11XU of the synchrotron radiation facility 
SPring-8. A GaInN film was grown on a metalorganic vapor 
phase epitaxy (MOVPE)-grown (0001)GaN/-Al2O3 tem-
plate. The V/III ratio during growth was set to be less than 1 

(under a metal-rich condition). The expected In solid com-
position of GaInN was about 55 % from the supplied ratio 
between Ga and nitrogen radicals (N*) in this study [1]. The 
growth rate of GaInN was approximately 0.08 ML/sec. The 
two-dimensional (H [10-10] – L [0001] coordinate in Miller 
indices) RSM around (10-11) diffraction peak was measured 
by adjusting the sample orientation and the detector position. 
A RSM image was taken at every 7 sec., that is, GaInN with 
a thickness of approximately 0.14 nm was grown in a scan. 
 
3. Results and discussion 

Figure 1 shows one of RSMs obtained in this study. The 
evolution of peak position for (10-11) diffraction peak of 
GaInN as a function of growth time is also shown in Fig. 1. 
After the growth of approximately 140 sec., the diffraction 
peak of GaInN was observed. After the appearance of 
GaInN peak, both the diffraction positions of H and L were 
shifted in such a direction away from the GaN peak position. 
After the growth of 300-500 sec., the diffraction position of 
H was shifted further away from the GaN peak position, 
while that of L was conversely shifted toward GaN peak 
position.  

Figure 2 shows the evolution of In composition and re-
laxation ratio of GaInN, estimated from the result of Fig. 1. 
From the evolution of relaxation ratio, GaInN was found to 
be gradually relaxed. Now we focus on the evolution of In 
composition. Up to approximately 400 sec., the In composi-
tion increased as GaInN grew. After that, the composition 
was almost constant of about 55 %, which was the composi-
tion expected from the supplied ratio in this growth condi-
tion.  

Figure 3 shows the evolution of the integrated intensity 
of GaInN (10-11) peak during growth. The integrated inten-
sity was constantly increased except for the first ~400 sec. 
This indicates that the growth rate is almost constant in this 
term. However, it can be seen that the growth rate of GaInN 
was slow in the initial growth stage up to ~400 sec.  

These can be explained by the fact that not only lattice 
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relaxation but also compositional pulling effect [2] at the 
initial growth stage took place as means of reducing the 
strain of GaInN. The low growth rate of GaInN at the initial 
growth stage might be due to desorption of nitrogen. 

The growth of GaInN on GaN is in the compressive 
strain state. The result of the growth on InN, which is ex-
pected to be in the tensile strain state, will also be discussed. 
 

 
Fig. 1 One of RSM obtained in this study and evolution of peak 
position for (10-11) diffraction peak of GaInN as function of 
growth time. 
 

 
Fig. 2 Evolution of In composition and relaxation ratio of GaInN 
during growth. 
 

 
Fig. 3 Evolution of integrated intensity of GaInN (10-11) peak 
during growth. 
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