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We propose a metal organic vapor phase epitaxy (MOVPE) method of pre-introducing TMIn during the growth of u-
GaN to improve the subsequent growth of InGaN and discuss the impact of this method in detail. Monitoring the MOVPE by
the interference curve generated by the laser incident on the film surface, we found that this method avoided the problem of
the excessive InGaN growth rate. Further x-ray diffraction (XRD), photoluminescence (PL), and atomic force microscope
(AFM) tests showed that the quality of InGaN is improved. It is inferred that by introducing TMIn in advance, the indium
atom can replace the gallium atom in the reactor walls, delivery pipes, and other corners. Hence the auto-incorporation of

gallium can be reduced when InGaN is grown, so as to improve the material quality.

Keywords: InGaN, metal organic vapor phase epitaxy (MOVPE)

PACS: 81.05.Ea, 81.15.Gh, 78.70.Dm, 78.55.—m

1. Introduction

The development of group III/V semiconductor materials
is in the ascendant, and GaN-based optoelectronic materials
are widely used in production. Especially the ternary alloy
InGaN is extensively employed in the field of lasers and de-
tectors. However, because of the mismatch between InN and
GaN in the lattice, it is very difficult to grow high-quality In-
GaN. With the development of epitaxial technology, especially
metal organic vapor phase epitaxy (MOVPE), the growth qual-
ity of InGaN has been improved. By studying the growth con-
ditions and methods of MOVPE, we can better understand the
growth mechanism of InGaN.

Due to the difference in the size of indium atoms and gal-
lium atoms and the lattice mismatch between GaN and InN,
the composition fluctuation and the phase separation may ex-
ist in InGaN due to low solubility between InN and GaN. 2]
The growth of InGaN is particularly sensitive to temperature
changes. Yoshimoto et al.'3* confirmed that in order to ensure
the growth quality of InGaN crystals, the growth temperature
of InGaN should be controlled to be relatively low at about
760 °C-800 °C. However, if the temperature is too low, in-
dium atoms are easy to precipitate, resulting in poor overall
quality. In order to reduce the problem of lattice mismatch, a
layer of u-GaN should be grown at high temperatures before
the growth of InGaN. Therefore, it is often to grow u-GaN at
high temperatures first, and then cool down to grow InGaN.

It has been reported in many literatures that there is a
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memory effect of gallium during the growth of GaN. In other
words, some gallium sources may remain on the reactor walls,
delivery pipes, and other corners. >3 The quality of these un-
intentionally introduced sources is poor. Not only will a vari-
ety of impurities appear, but they may also exist in the form of
polymer whose migration ability is very weak. These uninten-
tional gallium sources act on the subsequent InGaN growth,
thus reducing the material quality.

Based on the reasons mentioned above, we consider intro-
ducing TMIn into the growth of u-GaN. Because the activity
of gallium is higher than that of indium, it can replace some
unintentionally introduced gallium sources via

TMIn + Ga — TMGa +In, (1

so as to improve the growth quality of InGaN materials.®! In
order to further study the influence of this method on mate-
rial properties, we performed measurements of x-ray diffrac-
tion (XRD), photoluminescence (PL), and atomic force micro-
scope (AFM) test on the two studied samples.

2. Growth of samples

The structure of the two studied samples is shown in
Fig. 1. Sample 1 was grown using traditional methods, and
sample 2 was grown by pre-introducing TMIn at 1100 °C at
the end of u-GaN growth for about 1000 s. The conditions
in the InGaN growth process of the two samples are exactly
the same. Both samples are unintentionally doped, but due to
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the presence of impurities, these samples show weak n-type in
InGaN.

InGaN

u-GaN

sapphire substrate

Fig. 1. The growth structure of two samples.

In the MOVPE growth process, for real-time monitoring,
the growth condition was in situ tested by optical reflectivity
using a He—Ne laser at 633 nm,[!%'?) and the reflected laser
intensity can provide information of the growth. Every time
it oscillates, the thickness changes by 2%; each time from the
highest point to the next lowest point, the thickness changes
by f—n. Here A is the wavelength of the laser, and n is the
refractive index of the sample. In order to reduce the lattice
mismatch, we grew a layer of u-GaN on a sapphire substrate at
a growth temperature of about 1100 °C,[!314] and then cooled
down to about 800 °C for InGaN growth. Figure 2 depicts how
the reflection intensity (black line) and the temperature (red
line) change over time. It is seen that when the temperature
drops to 800 °C, InGaN starts to grow. In Fig. 2(a), from arrow
a to arrow c, it is exactly half a cycle, which takes 1129.2 s.
According to Fig. 2(b), sample 2 goes from arrow e to arrow f,
which takes 1900.5 s. It is shown that the growth rate of sam-
ple 2 is significantly reduced compared with that of sample 1.
In Fig. 2(a), the height on Y-axis for arrow b and arrow d is the
same. The position indicated by arrow c is the maximum point.
The time duration from arrow b to arrow c is 707.7 s, and that
from arrow c to arrow d is 1184.8 s. It can be seen that the
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Fig. 2. The reflection intensity (black curve) and temperature (red
curve) during the growth of (a) sample 1 and (b) sample 2.

initial growth rate of sample 1 is high, and then it slows down.
The reason for this phenomenon is that the unintentionally in-
troduced gallium is consumed as part of the gallium sources.
Although the slope of the reflection curve cannot completely
represent the growth rate, in general, the faster the half-cycle
fluctuation is completed, the steeper the corresponding curve.
That is, the average growth speed of InGaN by the traditional
method is very fast in the initial stage. In summary, the new
method of pre-introducing TMIn can indeed alleviate the prob-
lem of excessively fast conventional growth rates initially and
can effectively stabilize the subsequent growth rate of InGaN.

3. Test and analysis

According to the research of Huang et al.,!'3:1>1%] the in-
crease of gallium element leads to a dominating spiral growth
mode.!"”) In order to study the real effect of the new MOVPE
method on InGaN growth, a series of tests, including XRD,
PL, and AFM, were carried out. The test results are as fol-

lows.

3.1. XRD test

Two samples were measured at first by XRD. Figure 3
shows a @-20 scan at (002) planes. We can see only two ap-
parent peaks in the logarithmic scale. InGaN peak is weak on
the left, and GaN one on the right is relatively strong.['8! The
values of the indium composition obtained from the simula-
tion of the XRD curves are 5.964% for sample 1 and 6.615%
for sample 2. Generally speaking, if the composition of in-
dium increases, the quality of the material deteriorates. The
lattice mismatch between InGaN and GaN can be further ag-
gravated by higher indium composition.!'*->? However, the
performance of sample 2 is better in subsequent tests, which
further illustrates the good effect of the new method.
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Fig. 3. The 26 scan pattern of sample 1 and sample 2.

Through the curve fitting of XRD, we can also obtain that
the thickness of the InGaN layer is 118.4 nm in sample 1 and
86.78 nm in sample 2.1?3 Because the growth time of InGaN
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of the two samples is the same, it can further prove that the
average reaction rate is reduced by reducing the unintentional
introduction of the gallium sources.

From the ®w-26 scan, it can be seen that both samples
show apparent Pendellosung interference fringes near the main
peak. If the crystal grows periodically, the light reflected from
the upper and lower layers of each periodic structure is the
source of Pendellosung interference fringes. Therefore, the
better crystal interface, the more apparent Pendellosung inter-

5.[24231 The diffraction peak of sample 2 in ®—

ference fringe
20 scanning is more obvious, which also indicates its better
crystal quality.

To better reflect the dislocation of the materials, we also
carried out @ scanning on the (002) plane of the two samples,
and the results are shown in Fig. 4. The full width at half max-
imum (FWHM) is 296.86 arcsec for sample 1 and 293.79 arc-
sec for sample 2, which indicates that the edge dislocation of

sample 2 is slightly smaller.?!
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Fig. 4. The w scan pattern of sample 1 and sample 2.

3.2. PL test

For further study the influence of the new method, we
performed the PL test on the two samples. The 325 nm light
form a helium—cadmium (He—Cd) laser was used for the mea-
surement. Figures 5(a) and 5(b) show the PL curves of the
two samples at 30 K. By fitting with the Gaussian function,
the FWHMs are 9.679 nm for sample 1 and 9.296 nm for sam-
ple 2. Sample 2 has a narrower InGaN peak, which further
indicates that its quality may be better.

L (a) sample 1 L (b) sample 2

Intensity
Intensity

350 400 450 500 350 400 450 500

Wavelength (nm) Wavelength (nm)

Fig. 5. PL curves of (a) sample 1 and (b) sample 2 at 30 K.

The peak energy for InGaN is about 3.0861 eV in sam-
ple 1 and 3.0331 eV in sample 2. The indium composition can
be obtained from the Vegard law

E N = (1 x) ESN 4 kBN —px(1-x), ()

where b is the bowing factor and is set as 1.43 eV. The indium
composition obtained by formula (2) is 7.56% for sample 1
and 8.94% for sample 2.

The bowing factors reported in different literatures are
slightly different.[?’-3% The result suggests that after the pre-
introducing of indium, the chamber cavity also has more resid-
ual indium source, which causes the indium composition to
increase. 131431321 Actually, the composition results of PL are
basically consistent with the XRD ones.

3.3. AFM test

In order to further study the changes in sample quality
brought by the new method, the AFM test was performed on
the two samples. Figure 6 shows the AFM scan (2 x 2 um?)
image in the central area. It can be seen that both samples have
obvious two-dimensional step flow growth, indicating that the
growth quality is relatively high. At the same time, V-shaped
pits unique to InGaN samples appear. The root mean square
(RMS) roughness is 0.574 nm for sample 1 and 0.293 nm for
sample 2.3 It can be seen that sample 2 shows a smoother
appearance. A deeper analysis through the software provided
by the AFM instrument shown in Fig. 7 can also indicate that
the performance of InGaN near the surface should be better in
sample 2.

3.9n$m

-7.4 nm

1.3 nm

-1.3nm

400.0 nm

Fig. 6. AFM images of (a) sample 1 and (b) sample 2.
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Fig. 7. The distribution of depth in sample 1 and sample 2.

4. Conclusion

Through the growth curve of the in situ reflected light,
it can be seen that the method of pre-introducing TMIn can
effectively solve the problem of the excessively fast InGaN
material growth rate. For sample 2, which is grown using the
new method, the FWHM values of both PL peak at 30 K and
XRD omega scan are slightly smaller, and Pendelldsung inter-
ference fringes in the @w—26 scan are more obvious. Moreover,
the AFM test shows a smaller RMS and a lower depth distri-
bution. All these indicate that sample 2 owns a higher quality.
In particular, sample 2 has a higher indium composition but
still has a higher material quality, which demonstrates the ad-
vantages of this pre-introducing TMIn method.
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