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Abstract

Original scientific paper
Effect of different nucleation layer temperatures (LT-GaN growth temperature) on the properties of the subsequent GaN epilayer grown
by MOVPE is investigated. In-situ reflectance curves demonstrate that higher LT-GaN growth temperatures cause fast coalescence (shorter
transition time) of GaN nucleation islands. Both photoluminescence (PL) and high-resolution x-ray diffraction (HRXRD) are used to
demonstrate the influence of LT-GaN growth temperature on optical and structural properties of subsequent GaN epilayer, respectively. It
is observed that the change of LT-GaN growth temperature has an effect on both full-width at half-maximum (FWHM) values obtained
from the results of HRXRD measurement and yellow luminescence peak intensity. It is seen that the yellow luminescence peak intensities

for samples alter with LT-GaN growth temperature.
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1 Introduction

The III-Nitride based semiconductors have attracted
great attention for recent years because of many important
application areas in technological devices [1]. Their
application areas are listed as high electron mobility
transistors (HEMTs), solar-blind detectors, detectors of
ionizing radiation and scintillators, UV emitters for
purification, curing and disinfection, light-emitting, and
lasers diodes [2-11]. Especially, the GaN grown via Metal
Organic Vapour Phase Epitaxy (MOVPE) is the most
popular of the ITI-Nitride based semiconductors (AIN, InN,
and their alloys) [12]. The GaN substrate is not in use for
some reasons such as not large enough size and
inexpensive to compete with the other competitors such as
sapphire and silicon. Many studies to achieve
heteroepitaxial GaN epilayer grown on foreign substrates
have been done by using MOVPE [13-15]. In the case of
using a different substrate, the quality of the GaN layer is
affected due to thermal expansion difference and large
lattice mismatch between the used substrate and the GaN
layer [16]. Sapphire substrate is commonly used to grow
GaN epilayer. Nakamura et al. have used a two-steps
growth process (first step low-temperature and second step
high temperature) to improve the quality of the GaN
epilayers [12]. For this reason, some parameters affect GaN
quality during both LT GaN and HT-GaN growth. Many
MOVPE studies have been shown the impact of growth
parameters such as growth temperature, reactor pressure,
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annealing, growth rate, total carrier gas flow, V/III ratio
(ratio between the partial pressures of V and III elements
in the gas phase), etc. in both LT-GaN and HT-GaN growth
[17-22]. M. S. Yi et al. have focused on the structure of the
GaN nucleation layers to investigate the effect of the
growth temperature. They have demonstrated that both the
stacking order and the order in the atomic positions in a
GaN atomic epilayer significantly changed with changing
the set growth temperature. [22]. AIN layer has been used
as a nucleation layer instead of LT-GaN layer in previous
studies. D. D. Koleske et al. have shown the influence of
the temperature of the AIN nucleation layer on electronic
properties of the subsequent GaN epilayer. The growth
temperature affects AIN morphology because temperature
influenced the formation of GaN epilayer and electron
mobility [23].

The present study aims to investigate the influence of
growth temperature of the LT-GaN layer on structural and
optical characteristics of subsequent GaN layer grown via
MOVPE. Characterization equipment such as HRXRD and
PL are used to analyze the change of the properties such as
structural and optical of GaN epilayer with the change of
used growth temperature in LT-GaN growth. It has shown
that different LT-GaN growth temperatures change the
ratio of luminescence intensities of the near-band gap
transition and the yellow transition. It is seen that there is a
relation between XRD results and LT-GaN growth
temperature. According to FWHM values obtained from
symmetrical and asymmetrical scans, the optimum LT-
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GaN growth temperature can be used to obtain a GaN
crystal with a lower FHWM value. Besides, the effect of
LT-GaN growth temperature on the growth rate and
coalescence time is observed.

2 Experimental

All films have been grown on a 2-inches sapphire
substrate via a horizontal flow MOVPE system with
AIXTRON 200/4 RF-S model. The system includes
Luxtron 880 nm reflectometer to take valuable information
such as growth rate per second (nm/s), surface quality, and
an optical fiber thermometry-light-pipe to measure growth
temperature during the growth process. The high-purity
ammonia (NH3), Trimethylgallium (TMGa, Ga(CHzs)3),
and hydrogen (H>) have been used as the source precursors
for N and Ga and carrier gas, respectively. Before growth,
the substrate has been heated at a higher temperature
compared to HT-GaN growth temperature and thermally
desorbed in H, ambient for 10 min to remove possible
contaminants like surface impurities. The reactor
temperature has been decreased to LT-GaN growth
temperature value and 20s NH3 flow has been supplied to

the surface of the sapphire substrate for the nitridation
process. LT-GaN layer called a nucleation layer has been
grown at 200 mbar and different temperature values. Then,
the substrate temperature has been raised for the HT-GaN
epitaxial layer deposition under the NH3 ambient. The
reactor temperature has been fixed at this temperature to
initiate the recrystallization of the GaN nucleation layer.
After recrystallization, the GaN layer has been grown to
have Fabry-Perot oscillations at the HT-GaN growth
temperature. Table 1 gives the LT-GaN growth
temperatures for 4 samples that have the same growth
conditions. Several characterization techniques like in-situ
reflectance measurement, HRXRD, and PL have been
employed to understand the effect of LT-GaN growth
temperature on the properties of GaN. HRXRD
measurements have been conducted to obtain the FWHM
values of omega scans for symmetric (00.2) plane and
asymmetric (10.2) plane reflections of the GaN epilayer.
The PL measurements have been done with the 325 nm He-
Cd laser as an exciting source. The information about the
materials and devices during the obtaining of the GaN
epilayer has been given in Table 2.

Table 1. LT-GaN growth temperature of each sample

Sample Name

LT-GaN Growth Temperature ("C)

A 455
B 495
C 525
D 550
Table 2. The list using materials and devices to grown GaN epilayer
Type Name Aim Source
. . Used as a substrate to grow the .
Material Sapphire GaN layer imported from abroad
. . . . Used source precursor to .
Material high-purity ammonia (NH3) obtained for N imported from abroad
Material trimethylgallium (TMGa, Used source precursor to imported from abroad
Ga(CHs)s) obtained for Ga
. Used as a carrier gas and an . .
Material hydrogen (Hz) ambient supplied domestically
Device Metal Organic Chemical Vapour Used during the growth of GaN Provided by CUNAM
Phase Epitaxy epilayer (AIXTRON 200/4 RF-S)
Device High Resolution X-Ray Used to obtain structural Provided by CUNAM
Diffraction characterization (Rigaku SmartLab)
. . Used to obtain optical Provided by ERMAKSAN
Device Photoluminesence o
characterization (PL mapper)

3 The Research Findings and Discussion

One of the most important measurement techniques for
MOVPE growths is in-situ reflectance measurement which
gives valuable information such as growth rate, surface
situation, etc. at the same time [24]. Detailed information
about the growth steps of GaN is mentioned elsewhere [18,
25]. Figure 1 (a) demonstrates the optical reflectance
curves of Samples A-D. The starting points of in-situ
reflectance curves of samples have been fixed and
separated for better visibility and comparison. The effect
of LT-GaN growth temperature on the growth rate of the
nucleation layer is shown in Figure 1 (b). It is clear that
when LT-GaN growth temperature is increased, the growth
rate during the growth of the nucleation layer increases.

The intensity of reflection obtained from the surface of the
nucleation layer via Luxtron 880 nm laser is proportional
to the thickness of the nucleation layer. The reflection
heights for each sample are adjusted at the same height to
fix the thickness of the nucleation layer. Thus, it has been
assumed that all nucleation layers have the same thickness.
Recovery time (At) which corresponds to the duration
of optical reflectance intensity from the recrystallization to
the first Fabry-Perot oscillation is found for each sample.
The effect of LT-GaN growth temperature on the recovery
time is revealed in Figure 2. It has been found that the
recovery time decreases with the higher growth
temperature of the nucleation layer. The temperature
difference between LT-GaN and HT-GaN growth is
different for every sample. It is believed that larger GaN
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Figure 1. (a) reflectance measurements obtained during the growth for Sample A-D (b) comparison of the growth rate of nucleation layers with different
LT-GaN growth temperatures.

islands occur with low temperature differences at the same
annealing time. Lin Shang et al. have shown that size
bigger islands have a fast recovery time [26].

HRXRD is a common technique to analyze the
epitaxial layers for both rapid control and optimization of
the used growth parameters [27]. The XRD measurement
for (00.2) and (10.2) planes are done and their FWHM
values are given information about the crystalline
perfection. For this purpose, rocking curves of (00.2) and
(10.2) planes in HRXRD measurement are obtained to
investigate the influence of different LT-GaN growth
temperatures on the crystal qualities of subsequent GaN
epilayer.

Figure 3. gives the change of FWHM values obtained
from symmetrical and asymmetrical scans with increasing
the growth temperature of the nucleation layer.
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Figure 2. The variation of LT-GaN growth temperature versus
recovery time.
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Figure 3. (a) symmetric, (b) asymmetric omega scans, and (c) the variation of FWHM values obtained by HRXRD for (00.2) and (10.2) planes with the
increase of LT-GaN growth temperature

The FWHM of the (00.2) and (10.2) rocking curve
spectra can be affected edge, screw, and mixed
dislocations in the structure [28]. As shown in Figure 3,
FWHM values obtained from reflections in (00.2) and
(10.2) planes decrease from 393 to 390 arcsec and from
430 to 416 arcsec, respectively when LT-GaN growth
temperature is increased from 455 °C to 495 °C. The
FWHM value of (10.2) rocking curve begins to increase
while the decrease in FWHM value of (00.2) rocking
curve continues when LT-GaN growth temperature is
raised to 520 °C. FWHM value of (00.2) rocking curve
starts to increase when the LT-GaN growth temperature is
increased to 550 °C. It is observed that the LT-GaN
growth temperature does not have a significant effect on

the FWHM values obtained from the rocking curves of the
(00.2) plane. The increased ratio (°C/s) in temperature
during annealing is different though all samples have the
same annealing time. L. Sugiura et al. have analyzed the
influence of annealing time (ramping rate of temperature)
on subsequent GaN layers. They have observed a similar
tendency in the chancing of FWHM values comparing
with our study. They have found that the fast temperature
ramping between LT-GaN and HT-GaN growths
produces the subsequent GaN epilayers with both rough
surfaces and worse quality [29]. Generally, dislocations
that occur at the boundaries of nucleation islands are edge
type while dislocations that come from inside the
nucleation islands are screw/mixed type [30]. It is thought
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that when LT-GaN growth temperature is altered, the sizes
of islands change because of different transition times for
each sample. According to HRXRD measurement, the
ideal growth conditions can be determined with the
changing of LT-GaN growth temperature in terms of sizes
of nucleation islands.

PL measurement which is the most common, and non-
destructive is a characterization device to investigate the
optical properties of structures [31]. Figure 4
demonstrates PL spectra (310-680 nm) obtained at room
temperature for Sample A-D. The PL spectra for all
samples include two main peaks; (1) high intensity and
narrow PL band called near band edge luminescence at
~361 nm and (2) low intensity and broad PL band called
yellow luminescence at ~550 nm. In undoped GaN, the
band edge luminescence is occurred by the transition from
the conduction band to valance band while yellow
luminescence depends on point defects that come from
impurity and growth conditions. Point defects have an
important role in the optical and electrical properties of
the GaN epilayer and related electronic and photonic
devices. However, a majority of the point defects in the
structure remain still unanswered [32].

B
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Figure 4. The behavior of photoluminescence spectra for samples
with different LT-GaN growth temperatures.

Generally, the comparing intensity ratio between the
near band edge peak and yellow luminescence peak is a
common way to compare the quality of GaN films [33].
Therefore, the effect of LT-GaN growth temperature on
the ratio of near band edge intensity to yellow band
intensity is investigated. Figure 5 gives the comparing the
ratio of band edge intensity to yellow luminescence
intensity with changing LT-GaN growth temperature. It is
clear that the intensity ratio changes with the variation of
LT-GaN growth temperature which shows that the optical
quality of GaN is related to the growth temperature of the
nucleation layer. Near band edge intensities of all samples
are normalized to see the effect of LT-GaN growth
temperature on optical properties of subsequent GaN
layer. The value of the intensity ratio changes with yellow
luminescence intensity. It can be said that point defects for
Sample B, C, and D may have increased with increasing
LT-GaN growth temperature compared to Sample A
because of their yellow luminescence intensities.
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Figure 1. LT-GaN growth temperature versus the ratio of band edge
intensity to yellow luminescence intensity.

4 Conclusions

In this study, the effect of LT-GaN growth
temperature on structural and optical properties of
subsequent GaN layer grown on a sapphire substrate using
the MOVPE technique is investigated. In-situ reflectance
curves show that transition time increases with increasing
LT-GaN growth temperature because of the changing of
GaN nucleation islands’ sizes. The rocking curves of
(00.2) and (10.2) planes in HRXRD measurement are
obtained to show the effect of nucleation layer
temperature on the crystal qualities of the HT-GaN
epilayer. The results of HRXRD measurement
demonstrate that there is an improvement in FWHM of
both (00.2) and (10.2) rocking curves with changing of
LT-GaN growth temperature. PL spectra for all samples
include two main peaks which correspond to band edge
and yellow luminescence. It is observed that the intensity
of yellow luminescence caused by point defects changes
with LT-GaN growth temperature.
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