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ABSTRACT

In this study, InGaN/GaN structures are grown by using Metal Organic Chemical Vapor Deposition (MOCVD) technique. Some
structural, optical and morphological properties of InGaN/GaN structures are investigated in detail. For structural analysis, X-ray
diffraction (XRD), for optical, Raman and morphological, Atomic Force Microscopy (AFM) measurement techniques are used. In
XRD analysis both samples presented hexagonal crystal structure. XRD peaks for these two samples showed small differences
dependent on growth conditions. Strain and stress values are determined from XRD and they are compared with Raman results. In
Raman analysis, five different chemicals are determined in both samples. Raman analysis results are in good accordance with XRD,
growth conditions and AFM images. In AFM images, there can be seen hills and holes and they are partly homogeneous. There
are also some white regions in AFM images. According to Raman peak center data, these white regions are detected as white rust.

Keywords: XRD, InGaN, GaN, MOCVD, AFM, raman.

InGaN/GaN Yapilar icin XRD-Raman Karsilastirmasi

0z

Bu caligmada, InGaN/GaN yapilar Metal Organik Kimyasal Buhar Biriktirme (MOCVD) yontemiyle biiyiitiilmiistir. Bu
InGaN/GaN yapilarin bazi1 yapisal, optik ve morfolojik 6zellikleri detayli olarak incelenmistir. Yapisal analiz i¢in X-1gimlar
kirimimi (XRD), optik 6zellikler i¢in Raman ve morfolojik dzellikler i¢in Atomik Kuvvet Mikroskobu (AFM) kullanilmigtir. XRD
analizine gore her iki 6rnek altigensel yap1 sergilemistir. Bu iki 6rnek i¢in elde edilen XRD pikleri bilyiitme sartlarina bagl olarak
kiiglik farkliliklar gostermistir. Gerilme ve stress degerleri XRD den elde edilip Raman sonuglariyla kiyaslanmigtir. Raman
analizinde, her iki drnekte bes farkli kimyasal tespit edilmistir. Raman analizi sonuglar1 XRD ile biiylitme kosullar1 ile ve AFM
goriintiileriyle iyi bir uyum i¢indedir. AFM goriintiilerinde tepeler ve gukurlar goriilebilir ve bunlar kismen homojendir. AFM
goriintiilerinde bir de beyaz bolgeler vardir. Raman pik merkezi verilerine gore bu beyaz bdlgeler Beyaz Pastir.

Anahtar Kelimeler: XRD, InGaN, GaN, MOCVD, AFM, raman.
1. INTRODUCTION

Semiconductor nitrites such as GaN and InGaN have a
potential use area in optoelectronic and electronic

their active layers, there are still some uncertainties about
the fundamental physics of these structures. Because
some physical and chemical properties of InGaN (band

industry because of their physical properties. Both
semiconductor structures are in hexagonal shape in
thermodynamic equilibrium. GaN and InGaN are binary
and triple compounds of nitrite based semiconductors.
They have a wide energy band gap range in
electromagnetic spectrum. This range changes from near-
infrared to ultraviolet region (0.7-6.2 eV) [1].

This property makes nitrite based semiconductors
important in designing optoelectronic devices such as
light emitting diodes (LEDSs), laser diodes, ultraviolet
(UV) photodetectors and solar cells. Also, nitrite based
semiconductors can operate at high power, frequency and
temperature [2].

Although there are some important improvements in
optoelectronic device technology containing In,GaixN in
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gap, lattice parameters, and elastic coefficients) can not
be determined accurately, it is also not possible to
determine some optical and structural properties
certainly. It is known that these parameters for InGaN
alloys are strongly dependent on growth conditions [3-4].
A small variation in growth conditions may cause a great
quality difference in InGaN thin films. Lee and co-
workers showed that if growth speed is decreased the
threatening dislocation density decrease 100 times less
than the previous value in InGaN/GaN quantum wells
[5]. In order to make such materials more common in use
and improve them, optimization of production and
fabrication should be made. The operation mechanism of
them should be understood well. The importance of this
study is that stress is calculated from Raman spectra and
compared with XRD stress measurements.
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2. MATERIAL and METHOD

Sample A Sample B
p-InGiaN Layer Q@
p-InGaN Layer p-InGaN Layer v S
N}

Graded InGaN Layer

n-GaN Layer

Ud-GaN Layer

p-InGaN Layer

Ud-GaN Layer
LT-GaN LT-GaN

Figure 1. Schematic diagram of (a) S.A and (b) S.B.

InGaN/GaN structures are grown on c-oriented sapphire
(Al,03) substrate by using the MOCVD technique.
Before growth procedure, in order to remove dirty on the
surface of the epitaxial films, they are cleaned at 1100 °C
under H, atmosphere for 10 minutes. After the cleaning
process is finished, epitaxial growth operation started
with growth of GaN nucleation layer at 575 °C [6-7].
During this growth operation, TMGa (Trimethilgallium)
flow rate, NH3 flow rate and growth pressure are adjusted
as 10 sccm, 1500 sccm and 200 mbar respectively. The
thickness of this nucleation layer is 10 nm. After the
growth of this layer, GaN buffer layer is grown on it at
1070 °C. During the growth of this buffer layer, TMGa
flow rate, NH3 flow rate and growth pressure are adjusted
as 15 sccm, 1800 sccm and 200 mbar, respectively.
p-type doped InGaN layer is grown by using Mg doping
source. The flow rate of this source is 35 sccm. During
the growth of InGaN layer, the sources which were on
during growth of other layers are kept off. In order to
make more doping, Mg flow rate is kept at 40 sccm.
Figure.1 (a) and (b) illustrates the schematic diagrams of
sample A (S.A) and sample B (S.B).

The thickness of GaN buffer layer is 1.6 um. Growth
procedure continued by opening the SiH4 source and with
the help of this source n-type GaN layer is grown. Flow
rate of this layer is 10 sccm. InyGagu-xN active layers are
grown at 745 °C with 75 sccm In flow rate. Active layers
are grown between 1.9 um n-type GaN and p-type InGaN
contact layers.

3. RESULTS and DISCUSSION

In this study, parameters such as dislocation density and
stress are estimated by using HR-XRD technique. It is
found that dislocation density is high both in S.A and
S.B. So peak intensity ratio is used to determine amount
of chemicals from Raman spectra instead of peak area
ratio. Also, stress measurement results are compared
between XRD and Raman. It is known that XRD analysis
gives more accurate results for stress [8]. Also in Raman
spectra very dense white rust peaks are detected. These
white rust can be seen in AFM images.

3.1. XRD analysis

Compounds and alloys such as GaN and InGaN have
hexagonal structure. Crystal quality of them can be
measured by broadening of symmetric peaks. In such
layers broadening of rocking curves is maintained by
variation of lateral crystal dimensions parallel to wafer
surface and tilt angles [9]. HR-XRD omega peaks are
given in Figure 2 (a) and (b).

20000 - GaN <
a)
Sample A
~ 15000
=
£
-
2 loooo
=
=
=
=
2000
] T T
16.6 17.6 17.8 18.0
0 (Degree)
20000
AN
18000 - b)
16000 4 Sample B
= 14000 o
=
= 12000 4
=
Z 10000 o
T =000 4
=
=
= 6000 o
4000
2000 4 InGaN
0 .
166 16.8 17.0 17.2 17.4 17.6 17.8 180
8 (Degree)

Figure 2. HR-XRD omega peaks for S.A and S.B.

The Full Width at Half Maximum (FWHM) values are
given in Table 1. If measured values are compared it is
seen that both samples have similar FWHM values for
GaN but InGaN layer in S.A has smaller FWHM value
than S.B. This result indicates that S.A has a better crystal
quality [10].

Table 1. Peak positions and FWHM values for GaN and InGaN

layers.
S.A S.B
FWHM GaN(002) 0.1 0.103
FWHM InGaN(002) 0.166 0.175
Peak position GaN(101) 18.47 18.26
Peak position InGaN(002) 16.92 17.13

3.1.1 Dislocations

A method for calculating lateral and screw type
dislocations is dependent on Burgers vector. Metzger and
co-workers showed that [11] Burgers vector of mean tilt

292



XRD vs RAMAN FOR INGAN/GAN STRUCTURES ... Politeknik Dergisi, 2020; 23 (2) : 291-296

angle b=1/3<11-20> is related with lateral type
dislocations and Burgers vector of mean tilt angle
b=<0001> is related with screw type dislocations.
Dislocation density can be calculated with equation (1)

[12-13]. Burgers vector is the same with lattice
parameters.
Vi ;
D __ /~(0o02) _ 18(10—12)
screw — qpa2 edge — qn2
9bscrew , 9bedge 1)

B in equation (1) is the FWHM value, b is the Burgers
vector. For GaN layer Dscrew=0.5185 nm, Deqqe=0.3189
nm. For InGaN layer bscrew=0.5198 M, begge=0.3417 nm
[14].

Table 2. Edge and screw type dislocation density values for S.A

and S.B
S.A SB
Edge Screw Edge Screw
(D.Lx10% (D.Lx10%) | (D.Lx10%) (D.Lx108)
GaN 155 1.25 2.36 1.25
InGaN; 9.55 1.64 10.80 9.55
InGaN, 10.80 1.60 42.90 3.62

3.1.2 Stress from XRD

It is possible to determine stress by using strain
measurements [15]. Strain (g,) IS given with stress in
equation (2).

o o*1-v)
’ E ¥

Here ¢, is the strain, 6* is stress, v is Poisson’s ratio and
E is Young modulus [16]. €2 value in equation (2) can be
determined by plotting sinf versus Pcos. Here B is the
FWHM value. This plot is shown in Figure.3. Tilt of the
fits in this plot gives €. Young modulus is taken as 305
and Poisson’s ratio is taken as 0.183 in this study. Strain
and stress values are determined as -0.0015, -0.5599 for
S.Aand -0.0016, -0.5973 for S.B in GPa.

3.2 Raman Analysis

Raman scattering occurs when light interacts with
molecular vibrations. This resembles infrared absorption
spectroscopy but it has some different properties. The
first step to gain Raman spectra is to send a
monochromatic beam, like laser, to the sample. Energy
of most of the photons forming this beam does not
change. This situation is called Rayleigh scattering.
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Figure 3. Sinf versus BcosO plot for GaN and InGaN layers

1/10x108 photons lose their energy or gain more energy.
This situation is called Raman scattering. The reason for
this Raman shift is interaction of photons with molecular
vibrations. The situation that photons lost energy is called
STOKES and the situation they gained energy is called
ANTI-STOKES. The variation on the energy of sent
photons is dependent on the vibrational frequency of the
molecules. If vibration is fast (high frequency) it means
light atoms are connected each other with strong bonds.
In this situation energy variation is important. If vibration
is slow (low frequency), it means heavy atoms are
connected with weak bonds. In this situation energy
variation is small.

In infrared spectroscopy, absorption in infrared region
excites vibration and rolling levels of the molecules.
Energy of the photons in infrared region is not sufficient
for destroying bonds of molecules and they also do not
make electronic excitation. But infrared photons can
increase amplitude of the vibrations dependent on the
molecular geometry and strength of bonds. For Raman
Effect a molecular polarization variation during vibration
is needed [17].

In this study, for gaining Raman spectra imaging (micro
publisher 5.0 RTV) Raman spectrometer is used. Both
samples are scanned with 785 nm. Wavelength laser for
a duration of 60 s. Raman spectra for S.A and S.B are
presented in Figure.4
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Figure 4. Raman spectras for S.A and S.B

As in the previous sections of this study, identification of
material, stress and particle size can be estimated by
using Raman spectra. Raman spectroscopy data
presented some important knowledge about InGaN/GaN
structure. Peak center, peak height, peak area and FWHM
values are presented in Table.3 for Ga, N, In and
Sapphire. Also one more layer is detected in Raman
spectra. That is white rust formed by touching air for a
long time.

As can be seen in Table.3 peak intensity ratio and peak
area ratios are calculated to estimate amount of materials
in the samples. Because dislocation density is high, as
shown in XRD section, peak intensity ratio is a more
trustable result for amount of materials in percentage.
FWHM values in Raman are related with particle size. It
is possible to calculate atomic radius of single atoms by
using equation (3) [18].

Here 1o is coefficient approximately taken as 1.2 fm, A is
atomic number in periodic table and r is the atomic
radius. Atomic radius of Ga and N are compared with
FWHM values in Table.3 gained from Raman analysis.
As can be seen they are in good agreement. The order of
atomic numbers for N and Ga are, Ga>N and FWHM
values for them are like Ga>N. If Table.3 is examined
carefully FWHM values for S.A are generally bigger than
the ones for S.B. This result also indicates that crystal
quality is better in S.A.

Also stress values are calculated from Raman spectra. It
is possible to look up the unstressed peak center values
for the materials mentioned above from RRUFF
database. If these wvalues are subtracted from
experimental values and divided by calibration constants
we gain stress in MPa. The formula showing this relation
is given in equation (4) [19].

o(MPa) = Aw(cm™) @

Comparison of stress values gained from XRD and
Raman is made in Table.4. Calculation of stress is made
by using N peak center values because it is the most
intense peak in both samples.

As can be seen in Table.4 there is great difference in the
results gained from XRD and Raman. Because of the
physics of Raman scattering it can not detect wafer
bending or dislocations, so here XRD results are more
trustable. Minus sign in stress values indicate that there
is compressive stress in the structure.

Table 4. Comparison of stress values from Raman and XRD.

S.A S.B
Stress from XRD(MPa) -559.9 -597.3
Stress from Raman(MPa) 1.017 -5.69

As mentioned above there is one more layer detected by
Raman spectroscopy in the samples. That is white rust
(3Zn(OH)2ZnCO3H20). White rust is formed over the
samples by touching the air for a long time. Peak
intensity of white rust is less in S.A.

1/3
r=r.A
0 3
Table 3. Raman analysis data for S.A and S.B
S.A S.B
White White
Ga A|203 In N rust Ga A|203 In N rust
CF;‘;?:r 244 419 571 1336.27 1078 244 419 571 1308.11 1078
Peak Area
Ratio(%6) 3.28 1.95 8.20 17.60 3.24 321 2.62 9.47 17.39 6.92
Peak Height |, ,, 5.83 10.74 76.03 5.16 5.82 7.98 18.89 4553 21.76
Ratio(%)
FWHM 34.09 8.91 12.48 26.69 XXXX 33.83 9.54 10.65 25.37 XXXX
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The reason for this is cleaning procedure of the samples
for different durations.

3.3 AFM

In epitaxial structures, difference of the layers may cause
great topographic variations on the surface of the samples
[20]. For this reason surface morphology of the samples
are investigated with AFM. Surface images of the
samples are taken with Omicron VT STM/AFM device.
Scanning of the surfaces is made in an area of 5x5 um?.
In Figure.5 AFM images of S.A and S.B are shown. It is
obvious in the images that surface morphology of the
samples are quite different from each other. On the
surface of both samples pits are seen. This is a typical
situation for InGaN based hetero structures. On the
surface of S.A pits are dominant but on S.B hillocks are
dominant. This is related with diffusion of island atoms.

On the other hand roughness is a kind of surface defect.
There are many parameters in determining roughness
[21]. Root Mean Square (RMS) is the most common
parameter to determine surface roughness. For samples
A and B RMS values are measured as 2.23 and 4.87.
Chen and co-workers reported that In vacancy islands on
the surface of the samples or ordered vacancy rows
caused lateral segregation [22]. The surface roughness of
the samples may be attributed to In segregation and white
rust [23]. White rust can be seen on the surface of both
samples in AFM images.

S.A

Figure 5. AFM images of S.A and S.B

4. CONCLUSION

In this study, InGaN/GaN structures grown by MOCVD
technique on sapphire are investigated in detail by using
HR-XRD and Raman spectroscopy. Dislocations are
determined with XRD method in order to show
dislocation density is high. According to this result peak
intensity ratio is more valid than peak area ratio in
Raman. Strain and stress values are determined from
XRD method and stress values are compared with the
ones gained from Raman. Because Raman spectra does
not take into account dislocations and wafer bending,
values gained from XRD for stress are more valid. All the
data gained from Raman spectra are presented in Table.3.
Except from the stress and amount of chemicals in the
samples, there is one more important result gained from
Raman spectra. That is white rust formed over the
samples by touching the air for a long time. These white
rust can be seen in AFM images clearly. FWHM values
gained from Raman spectra are in fact related with
crystallite, therefore particle size also effects it. Particle
size for single atoms are compared with each other
related with FWHM. This study is important because
XRD analysis does not show white rust peaks clearly but
Raman spectra shows them clearly. Also it is rare in
literature to calculate stress from Raman spectra. Stress
from XRD is more common in literature.
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