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Abstract

Characterization of nanostructures using X-ray diffraction (XRD) method gives information on the
composition, the lattice strain, and heteroepitaxial layers of the structures. These information are

Keywords useful for fabrication process of optoelectronic devices. In this paper, we give fundamental description
GaAs; GaAs/GaAlAs; to the commonly used material, GaAlAs. In addition, the importance of X ray diffraction method for
XRD; MBE; Epitaxial characterization of the materials provides crucial information for the growth and development process

Growth of the materials. Structural characterization of epitaxial growth GaAs/GaAlAs heterostructures are

analyzed using the X- ray diffraction (XRD) method. Rigaku Global Fit simulation program is performed
to compare the experimental results, and the simulation and the experimental results agree with each
other.

GaAs Alttas Uzerine Biiyiitiilen GaAs/GaAlAs Heteroyapilarinin Yiiksek
Cozindrlukli X- Isint Kirinim Yontemi Kullanilarak Karakterizasyonu
Oz

Nano yapilarin X- i1sini kirnimi (XRD) yontemi kullanilarak karakterizasyonu, bu yapilarin bilesimi, 6rgt

zorlanmasi ve heteroepitaksiyel katmanlan hakkinda bilgi verir. Bu bilgiler optoelektronik cihazlarin

Anahtar Kelimeler
GaAs; GaAs/GaAlAs; Uretiminde 6nemli rol oynamaktadir. Bu makalede, yaygin olarak kullanilan GaAlAs malzemesi hakkinda
XRD; MBE; Epitaksiyel genel bilgilerden bahsedilmektedir. Ek olarak, X- isini kirinim yénteminin malzemelerin karakterizasyonu
Biiyiitme icin onemi, malzemelerin bliylitme ve yapinin olusum siireci hakkinda 6nemli bilgiler saglamasidir.
Epitaksiyel olarak buyutilmis GaAs/GaAlAs heteroyapilarinin yapisal karakterizasyonu X- isini kirinim
yontemi kullanilarak analiz edilmistir. Deneysel sonuglari karsilastirmak igin Rigaku Global Fit simiilasyon
programi kullanildi, similasyon ile deneysel sonuglarin yliksek oranda uyumlu oldugu goéruldu.
© Afyon Kocatepe Universitesi
1. Introduction systems (Thompson 1997, Liu et al. 2004). GaAs

GaAlAs materials have been well known for their substrate has absorbing properties Schubert

suitability for optical devices, for example, solar (2006), however, it has been preferred for

cells, laser diodes and light emitting diodes fabricating optical device based on GaAlAs material

because of that GaAs is lattice matched with

because of their band gap structure and high
GaAlAs material (Schubert 2006).

mobility (Liu et al. 2012, Kish et al. 1991, Kato et al.

1991, Neamen 2003). The promise of these devices

has led to numerous studies to obtain more Ga and As are elements from groups lll and V in the

effective structures using progressive growth periodic  table and are direct band  gap

semiconductors. Electrons emitting or absorbing
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photons travel between the valance and the
conduction band. These materials can be used in
diode lasers, and the emitted wavelength is
determined from the band gap of the material. The
sophisticated growth techniques make possible a
crystal perfectly grown using a mixture from groups
[l and V elements. Mixture of GaAs with AlAs gives

AlGaAs ternary compound, which has useful
features. The band gap of GaAs is different from
that of AlAs. The band gap value can be chosen by
controlling the proportions of Ga and Al in the
compound. Thus, the emitted wavelength by the
laser can be tuned that results important
applications on laser based devices (Hayashi and

Marcon 2000).

X-ray diffraction systems are used to determine the
characteristic structural parameters of artificial
semiconductor-based super lattices (Horikoshi et
al. 1986, Auvray et al. 1987). The growth of a
structure requires very high precision methods
such as metalorganic chemical vapor deposition
(MOCVD) or molecular beam epitaxy (MBE) system.
The growth process needs to be checked whether
the structure is growth the way it is supposed to
structure is
(XRD)
method. The structural feature obtained by the

be. The control of the crystal

performed by using X-Ray Diffraction

epitaxial growth process is necessary to know for
researchers working on nano heterostructures.

In this paper, we aim to analyze structural
characterization of epitaxial growth GaAs/GaAlAs
heterostructures using the X- ray diffraction (XRD)
method. In addition, the simulation of XRD data is
Global Fit
program. The experimental and the computational

performed by Rigaku simulation
results are compared, and they are in close
though
have been completed using XRD

agreement. Even there are many
researches
method, it is important to find best structural

properties of the nanostructure.

GaAs substrate (001)

Figure 1. Schematic demonstration of the GaAs/Ga;.
«AlxAs heterostructure.

2. Experimental

The GaAlAs structure were grown on a GaAs
substrate using molecular beam epitaxy (MBE)
system. The Figure 1 presents demonstration of
GaAs/ GaixAlAs superlattice structure, which four
different alloy ratios of each repeated 10 times
growth by MBE crystal growth technique, on the
(001)
nanostructures obtained by epitaxial crystal growth

crystal oriented GaAs substrate. The
methods are subsequently obtained by using

various lithography techniques. The epitaxial
crystal growth is based on the growth parameters,
which directly affect the crystal quality such as
uniformity and crystal thickness. These parameters
directly affect the structural, electrical, and optical

properties of the crystal.

The crystallization and growth direction for the
GaAlAs structure grown on GaAs substrate were
measured by using the 8-26 scan, w scan, and ®
scan. The experimental results are compared with
the simulation results which are in agreement with
each other.

3. Results and Discussion

Rigaku SmartLab X-ray diffractometer is used to
analyze the structural properties of the growth
structure. The device performs structural analysis
of thin films, dust and bulk samples. To generate
the X-ray source, copper (Cu) target with rotating
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anode is used. The wavelength of X-rays is Ku =
0.154059 nm, and its power is 9 kW (max voltage
45 kV, max current 200mA).

The X-ray diffraction from
fundamental the Bragg law (Ashcroft and Mermin
1976)

analysis comes

nAl=2dsin@ (1)

here n is a positive integer, A is the wavelength of
the source used for characterization, ¢ is the angle
between incident ray and the scatter plane, and d
is the spacing of the crystal layers (Quinn and Yi
2009).

The relationship between the spacing of the layers
and the lattice constant for cubic crystal structure
are given law (Ashcroft and Mermin 1976)

a
dhkl B e (2)

h? +k? +1?
where d is the spacing of the crystal layers, @ is the
lattice constant and h, k, | are Miller indices (Pahuja
2005). By
information about the structure of thin multi-layer

using the experimental result,
structure such as lattice constant, stacking, crystal
structure, roughness, lateral coherence length,
change of layer thickness, sharpness of interfaces,
vertical stress and

diffusion between layers,

crystallographic orientation of materials are
obtained from X-ray diffraction pattern. The
experimental results could be compared well

known Bragg formula, Eq. 1 and Eq. 2.

The experimental results are characterized using
four different scan methods to understand and to
investigate the properties of the structure. These
scans, which are briefly described in below are
important to understand the features of the
GaAlAs structure.

4. X Ray Diffraction
4.1 9-29 scans

The 0-20 scans are usually created in reflection
geometry and sometimes is called as (001) scans.
These radial scans allow us to scan sample planes
parallel to the growth direction. In 6-20 scans, not
only the substrate peak but also the superlattice
peaks are clearly observed. The intensity of the
peaks decrease from the center to the outside, and
the first four satellite peaks are a clear indication
that the quality of the growth process is quite
good.

The difference between the theoretical and
experimental lattice constant of the GaAs substrate
is calculated from wide angle scans. Bragg angle for
GaAs (004) was taken from the Fig. 2. Miller indices
(h=0, k=0, I=4) and the Bragg angle are written in
Eqg. 1 and Eq. 2. Then the lattice constant for GaAs
was found acaas= 5.65394, and it is in agreement
with the literature (dgaas = 5.65325A) (Bornstein
1999). The relative error between the values in the
literature and the calculation is 0.011%.

Figure 2 shows the scan of GaAs/GaixAlAs
structure from (a) 30.5 to 33, and (b) 65.7°=66.5".
The peaks are sharp, and intensities of the peaks
are decreasing from the center to the edge. These
peaks are called satellite peaks, and it is a clear
indication that the quality of the growth is quite
good.
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Figure 2. High-resolution 6-20 scan of GaAs/GaixAlAs
heterostructure. 20 scan is between (a) 30.5°—
33°, and (b) 65.7°-66.5".

4.2 Rocking curve scan (w scan)

Rocking curve scan (w scan) provides information
about the roughness of the structure interfaces
and the lateral coherence length. Figure 3 shows
the w scan for GaAs/GaixAlyAs heterostructure on
(004) plane. As a result of the GaAs peak, the full
width half maximum (FWHM) was calculated 0.01°,
and the lateral coherence length was found 1611
nm. In plane scan and phi scan need to be
performed for controlling the epitaxial growth, but
the structure thickness is not suitable to perform in
plane scan. The structure could be thinned for
however it is not since

scanning, required

asymmetric scan gives the similar results.
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Figure 3. w scan for GaAs/GaixAlxAs heterostructure
(004) peak.
4.3 Asymmetric Scan

The lattice constant of the GaAs crystal is
calculated, and lattice constant for GaAs (202)
plane is found ac.ns=5.6554 A. Bragg angle is
experimentally estimated from Figure 4, and the
theoretical Miller indices (h=2, k=0, I=2) for GaAs
(202) is calculated from Eq. 1 and Eq.2. The error

aexperiment - a‘theory X100

a‘theory

compared to the lattice constant of GaAs in the
literature (dgaas = 5.65325 A) [14]. The lattice
constants are calculated using the results of
symmetric and asymmetric scans, and they are
very close to each other and the literature value
Bornstein (1999), showing that the growth is
achieved in harmony.

An important control of epitaxial crystal growth is

is estimated ~0.038%

that in-plane peak positions of the sample and the
substrate are the same. Figure 4 shows that 6-20
scan of GaAs/Gai,AlAs structure between 44.8°—
45.8° on (202) plane.
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Figure 4. 0- 20 scan for GaAs/GaixAlyAs structure
between 44.8°-45.8° on (202) plane.

4.4 ® Scan

Phi (@) scan gives the investigation about the
perpendicularity of the surface, curvature of the
substrate, and the surface in-out plane geometry.
Figure 5 shows the pattern of refraction is
repetitive in every 90°. It means that the GaAs
crystal has a cubic structure, and the epitaxial
growth occurs. The Rigaku Smartlab X-ray
diffractometer used in the asymmetrical ® scan
produces the same as intensity of the peaks (Fig.
5), and it can be concluded that the epitaxial

growth of heterostructure is reasonable.
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Figure 5. ® scan for GaAs/GaixAlkAs heterostructure
between 0°-360°.

5. Simulation

Simulation for GaAs/GaixAlxAs heterostructure is
performed using the Rigaku GlobalFit simulation
software program. The simulation program for
(002) and (004) GaAs peaks are applied, and

simulation is performed for controlled parameters
such as thicknesses and doping ratio. With the
changing in the doping percentages for the Gai.
«AlAs layers, the simulation better overlaps to the
experiment, Figure 6. The simulation results are
compared with the experimental results. The
Figure 6 shows that simulation of the (002) peak

for GaAs/GaiAlyAs heterostructure.
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Figure 6. Simulation and experimental graphics for
GaAs/GaixAlAs (002) peak. Red line is X-ray
scan from Fig. 2 (a), and the blue line is the
simulation results.

Figure 7 is that the simulation and the
experimental plot of the (004) peak of GaAs/Ga-
«AlyAs heterostructure are performed for the angle
65.7°-66.5°. It shows that the
simulation

between
experimental and results are in
agreement with Figure 2 (b). Intensities of the
normalized to better

peaks are unity for

comparison in Figure 6 and 7.
Optimum  parameters giving best fit to
experimental results are obtained, and they are
presented in Table 1, which gives information
about (002) and (004) peaks. The layer thickness,
the doping rates and their averages are compared.
Although there are not many differences between
layers thicknesses in theoretical and experimental
(Average Layer Thickness) values, alloy ratios are
relatively different. This difference in alloy ratios
determines the efficiency of the device, and they

are directly linked to the quality of the devices.
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Figure 7. Simulation and experimental graphics for

T T
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GaAs/Gal-xAlxAs (004) peak. Red line is X-ray

scan from Fig. 2 (b), and the blue line is the
simulation results.

The GaAs/GaixAlAs heterostructure is a cubic
structure because of the repetition of the peaks
every 90°, Fig. 5. It has been shown that the
uniformity of the crystals is good because the
yields of the peaks are equally spaced, Fig 5. This
underlines the fact that the X-ray diffraction
method is indeed an important method of
characterization, and it is an initial analyzing state
to see the growth method is achieved the way it is
expected before going other characterizations

stage.

Table 1. Compare of the simulation and theoretical parameters for GaAs/GaixAlAs heterostructures (002) and (004)

peak.
Theoretical Experimental Growth Structure Average  Average
: Doping Layer
Layer ~ Doping  Layer (002) (004) Rate of  Thickness
Rate  Thickness : : 002 and of 002
(%) (nm) Doping Layer Doping Layer 004 (%)  and 004
Rate  Thickness Rate  Thickness (nm)
(%) (nm) (%) (nm)
GaAs 1000 1162 1054 1108
GaAs 50 49.8 49.5 49.6
GaixAlxAs 21.0 40 31 37.3 26.5 38.2 29 37.7
GaAs 55 6.4 6.2 6.3
GaixAlxAs 24.0 40 221 36.8 21 42 215 39.4
GaAs 5 6.4 3.6 5
GaixAlxAs 30.0 40 40 375 42 35 41 36.3
GaAs 4 5.2 2 3.6
GaixAlxAs 35.0 40 30 38.8 26.8 45 28.5 41.8
GaAs 1500 375 750 562.5
GaAs Infinite Infinite Infinite Infinite
(substrate)

6. Conclusion

In this paper, (001) crystal-oriented GaAs on the
bottom of the epitaxial growth four different alloy
ratios of each repeated 10 times GaAs/GaiAlAs

superlattice structure growth by MBE crystal
growth technique was studied, Fig. 1. During the
structural analysis, Rigaku SmartLab ultra-high

resolution X-ray diffraction system was used. The
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GaAs/GaixAlAs structure was studied using 6-20
scan, w scan, and @ scan.

The structural characterization of GaAs/GaixAlAs
structure growth on GaAs substrate by MBE
technique is analyzed by using XRD technique. The
simulation is performed to compare to
experimental results. They are in agreement with
the experimental results. The presented work is
important to find and to determine the structural
properties of the nano structure, and it is first step
whether the structure is growth the way it is
expected. This works gives brief introduction of the
XRD method on the scientific and engineering
method. The result can find in
application areas from light emitting diode (LED) to

scientific instrument.

improved
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