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CHAPTER I 
INTRODUCTION 

1.1 Overview 

Group III-nitride semiconductors, including gallium nitride (GaN), 

indium nitride (InN) and aluminum nitride (AlN) have been received much 

attention and been investigated for many years as highly promising candidates 

for applications in opto-electronic and photovoltaic devices, giving the visible 

and ultra-violet emission operating at high temperature [1, 2, 3, 4] high 

breakdown voltage [5] and high pressure conditions [6]. Generally, these nitride 

semiconductors crystallize in Wurtzite (hexagonal) structure, which is 

thermodynamically stable phase and commercially available [7]. On the other 

hand, GaN is also crystallized in Zincblend (cubic) structure, which is metastable 

phase but has been intensively investigated [8, 9, 10]. It is due to the advantages 

of the cubic crystal compared to the hexagonal crystal. For instance, the cubic 

crystal is easier to be doped or alloyed, easier to be cleaved in the device 

processing and compatible with the GaAs-based devices. Besides, the cubic 

crystal has higher crystallographic symmetry, which results in superior electronic 

properties such as higher electron mobility, lower phonon scattering and lower 

electron effective mass. Therefore, the quality of cubic phase GaN (c-GaN) films 

have been improved and developed in various growth conditions [8, 11, 12].  

1.2 Material problems 
To control crystal structure, commonly, c-GaN films have to be grown on 

cubic substrates, such as gallium arsenide (GaAs) [13, 14, 15, 16, 17] and 

gallium phosphide (GaP) [18, 19, 20]. It was found that highly luminescent c-

GaN films were grown on GaAs (001) substrates at relatively high growth 

temperature of 900oC [8, 9, 10]. However, GaAs substrate surface is very 

unstable at such high growth temperature (900oC), which is much higher than an 

As desorption temperature at ~615°C [21, 22]. This results in a formation of the 

(111)-steps, which relate to the formation of stacking faults (SFs), on the GaAs 

(001) surface. It is well known that correlation between c-GaN and hexagonal 
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phase GaN (h-GaN) exists along the <111>c-GaN and <0001>h-GaN crystal 

orientations. When c-GaN (111) plane is rotated 60o along the [111] direction, 

then the crystal structure of GaN is modified to be hexagonal structure with 

(0001) plane, as shown in Fig.1. As a result, both decomposition of As, which 

creates the (111)-steps on the GaAs (001) surface, and metastable phase of c-

GaN have taken to immediate formation of hexagonal structure among the cubic 

structure. This results in formation of planar defects such as SFs (Fig. 1.3), twins 

and hexagonal phase inclusions which depend on the density of the hexagonal 

phase layers inserted in the c-GaN crystal along the (111) plane. 

 

 
 

Figure 1.1: Schematic illustrations of GaN crystal structures, (left-top) cubic 
structure, (right-top) hexagonal structure, (left-bottom) cubic structure along the 
[111] direction and (right-bottom) hexagonal structure along the [0001] 
direction. Note that the difference between these two crystal structures is only a 
rotation 60º along cubic [111] and hexagonal [0001] directions. 
 
 



3 
 

 
Figure 1.2: Two dimensional Schematic illustrations of GaN crystal structure, 
(left) cubic structure along [110] direction and (right) hexagonal structure along 
[10-10] direction 

 
Figure 1.3: Two dimensional Schematic illustrations of stacking fault; an 
insertion of one monolayer of hexagonal structure among cubic structures 
 

 The planar defects can be classified by a number of hexagonal phase 

layers inserted in cubic structure along the (111) plane, such as 

(1) SFs; an insertion of one monolayer of hexagonal structure among 

cubic structures, which there are identical crystal orientations. 

(2) Twins; an insertion of a half monolayer of hexagonal structure among 

cubic structure, which are different crystal orientations. 

(3) Hexagonal phase sub-domain; the extension of SFs to be a single 

crystal of hexagonal structure. 
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Therefore, suitable cubic substrate and growth conditions are required to obtain 

c-GaN films with higher cubic phase purity. Sanorpim et al. [24] reported on a 

reduction of SFs and twins, which is likely resulted from their annihilation and 

termination within the c-GaN crystal due to the dominance of the lateral growth 

of the stable (311)A facets. This motivates us to investigate the structural 

characteristics of c-GaN film grown on the (311) oriented GaAs substrate. Since, 

it is expected to show a smoother surface and lower density of extended defects 

within the c-GaN grown film. 

 
1.3 Objectives and organization of the thesis 

The aim of the thesis is to investigate, analyze and assess the crystal 

quality of c-GaN films grown on GaAs (001) and GaAs (311) substrates by 

metalorganic vapor phase epitaxy (MOVPE). To understand the defect formation 

at the c-GaN/GaAs (001) interface, the c-GaN films grown with different growth 

temperatures of GaN buffer layer were selected. The focus is on the 

microstructures of c-GaN films analyzed using transmission electron microscopy 

(TEM); Electron Diffraction (ED), Bright-Field (BF) and Dark-Field (DF) 

images. To compare with the c-GaN films grown on GaAs (001) surface, 

microstructures of c-GaN film on GaAs (311) substrate also investigated by 

TEM. The goal is to find the optimum growth condition to grow pure c-GaN. 

The thesis is organized as follows 

Chapter 2 reviews principle of transmission electron microscopy, 

including advantages, limitation and interpretation of TEM results. In addition, 

preparation of thin film semiconducting specimen for TEM measurement is 

described. 

Chapter 3 gives a growth procedure and growth conditions of c-GaN 

samples used in this work. Besides, optimization of the polishing process for 

preparation of cross-sectional specimen is demonstrated.  

Chapter 4 focuses on the results investigated by TEM. We interpret the 

results obtained from ED patterns, BF and DF images and higher resolution BF-

TEM images. Surface and interface morphologies of c-GaN/GaAs (001) primary 
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investigated by cross-sectional scanning electron microscopy (SEM) are 

described. Then, a deep insight in the micro-structural analysis using TEM is 

described in term of the growth temperature of GaN buffer layer. Finally, the 

film quality of c-GaN on GaAs (001) substrate is provided. 

Chapter 5 focuses on the c-GaN films grown on the GaAs (311) substrate 

with the optimum growth conditions of c-GaN on GaAs (001). Microstructures 

of the films investigated by SEM and TEM are demonstrated and discussed in 

details. Then, we try to verify the reason for defect formation in c-GaN crystal 

based on the investigational results gained from c-GaN films grown on both the 

(001) and (311) substrate surfaces. 

Finally, Chapter 6 gives the conclusion of the thesis. 

 
 



CHAPTER II 

TEM and interpretation 

 

2.1 TEM system 

 Optical microscope, which is a tool to magnify the scale of materials, has 

a resolution of about 250 nm, limited by wavelength of visible light. The light 

microscope is widely used because it is in the simplest form and easy to operate. 

Indeed, the restriction of instrument is a limitation of image resolution, which 

restricts observations of micro-structures of material. Thus, when the 

observations are in the atomic level, the light microscope is undesirable. 

However, micro-nanostructure of materials, which are an important issue to 

manipulate physical properties of materials, is still reaching to investigate. That 

is a major reason why transmission electron microscopy (TEM) is undertaken. 

 TEM is the premier tool for structural characterization of materials in 

nano-scale due to its high and ultra-high resolution, which is lower than 0.5 nm, 

and higher magnification of more than 100,000 times depending on an 

accelerating voltage. Also, the operating modes of TEM, such as electron 

diffraction (ED) pattern, diffraction contrast making images of defects, high 

resolution HR-TEM, are much useful. However, TEM system is much expensive 

and need the skills to prepare sample and interpret the results. In this chapter, the 

system and principle of TEM, operating mode, preparation of specimen, 

interpretation and other techniques are described.   

 To improve the image resolution and magnification, TEM uses electron 

instead of light because the wavelength of electron is lower than that of light. 

The lower wavelength of electron in TEM gives the image with higher resolution 

and higher magnification according to [26] 
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δ   =  
଴.଺ଵ ఒ
µ ୱ୧୬ ఉ

 ,           (2.1) 

where δ is the resolution, µ is a refractive index of the medium (specimen), β is 

an angle of collection of the magnifying lens which is very small and λ is the 

wavelength of electron. All of these parameters are affected on the resolution of 

the microscope. 

 

Figure 2.1: The main features of a conventional transmission electron 

microscope [25] 
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Figure 2.1 shows the main features of a conventional TEM system, which 

consists of three components. First component is the illumination system or the 

source of electrons. There are two types of electrons source in the TEM. The first 

type is thermionic source that produces electrons when heated. Another is a 

field-emission source that produces electrons when an intense electric field is 

applied. In Thailand, TEM uses only the thermionic source because even though 

the field-emission source could give increased efficiency but its operation cost is 

twice compared to a conventional TEM operating with the thermionic source. A 

comparison of the conventional electrons sources is shown in Table 2.1. 

 

Table 2.1: The comparison of electron sources; thermionic tungsten filament, 

thermionic Lanthanum Hexaboride (LaB6) and field emission [26] 

Topic of the 
comparison 

Electrons  Sources 
Thermionic:Tungsten 
Filament Thermionic:LaB6 Field Emission 

Operating 
vacuum(mbar) 10-4 – 10-5 10-6 – 10-7 10-9 – 10-10 

Operating 
temperature 

(K) 
2700 1700 300 

Brightness 
(A/cm2•ster) 104 – 105 105 – 106 107 – 109 

Source Size 
(nm) 1×105 2×104 <1×101 

Energy 
Spread (eV) 1-5 0.5-3 0.2-0.3 

Probe Current 
Stability (% 
per minute) 

0.1-1.0 0.2-2.0 2-10 

Operating 
Life (hrs) 200 1000 3000 

Cost ($USD) 15 600 3000 
 

 Second component is an objective lens/stage, which is an important 

feature in TEM. The electrons moving from the source interact with specimen 

and get through the specimen showing the beam-specimen interaction on the 

back focal plane. This creates an electron diffraction (ED) pattern and selected-
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area electron diffraction (SAD) pattern. The ED pattern consists of a bright 

central spot accumulating the direct electrons and a diffracted spot accumulating 

the diffracted electrons in each crystal plane.  

Third component is the imaging system. When an aperture is inserted into 

the back focal plane of objective lens to choose bright central spot, then the 

aperture is blocking the diffracted beam and the direct beam go through to form 

image on the image plane. The image resulting from the direct beam is called “a 

bright-field (BF) image” whereas the diffracted spots were chosen the image 

resulting from their diffracted beams are called “a dark-field (DF) image”. 

 When the uniform electron beam transmits the specimen, its amplitude 

and phase can be changed. The uniform electron beam intensity will be 

transformed into a non uniform electrons beam intensity, which is observed on 

the viewing screen as a diffraction contrast. The diffraction contrast is usually 

consisted of amplitude contrast and phase contrast, which actually contribute to 

the image. Generally, the amplitude contrasts are attributed to a mass-thickness 

contrast and a diffraction contrast. The mass-thickness contrast is the most 

important in which of non crystalline materials such as polymers. On the other 

hand, the diffraction contrast is the most important in which of crystalline 

materials. So that the diffraction contrast is used as a tool to investigate, identify 

and distinguish structures of crystalline materials and extended defects in the 

crystal. Obviously, a diffraction-contrast imaging has been applied to 

complementary characterization in modes of BF and DF images.    
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Figure 2.2: Schematic illustration of the incident electron beam and the 

diffracted electron beam in TEM [26]. R is a distance between the direct 

diffracted beams to the diffracted spots. 

 

2.2 Interpretation of TEM results 

2.2.1 Indexing of diffraction spots 

 After the incident electron beam was scattered from the planes of atoms, 

the electron beams diffracted from any (hkl) planes are represented as a pattern 

of bright spots on the viewing screen, as shown in Fig. 2.3. It is known that each 

diffraction spot gives information of the corresponding diffracted plane. 

Therefore, the indexing diffraction spots are needed.  



11 
 

 

Figure 2.3: Electron diffraction pattern obtained from c-GaN crystal along the 

[110] zone axis 

 

 To index the diffracted spots, we start with the elastically scattered 

electrons which obey Bragg’s condition. 

2dhklsin(θ) = nλ,              (2.2) 

which λ is wavelength of electrons, θ is Bragg’s angle, n is an integer; when n = 

1, dhkl becomes an interplanar spacing of (h k l) planes. In the case of cubic 

structure, the interplanar spacing of (h k l) planes can be determined as follow 

௔
√௛మା௞మା௟మ ,      (2.3) d   = 

where ܽ is a lattice constant of cubic lattice. When the Bragg angle θ is very 

small, sin(θ) can be approximated to be θ. Then, Bragg’s equation can be 

rewritten as 

2dθ        = λ, 

or               2θ        =      
ௗ
ఒ

.             (2.4) 
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As shown in Fig. 2.2, when the diffracted angle is very small or R ا L, we get 

ோ
௅

            (2.5)   2θ    =  

Then, equating the right hand side of Eq. (2.4) and Eq. (2.5) gives 

                        ோ
௅

      =      
ௗ
ఒ

 ,                                         (2.6) 

              Rd      =  Lλ. 

For the cubic structure  

          
√

ோ௔
௛మା௞మା௟మ        =        Lλ.                          (2.7) 

√݄2൅݇2൅݈2௅ఒ
௔

Finally, we obtain             R    =      .            (2.8) 

From Eq. (2.21), the distance R is directly depending on √hଶ൅kଶ൅lଶ. To index 

the diffracted spots, for example, two of diffraction spots A and B are selected to 

measure the distance from the direct transmitted beam to the diffraction spots A 

(RA) and B (RB), as shown in Fig.2.4. 

 

Figure 2.4: Distance between the direct transmitted beam and diffraction spot A 

and spot B indicating as RA and RB, respectively. 
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Table 2.2: The ratios of the reciprocal lattice spacing RA/RB 

R Spot A 

 

 

 

Spot B 

{hkl} {111} {222} {200} {400} {220} {311} 

{111} 1 2 1.15 2.31 1.63 1.91 

{222} 0.50 1 0.58 1.15 0.82 0.96 

{200} 0.87 1.73 1 2 1.41 1.66 

{400} 0.43 0.87 0.50 1 0.71 0.83 

{220} 0.61 1.22 0.71 1.41 1 1.17 

{311} 0.52 1.04 0.60 1.21 0.85 1 

 

In Fig. 2.4, distances from the central spot, which is represented the direct 

transmitted beam parallel to the [110] zone axis, to the diffraction spots A and B 

are RA and RB. The distances are known as the magnitude of reciprocal vectors 

RA and RB. From Eq. (2.21), the ratio of the reciprocal lattice spacing (RA/RB) as 

  R
R

A

B
              =                

ට௛A
మା௞A

మା௟A
మ

ට௛B
మା௞B

మା௟B
మ

.       (2.9) 

 Theoretical ratios of the reciprocal spacing of spots A and B diffracted 

from (hkl) planes in the cubic lattice are summarized in Table 2.2. After the 

measure of distances between the directed transmitted beam and the spot A spot 

B, the ratios of 
RA
RB

, are taken to compare with the theoretical ratios in Table 2.2. 

Finally, the indexing of spots A and B is confirmed by the scalar product to 

examine the angle θ between the reciprocal vectors RA and RB. The scalar 

product is 

RA•RB        =    |       (2.10) ܴ஺||ܴ஻|cos ሺߠሻ
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If the measured angle is corresponding to the calculated angle, the indexing will 

be accepted. Finally, the camera length, the electron wavelength and the 

measured spacing (R) are known then the lattice constant of the specimen can be 

determined by using the approximation of angle to calculating equation (2.8). 

Furthermore the diffraction spots shown on the diffraction pattern are indicated 

the quality of crystal plane. When the specimen is a high quality crystal plane 

which is perfectly parallel plane in real space, the diffraction spots diffracting 

from their planes are shown as a single sharply round spots whereas when the 

diffraction spots are shown with streak between any diffraction spots, there are 

represented that these spots are diffracted from the low quality crystal plane 

which is unparallel plane corresponding to the formation of some planar defects. 

The formation of streak is modification to the shape of reciprocal lattice points 

arising from the shape of crystal defects. The intensity distribution at a 

reciprocal lattice point is arising from the shape of stacking faults as shown in 

Fig.2.5.  

 

Figure 2.5: Streaking of reciprocal lattice points arising from precipitate plates 

lying parallel to the incident beam [27] 

2.2.2 Diffraction-contrast imaging 

Since in the operating mode of diffraction contrast; the electron 

diffraction pattern are shown in the back focal plane, the aperture is inserted to 

select the ED. If the bright central spot is selected, the image resulting from the 

direct beam will be demonstrated as BF-image on the main screen phosphor. BF 
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image contains planar defects information and the orientation information related 

to the selected area diffraction (SAD). In which resulting in a small part of the 

whole part of specimen and projecting 3-D specimen into 2-D image so the 

interpretation need to be careful. The imaging contrast represent in the strong or 

weak contrast refer to the density (number per unit area) of electrons hitting the 

detector not confusing with bright or dark. 

If the diffracted spot is selected after the specimen, the image resulting 

from the selected spot will be demonstrated as DF-image on the main screen 

phosphor. DF image contains the specific orientation information resulting from 

the electrons in the strongly excited hkl beam was diffracted by a specific set of 

hkl planes and so the area that appears bright in the DF image is the area where 

hkl planes are at the Bragg’s condition. 



CHAPTER III 

Experiments 

 In this chapter, the growth information and growth conditions of c-GaN 

on GaAs (001) and (311) substrates, the procedure of specimen preparation both 

plan-view and cross-section TEM specimen are described. The specimen 

preparation are optimized in each diamond grind sizes; 9, 6, 3, 1 and 0.5 µm. and 

controlled a speed of polishing; 60, 100 and 130 revolutions per minute (RPM) 

and observed by scanning electron microscopy (SEM). Subsequently, the 

macroscopic characterization of c-GaN on GaAs (001) and (311) is characterized 

by SEM and the microscopic characterization is characterized by plan-view TEM 

analysis. 

 

3.1 MOVPE growth  

 In this work, all the c-GaN films were grown on GaAs (001) and (311) 

oriented substrates by metalorganic vapor phase epitaxy (MOVPE) at the 

laboratory of Prof. Dr.Kentaro Onabe, the University of Tokyo, Japan. The 

growth was performed with a low-pressure (160 Torr) MOVPE (an ULVAC 

system MPM-254). The MOVPE system consists of the horizontal growth 

reactor with a water-cooled cold wall. Radio frequency (RF)was used to heat the 

graphite subsector. There is no rotation of the substrate in this system. The 

reactor of MOVPE system used in this study is shown in Fig. 3.1. 
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Figure 3.1: The horizontal reactor of MOVPE system at the University of 

Tokyo, Japan; 2010 

 A schematic diagram of growth system as shown in Fig. 3.2. High purity 

of Trimethygallium (TMGa) was used as the precursor of Ga and 

Tertiarybutylasine (TBAs) and 1,1-dimethylhydrazine (DMHy) were used as the 

precursor of N. the temperature of bubbles of TMGa and DMHy were controlled 

at -10°C and 10°C, respectively. Pd-diffused H2 as the carrier gas take the bubble 

of metalorganic liquids to the reactor and the precursors are decomposed above 

the substrate surface in the hot region.   

 After chemical cleaning of the GaAS substrate surface, a 100-nm-thick 

GaAs buffer layer was grown at 650°C to prepare the epitaxial surface, then an 

approximately 20-nm-thick low temperature GaN nucleation layer was grown at 

575°C with concentration of group V/III ratio of 100. Finally, the c-GaN layer 

was deposited with different growth temperatures of 900, 930 and 960oC. The 

other samples are the same procedure: a 100-nm-thick GaAs buffer layer was 

grown at 650°C to prepare the epitaxial surface then GaN nucleation layer was 

grown with different growth temperature of nucleation layer 550, 575 and 600°C 

with V/III ratio of 100. And the c-GaN layer was deposited at 900°C as shown in 

Fig. 3.2. Typical growth rate was 6 μm/hour examined by scanning electron 

microscopy (SEM) with V/III ratio was maintained at 25. 
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Figure 3.2: Sample model of c-GaN grown on GaAs (001) substrates with (left) 

different growth temperature 900, 930 and 960°C and (right) different growth 

temperature of nucleation layer 550, 575 and 600°C. 

 

3.2 Preparation of TEM specimen 

 The specimen preparation for TEM depends on type of materials. In this 

research, the specimen is semiconducting materials which is hard and takes a 

long time to prepare. The semiconducting specimen must be thin relatively with 

electron transmit the specimen and the electron intensity falls on the screen 

enough to form the interpretable image. Generally, there is the axiom of TEM 

that “thinner is better”. The thickness of specimen should be < 100 nm which is 

possible to operate in TEM. In case of High Resolution TEM (HR-TEM) 

performed in atomic level which is showing on the lattice imaging need the 

specimen thickness < 50 nm. This thickness is not much important when the 

electron beam voltage increase but the specimen is risky damaged by electron 

beam. Otherwise, in the specimen preparation process there are essential 

conditions to beware of type of abrasive, grind size of diamond lapping film 

related to polishing speed, polishing force and polishing time and lubricant.  

 Ordinarily, there are two types of specimen preparation; plan-view 

preparation and cross-sectional preparation which are described as follows 
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3.2.1 Cross-sectional TEM specimen 
The cross-sectional preparation of the semiconducting materials are 

prepared to study morphology of film epilayers including the interface through 

the surface, the formation of planar defects, dislocations and some defects maybe 

embedded in film layer and the information of phase distribution and phase 

transition. Especially, the cross-sectional preparation process extremely depends 

on the properties of film and substrate materials. In this research, the film and 

substrate materials are GaN and GaAs, respectively. The hardness of single-

crystal at room temperature GaN shows higher hardness than GaAs so the 

preparation process must be carefully and need the great skills to get the 

thickness in nano-scale with the smooth surface and completely whole layers. 

The preparation process involves cutting, clamping, polishing and precision ion 

polishing process. 

 

Cutting process 

First of all, the specimen surface is cleaned by acetone. Then the 

specimen is cut by a diamond pen to the width of specimen below 1 mm. or the 

specimen is cut by a diamond-wheel saw and stuck on a microscope slide by 

Kenji glue and heated in a hot oven at 80°C for 30 minutes. Then the specimen is 

cut by the diamond-wheel saw as shown in Fig. 3.3 to the width of specimen is 

below 1 mm 

 

Clamping process 

After the specimen was cut, the two pieces of cut specimen which was 

wiped the specimen surface by acetone are stuck film’s side together by high 

performance epoxy resin: M-BOND 610 glue. The stuck specimen as shown in 

Fig. 3.4 is clamped by a clamping holder and heated by a hot oven at 170°C for 

24 hours. 
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Figure 3.3: The model 650 low speed diamond wheel saw. 

 

 

 

Figure 3.4: Sample model of the two pieces of specimen are stuck by M-BOND 

glue 
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Figure 3.5: (left) The specimen is polished by the 9 µm diamond lapping film on 

the polisher, (right-top) Sample model of the clamped specimen is stuck on a 

triangular shaped glass and (right-below) showing the diamond grind size of 

diamond lapping films. 

 

 

Figure 3.6: Precision Ion Polishing system (PIPs) 
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Polishing process 

After 24 hours of heating the clamped specimen, waiting for its cooled 

down then the clamped specimen is stuck by Kenji glue on a triangular shaped 

glass (as shown in Fig. 3.5 (right-top)), polished by abrasive sand paper disc to 

get rid of the sharpness of glass which is risky damaging the specimen, and 

heating at 80°C for 30 minutes again. Then the specimen is polished by the 

diamond lapping film (as shown in Fig. 3.5 (right-below)) with 9 µm diamond 

grind size to decrease the specimen thickness. Next the specimen is polished by 

6 µm diamond grind size that we are polishing until the scratch of the previous 

diamond grind size is  disappear and then changing to the smaller diamond grind 

size until 0.5 µm. While we are polishing with 0.5 µm diamond grind size, the 

specimen should be approximately a half of its original thickness. After that turn 

the specimen over and the polishing process is running again and starting 9 to 

0.5 µm diamond grind size which the other surface is extremely thin making the 

polishing with difficulty and carefulness. The specimen is polished until the 

specimen thickness is approximately 50 µm. 

 

Precision ion polishing process 

When the thinnest specimen could be tried to polish, a suitable copper 

grid is stuck on the polished specimen with M-BOND glue and heating the 

polished specimen with copper grid at 170°C for 2 hours. Then taking a while to 

cool down and using acetone to take apart the specimen on copper grid from the 

triangular shaped glass. Finally, the specimen on copper grid is milled by 

Precision Ion Polishing system (PIPs) as shown in Fig. 3.6 which can control ion 

beam angle, time and voltage depending on the specimen thickness. The milled 

specimen on copper grid is readily to TEM operation. 
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3.2.2 Plan view TEM specimen 

The plan-view preparation of semiconducting materials is prepared to 

study surface morphology, dislocations planar defects and microstructural 

defects in the direction normal to the layer surface. The plan-view preparation 

process is the same as the cross-sectional preparation in the process of cutting 

and PIPs. However, the clamping is not necessary whereas the polishing process 

is still running which the film’s side of specimen is stuck on the triangular shape 

glass by Kenji glue, heated at 80°C for 30 minutes and polished until the 

specimen thickness is approximately 50 µm without turn over the other side. In 

the case of plan-view preparation we try to polish the substrate from the film and 

finally, we keep only the film layer stuck on the triangular shape glass. 

 

 

 

 
 

Figure 3.7: The surface of GaAs substrate surface, using as the specimen to 

optimize polishing process, without any polishing. 
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Figure 3.8: Plan view SEM images showing the surfaces of specimens, which 

were polished by diamond-lapping films with different diamond grind sizes (0.5, 

1, 3, 6 and 9 µm) and various speeds of the polisher (60, 100 and 130 rpm).  

 

3.3 Optimization of polishing process 

Before the c-GaN preparation process will be really started, the optimize 

polishing which is relatively observed with different diamond grid size of 
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diamond lapping film and speed of polisher is needed to learn skills and 

determine suitable speed of polisher. In details, GaAs substrates are stuck on the 

triangular shape glass, prepared as the plan-view TEM specimen preparation and 

polished by the diamond films with 9, 6, 3, 1 and 0.5 µm of diamond grind size 

and the speed of polisher; 60, 100 and 130 RPM, then the surface of specimen is 

observed by scanning electron microscopy (SEM). First of all, Fig. 3.7 showing 

the surface of GaAs substrate, without any polishing, is perfectly smooth as 

shown in SEM image then Fig. 3.8 as shown in series of SEM images 

demonstrating the surfaces of specimen which are polished. It can be observed 

that the specimen is rough with facets resulting from the scratches of diamond 

grid size. For the specimen is polished by 9 and 6 µm diamond films, the 

roughness of surface is decreased with increasing the speed of polisher. This may 

result from the scratches which are clearly seen in the factors of size and 

direction. The slow speed of polisher has an influence to control the specimen 

which is directly affected on the surface and the GaAs perfect smooth surface is 

still affected. For the middle size of diamond grind, the highest speed is resulting 

in the smoothest surface which is obviously seen. Finally, the fine diamond grind 

size is compatible with 100 RPM of speed polisher which the surface of 

specimen has less the scratch and less any roughness. The results are reasonable 

in each conditions of polishing both the effect of previous surface and the effect 

of the friction happening between the fine diamond grind size and the surface are 

shown on the SEM imaging in each process. 

   

 



CHAPTER IV 

Microstructural Characterization of  

c-GaN on GaAs (001) 

4.1 

According to roles of the low temperature buffer layer, w

Sample Structure and Growth Conditions  

hich is used as 

the th

Figure 4.1: Schematic drawing of c-GaN sample grown on GaAs (001) substrate 

e protection layer of substrate surface and the nucleation layer, the 

optimum growth conditions of the low-temperature grown GaN buffer layer (LT-

GaN buffer) is requied for the growth of c-GaN films with higher cubic phase 

puirty. In Chapter IV, we selected the cubic GaN (c-GaN) films grown with 

different growth temperatures (550, 575 and 600oC) of LT-GaN buffer. Figure 

4.1 shows schematic drawing of sample structure. As seen in the Fig. 4.1, firstly, 

a 100-nm-thick GaAs buffer layer was grown on GaAs (001) substrate at 650°C. 

Secondly, a 20-nm-thick of LT-GaN buffer was grown at temperature in the 

range of 550-600°C. Finally, a 1.5-µm-thick c-GaN film was grown on top at 

900°C [29, 30, 31, 32]. 

 

with different growth temperatures of LT-GaN buffer; 550, 575 and 600°C. 
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Figure 4.2: SEM images showing a cross-section of the c-GaN films grown on 

GaAs (001) substrates with different growth temperatures of LT-GaN buffer; 

550, 575 and 600°C.  
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4.2  

The GaAs substrate surface is still smooth (as shown in Fig. 3.7) until 

Morphologies of Surface and Interface 

depositi

c

although the GaN buffer layer maybe not covered the GaAs surface which is  

 

on of high-temperature of c-GaN films layer. A low sublimation point of 

As is causing the GaAs substrate surface degradation at high substrate 

temperature affecting on the GaN main layer. The GaAs pre-layer is needed as a 

protection layer to protect As thermal decomposition and expand to improve the 

GaN main layer and to reduce the effects of residual oxygen on the GaAs surface 

affecting on the nitride layer [29]. The GaAs buffer layer is usually grown at 

600-700°C and 200 nm thick [30]. After the GaAs pre-layer is deposited, the LT-

GaN buffer layer is depositing to maintain an automatically GaAs smooth 

surface and Trampert et al. [31] and Brandt et al. [32] found that GaN nucleates 

in the cubic phase on automatically smooth 100 nm-thick GaAs (001) pre-layer. 

The degradation of GaAs surface at the GaN/GaAs interface has taken to seeds 

of formation of structural defects; stacking faults (SFs), twins, hexagonal 

inclusions, dislocations (DTs) etc. The GaN buffer layer working as the 

nucleation layer grown at low-temperature; 550, 575 and 600°C are 

characterized and compared which one can improve the GaN main layer grown at 

high temperature (~900°C) and relatively can protect the GaAs surface from the 

thermal decomposition. Figure 4.1 demonstrates the SEM images of cross-

section of the c-GaN films grown on GaAs (001) substrates with different growth 

temperatures of LT- GaN buffer; 550, 575 and 600°C. For the Tg (buff.) = 550°C 

voids can be observed at the GaN/GaAs interface. The occurren e of such voids 

is considered to relate the deposition of GaN buffer layer with low temperature 

and high growth rate. The formation of GaN buffer layer is non-uniformity like a 

mountain while the GaN main layer is growing, there is an influence of thermal 

energy to recognize the GaN buffer layer. The remains which were not 

rearranged are resulting in these voids. For the Tg (buff.) = 600°C correlation 

between the deposition of GaN buffer layer with high temperature and the 

uniformity of these layers evidence there are voids not like a mountain shape can 

be observed at the GaN/GaAs interface. The rearrangement of GaN buffer layer 

with low growth rate has migrated to be single crystal and have the uniformity 
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Figure 4.3: TEM images showing plan-view micrographs and ED patterns of the 

c-GaN films grown with different growth temperature of GaN buffer layer; (a)

(e) 550°C, (b), (f) 575°C and (c), (d), (g) 600°C. 

perfection occurs, the V-shape 

voids causing from thermal decomposition of As can be observed. As the results 

c-GaN with the Tg (buff.) = 575°C is predicted to be a candidate growth 

            

 

, 

 

imperfection of the protection layer. When its im
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temperature of GaN buffer layer affecting on the quality of cubic phase GaN 

main layer and is supported by the plan-view TEM images as shown in Fig. 4.3 

and the cross-sectional TEM analysis will be describing in topic 4.3 

 Figure 4.3 shows the plan-view TEM micrographs and electron diffraction 

(ED) patterns of c-GaN grown on GaAS (001) substrates with different growth 

temperature of GaN buffer layer. For the Tg (buff.) = 550°C shown in Figs. 4.3 

ration of defects in c-GaN with different growth 

emperature of GaN buffer layer 

575 and 600°C were prepared by 

the cross-sectional TEM preparation process and characterized by TEM analysis 

 follo

(a) and (e) high density of stacking faults (SFs) and dislocations (DTs) are 

observed. The SFs are clearly seen and elongated along the [111] direction. The 

existence of SFs and DTs are consistent with the voids which were found in 

cross-section SEM images. For the Tg (buff.) = 600°C shown in Figs. 4.3 (c), (d) 

and (g) the mixing zone are observed such as there are a high density of SFs and 

DTs as shown in Fig. 4.3 (c) which is probably found hexagonal inclusions and 

the another zone contains only the DTs as shown in Fig. 4.3 (d) where the SFs 

are invisible. For the Tg (buff.) = 575°C as shown in Figs. 4.3 (b) and (f) is 

showing the wide SFs which are observed that these broad lines are not 

expanding to the GaN surface. The DTs are less found than the others 

temperature.  

 

4.3 Gene

t

 The specimen; c-GaN grown on GaAs (001) substrates with different 

growth temperature of GaN buffer layer; 550, 

as ws: 
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Figure 4.4: Cross-sectional TEM micrographs and ED patterns of c-GaN layers 

grown on GaAs (001) substrates with growth temperature of GaN buffer layer at 

550°C. 

 

Figure 4.5: Cross-sectional TEM micrographs and ED patterns of c-GaN layers 

grown on GaAs (001) substrates with growth temperature of GaN buffer layer at 

550°C have taken at the GaN/ GaAs interface. 
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  The ED pattern shown in Fig. 4.5 (c) demonstrated different type of single 

diffraction spots which include the high intensity of streaking. These intensity 

are indicated that the high density of SFs become dense into the hexagonal phase 

single crystal. As showing on the micrographs (in Figs. 4.5 (a) and (b)) the SFs 

which are generated from the GaN/GaAs interface and the generation of SFs 

refer to the direction of hexagonal inclusions increasing with the thickness of 

films layer. The formation of these defects is caused by the imperfection of 

surface in the GaN buffer layer. 

 

Figure 4.6: Cross-sectional TEM micrographs and ED patterns of c-GaN layers 

grown on GaAs (001) substrates with growth temperature of GaN buffer layer at 

575°C 
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  For the growth temperature of GaN buffer layer grown at 575°C, the 

selected-area diffraction (SAD) pattern at the GaN/GaAs interface as shown in 

Fig. 4.6 (b) showed no diffraction types of single diffraction spots so the GaN 

close to the GaN/GaAs interface has the cubic structure. The micrograph (in Fig. 

4.6 (a)) is characterized by a pyramid like structure showing (1-11) and (-111) 

facets which represent the SFs close to the GaN/GaAs interface. 

  For the highest growth temperature of GaN buffer layer, obviously the 

planar defects have a highest density than the growth temperature of GaN buffer 

layer grown at 550°C and 575°C. These defects looking like penetrating into the 

GaN surface and voids have V-shape (in Fig. 4.8) which were caused by the 

thermal decomposition of As. The TEM micrograph (in Fig. 4.7 (a)) is clearly 

seen separating zones as in Figs. 4.7 (b), (c), (d) and (e) which are characterized 

by the horizontal stripes and the stripes of planar defects. Corresponding to the 

ED pattern in each zone, Fig. 4.7 (b) SAD near the GaN surface there is no the 

streaking of diffraction spots so GaN has the pure cubic structure, Fig. 4.7 (c) 

SAD in the middle of GaN main layer near the stripes of planar defects there is 

the streaking of diffraction spots dense into the diffraction spots of hexagonal 

phase single crystal indicating GaN has the cubic structure and the hexagonal 

phase inclusions, Fig. 4.7 (d) SAD in the stripes of planar defects is showing the 

streaking of diffraction spots and the diffraction pattern of hexagonal phase 

single crystal, then the crystal orientation of h-GaN is growing up along the [1-

11] direction so the Fig. 4.7 (d) zone is the mixing region of c-GaN/h-GaN, and 

Fig. 4.7 (e) SAD near the GaN/GaAs interface there are the streaking of 

diffraction spots and hexagonal phase inclusions.  

 

 

. 
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Figure 4.7: Cross-sectional TEM (a) micrograph and (b), (c), (d) and (e) ED 

patterns of c-GaN layers grown on GaAs (001) substrates with growth 

temperature of GaN buffer layer at 600°C. 
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Figure 4.8: Cross-sectional TEM micrograph of c-GaN layers with growth 

temperature of GaN buffer layer at 600°C is highlighting at the V-shape voids 

al decomposition. 

ects, the dark-field (DF) 

nal TEM images of c-GaN grown on GaAs (001) substrates with 

which were caused by the As therm

   

  In order to verify the existence of the planar def

cross-sectio

different growth temperature of GaN buffer layer at 550°C (in Fig. 4.9 (a)), 

575°C (in Fig. 4.9 (b)), 600°C (in Fig. 4.9 (c)) which have taken from the 

diffracted spot (in Fig. 4.10 (a)) in the diffraction pattern of hexagonal phase 

single crystals shown in Fig. 4.10 (b) have been used to analysis. In bright-field 

(BF) TEM image, the dark-constrast region related to the specimen and the 

bright-constrast region related to the direct electron beam is falling on the main 

screen phorphos or meaningless. On the otherhand in the DF-TEM image, the 

bright-constrast region related to c-GaN films which is diffracted from the 

selected diffraction plane so the DF-TEM image is advantage to investigate and 

characterize the existence of the hkl planes of c-GaN such as {111} facets are 

identified the existence of SFs. 
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Figure 4.9: Dark-field (DF) images of c-GaN on GaAs substrates with different

 

Figure 4.10: ED pattern of (b) cubic single crystal and hexagonal single crystal 

Figure 4.9 represent the existence of SFs. Obviously in the Figs. 4.9 (a) 

and (c) a high density of SFs is observed 

 

growth temperature of GaN buffer layer at (a) 550°C, (b) 575°C and (c) 600°C  

taken from the (1-100) of hexagonal diffraction spots near the (1-1-1) of cubic 

diffraction spots 

 

showing (a) the (1-100) of hexagonal diffraction spots near the (1-1-1) of cubic 

diffraction spots taken to form DF images in Fig. 4.9 

 

and the formation of SFs is generated 

from the GaN/GaAs interface and penetrating into the GaN surface. For the 

growth temperature of GaN buffer layer at 575°C there is a density of SFs less 

than another. So the amount and the distribution of such extended defects 
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seriously affects on the crystalline quality resulting from the DF-TEM images 

are confirmed that the optimum temperature of the growth temperature of GaN 

buffer layer is 575°C to obtain the higher quality of the c-GaN layers. 

 

4.4 Growth conditions of c-GaN on GaAs with different 

 According to the As thermal decomposition occurs at high growth 

mper

Figure 4.11: Sample model of c-GaN grown on GaAs (001) substrates with 

growth temperature of film epilayer  

te ature, the growth temperature of GaN films layer is the important 

parameter that we are seeking for the optimum temperature to grow cubic GaN 

films phase purity. The sample conditions of c-GaN firstly, a 100 nm of GaAs 

buffer layer grows on GaAs (001) substrate at 650°C, next a 20 nm thick of GaN 

buffer layer grows at 575°C and finally, the 1.5 µm of cubic GaN films grow at 

900, 930 and 960°C as shown in Fig. 4.11. 

 

 

different growth temperature of films layer 900, 930 and 960°C. 
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4.5 Microstructural investigation of c-GaN on GaAs 

(001) substrate with different growth temperature of film 

epilayer 

 The specimen; c-GaN grown on GaAs (001) substrates with different 

growth temperature of filmsepilayer 900, 930 and 960°C were prepared by the 

cross-sectional TEM preparation process and characterized by TEM analysis as 

follows: 

 Figures 4.12 (a) and (d) present a cross-sectional TEM micrograph and an 

ED pattern of c-GaN layer grown at 900°C. We found that stacking faults are 

characterized by a high density of pyramid like structure showing the (1-11) and 

(-111) facets (Fig. 4.12 (a)) with an angle of 54.7o inclined from the (001) 

substrate surface. It is seen in the ED pattern in Fig. 4.12 (d) that there is a weak 

streak connecting the (111) reciprocal lattice points to the (002) and (220) 

points. Noted that no single diffraction spots related to hexagonal phase, which 

are expected to appear near the (111) spots, was observed. 

 

 

Figure 4.12: Cross-sectional TEM micrographs and ED patterns of c-GaN layers 

grown on GaAs (001) substrates with growth temperature of films epilayer; (a), 

(d) 900°C, (b), (e) 930°C and (c), (f) 960°C with key-diagrams. The arrows 

indicate the positions of diffraction spots for the hexagonal phase single crystal. 
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These demonstrated an incorporation of only SFs with extinction of hexagonal 

phase single crystal in the c-GaN layer grown at 900oC. 

For higher growth temperature of 930°C, the ED pattern shown in Fig. 

4.12 (e) exhibited a different type of diffraction spots as indicated by arrows. 

These extra spots are connected with the streak lines through the cubic (111) 

spots. Such different ED pattern represents a mixed cubic/hexagonal phase in the 

grown layer. It is also clearly seen in TEM micrograph shown in Fig. 4.12 (b) 

that microstructures, which are consisted of the (1-11) and (-111) faceted 

pyramid like features as the same in the layer grown at 900°C. This demonstrates 

an existence of hexagonal phase single crystal regions associated with a 

generation of SFs alongthe <111> directions.  

For the highest growth temperature; 960°C the obvious streak lines 

connected between the diffraction spots becomes more intense compared to the 

layers grown at lower growth temperatures. Intensity of the extra diffraction 

spots is significantly increased as shown in Fig. 4.12 (f), indicating the present 

of single crystal h-GaN in the c-GaN matrix. TEM micrograph shown in Fig. 

4.12 (c) illustrates higher density of SFs, which is indicated by an increase in a 

density of line contrasts parallel to {111} planes. Looking like these lines are 

started from the (111)-steps on the GaN/GaAs interface and penetrating into the 

layer. 

 Since, the GaAs substrate surface is very unstable at such high growth 

temperatures, it is evidenced that the hexagonal inclusion is initiated from the 

formation of SFs, which is related to the formation of (111)-steps on the 

substrate surface during the growth at relatively high temperatures (>900°C). 

Even though, to prevent from thermal decomposition, a two step growth process 

with a low-temperature-grown buffer layer was used for wetting the GaAs 

substrate. However, it is difficult to completely suppress the thermal 

decomposition of the substrate surface at growth temperature higher than 900°C, 

because the buffer layer itself is very thin (~20 nm) and is not homogeneous.  As 

shown in Fig. 4.13 (a), the formation of mixed cubic/hexagonal structures in c-

GaN layer grown at 960°C exhibited mixed ED patterns, which consist of 

different types of diffraction patterns related to  the cubic (open circles) and 

hexagonal (open parallelogram and open triangles) structures. It is clearly seen 

in the Fig. 4.13 that the c-GaN {111} and h-GaN (0002) diffraction spots are  
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Figure 4.13: (a) ED pattern of c-GaN layer grown at 960°C showing mixed 

cubic/hexagonal structure. The key-diagrams show diffraction patterns for 

hexagonal structures orientated along (b) [1-11] (open triangles) and (c) [-111] 

directions indicated as the open triangles parallelograms, respectively. 
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overlapped. The implications of our observation are as followings. Along [110] 

zone axis, there are hexagonal sub-domains with different crystal orientations; 

(1-11)c-GaN // (0002)h-GaN and (-111)c-GaN // (0002)h-GaN.  Thus, an in-plane 

epitaxial relationship between hexagonal phase single crystal and c-GaN is 

[110]c-GaN // [11-20]h-GaN.  Indeed, the crystal orientation of h-GaN is grow up 

along both the [1-11] (Fig. 4.13 (b)) and [-111] (Fig. 4.13 (c)) directions.  In the 

above discussion, thermal decomposition of As atoms from the GaAs (001) 

surface is believed to be a key factor in the formation of {111} facets. Due to 

metastability of the c-GaN crystal, the hexagonal phase is often unexpectedly 

constructed on {111} facets in the cubic layer. This is due to the fundamental 

difference between cubic and hexagonal structures, which is rotated 60° about 

the cubic <111> and hexagonal <0001> axes. Thus, the cubic {111} planes can 

accommodate the growth of hexagonal structure along the <0001> directions.  

 

4.6 Summary 

  The c-GaN layers grown on GaAs (001) substrates at various growth 

temperatures (900-960°C) and various growth temperature of GaN buffer layer 

(550-600°C) were investigated by cross-sectional TEM micrographs, ED patterns 

and DF technique to analyze effects of growth temperature on micro-structures. 

At the lowest temperature (900°C) and at the growth temperature of buffer layer 

at 575°C, there is less stacking faults and less intensity of the streak lines 

connecting the {111} reciprocal points to the (002) and (220) diffraction spots in 

the ED pattern. There is no diffraction spots related to hexagonal structure was 

observed; only cubic single diffraction spots are seen. With increasing growth 

temperature to 930-960°C and the growth temperature of buffer layer at 550 and 

600°C, the single diffraction spots related to hexagonal structure were clearly 

observed in the ED pattern. Our results demonstrated that a region contained the 

high density of SFs can be accommodated to become seeds of hexagonal phase 

inclusions. Using ED patterns in TEM, the epitaxial relationship between layer 

and hexagonal phase sub-domains was determined to be (111)c-GaN //(0001)h-GaN 

and (110)c-GaN // (11-20)h-GaN.   

 



CHAPTER V 

Microstructural Characterization of  

c-GaN on GaAs (311) 

5.1 Sample Structure and Growth Conditions 

 According to the results and discussion of c-GaN films grown on GaAs 

(001) substrates, we found that the optimum temperature to grow cubic GaN 

phase is the growth temperature of c-GaN films layer 900°C and the growth 

temperature of LT-GaN buffer layer 575°C and Sanorpim et al. reported a 

reduction of SFs and twins which is likely resulted from their annihilation and 

termination within the c-GaN crystal due to the dominance of the lateral growth 

of the stable (311)A facets. This motivates us to investigate the structural of 

characteristics of c-GaN grown on GaAs (311) substrate with growth temperature 

of c-GaN films layer 900°C and growth temperature of LT-GaN buffer layer 

575°C as shown in Fig. 5.1. 

 

Figure 5.1: Schematic drawing of c-GaN sample grown on GaAs (311) substrate 

with growth temperature of c-GaN films layer 900°C and growth temperatures of 

LT-GaN buffer 575°C. 
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5.2 Morphologies of Surface and Interface 

 

Figure 5.2: SEM images showing cross-section and surface of the c-GaN films 

grown on GaAs (311) substrate with growth temperature of c-GaN films layer 

900°C and growth temperature of LT-GaN buffer layer 575°C 
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Figure 5.2 shows SEM images illustrating cross-section and surface of the 

c-GaN films grown on the GaAs (311) oriented substrates. Obviously, both the 

surface of c-GaN films layer and the GaN buffer layer are smoother than both 

surfaces of c-GaN films grown on GaAs (001) substrates. As the discussion in 

topic 4.2, the deposition of high-temperature (~900°C) of c-GaN films layer and 

the low sublimation point of As are causing the As thermal decomposition which 

bring to the generation of (111) step on the GaAs (001) grown layer. In which 

the GaAs (311) grown surface is used as the substrate, it is difficulty of the 

generation of the (111) step on the GaAs (311) grown surface. There is no voids 

at the GaN/GaAs interface and any defects are invisible. In macroscopic, it 

seems to be the c-GaN grown on GaAs (311) substrate is higher quality than the 

c-GaN grown on GaAs (001) substrates. Thus, the TEM analysis was used to 

investigate the structural characteristics and the extended defects.  

Plan-view TEM micrographs and ED pattern (in Fig. 5.3) are representing 

the surface of c-GaN films related to the formation of planar defects and 

dislocations. The plan-view TEM micrograph as shown in Fig. 5.3 (a) is noticed 

there are threading dislocations appearing on the GaN surface. For Fig. 5.3 (b) 

the occurrence of stacking faults (SFs) is observed and the dislocations (DTs) are 

still remaining relating to the ED pattern. These defects are diffracting and 

showing in form of the bigger spots such as the diffracting spots from (02-2) and 

(0-22) planes. 
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Figure 5.3: Showing plan-view micrographs and ED pattern of the c-GaN films 

grown GaAs (311) substrate. 
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5.3 Microstructures in c-GaN on GaAs (311)  

 The specimen; c-GaN grown on GaAs (311) substrate with growth 

temperature of films layer 900°C and growth temperature of LT-GaN buffer 

layer 575°C was prepared by the cross-sectional TEM preparation process and 

characterized by TEM analysis as follows: 

 Figure 5.4 presents a cross-sectional TEM micrograph and ED pattern of 

c-GaN films grown at 900°C and GaN buffer layer grown at 575°C on GaAs 

(311) substrate. From the cross-sectional TEM micrograph (Fig. 5.4 (a)) we 

found that the existence of SFs lying on the (111) facets with an angle of 29.5° 

inclined from the (311) substrate surface. Moreover, the GaN surface is 

noticeable decomposed corresponding to the metastability of cubic GaN phase 

and these lines are observed and distributed on the c-GaN films layer. The 

amount and distribution of such defects seriously affects on the crystalline 

quality since the occurrence of the (111) lines is probably breaking into the (111) 

planes decomposition. However, we observed that there is a weak streak 

connecting the {111} spots to the (-112) spot and there is no different type of 

single diffraction spot so the GaN films has the cubic structure without the 

hexagonal inclusions. 
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Figure 5.4: Cross-sectional TEM micrograph and ED pattern of c-GaN layers 

grown on GaAs (311) substrates with growth temperature of GaN films layer 

900°C and growth temperature of LT-GaN buffer layer 575°C.  
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5.4 SFs in c-GaN on GaAs (311)  

 

Figure 5.5: Cross-sectional TEM (a) micrograph and (b) ED pattern of c-GaN 

films layer grown on GaAs (311) substrates with growth temperature of films 

layer 900°C and growth temperature of GaN buffer layer 575°C. Dark-field (DF) 

images of the diffracted spots taken from (c) (311), (d) (1-11), (e) (-1-31) and (f) 

(-2-20) 
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  Figure 5.5 shows a cross-sectional TEM micrograph in Fig. 5.5 (a) bright-

field (BF) image, Fig. 5.5 (b) ED pattern of c-GaN films layer grown on (311) 

surface and dark-field (DF) images have taken in selected ares diffraction as BF-

TEM image from the diffraction spots of Figs. 5.5 (c) (311), (d) (1-11), (e) (-1-

31) and (f) (-2-20). In order to verify the existence of the (111) lines distributed 

in c-GaN films layer, the (111) planes decomposition and the SFs, we are 

concentrating to the DF-TEM image from the (1-11) diffraction spot (in Fig. 5.5 

(d)). The bight contrast region is demonstrating the (111) lines and the GaN 

surface at the decomposition region lying on (111) facets. Besides, the other 

spots such as (311), (-1-31) and (-2-20) are representing the diffracting planes as 

the bright contrast region which we follow up to investigate and predict the 

formation of planar defects. 

 

5.5  Discussion 

 The c-GaN layers grown on GaAs (311) substrates at growth temperature 

of c-GaN films layer 900oC and growth temperature of LT-GaN buffer layer 

575°C were investigated by SEM, plan-view TEM micrographs and ED pattern 

and cross-sectional TEM micrographs and ED patterns to analyze effects of 

substrate surface on micro-structures. There is no voids at the GaN/GaAs 

interface in which we found that the SFs generated from the (111) step on 

substrate surface. Although the thermal As decomposition is decomposing from 

the (311) oriented surface, it is difficult to form the (111) step surface. There is 

less SFs and less intensity of the streak lines connecting the {111} reciprocal 

points to the (-112) diffraction spot in the ED pattern. No diffraction spots 

related to hexagonal structure was observed; only cubic single diffraction spots 

are seen. Our results demonstrated that there is no a region contained the high 

density of SFs can be accommodated to become seeds of hexagonal phase 

inclusions. However, the GaN surface decomposition is demonstrated and 

affecting to the quality of cubic GaN films. 
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5.6  Summary 
 The c-GaN grown on GaAs (311) substrate with growth temperature of c-

GaN films layer of 900°C and growth temperature of LT-GaN buffer layer of 

575°C was investigated by cross-sectional TEM micrographs, ED patterns and 

DF technique to investigate the microstructural characterization of c-GaN on 

GaAs (311) substrate and assess with the microstructural characterization of c-

GaN (001) substrate. The results from c-GaN grown on GaAs (311) substrate 

represent there is no voids, less SFs, less the intensity of streaking connecting to 

the diffraction spots and these results demonstrate the better quality of c-GaN 

grown on GaAs (311) substrate is more than c-GaN grown on GaAs (001) 

substrate with identical growth conditions.   
 

  
  

 



CHAPTERVI 
CONCLUSIONS 

 

 
 In the thesis, the author described a study of the structural characterization of 

the c-GaN (001) and (311) films grown on GaAs (001) and (311) substrate by 

MOVPE.  Transmission electron microscopy(TEM) were mainly used to investigate 

the structural modification, crystal quality and structural defects of the c-GaN films 

including the c-GaN (001) and (311) films grown on GaAs (001) and (311) substrates, 

respectively.  The discussion was focused on the different of growth conditions, 

especially the various growth temperature of c-GaN films layer and various growth 

temperature of LT-GaN buffer layer of the c-GaN (001) films on GaAs (001) 

substrates and the c-GaN (311) films on GaAs (311) substrate.  The main results and 

conclusions obtained in this research work are summarized as follows: 

(1) The lowest temperature (900°C) of c-GaN (001) films has a cubic 

structure with no stacking faults (SFs), hexagonal inclusions and the streaking lines 

connecting the {111} reciprocal points to the (002) and (220) diffraction spots in the 

ED pattern even at the GaN/GaAs interface .  

(2) The 575°C growth temperature of GaN buffer layer with 900°C growth 

temperature of c-GaN (001) films layer has the highest cubic phase purity and less of 

planar defects.  

(3) The c-GaN (311) films grown on GaAs (311) substrate with growth 

temperature of c-GaN (311) films layer at 900°C and growth temperature of GaN 

buffer layer at 575°C has a cubic structure with less SFs, less weak streaking lines in 

ED pattern and no any voids at the GaN/GaAs interface. 
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