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Abstract 
 InGaN/GaN heterostructures were grown on c-plane sapphire substrates using metal 
organic chemical vapour deposition by varying the trimethylindium flow rate as 7, 10 and 14 
µmole/min. The structural, morphological, optical and electrical properties of InGaN layers were 
investigated. Crystalline quality, dislocation densities comprising of screw and edge types in 
InGaN and GaN layer have been analyzed using High-Resolution X-ray Diffractometer 
(HRXRD). The composition of Indium (In) in the InGaN layers was estimated around 8-10% 
which was found to be dependent on the In flow rate. The strain between InGaN and underlying 
GaN layer have been analyzed through reciprocal space mapping studies along the (1 0 -1 5) 
plane in InGaN/GaN heterostructures. The features of V and trench defects were observed using 
scanning electron microscopy and atomic force microscopy respectively. The V and trench 
defect density has been correlated with the pre-existing threading dislocation density estimated 
using HRXRD measurements. Also the trench defects were observed to be a coalescence of V 
defects in InGaN layers. The photoluminescence results showed that band edge emission peaks 
of three different points (primary flat, centre, and Edge) were observed. These peak variations 
were found to be red shift behavior in all three points. These variations were due to the 
fluctuations in the Indium composition and corresponding trench & V defects respectively. The 
Hall measurements exhibit an alteration in semiconducting behavior with respect to V and trench 
defect surrounded InGaN layers. And also realized that compressive strain in underlying GaN 
can lead the high sheet concentration compared to the tensile strained underlying GaN layer. It 
clearly suggests that the V and trench defect surrounded InGaN layers contain the suitable 
candidates for next generation optoelectronics applications.  
Keywords: InGaN, Metal Organic Chemical Vapour Deposition, High-Resolution X-Ray 
Diffraction, Trench Defect, Red Shift, Hall Measurement; 
 
  



1. Introduction  The direct band gap of Indium gallium nitride (InGaN)-based alloys can be emerged as a 
promising material to emit light over the whole visible spectrum depending on the Indium (In) 
composition. It has a scrupulous properties of tunable energy range 0.7 (InN) to 3.4 (GaN) eV, 
which covers almost the entire solar spectrum [1, 2]. InGaN has distinctive properties such as 
high absorption coefficient, high carrier mobility, and high drift velocity that can be used at high 
temperature and high radiation. Consequently, achieving InGaN is an plethora for applications 
including the solar cells, blue/green light emitting diodes, laser diodes, Photodetectors, and 
chemical sensors [1,3-6,7, 8]. However, fabrication of devices based on this material has several 
material challenges, most prominent being the growth of layer with high indium (In) content. 
The growth of InGaN layer is not easy above 800°C, [9] due to the high equilibrium vapor 
pressure of nitrogen over InN [7, 10, 11]. Also, reducing the lattice mismatch between the InN 
and GaN inorder to obtain the high quality InGaN layer is additional challenge [12, 13]. In spite 
of an established growth technology for the InGaN based Quantumwells (QWs) by metal organic 
chemical vapour deposition (MOCVD), the growth of thick InGaN layers on GaN still remains 
challenging, resulting in layers with high strain and formation of defect microstructures such as 
In-rich domains, V-defect, InN segregation-defects and trench defects respectively [14-19]. In 
general, the V-defect appears in InGaN and InGaN based QW structures. These V defects are 
appears to be hexagonally arranged view with the sidewalls of (1 0 -1 1) planes [20, 21]. This V 
defects also may be related to the stacking mismatch boundary (SMB) within the InGaN QW 
structures. Thus, the results of SMB opens up a sample surface into enclosed trench 
arrangements with the modified luminescence properties [22]. This spectacle of the InGaN based 
structures is correlated to the lattice relaxation during the growth process. Although, it lacks the 
morphological, strain relaxation and longer wavelength (green to red) emission of indium 



incorporation for InGaN alloys by MOCVD [23, 24]. In this case, the trench defects surrounded 
InGaN layers are most likely to emit the green spectrum and it may play a deleterious role to the 
degradation of quality compared to blue spectrum [22, 25]. In order to overcome the issues, the 
high density trench defects entrenched thick InGaN grown on GaN layer paved an alternative 
way to improve the optical quality. These kinds of defects may also participate to relieve the 
local strain in the modified surfaces of InGaN layers. However, these high density trench defects 
cause the high strain relaxation to adverse the effect of collection of carriers by the polarization 
fields [26, 27]. The high density trench defects depend on various parameters such as the InGaN 
thickness, In composition, GaN buffer layer thickness, and miscut of sapphire substrate. In the 
past literature, F.P.Massabuau and related coworkers investigated the effect of trench defects on 
InGaN QWs and InGaN layers [17, 22, 26, 28-30]. These studies mainly accessed the resulting 
of structural and optical properties.  

The main aim of this study extended to an optoelectronic application towards the trench 
and V defects based thick InGaN layers. There is a lack of reports on the investigation of the 
strain relaxation mechanism, and luminescence properties of trench & V defects surrounded 
InGaN layers. The mobility limiting scattering mechanism from the V and trench defects based 
InGaN layers has not been understood clearly. In the present work, the crystalline quality, 
threading dislocations and In composition (8–10 %) of InGaN/GaN heterostructures were 
investigated. The V and trench defects formation in the InGaN layers was discussed through the 
strain relaxation of InGaN/GaN heterostructures. From the photoluminescence spectra, the 
variation in the band edge emission of each InGaN samples in three different points were 
analyzed. The mobility, bulk and sheet concentration of the InGaN/GaN heterostructures and 
related scattering mechanism were studied. 



2. Experiments 
        Three InxGa1-xN/GaN heterostructures were grown on a 2-inch c-plane sapphire substrate 
using MOCVD system (Aixtron 200/4 RF-S) by varying In composition in InGaN layers. The 
MOCVD system consists of a horizontal reactor with Radio Frequency (RF) heating. 
Trimethylgallium (TMGa) and Triethyalgallium (TEGa) have been used as the gallium precursor 
in GaN and InGaN layers respectively. Trimethylindium (TMIn) and ammonia (NH3) were used 
as precursors for In and nitrogen (N2) respectively. Hydrogen (H2) has been used as the carrier 
gas to grow GaN layer. On the other hand, N2 has been used as the carrier gas to grow InGaN 
layer, as H2 affects the In incorporation by reducing the lifetime of In adatoms. Prior to material 
growth, sapphire substrates were thermally cleaned under H2 ambient at 1050oC for 10 min to 
remove the native oxide on the surface of the substrate. Subsequently, 30 nm thick GaN 
nucleation layer (NL) was grown on the sapphire substrate at 500oC with V/III ratio of 3453. 
GaN–NL was recrystallized at 1010°C for 1 min. GaN layer with the thickness of 1.3 µm was 
deposited at 1020°C with a V/III ratio of 614. Hereafter, it is called as GaN/sapphire templates. 
Three variant thick InGaN (60-75 nm) layers were grown on GaN at 750 oC for 15 min. Among 
the three samples, only the TMIn flow was varied about 7, 10, and 14 µmole/min to alter the In 
content in the InGaN layer. The corresponding V/III ratio of InGaN layers was 4585, 4996 and 
5356, these samples were named as A, B, and C respectively. All other growth parameters 
remained identical throughout the experimental process. The crystalline quality of grown 
samples was characterized by PANalytical X'Pert Pro MRD high-resolution X-ray diffractometer 
(HRXRD) resolution 0.0001º/0.36 arcsec Ge-(220) monochromator with Triple (Xe) axis and 
pixel detector. The ω-2θ scans from HRXRD analysis directly express the In composition from 

the (0 0 0 2) plane. The thickness and composition of InGaN layers were determined by epitaxy 
smooth fit software. The Reciprocal Space Mapping (RSM) on (1 0 -1 5) plane was performed to 
investigate the strain relaxation between the InGaN and GaN layers in the InxGa1-xN/GaN 



heterostructures. The surface morphology of InGaN layers was analyzed using Atomic Force 
Microscopy (AFM- Park XE-100, curvature of cantilever tip <10 nm, along with the position 
sensitive photo detector (PSPD) vertical and lateral resolution:~0.1 nm and ~30 nm) and 
Scanning Electron Microscopy (SEM- Carl Zeiss EVO 18, LaB6 filament, 10 kV with secondary 
electron detector, point to point Resolution: ~10 nm) respectively. The luminescence emission of 
InGaN layers was analyzed by photoluminescence (PL-Spectra-Physics, Spectral Resolution: 
±0.1 nm) with an excitation wavelength of about 244 nm. The electrical characterizations of the 
samples were performed by room temperature (300 ± 0.5K) hall measurements in a Van der 
Pauw configuration with tin-indium alloy dots as ohmic contact (ECOPIA, HMS 5000). A 
magnetic field of 0.55 ±0.03 Tesla (T) perpendicular to the sample was applied. 
3. Results and discussion 
   3.1 Structural Studies 
                                       

Figure 1  HRXRD (0 0 0 2) ω-2θ scan of (A) In0.08Ga0.92N (B) In0.09Ga0.91N, and (C) In0.1Ga0.90N layers 



 
         From the ω-2θ scan for (0 0 0 2) diffraction in respect of InGaN/GaN heterostructures, the 

thickness and In composition of the InGaN layers were estimated (Figure 1). The high-intensity 
peak in figure 1, denotes the GaN layers whereas the low-intensity peak corresponds to InGaN 
layers. Moreover, the single peak obtained for InGaN ascertains that the absence of InGaN 
secondary phase formation. It can be seen that the position of the peaks in the InGaN layers 
shifts to lower angle with increase in the In mole fraction.  From the analysis, the thickness of 
InGaN layers of the sample (A, B, C) was found to be 70 nm, 60 nm and 75 nm ±2 nm 
respectively. The best fitted (Epitaxy smooth fit software) In composition of the InGaN layers 
was found to be around 8%, 9% and 10% ±0.5% respectively. The In composition fluctuation 
was around ±1-3% for all the three InGaN/GaN heterostructures, which is attributed to the 
thermodynamic driving force that anticipate the occurrence of solid-phase miscibility gap [31]. 
Furthermore, the indium segregation over the screw dislocations may also be one of the reasons 
for composition fluctuation [32]. The X-ray rocking curve analysis was performed on (0 0 0 2) 
and (1 0 -1 5) planes of GaN and InGaN layers. The full width at half maximum (FWHM) values 
of high intense (0 0 0 2) symmetric plane were obtained as 344, 342, 318 arc-sec whereas for    
(1 0 -1 5) asymmetric plane the values were 288, 309 and 305 arc-sec for the underlying GaN 
layers. The FWHM values of (0 0 0 2) symmetric plane of InGaN layer were obtained as 790, 
897, and 857 arc-sec whereas for (1 0 -1 5) asymmetric plane, FWHM values as1574, 1798 and 
1687 arc-sec for InGaN samples. The threading dislocation (TD) with edge (edge+mixed type 
TDs) components (Dedge) corresponding to (1 0 -1 5) plane and screw (screw + mixed type TDs) 
components (Dscrew) corresponding to (0 0 0 2) plane have been estimated from HRXRD rocking 



curve widths of the InGaN and GaN layers respectively [33, 34]. The TD density (Dedge+Dscrew) 
have been calculated from the below equations [13, 35],             

                                                                     (1) 
 Where Dedge is the edge dislocation density, Dscrew is the screw dislocation density,  and  
are referred to FWHM value measured from rocking curve diffraction peaks of (0 0 0 2) and            
(1 0 -1 5), respectively. Here bedge and bscrew represents the length of the burger vector of the a-
axis (edge) and c-axis screw dislocation density [36]. 
Table 1. Dislocation densities of GaN and InGaN layers in the InGaN/GaN Heterostructures  

 
In the case of InGaN alloy, one can derive the value of the burgers vector bscrew and bedge using 
the equations given below, 
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 Samples 

GaN layers InGaN layers   
Screw dislocations (108cm-2) 

Edge  dislocations (108cm-2) 
 TDs using HRXRD (108cm¬2) 

Screw dislocations (1010cm¬2) 
Edge  dislocations (1010cm¬2) 

 TDs using HRXRD (1010cm¬2) 
A 2.37  4.39  6.76 0.12  1.29  

1.41 
B  2.34  5.04  7.38 0.16  1.68  

1.84 
C  2.05  4.94 6.99 0.14 1.48 1.62 



Where a GaN = 0.3189 nm, cGaN =0.5185 nm and aInN = 0.3537 nm, c InN =0.5706 nm are the 
relaxed lattice constant values of GaN and InN respectively [37-39]. The relaxed values of lattice 
constant a0 and c0 values are 0.3218, 0.3221, 0.3225 and 0.5231, 0.5237, 0.5242 nm respectively 
for various (7, 10 and 14 µmole/min) flow rates of InGaN layer using vegard’s law (Eqs. 2 and 

3). Thus, we have calculated the TD density of GaN and InGaN layers of the three samples (table 
1). As shown in table 1, for InGaN and GaN layers, the majority of the dislocations were edge-
type dislocations which are introspected from the (1 0 -1 5) plane. The InGaN TD densities are in 
the range between 1.41×1010 and 1.84×1010 cm-2.More TDs were generated at the 
In0.09Ga0.91N/GaN interface which propagates towards the InGaN layer leading to the 
deterioration of crystalline quality. The GaN buffer layer TD density (108 cm-2) is correlated to 
the literature. The TD of InGaN layer is increased by the order of two times, when compared to 
the literature [40].  We observed that, the TD density values do not follow the approximate In 
composition of samples A-C, due to the additional defects generated during the relaxation 
process. The strained states and the In composition present in InGaN layer became more 
inhomogeneous. In addition, this method of investigating the dislocation density in GaN and 
InGaN layer does not lead to underestimation in its actual values [41]. The GaN and InGaN 
lattice constants c, a and strains were obtained by HRXRD measurement using the lattice 
spacing d0002 and d10-15 in the equations 4-7 given below [42] 
                                                                                                                    (4) 
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Where c, a are the measured experimental out-of plane and In-plane lattice constants and c0, a0 
are the relaxed out-of plane and In-plane lattice constants respectively. The GaN and InGaN in-
plane lattice constants, out-of plane lattice constants and strains are shown in table 2. From the 
table, the positive and negative sign indicates the tensile and compressive strain. 
Table 2 Lattice constants, in-plane and out of plane strain for InGaN and GaN layers in the   InGaN/GaN heterostructures 

 
   The inplane lattice parameters of In0.09Ga0.91N are high compared to the other InGaN 
layers (sample B and C). When the In composition in InGaN layer is increased, the in-plane and 
out-of plane strain is found to exhibit tensile strain. The underlying GaN layers are responsible 
for inducing a change in the in-plane and out-of plane strain in top of InGaN layer. It is an 
indication of change in crystalline quality, resulting from an inhomogeneous distribution of the 
In content. It is worth to note that, for an In0.09Ga0.91N layer a high tensile strain is experienced 
due to an alteration of the lattices [43]. Figure 2 shows 2θ-ω scan of (0 0 0 2) diffraction in 
respect of GaN/sapphire templates. In this work, it was observed that, sample B (GaN/sapphire 
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 Samples 

GaN InGaN   
GaN InGaN 

 Lattice constant cGaN             (Å) 

Lattice constant aGaN (Å) 

Lattice constant cInGaN (Å) 

Lattice constant aInGaN (Å) 

 In-             plane strain           ( ) 

 
Out–of plane strain             ( ) 

 

 In- plane strain ( ) 

 Out –of plane strain ( ) 
A 5.1860  3.1972 5.2444 3.2692  0.0026  0.0002  0.0159 0.0025 
B 5.1879  3.1874   

5.2518 3.3312  -0.0005  0.0006  0.0341  0.0029 
C 5.1824  3.1849  5.2668 3.2904 -0.0012 -0.0005 0.0203 0.0046 
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template) possess high intense twinned forms of cubic GaN (1 1 1) (JCPDS card no.882364) 
[44]. Wu.X.H et.al [36] explained, the near-interfacial region of the GaN layer consists of a 
combination of cubic and hexagonal phases, which was simulated by a high density of stacking 
faults and inversion domains controlled by Shockley and Frank partial dislocations. Furthermore, 
these similar factors may be induced by the irregular arrangement of stacking faults (SFs) in the 
GaN/sapphire templates [45]. It revealed that, stacking faults density leads to the strain 
modifications on the GaN buffer layer [46]. 

 
Figure 2  HRXRD of (0 0 0 2) 2θ-ω scan of (A) GaN/sapphire (B), GaN/sapphire and (C) GaN/sapphire templates 

 
          Figure 3 (A-C) shows the RSM for (1 0 -1 5) plane of samples A, B, and C respectively. 
Upon Increasing the In composition in InGaN layers the contour shapes in the RSM are found to 
be irregularly broadened along the Qx and Qy directions with respect to the GaN layer which is 



attributed to the mosaic structure of the layers. Here the percentage of strain relaxation (R) and 
defined as [24],  

                                            100
00
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 GaNInGaN
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aaR                                                      (8) 
The result explicitly shows that partial relaxation occurs for In0.08Ga0.92N/GaN, 
In0.09Ga0.91N/GaN and In0.1Ga0.9N/GaN heterostructures and  relaxation values were observed to 
be around 2.7%, 4.2% and 3.5% for the samples A, B, and C respectively. These relaxation 
values are included in the estimation of In composition using the epitaxy smooth fit software of 
the (0 0 0 2) plane in ω-2θ scans. 

 
   Figure 3   RSM of the (A) In0.08Ga0.92N (B) In0.09Ga0.91N and 

         (C) In0.1Ga0.9N (1 0 -1 5) diffraction 
 



3.2 Morphological Studies 
 The surface morphology of InGaN/GaN heterostructures observed using SEM (Figure 4 
(A-C)). The schematic view of various dimension of trench and V-defects present in the 
InGaN/GaN heterostructures are shown in Figure 4 (D). Hexagonal or V shaped-defects of 
different sizes and “trench defects” were observed on the surfaces for all the InGaN layers. As 
can be seen from the figure, the trench defects are observed which seems to be a coalescence of 
V defects in InGaN layer. The smaller V-defects are marked by an arrow in Figure 4 (A). This 
kind of defect occurs due to a combination of growth and collapse processes in the InGaN layers. 
The smaller V-defect is also known as the thermally eroded pit and is purely dependent on the 
growth temperature of InGaN layers [47].  

 Figure 4  SEM micrographs of the (A) In0.08Ga0.92N (B) In0.09Ga0.91N and (C) In0.10Ga0.90N 
           Layers and (D) Schematic view of trench and V-pit formation in InGaN layers 



Figure 5   Average density of the trench and V defects observed using SEM 
 SEM images also shows the crack like regions, which are surrounded by V-defects in 
figure 4 (A-C). The diameter of V defects was observed in the range of 50-120 nm.The average 
density of V and trench defects are found to be 9.6×108, 6.6×108 and 7.1×108 cm-2 and 0.8x108, 
1.4x108, and 1x108 cm-2 (Figure 5) for the grown of InGaN layers with In flow rates of 7, 10 and 
14 µmole/min, respectively. Figure 5 shows the variation in V and trench defect densities of the 
InGaN layer in the same order as exhibited by the pre-existing TD defect density. This suggests 
that, the V and trench defect in the InGaN layer depends on the pre-existing TD in the GaN layer 
for all the samples. Particularly in sample B, the V-defects density dramatically decreases and 
trench defects density increases concomitantly. A rather high crack like defects was also 
observed while compared to the other two samples [24, 26, 48]. These kinds of crack like defects 
were certainly to mediate the high density trench defects from the similar factors observed in 
literature [49]. Thorough discussion of such defects in SEM will be further categorized and are 



discussed by AFM. It is understood that the high density of trench defects found in the 
In0.09Ga0.91N layer may contribute to dislocations at the In0.09Ga0.91N/GaN interfaces and also 
within an InGaN layer. At this interfaces, the misfit dislocation plays an important role in 
inducing SFs in the InGaN layers with respect to the GaN layer [45, 50]. This caused high-
density surface defect leading to the strain relaxation which is consistent with the HRXRD 
analysis which shows high values of strain relaxation measured in RSM of sample B [24]. 
Hence, low-density of V defect and high density trench defect plays a dominant role for the 
strain relaxation mechanism. The V and trench defect kinetic effects were realized by the 
reduction of Ga incorporation and/or spatial In segregation in the InGaN layer [51]. 

Figure 6 (A-C) shows the surface morphology along with line profile over an area of 
10μm2  as a function of In content based on AFM measurements.  It was found that the 3D island 
growth and surface roughness (Rrms) of InGaN layers were about 4.8 nm, 5.4 nm and 7 nm 
respectively. In addition, it was found that large width of 3D islands is ̴100 nm, while the 
smallest width of 3D islands is  ̴50 nm. Similarly, the minimum height of 3D islands was found 
to be 5 nm and a maximum height of  ̴10 to 25 nm were observed for samples A, B, and C 
respectively. It was also observed that, the distribution of 3D island was without obvious flat 
zones on the surface. In this phenomenon, while increasing the Indium flow rate, more indium 
incorporation occurred which results in increasing the misfit strain in the layer, this accelerate 
the formation of 3D islands [24]. Figure 6 clearly shows that there is a random change in the 
surface morphology of InGaN samples grown by MOCVD. It emphasizes that the non-
uniformity in InGaN/GaN interface roughness which is manifested from the 3D surface 
roughness [52, 53]. 



 
Figure 6   AFM (10µm2) images with line profile of (A) In0.08Ga0.92N (B) In0.09Ga0.91N, and (C) In0.1Ga0.9N layers   



 
Figure 7 AFM (2µm2) images with V defects line profile of (A) In0.08Ga0.92N                                          

(B) In0.09Ga0.91N and (C) In0.1Ga0.90N layers 



Furthermore, the line profile in the AFM (2.0 μm2) images of figure 7 (A - C) clearly 
indicates the reverse behavior of the V-defects. The densities of the V-defects are same as the 
initial TD density in GaN/sapphire interfaces. The V defect density depth and widths were 
observed from AFM images shown in table 3. It is clear from table 3 that the smaller V-defects 
are connected to the edge TDs and the bigger V-defects are connected to screw or mixed TDs 
[54].  It’s worth to note that, the AFM images revealed reasonable changes in the V-defect 
density with an increase in In content in all the InGaN samples. This provides additional 
evidence that the aforementioned generation of V defects is strain mediated. 
 Table   3  V- defect width, depth, density, and density estimated using AFM images 

 

 The trench defects are marked by a circle (Figure. 7(A-C)). The AFM images revealed a 
V and trench defect density around ̴108cm¬2. The average diameters of trench defects are 230, 
270, and 225nm ± 10 nm for the samples A, B, and C respectively. From the trench defect line 
profile, it is confirmed that the surface defect is present in InGaN layer (Figure 8 (A-C)). It 

 Samples 

 V-Defect width (nm)  

 V-Defect depth (nm)  

 V-Defect Density 
(108 cm¬2) 

Small Big Small Big Small Big 
A  63-70 90-117 7.28-8.29 10.14-10.67 0.75 1.0 
B 62-74 102-125 6.73-8.42 10.33-12.02 0.75  0.5 
C 63-70 86-102 6.10-9.25 11.06-11.35 0.5  0.75 



shows the difference between the height of enclosed trench defects and the height of the 
surrounding areas in the InGaN layer. 

 
Figure  8. Trench defect line profile of (A) In0.08Ga0.92N (B) In0.09Ga0.91N, and (C) In0.1Ga0.9N layers corresponding to Figure 7   

 



3.3   Optical Studies 

 
 Figure 9   Emission spectrum measured the InGaN wafer at three points (PF, Centre and Edge) 



Optical properties of InGaN layers are investigated using PL with increasing the TMIn 
flow rate. The InGaN layers emission spectra are shown in figure 9. In this consequence, edge 
and primary flat (PF) emission spectra are fitted by Gaussian distribution function and the 
corresponding centre peaks were approximated. From the figure 9, sample A, the emission of 
InGaN layers were observed at 425 nm, 438 nm and 421 nm for PF, centre and edge of the wafer 
respectively. We observed a fluctuation in sample A, PF to center (13 nm) and the large 
variations from centre to the edge (17 nm) of the wafer. Sample B emission was located at 442 
nm, 461 nm and 449 nm respectively. From PF to centre, the emission variation was only at 19 
nm and 12 nm variations occurred from centre to edge. Furthermore, the sample C emissions 
were observed at 455 nm, 478 nm and 459 nm respectively. It was inferred that, from PF to 
centre the large variation at 23 nm and from centre to edge it occurred at 19 nm difference. It is 
clearly shown that, the band edge emission variation is in each InGaN layer. It worth the note 
that centre of InGaN wafer, linear and predominant red shift emission was observed to be around 
438 nm (2.83 eV), 461 (2.69 eV) nm and 478nm (2.59 eV) nm for the samples A, B, and C 
respectively (Figure 9). These emissions may be ascribed to relatively high “In” incorporation 

leading to high carrier recombination’s which forms In(Ga)N quantum-dot like structures on the 
InGaN layer inside the trench defects when compared to the other regions reported in the 
literature [55, 56].Thus, it was observed that, as the indium flow rate increases there was 
significant decrease in the luminescence intensity due to increasing the incorporation of In along 
with the spatial fluctuations with respect to V and trench defects. Likewise, the remarkable 
changes in edge (421 to 459 nm) and PF (425 to 455 nm) wafer emissions were also observed the 
red shifts for samples A-C respectively. It concluded that, the red shift of all samples may be 
attributed to the Quantum confined stark effect (QCSE) as an effect of the polarization [57]. This 



red shift behavior of InGaN (samples A-C) layers is owed to the tensile strain. Additionally, it 
shows that, the emission intensity is reduced, since the omnipresent V defects are induced and 
reduces the In incorporation in InGaN layer. Thus, it acts as a nonradiative recombination center. 
On the other hand, it shows that the PL peaks at 500-650 nm may be attributed to deep-level 
impurities and/or lattice defects emission [58, 59]. The above noticeable luminescence peak 
variations corroborates the indium composition percentage attained by HRXRD. 
3.4   Hall Measurement Studies 
 To study the electrical properties of the InGaN/GaN heterostructures, hall measurements 
were carried out using the Van der Pauw technique (dimension of 10 mm2) at room temperature. 
In the present work, we grow a nearly semi-insulating (sheet concentration – 2.01×1013 cm-2 and 
resistivity - 0.31 ohm-cm) GaN Buffer layer before the growth of InGaN layer. The results of 
mobility, bulk and sheet concentration, resistivity of the InGaN layer were shown in table 4. The 
mobility of InGaN (8, 9 and 10 %) is lower than the GaN layer, which is usually more than 300 
cm2V-1s-1at room temperature [20, 60]. This behavior suggests that, more alloy scattering centers 
are being created when more indium was added to alloy, resulting in lower mobility. In contrary, 
there was a conflict between the hall mobility and rms surface roughness values to explain the 
interfaces of InGaN/GaN heterostructures. A rather high bulk (5.64×1016cm-3) and sheet 
concentration (1.1×1013 cm-2) along with resistivity (3.74 ohm-cm) of sample B were obtained 
when compare to other two InGaN based samples. The observed bulk and sheet concentration 
was found to be varied in comparison with the classical behavior. Where the classical behavior 
corresponds to the increase in mobility in monotonically with decrease in the carrier 
concentration. Based on the obtained information from table 4, it is well inferred that the 
compressive strain in underlying GaN can lead the high sheet concentration compared to the 



tensile strained underlying GaN layer [61]. In this work, the dislocations may play a dominant 
role in determining mobility, resistivity, bulk and sheet concentration. It is concluded that, the 
transport mechanism contains both defect centers and the conduction band which explains the 
phenomenon while increasing the In composition [62]. The conduction in the defect centers is 
diffusive process, owing to the small but finite overlay of the localized electron wave functions 
of the defect centers or hopping. Hence, the defect band related mobility is likely to be small 
when compared to the conduction band mobility in the available literature [62, 63]. It results in 
altering the semiconducting behavior of all the InGaN layers. 
Table 5   Hall Measurement Studies of InGaN/GaN heterostructures 

Samples Mobility cm2/volt sec Bulk concentration cm-3 Sheet concentration cm-2 
 Resistivity (Ohm-cm) 

A 21 2.26×1016 4.5×1012 0.007 
B 27 5.64×1016 1.1×1013 3.74 
C 91 4.80×1016 9.5×1012 1.43 

 
4. Conclusions  

  In the present work, MOCVD was used to grow the InGaN/GaN heterostructures and the 
structural, morphological, optical and electrical properties were investigated. The thickness and 
composition of InGaN layers have been estimated using HRXRD. The influence of different 
kinds of defects (V and trench defect) on the degradation of the crystalline quality of InGaN 
layers was examined by SEM and AFM. It was concluded that, the occurrence of V and trench 
defects depends on the pre-existing dislocations. The V and trench defect density was correlated 
with the strain relaxation of InGaN /GaN heterostructures. In addition, higher tensile strain in the 



In0.09Ga0.91N layer was observed due to the lattice parameter alteration in the GaN layers. 
Furthermore, an increase in the surface roughness of InGaN layers was estimated using AFM 
when the In composition was increased which represents the non-uniformity in the InGaN/GaN 
interface roughness. PL result confirms the incorporation of In with increase in In flow rate. The 
luminescence properties of the InGaN samples were understood by the fluctuations in the In 
composition and red shift of the emissions with respect to the formation of V and trench defect. 
The hall measurements of the InGaN/GaN heterostructures shows more alloy scattering centers 
and also reveals alteration in the semiconductor behavior with respect to V and trench defect 
surrounded InGaN layers. From the obtained results, it gives an additional comprehension of the 
scientific information of the present work in respect of the structural (crystalline quality, 
composition, layer thickness, lattice constants, strain parameters and reciprocal space mapping), 
morphological (features of V & trench defect, roughness and related width, depth density), 
luminescence (emissions of three different points- PF, Centre, Edge) and electrical (mobility, 
bulk &sheet concentration and related scattering mechanism) properties of InGaN layers were 
studied compare to the other studies [24,26,60]. These kinds of results help further to 
development of next generation optoelectronics devices (longer wavelength light emitting diodes 
etc) based on V and trench defects surrounded InGaN layers. 
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