
Superficies y Vacío 26(3) 107-110, septiembre de 2013 ©Sociedad Mexicana de Ciencia y Tecnología de Superficies y Materiales
 

*cesyga@yahoo.com.mx 
107 

Study of InxGa1-xN layers growth on GaN/Al2O3 by MOCVD at different pressures 
 
 

Guarneros C. * Espinosa J. E. 
Posgrado en Física Aplicada, Facultad de Ciencias Físico-Matemáticas 

Benemérita Universidad Autónoma de Puebla 
Blvd. 14 Sur 6301, Col. San Manuel, 72570, Puebla, México 

 
Sánchez V. M. 

Sección de Electrónica del Estado Sólido, Departamento de Ingeniería Eléctrica 
Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional 

Av. I. P. N. 2508, San Pedro Zacatenco, 07360, México, D. F. 
 

López U. 
Facultad de Ingeniería Química, Benemérita Universidad Autónoma de Puebla 

Blvd. 14 Sur 6301, Col. San Manuel, 72570, Puebla, México. 
(Recibido: 14 de noviembre de 2012; Aceptado: 26 de agosto de 2013) 

 
 

We present the InxGa1-xN layers growth in a metalorganic chemical vapor deposition (MOCVD) system. First, we growth 
a GaN epitaxial layer on sapphire substrate, trimethylgallium (TMGa) and ammonia (NH3) are precursors of gallium and 
nitrogen, respectively, and hydrogen (H2) is used as the carrier gas. Later, on the GaN epilayer, the growth of the InxGa1-

xN layer is carried out using trimethylindium (TMIn) as the indium precursor. The InxGa1-xN layers were studied using X-
ray diffraction (XRD) and scanning electron microscopy (SEM). XRD pattern shows the diffraction lines which could be 
ascribed to the formation of hexagonal In0.115Ga0.885N for sample A, and In0.26Ga0.74N for sample B, both with the wurtzite 
type structure. SEM images illustrate the effect of the growth pressure on the films surface morphology. At low pressure 
the sample A has smaller grain size and higher nuclei density; at high pressure the island size increases and has lower den-
sity (sample B). The alloy formation is favored at 550 Torr. 
 
Keywords: InxGa1-xN alloys; Growth pressure; XRD patterns; Indium concentration; Vegard’s law 

 
1. Introduction 
 

InxGa1-xN alloys are potential materials for the fabrication 
of blue/green light emitting diodes LEDs, and violet/blue 
injection lasers LDs, since the band gap energy of InxGa1-

xN can be varied from 3.4 to 0.7 eV by increasing the InN 
concentration and the potential operating wavelengths 
cover nearly the entire visible spectral range. However, the 
growth of InxGa1-xN alloys using MOCVD has proven to 
be extremely challenging, mostly due to the trade-off be-
tween the epilayer quality and the amount of InN incorpo-
ration into the alloy as the growth temperature is changed. 
The low solubility of InN in GaN and the large solid phase 
miscibility gap phase separation and compositional inho-
mogeneity are commonly observed in InxGa1-xN alloys, 
which may have both advantageous and detrimental effects 
upon the performances of the devices. Experimental obser-
vations of splitting double X-ray diffraction peaks in 
InGaN alloys are used to be considered as the evidence of 
compositional inhomogeneity [1].  

According to X. L. Zhu et al. multiple diffraction peaks 
are observed in X-ray diffraction from InGaN layers and 
some caution is required when interpreting the peaks, espe-
cially a diffraction peak at about 2θ ≈ 33°, which may 
originate from different possible causes. The two main 
points of view consider the peak related to phase separation 
of about 50% InGaN in the InGaN alloy matrix evidenced 
by XRD and metallic indium nanowires in an InGaN ma-

trix analysis. Indium penetrates through InGaN film with 
small lateral size of nanometers with its (101) plane paral-
lel to (0001) InGaN surface [2, 3]. 
On the other hand, the indium incorporation increase sig-
nificantly as the growth temperature decreased. In order to 
investigate the pressure effects on InxGa1-xN layer growth 
we carried out experiments with two different pressures, at 
50 Torr and 550 Torr. 
  
2. Methodology 
 

InxGa1-xN layer was grown by MOCVD horizontal quartz 
reactor. The precursors were trimethylgallium, 
trimethylindium and ammonia for Ga, In, and N, respec-
tively. The 1׽ µ thick GaN templates were grown on 
(0001) oriented (Al2O3) sapphire substrates at 900° C prior 
to the growth of InxGa1-xN layers, the experimental details 
are given in references [4, 5]. Two different samples were 
grown at low temperature (600° C), the sample A was 
grown at 50 Torr and the sample B was grown at 550 Torr, 
during 30 minutes, respectively. TMGa flow rates were A) 
4.4 μmole/min, B) 7.19 μmole/min, and TMIn flow rate for 
the two samples was 3.14 μmole/min. Ammonia flow rate 
was 0.5 slm, and H2 flow rate was 3.5 slm for both sam-
ples. The InxGa1-xN layers were studied using XRD and the 
surface morphology was studied by SEM. The indium 
concentration in the layers was determined from XRD  
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Figure 1. X-ray diffraction pattern of InxGa1-xN layers growth on 
GaN/α-Al2O3. The peaks at 34.58°, 34.2°, and 32.9°, represent the 
(0002) diffraction peak of GaN with wurtzite structure, InN diffraction 
peak and indium diffraction peak, respectively, for sample A. The x-
ray diffraction pattern for sample B shows the peak of GaN (0002) at 
34.58° with a wide shoulder. 

 

 
Figure 2. Deconvolution of X-ray diffraction pattern for sample A. 
The peaks at 34.59° and 33.51° represent the (0002) diffraction peaks 
of GaN with wurtzite structure and InxGa1-x (0002) diffraction peak, 
respectively. The peaks located at 34.2° and 32.94° correspond to InN 
(111) and In (101) diffraction peaks, respectively.  

 
patterns and the band gap was calculates using the 
Vegard’s law. 
 
3. Results and Discussion 
 

X-ray diffraction (XRD) measurements were performed 
using an X-Ray Diffractometer Panalytical X-Pert Pro 
MRD with Cu target operated at 40 kV and 20 mA. Figure 
1 shows the X-ray diffraction pattern of InxGa1-xN layers, A 
and B, grown on GaN/α-Al2O3 templates. However, multi-
ple diffraction peaks are observed in this x-ray diffraction 
patterns. Many researchers have been studied the solid 
phase immiscibility in InxGa1-xN, which occurs due to large 
difference in interatomic spacing (with lattice mismatch 
∼11.25% between the two end binaries, GaN and InN). 
This immiscibility results in phase separation and growth 

instabilities in InxGa1-xN system [6-9]. Thus, for the two 
samples synthesized, it can observe the presence of the 
GaN and InN phases. For the sample A, the XRD peak 
deconvolution (Figure 2) shows the peak corresponding to 
GaN with wurtzite structure along the (0002) plane at 
34.58° (Pattern: 00-050-0792) [10]. The peak at 34.2° 
comes from InN (111) (Pattern: 01-070-2563) and the peak 
corresponding to InxGa1-xN (0002) is located at 33.55° [2, 
11]. The other diffraction peak founding in the 
diffractograms correspond to the In (101) incorporation at 
32.9° (Pattern: 00-005-0642) [12]. The XRD peak 
deconvolution for sample B (Figure 3) shows the diffrac-
tion peaks for GaN (0002), InN (111) and InxGa1-xN (0002) 
at 34.58°, 34.0° and 33.56°, respectively. With the change 
in the growth pressure, sample B, the peak related to metal-
lic indium tend to disappear. This indicates that the alloy 
formation is favored at high pressures (550 Torr) near to 
atmospheric pressure. 

Lattice parameter determination provides information on 
both composition and residual strain of the films. Assum-
ing the epitaxial film to be fully relaxed, the lattice parame-
ter is only affected by the chemical composition. The lat-
tice constants in the growth direction, c(GaN) and 
c(InGaN), for any allowed (00.l) reflection, are given di-
rectly by Bragg’s law [13]: 
 

ܿ ൌ ௟ఒ
ଶ௦௜௡ఏ

     (1) 
 

Using radiation of wavelength λ = 1.5406 Å and with the 
relevant Bragg angle (θB), estimated from the XRD distri-
bution peak. The sample A lattice constants obtained by 
use of Eq. (1) are c(GaN) = 5.183 Å and c(InGaN) = 5.343 
Å. For the sample B, lattice constants obtained are c(GaN) 
= 5.185 Å and c(InGaN) = 5.335 Å. 

According to the Vegard's law, a ternary alloy shows a 
linear dependence of lattice parameter on composition, 
therefore, the indium composition (x) can be derived from 
the plane spacing measured in one specific direction. This 
is obtained from the out-of-plane lattice parameter c of 
alloy film, by the following expression [14]: 
 
ܿሺݔሻ ൌ ܿ଴

ீ௔ேሺ1 െ ሻݔ ൅ ܿ଴
ூ௡ே(2)    ݔ 

 
where c0

GaN = 5.1850 Հ, c0
InN = 5.7033Հ. Then, the composi-

tions obtained from Eq. (2) were xA= 0.304 and xB = 0.289. 
It can be expressed as In0.3Ga0.7N for sample A, and 
In0.29Ga0.71N for sample B. These values were used for 
calculate the lattice constant a(InGaN) for both samples by 
the following equation: 
 
ܽሺݔሻ ൌ ܽ଴

ீ௔ேሺ1 െ ሻݔ ൅ ܽ଴
ூ௡ே(3)    ݔ 

 
where ܽ଴

ீ௔ே ൌ 3.1892 Å , and ܽ଴
ூ௡ே ൌ 3.5378 Å. The re-

spective lattice constants obtained are a(InGaN)A = 3.2938 
Å and a(InGaN)B = 3.2899 Å. 

T 
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