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Abstract 
 

In this study, nanoporous structures on In0.08Ga0.92N/AlN/Si thin films with a 
thickness of 1 µm were synthesized by photoelectrochemical etching technique at various 
etching durations. The structural and optical properties of the pre- and post-etched thin films 
were investigated. The field emission scanning electron microscope images and X-Ray 
diffraction measurements revealed that the films pre-etched thin film has a sufficiently 
smooth surface over a large region with wurtzite structure. The roughness increased with an 
increase in etching duration. The photoluminescence emission peaks had a blue shift 
phenomenon for the post-etched films at room temperature, compared with the pre-etched 
film. The photoluminescence intensities of porous InGaN structures were enhanced when 
the nanoporous structure was formed.  
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1. Introduction 
 
 The wurtzite InGaN layers receive a great deal of attention among III-nitride 
compound semiconductors because of their direct band gap tuning from 0.7 eV for InN to 
3.4 eV for GaN, giving InGaN great potential for the design of high-efficiency 
optoelectronic devices that operate in the IR, visible, and UV regions of the electromagnetic 
spectrum [1]. Porous III-nitride compounds are considered as promising materials for 
optoelectronics [2] and biochemical sensors [3] because of their unique optical and 
electronic properties compared with bulk materials [4,5]. The formation of a porous 
nanostructure has been widely reported for crystalline silicon [6]. In addition to porous 
silicon research, attention has also been focused on other porous semiconductors, such as 
GaAs [7] and GaN [8]. Interest in porous semiconductor materials arises from the fact that 
these materials can act as sinks for threading dislocation and are able to accommodate 
strain. Porous semiconductor materials are also useful for understanding the fundamental 
properties of nanoscale structures for the development of nanotechnology. Research on 
porous GaN is strongly driven by the robustness of porous GaN, including its excellent 
thermal, mechanical, and chemical stabilities that make it highly desirable for optical 
applications [5]. Many researchers [9-11] have used the photoelectrochemical etching 
(PEC) technique to synthesize porous GaN, whereas Saleh et al. [1] used this technique to 
synthesize porous InGaN for the first time. The PEC technique is more suitable and cheaper 
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compared with other techniques for producing high-density nanostructures with controlled 
pore size and shape [12]. Electrolyte, current density and illumination are the main factors 
that affect electrochemical etching. Hydrofluoric acid (HF) is the most commonly used 
material in etching GaAs and GaN.  
 
 

2. Experimental Procedure  
 

2.1  Synthesize of Porous In0.08Ga0.92N 
 
 Porous In0.08Ga0.92N was prepared using the UV assisted electrochemical etching 
technique. The etching cell was made from Teflon with platinum wire as cathode and 
InGaN thin film as anode. The native oxide of the samples was initially removed using 
NH4OH:H2O (1:20), followed by HF:H2O (1:50). Boiling aqua regia HCl:HNO3 (3:1) was 
subsequently used to clean the samples. The samples were then etched in a solution of 
HF(49%):C2H5OH(99.99%) with a ratio of 1:5 under UV lamp illumination at different 
etching durations of 5, 10, and 15 min. All samples were rinsed with ethanol after the 
etching process and were then dried using nitrogen gas. 
 

2.2 Characterizations 
 

The surface morphology and structural propertes of the pre-and post-etched 
In0.08Ga0.92N thin films were performed using Field emission scanning electron microscope 
(FESEM, Model FEI Nova NanoSEM 450), atomic force microscope (AFM, Model 
Dimension EDGE, BRUKER) and high-resolution X-ray diffractometer system (XRD, 
Model PANalytical X’Pert PRO MRD PW3040, whereas the optical properties were 
investigated using photoluminescence spectroscopy system (PL, Model Jobin Yvon HR 800 
UV), and excited by a He-Cd laser at 325 nm. 
 
 

3. Results and Discussion 
 
 Fig. 1(a–d) shows the FESEM images of the pre- and post-etched In0.08Ga0.92N thin 
films. In Fig. 1a, the image shows that the grown film has sufficiently smooth surface and 
uniformly over a large region. Inset is the cross section of the film, the thickness of the 
In0.08Ga0.92N and AlN buffer layer is 1 µm and 0.1 µm respectively. Fig. 1(b–d) shows 
FESEM images of the porous In0.08Ga0.92N surfaces. Coral-like ridges started to form and 
the surface became rough during the etching duration of 5 min (Fig. 1b); irregular shapes of 
ridges with different sizes were found. Increasing the duration to 10 min (Fig. 1c) and 15 
min (Fig. 1d) led to increase in the number of forming corals-like ridges, which were the 
greatest at 15 min. Thus the etching duration affects the shape and size of the formed pores. 
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Fig. 1: FESEM image of the as-grown and porous InGaN at various etching durations (a) as-grown, 

(b) 5 min, (c) 10 min, (d) 15 min. 
 
 Fig. 2a depicts (5 5) m –AFM image of the grown thin film with a root mean 
square (RMS) roughness of 2.2 nm. Whereas Fig. 2(b–d) shows the effect of the etching 
durations on the surface morphology of the etched films. The RMS roughness of the porous 
films increased with an increase in etching duration to be 27, 193 and 220 nm at 5, 10 and 
15 min, respectively. This  finding  indicates  that  the roughness of the surface increased 
with increasing etching durations. 
 
 

 
 

 
Fig. 2: AFM (3-D) view of of the pre- and post-etched InGaN at various etching durations (a) as-

grown, (b) 5 min, (c) 10 min, (d) 15 min. 
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 Fig. 3 shows the X-ray diffraction patterns of the pre- and post-etched InGaN thin 
films at various etching durations. The diffraction peaks were located at 34.24°, 34.28°, 
34.33°, and 34.36° relative to the (0002) InGaN pre- and post-etched at 5, 10, and 15 min, 
respectively. Compared with that of the pre-etched sample, the diffraction peaks of the post-
etched samples shifted to a higher-angle region (approaching the GaN diffraction peak), 
indicating that the indium fraction gradually decreased progressively as etching duration 
increased. The peak located at 36.17° relatives to the (0002) AlN buffer layer. No 
diffraction peak was observed for InN, which indicate that phase segregation did not occur 
[13, 14]. With the increase in value along with longer duration, the intensity of the porous 
thin films reached maximum value at 15 min. 
 

 
 
 

Fig. 3: XRD of the pre- and post-etched InGaN formed at different etching durations.
 

Fig. 4 shows the photoluminescence (PL) spectra of the thin films at pre- and post-
etching for 5, 10, and 15 min. The PL wavelength emission peak at 403 nm is related to the 
as-grown film. Slight blue shifts were observed in the porous films at wavelengths of 399, 
395, and 392 nm which correspond to the etched films at 5 min, 10 min, and 15 min, 
respectively. These shifts observed in the porous films can be attributed to the change in 
etching time, which results in quantum confinement effects of particles [15]. The PL 
intensity of the etched films increased with increasing etching time, and reached the 
maximum value at 15 min.  

 

 
 
 

Fig. 4: PL spectra of the as-grown and porous InGaN formed at different etching durations. 
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4. Conclusion  
 

In summary, we demonstrated an In0.08Ga0.92N/AlN/Si(111) thin film with a 
thickness of 1 µm and has a single (0002) peak in its XRD pattern. The thin film has a good 
quality with wurtzite structure. The porous nanostructures of the films were synthesized 
using the UV-assisted electrochemical etching method at etching time of 5, 10, and 15 min. 
Blue shift in PL specta changed the energy band gap of the sample. This study pointed out 
that the nanostructures can open a new and promising area in ternary III-nitride materials by 
choosing suitable etching factors to enhance the structural and optical properties of thin 
films for optoelectronic devices. 
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