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Abstract. Porous silicon (PSi) has been developed for many applications, such as gas and humidity sensors. 

Various methods are available to fabricate PSi, and electrochemical anodization is expected due to its low cost 

and easy use. Current density, etching/anodization time, type of etching solution, and electrode distance are 
the parameters determining resulting pores. The substrate used an n-type silicon wafer with (111)-orientation 

and resistivity of 1.5-4.5 Ω.cm with a size of 1.5×1 cm2. The cleaning process of the samples employed the 

RCA cleaning procedure. Conductive contacts required for the electrochemical anodization were aluminum 

on the samples. The electrodes were the Si sample acting as anode and platinum (Pt) electrode as a cathode. 

The etching solution used a mixture of HF (40%) and ethanol (99%) with a 1:1 ratio. The electrode distance 

was 1.5, 2.0, and 2.5 cm. The current density for each electrode distance was 10, 30, and 50 mA/cm2 with an 

anodization time of 30 min. SEM and UV-Vis characterizations were applied to obtain surface morphology 

and reflectance, respectively. For all samples, the reflectance of PSi was lower than the reflectance of the 

original silicon surface (no pores). This condition indicates that the PSi is suitable as an anti-reflective layer 

in a solar cell. However, the PSi of reflectance curves has irregular shapes as a function of wavelength for 

different electrode distance and the current density. The SEM images confirmed that the pores formed on the 
silicon surface were inhomogeneous. The pore size decreased with the increase of the electrode distance while 

it increased with the increase of the current density. There was a correlation between pores size and reflectance 

at specific wavelength numbers.  
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Abstrak. Silikon berpori (PSi) telah berkembang pada banyak aplikasi seperti sensor gas dan kelembaban. 

Banyak metode dalam pembuatan PSi dan anodisasi elektrokimia merupakan metode yang umumnya 

digunakan karena murah dan mudah. Parameter yang mempengaruhi PSi adalah rapat arus, waktu etsa, tipe 

larutan etsa, dan jarak antara elektroda. Si(111) bertipe-n dengan resistivitas 1,5-4,5 Ω.cm digunakan sebagai 

substrat. Substrat dibersihkan dengan prosedur RCA. Alumunium foil digunakan sebagai kontak substrat. 

Substrat Si sebagai anoda sedangkan platina sebagai katoda. Larutan etsa adalah HF(40%) dan etanol (99%) 

dengan rasio 1 : 1. Jarak elektroda adalah 1,5; 2,0; dan 2,5 cm. Rapat arus untuk setiap jarak elektroda adalah 

10, 30, dan 50 mA/cm2 dengan waktu etsa tetap yaitu 30 menit. Karakterisasi SEM dan UV-Vis digunakan 
untuk memperoleh morfologi permukaan dan reflektansi dari PSi. Untuk semua sampel, nilai reflektansi PSi 

lebih rendah daripada Si tanpa perlakuan etsa. Kondisi seperti ini menunjukkan bahwa PSi cocok digunakan 
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sebagai anti-reflektif dalam piranti sel surya. Namun demikian kurva reflektansi tidak beraturan sebagai fungsi 

panjang gelombang untuk variasi jarak elektroda dan rapat arus. Citra SEM menunjukkan bahwa pori yang 

terbentuk di atas permukaan Si tidak homogen. Ukuran pori menurun untuk jarak elektroda yang meningkat 

sedangkan ukuran pori meningkat terhadap peningkatan rapat arus. Hal ini menunjukkan adanya hubungan 

antara ukuran pori dengan reflektansi pada panjang gelombang tertentu.  

Kata kunci: Anodisasi, Reflektansi, Silion berpori, Si(111) 

 

          

INTRODUCTION 

Porous silicon (PSi) technology has 

been developed in various applications such 

as gas sensors, humidity sensors, LEDs, 

optical resonance, disease diagnostics, etc. 

[1]. PSi inside a solar cell can be used 

effectively as an anti-reflective layer [2]. 

Since 1956, more than twenty methods have 

been developed to fabricate porous silicon 

such as anodic etching, stain etching, 

photoetching, metal-assisted etching, vapor 

etching, reactive-ion etching, spark erosion, 

laser-induced plasma erosion, oxidation of 

Rochow reaction by-product, ion 

implantation, plasma hydrogenation, laser 

ablation, high-density plasma deposition of 

silicon, oblique-angle deposition, 

unidirectional solidification of molten 

silicon, porous silica reduction, dealloying, 

laser-induced silane decomposition, 

electrodeposition, mechanical synthesis, 

annealing of ultrathin films of amorphous 

silicon, and using the sacrificial template [3]. 

Anodic etching or electrochemical 

anodization method is widely used in 

making porous silicon because of its low 

cost and ease to use. 

In the previous study, we fabricated PSi 

on n-type Si(100) and n-type Si(111) using 

the electrochemical anodization method 

[4,5] and using the reactive ion etching [6,7]. 

The pore shape was inhomogeneous circular 

and triangle formed on Si(100) and Si(111), 

respectively, using electrochemical 

anodization method while homogeneous in 

pore shape and pore size formed on both 

Si(100) and Si(111) using a reactive ion 

etching method. In this research, we have 

been used the electrochemical anodization 

method. The parameters including current 

density, etching/anodization time, type of 

etching solution, and electrode distance are 

the determinants of the pore results in the 

electrochemical anodization method so that 

further research is needed [8]. Therefore, in 

this research, we focused on the variation of 

current density and electrode distance in the 

formation of PSi on n-type Si(111). 

EXPERIMENTAL METHOD 

PSi was made using the electrochemical 

anodization method. A piece of n-type 

silicon wafer with an orientation of (111) 

and resistivity of 1.5-4.5 Ω.cm was cut into 

rectangular shape with the size of 1.5 x 1 cm. 

The RCA cleaning procedure was used in the 

cleaning process of the silicon samples. An 

aluminum foil was stuck in a part of the 

silicon surface for a conductive contact. The 

Si sample (anode) and Pt (cathode) were put 

in an etching solution made from a mixture 

of HF (40%) and ethanol (99%) with a ratio 

of 1:1. The electrode distances (the distance 

between Si and Pt) were 1.5 cm, 2 cm, and 

2.5 cm. The current density was varied at 10 

mA/cm2, 30 mA/cm2, and 50 mA/cm2 and 

applied for each electrode distance. The 

times during anodization was maintained for 

30 min. The etched silicon was rinsed using 

piranha solution before being characterized 

using SEM and UV-Vis Spectrophotometers 

to obtain surface morphology and 

reflectance values.  
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RESULTS AND DISCUSSION 

PSi has been successfully formed by the 

electrochemical anodization method. Figure 

1 shows the SEM images of PSi with the 

varied electrode distance and current 

density.  For all samples, the pores are 

triangle shape and unevenly distributed on 

the surface. These results agreed with Asoh 

et al. [9] and Radzali et al. [10], in which 

they reported about triangle pores shape and 

their distribution on Si(111). Concluded that 

the low anodic dark current during etching 

could form the triangular-shaped structure 

on the hydride-terminated Si(111) surfaces 

[11]. Meanwhile, considered that the 

formation of triangular-shaped pores 

correlated the characteristic faceted which 

photo-anodization etching in (111) 

orientation due to the anisotropy of Si(111) 

dissolution [12]. 

 

Figure 1. SEM images of PSi after electrochemical 

anodization for 30 min with the electrode 

distance of 1.5 cm (a-c), 2 cm (d-f), and 2.5 
cm (g-i) and the current densities of (a, d, 

g) 10 mA/cm2, (b, e, h) 30 mA/cm2, and (c, 

f, i) 50 mA/cm2.  

 

 

Figure 2. The average pore sizes of PSi after 30 min 

etching time with varied current density 

and electrode distance. 

Based on Figure 2, the average pore 

size decreases with the increasing of the 

electrode distance while it increases as the 

current density increases. It is concluded that 

the formation of a pore in silicon is affected 

by the current density. The space-charge 

region (SCR) will be formed at the end of the 

silicon pore in a line shape when the current 

has flowed [13]. The electric field will create 

oxides on the surface of the pores. Then, 

pores formed exactly where the holes are 

when the oxide layer is dissolve by the 

electrolyte solution [8]. Therefore, there is a 

possibility of applying high-efficiency 

etching, which is changing high current 

density for smaller electrode distances in the 

making of porous silicon.  

Figure 3 shows the reflectance values 

of PSi with varied electrode distance and 

current density. For all samples, the 

reflectance value of PSi was found to be 

lower than the original silicon (before 

etching). The reducing reflectance approves 

the potential of the PSi application to be an 

anti-reflective layer.  
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Figure 3. The reflectance value of silicon and PSi 

with varied current density and the 

electrode distance of (a) 1.5 cm, (b) 2.0 cm, 

and (c) 2.5 cm. 

 

The curves of the reflectance values of 

PSi in Figure 3 show that the reflectance 

values are changed (up and down) at any 

wavelength numbers, which indicates the 

presence of the PSi layer [14,15]. However, 

all sample of reflectance does not show the 

oscillations. It is considered the high pore 

density produced during PSi formation [15] 

or the inhomogeneous pore distribution on 

the silicon surface. Meanwhile, it can be 

seen that the reflectance diminishes as the 

pore size increments. 

CONCLUSION 

 PSi has been successfully formed on 

Si(111) surfaces using the electrochemical 

anodization method with varied current 

density for each electrode distance. The 

average pore size decreases as the increase 

of electrode distance and it increases as the 

current density increases. The low 

reflectance values of PSi make it possible as 

an anti-reflective layer. There is a correlation 

between pores size and reflectance at a 

particular wavelength—the pores size 

growths as the reflectance shrinkages. 
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