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Abstract: Porous silicon samples were prepared by electrochemical anodic etching of p–
type silicon wafer in hydrofluoric (HF) acid-based solution. The electrochemical process 
allowed precise control of porous silicon properties, such as average pore diameter, average 
pore depth and porosity. The effect of current density on physical properties of porous 
silicon was investigated by Scanning Electron Microscopy (SEM), I-V characteristics and 
Fourier Transform Infrared (FTIR) spectroscopy. The average pore diameter and average 
pore depth were found to increase with the increase in current density. The average pore 
diameter varied from (10 to 28) nm and the average pore depth varied from (470 to 2200) 
nm, when the current density was changed from (5 to 36) mA/cm2 for 10 minutes. In 
addition, Al/porous/crystalline silicon sandwich showed a good rectification device.  
Keywords: Porous silicon, Electrochemical etching, Current density, SEM, FTIR, I-V 
characteristics. 
 

 
Introduction 

Porous silicon is an important material for 
applications in microelectronics. Since Uhlir and 
Tumer [1, 2] first reported in the late 1950s that 
silicon surface can be covered with a brown film 
during anodization in HF solutions [3], porous 
silicon was found to form by electrochemical 
etching of p or n doped mono-crystalline silicon 
in hydrofluoric acid (HF) [4]. The 
microstructural and physical characteristics of 
porous silicon, such as thickness, pore diameter, 
pore distribution and specific surface area are 
critically dependent on various processing 
conditions, etching solution composition, current 
density, etching time, illumination and properties 
of the silicon substrate, such as doping level and 
crystal orientation [4-8]. In general, porous 
silicon (PS) obtained by anodization of a silicon 
wafer is a versatile material which can display 
different morphologies by varying the doping 
density of the wafer as well as the formation 
parameters. Nanoporous silicon (2–4 nm) can be 
generally achieved by using p-type as well as    

n-type silicon of low and moderate doping 
density. Mesoporous silicon with pore diameters 
from 5 to 50 nm is generally formed utilizing 
highly doped silicon as substrate, and for 
macropore (>50 nm up to a few µm) formation 
moderately doped silicon is usually employed 
[9]. All these different types of porous silicon are 
used in basic research studies, but are also 
appropriate for potential applications. 

Porous silicon; a versatile material with 
various morphological natures, is compatible to 
today’s microtechnology and is of interest for a 
great variety of applications. The high surface 
area of this material (nanoporous silicon ~1,000 
m2 /cm3, mesoporous silicon ~100 m2 /cm3 and 
macroporous silicon ~1 m2 /cm3) makes it 
suitable to fill the pores with one or more guest 
materials, which results in a drastic change of the 
physical properties [10]. 

In order to form porous silicon, the current at 
the silicon side of the silicon/electrolyte interface 
must be carried by holes, injected from the bulk 
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towards the interface. Several different 
mechanisms regarding the solution chemistry of 
silicon have been proposed, but it is generally 
accepted that holes are required for pore 
formation [11]. The global anodic semi-reaction 
can be written during pore formation as:  

Si + 2HF + 2h+ → SiF2+2H+ ,                         (1) 

SiF2+4HF→ H2+ H2SiF6 .          (2) 

The etching rate is determined by holes (h+) 
accumulating in the adjacent regions of the HF 
electrolyte and Si atoms [3, 6, 7 and 12]. Porous 
silicon is a promising material due to excellent 
optical, mechanical and thermal properties, 
compatibility with silicon-based 
microelectronics [13] and low cost [14]. All 
these features have led to many applications of 
porous silicon, such as solar cells, gas sensors, 
pressure sensors, bio-sensors, photovoltaic 
devices, …etc. [15-19]. The interest in porous 
silicon has increased greatly over the past 
decades, mainly due to its photoluminescence 
properties and the potential applications 
arising from these [20]. Technological 
application of porous silicon (PS) as a light 

emitter would have a significant impact on 
numerous technologies, such as light emitting 
devices [21], micro-cavities[22], wave guides 
and solar cells[23,24]. Porous silicon (PS) is 
an interesting material for gas sensing 
applications [25, 26].  

In this paper, scanning electron microscopy 
(SEM) is used to study the influence of etching 
current density on pore diameter and pore depth 
for mesoporous silicon. 

Experimental Details 
The experiment setup of electrochemical 

etching is illustrated in Fig. 1. A constant current 
is supplied between two electrodes immersed in 
Teflon cell (highly acid-resistant material) 
containing an aqueous solution of hydrofluoric 
acid HF (49%), ethanol C2H5OH (99%) and 
deionized water H2O. Adding ethanol to the 
electrolyte produces more homogenous 
structures. Ethanol removes hydrogen bubbles 
induced during the electrochemical reaction, 
making the porous structures more uniform [6]. 

  
                                            a        b 

FIG. 1. Electrochemical etching experimental setup: (a) schematic view, (b) cross-section of the electrochemical 
etching tank. 1- Teflon container, 2- screw, 3- aluminum anode, 4- O-ring, 5- silicon wafer, 6- platinum 
cathode, 7- electrolyte, 8- variable power supply. 
 

The substrate used was mono-crystalline p-
type silicon (100) oriented, with 3-30 Ωcm 
resistivity and a thickness of 675 ± 25 μm. The 
silicon wafers were cleaved into 4cm squares 
(few mm larger that the O-ring used in the 
etching container) to ensure a leak-free seal. The 
silicon samples were placed at the bottom of the 
cylindrical Teflon container and fixed by an 
aluminum plate as backing material, so that the 

current required for the etching process could 
pass from the bottom surface to the top of the 
polished surface via the electrolyte. Platinum 
plate represents the cathode which was placed 
perpendicular to the silicon surface at a distance 
of 2cm. The porous layers on the surface of these 
samples were prepared at current densities of 5, 
10, 20 and 36 mA/cm2 for 10 min etching time. 
After etching, the samples were thoroughly 
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rinsed with ethanol (twice or more) to remove 
any HF trace. Finally, the samples were 
examined using FIE Scanning Electron 
Microscope (SEM), Keithly electrometer I-V 
characteristics and Thermo Nicolet Fourier 
Transform Infra-Red (FTIR) spectroscopy in 
order to verify precisely pore formations on the 
silicon membrane. 

Results and Discussion 
Fig. 2 shows the top view and cross-section 

SEM images of the porous silicon, prepared by 
electrochemical etching of p-type silicon wafers 
for 10 minutes. The electrolyte consists of 
1(49%) HF: 2(99%) C2H5OH:2 H2O, using 
different current densities of 5, 10, 20 and 36 
mA/cm2. With the help of the surface images of 
the samples, the dark spots on the images are 
attributed to the pores formed, whereas the white 
area corresponds to the remaining silicon. The 
pores are spherical and irregular in shape and are 
randomly distributed on the porous silicon 
surface. Porous silicon formed at different 
current densities has different pore sizes. At a 
current density of 5 mA/cm2, pores were 9-11 
nm in diameter and 420-500 nm in depth (Fig. 2 
a). For current density of 10 mA/cm2, the pore 
diameter was 15-17 nm, while pores were 630-
710 nm in depth (Fig.2 b). The use of 20 
mA/cm2 current density resulted in pore diameter 
of 18.4 -20.0 nm and pore depth of 1260-1400 
nm (Fig. 2c). Finally, at a current density of 36 
mA/cm2, the pore diameter became 27-29 nm 
and the pore depth was 2130-2300 nm (Fig. 2d). 

Fig. 3 shows the distribution of pore sizes for 
a sample prepared using a current density of 10 
mA/cm2, for which the average pore diameter 
was 16 nm with a standard deviation of 0.6 nm. 

The variation in the average pore diameter of 
porous silicon with etching current density is 
illustrated in Fig. 4. As can be seen, the pore 
diameter increases exponentially with current 
density [27]. The current density was changed 
from 5 mA/cm2 to 36 mA/cm2

 and the average 
pore diameter increased from 10 nm to 28 nm. 
The average pore diameters were determined via 
manual measurement of at least twenty pores 
randomly selected from two different SEM 
images. The average pore diameters appear to be 
in good agreement with what is expected for 
meso-pore layer [9,10]. The variation in the 
average pore depth of porous silicon with 
etching current density is illustrated in Fig. 5. 
The average pore depths were determined via 
manual measurement of at least ten pores 
randomly selected from two different SEM 
images. When the current density was changed 
from 5 mA/cm2 to 36 mA/cm2, the average pore 
depth increased from 470 nm to 2200 nm. Pore 
depth generally increases with increasing current 
density, because increasing current 
density produces excess electron-hole pairs and 
subsequently enhances the porous silicon 
thickness layer [11, 28]. In fact, the relation 
between pore depth and current density has been 
predicted to be of the form: 

dpore = (1.2)(J)0.8 ,           (3) 

where dpore is the pore depth and J is the current 
density. 

 
(a) 
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(b) 

 
(c) 

 
(d) 

FIG. 2. Top view and cross-section SEM images of the porous silicon samples. The samples were prepared by p-
type (100) orientation in electrolyte consisting of HF:C2H5OH:H2O in the ratio of (1:2:2) by volume with an 
etching time of 10 minutes, (a) current density = 5 mA/cm2, (b) current density = 10 mA/cm2, (c) current 
density = 20 mA/cm2, (d) current density =36 mA/cm2. 
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FIG. 3. Pore size distribution for a porous silicon sample formed at a current density of 10 mA/cm2. Data from 

tow different SEM images was used.  
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FIG. 4. Average pore diameter as a function of current density. 
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FIG. 5: Average depth of pores as a function of current density. 
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I-V Characteristics 
Fig. 6 shows current-voltage (I-V) 

characteristics for Al/ porous silicon/ crystalline/ 
Al sandwich structure device. These were 
measured under illumination conditions as a 
function of different etching current densities 
(5mA/cm2 and 20mA/cm2) and 10 minutes 
etching time. Keithly electrometer (model 
6517A) was used to measure the current-voltage 
(I-V) characteristics. The (I-V) curves were 
obtained by applying a varying bias voltage 
(from -5V to +5V). The variation in forward bias 
characterization is controlled by porous silicon 
layer resistance. This result explains the 
reduction of flow current in forward bias with 

increasing the etching current density [29]. The 
pore diameter increases as etching current 
density increases and hence the resistance of 
porous silicon layer becomes too high. This will 
reduce the forward current density. When the 
pore diameter increases, the pore wall which acts 
as a carriers’ trap will increase to form a high 
resistive region which decreases the current 
passing through the porous silicon layer. Also, 
increasing the etching current density from 5 
mA/cm2 to 20 mA/cm2 will lead to increase the 
thicknesses of the porous silicon layer. 
Increasing the thickness of the porous silicon 
layer will lead to increase its resistivity due to 
reduced mobility in it [30-33].  

 
FIG. 6.  I-V characteristics of Al/porous silicon/crystalline silicon/Al sandwich structure device. 

 

Fourier Transform Infra-Red (FTIR) 
Study 

Fourier Transform Infrared (FTIR) 
spectroscopy has been widely used as a tool for 
characterization of chemical bonding, especially 
extensively in porous silicon. Thermo Nicolet 
670 FT-IR spectroscopy was utilized in this 
study to characterize the active vibrational bonds 
in the porous silicon sample. The system covers 
the range (500-4000 cm-1) at room temperature. 
When infrared radiation interacts with the 
sample, the chemical bonds will stretch, contract 
and bend. As a result, the bonds will tend to 
absorb the infrared radiation at different 
wavelengths. 

Fig. 7 shows the FTIR absorbance spectrum 
of porous silicon at a current density of 10 
mA/cm2 and an etching time of 10 minutes. The 
peaks are: 624.94 cm-1 Si-Si bonds vibration, 
837.62 cm-1 Si-H2 wagging mode and 940.21  
cm-1 Si-H2 scissor mode. The peaks around 
1051.22 cm-1 and 1144.45 cm-1 are related to   
Si–O–Si stretching modes. The peaks at 2120.74 
cm-1 and 2903.27 cm-1 are, respectively, related 
to Si–H stretch and C-H stretch. Chemical bonds 
and their IR resonance positions detected in 
porous silicon are shown in Table (1). The FTIR 
peaks are in good agreement with other reported 
results [34, 35].  
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TABLE 1. Bonds in porous silicon spectrum at a current density of 10 mA/cm2 and an etching time of 
10 min. 

Wave number (cm-1) Bonds Vibration modes 
634.50 Si-Si Stretching 
837.62 Si-H2 Wagging 
940.21 Si-H2 Scissor 

1051.22 Si-O-Si Stretching 
1144.45 Si-O-Si Stretching 
2120.74 Si-H Stretching 
2903.27 C-H Stretching 
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FIG. 7. FTIR spectrum of porous silicon at a current density of 10 mA/cm2 and an etching time of 10 min. 

 

Conclusions 
Porous silicon samples were prepared by 

electrochemical etching method at various 
current densities. The results show that the 
diameter and depth of the pores were 
substantially affected by the etching current 
density. The Scanning Electron Microscopy 
(SEM) investigation shows that the average pore 
diameter and depth are increasing with the 
increase of etching current density. I-V 
characteristics of Al/porous silicon/crystalline 
silicon/Al sandwich structure device showed 

good rectification characteristics. Finally, 
Fourier Transform Infrared (FTIR) spectroscopy 
studies revealed vibration, symmetrical 
stretching, wagging and stretch/bend bonds. 
These results indicate that the porous silicon is a 
good candidate for photonic devices. 
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