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ABSTRACT 

The experimental evidence of the effect of photochemical etching on the efficiency of a silicon photovoltaic solar cell is 
demonstrated and investigated for different etching times. Porous silicon cell is created with submicron diameter by using laser 
assisted chemical etching to provide an efficient anti-reflective layer. Optical microscope studies for the solar cell surface were 
taken before and after the etching process. Optical reflection in the range of (250-800nm) bulk and porous silicon solar cell were 
investigated to show that the reflectance for cells surface is decreased about 10 times at optimum etching time (5 min) compared 
with unetched sample (bulk) and the spectrum is shifted to the blue region due to the quantum confinement effect. The results 
show that the efficiency of the solar cell is enhanced from 12% to 13.5% due to formation of a porous  layer which enhances  the 
absorption via radiation trapping.. 
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1. INTRODUCTION 
Owing to the wide-ranging of possible technological and applications of porous silicon (PS) in materials science, 
biosensors, optical interconnection, amplifiers, modulators and switches opto-electronic devices. Research studies and 
characterizing have been recently increasingly carried out under a wide range of experimental conditions [1-4]. Silicon 
has been studied intensively since the discovery scoped by Canham that even at room temperature porous silicon formed 
on silicon wafers using etching, exhibits photo-luminescent and electro-luminescent properties similar to those properties 
of a semiconductor with a direct energy gap [5]. Since then, a large amount of investigations have been devoted to the PL 
and absorption measurements of PS [6-11]. In spite of this attention paid to the PS researches, little studies are directed 
towards the enhancement of the efficiency of silicon solar cells. Yet, several possible methods of using porous silicon to 
improve the performance of solar cells have been proposed. In fact there are many reasons for the dominance of Si in 
photovoltaic (PV) such as stable performance, low module manufacturing cost, and mostly non-toxic materials used in the 
final product, more over it was shown that a porous silicon-etched silicon surface has excellent anti-reflection properties 
[12,13]. Such facilities encourage the researches to make use of the properties of the PS in the field of PV. 
Porous silicon layers can be easily produced on silicon surfaces by photo-chemical or stain etching at very low cost. 
Usually, the PS samples are produced by etching of Si wafers in hydrofluoric (HF) solution and the pore diameter can be 
controlled varied from a few nanometers up to several hundred nanometers by adjusting the etching parameters [14,15]. 
Researchers have been interested in surface texture of solar cells in order to create a tool to improve their conversion 
energy. Creating porous silicon surface in the solar cells may provide light trapping, a selective emitter and an efficient 
antireflective layer to the long wavelength also a reduction in the reflected light from the surface is established[16]. PS 
formation is a self –regulated mechanism, with whole depletion as the limiting agent. The dissolution reaction start at 
defects on the surface, the pores is formed and their walls are eroded until they are empted of the holes [17]. Here we 
present our results concerning the enhancement of silicon solar cell by using nonporous silicon formed by a 
photochemical etching process. 
 
2. EXPERMENTAL PROCEDURE 
The samples were prepared by etching silicon solar cells. Figure (1)  shows a schematic diagram of the experimental 
set-up for the laser induced etching. A commercially available Si solar cell was immersed in 40% Hydrofluoric acid 
placed in a Teflon container and was supported on two Teflon plates. Laser etching was done by using an argon–ion laser 
with photon energy of 2.54 eV (λ= 488 nm). The beam was focused to a circular spot of 1.5mm diameter with a power  
density of 12 W cm−2. Etching  time is varied from (2-12min), subsequently the samples were rinsed with ethanol and 
dried with filtered N2.  
In this work, structures of etched silicon solar cell by photochemical etching were investigated by optical microscope, 
optical reflectance analyzer and scanning probe image processor. The Isc, Voc, Imax, Vmax   cell efficiency of the etched 
solar cell were carried out and analyzed in the laboratory using a sun simulator lamp. 
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Figure 1: The schematic diagram of the 
Laser- assisted  etching process. 

 
 
3. RESULTS AND DISCUSION 
The efficiency enhancement is achieved by formation of porous silicon in the solar cell by photochemical etching method. 
Surface morphology is studied before and after etching. 

 
1-study of surface morphology: 
a- surface morphology before etching: 
In order to study the effect of etching on the properties of the sample, we made a comparative study between the samples 
before and after the etching process. Figure (2-a) represents the microscopic photo before etching process and the figure 
(2-b) represents the three dimensional view of the same sample as detected by scanning probe. While figure (2-c) 
illustrate the photo of the magnified sample before etching , figure (2-d) shows the height and valley profiles measured 
along the sample surface. Scale: 88 nm per pixel, figure (2-e) shows a histogram of the surface roughness results  for the 
silicon solar cell before etching, (2-f) illustrates the height percentage of the surface particles, (2- g) demonstrates a 
histogram of  the height percentage of the surface particles . The roughness analysis  histogram is detailed in figure (2-e). 
The results show the followings: roughness average (sa) =14702. nm, peak- peak (Sy) = 68966.3nm, max valley depth 
(Sv )= 35794.5 nm, max peak height (Sp)=   33171.8nm, mean height (Smean) =  -1.25398E-005nm.  
More details of the surface morphology are declared in figures (2-f)and  figure (2-g ), the former  shows the height 
percentage of the surface particles, and the latter  shows same results in a histogram. 

 
(a)                                                                (b) 
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(c )                                                                                  (d) 

 
 
(e )                                                                       (f ) 

 
                                (g ) 
 

Figure (2): the solar cell surface analysis before etching , (a) represents the microscopic photo before etching process, (2-
b) represents the three dimensional view of the same sample as detected by scanning probe, (2-c) is  a magnified photo of 
the surface of a silicon solar cell before etching. (2-d) analysis panel showing the height and valley profiles      along the 
sample surface. ,(2-e) shows a histogram of the surface roughness results, (2-f) illustrates the height percentage of the 
surface particles, (2- g) demonstrates a histogram of  the height percentage of the surface particles 
 
b- Surface morphology after etching: 
Next figure (figure 3) demonstrates the morphology after the etching process.   In this figure we illustrate a set of 
analyzing figures: (a and b) microscopic magnified top- down photos (Scale: 88 nm per pixel). The structure shows   
peaks (bright spots) and valleys (dark area distribution,(c) 3-D  surface profile analysis of the etched sample (0.39nm/ 
pixel). , (3-d)  two magnified top- down photos with  surface profile analysis of the etched solar cell to  show the height 
and valley profiles measured along the sample surface, (e)  the percentage of height analysis for the etched solar cell. 
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Also the profile analysis provides the given values: roughness average (Sa) =16027 nm, Surface skewness (Ssk) =0.0663, 
Peak to peak (Sy) = 66413 nm, Max. valley depth (Sv) =33354.9 nm, Max. peak height (Sp)= 33058.3 nm and Mean 
height (S mean) =1.724e nm.  
Comparing the figures (3) with  the figures (2),  we can observe a random distribution of submicron ablation traces 
porous structure are formed at the surface with diameter bout 1 µm for optimum photochemical etching time (5min). The 
morphology showed that the types of porous are macro porous silicon according to IUPAC classification.  
                                                                                                                                    

 
 

 
     

 
 
 
 
 
 
 

(a)                                                                                 (b )  
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(e ) 

Figure (3): The surface morphology of PS after etching, (3-a) and (3-b) microscopic photo, (3-c) 3D profile, (3-d)  two 
magnified top- down photos with  surface profile analysis of the etched solar cell, (2-e)  the percentage of height analysis 
for the etched solar cell. 
 
2- optical properties: 
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Figure (4) represents the reflectivity chart for both silicon solar cell compared with non- etched cell. The reduction of 
surface reflectivity via surface etching is obvious. This increment is attributed to the surface roughness. 
 
 

                             
Figure (4): The reflectance spectrum of the solar cell before etching and after etching (5min). 
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                           Figure (5): The absorbance versus wavelength for the solar cell after etching (5min). 

 
It is clear from figure (5) that the etched cell (which has a band gap 1.77 eV) is more efficient to absorb the visible region 
of the solar spectrum, without absorbing other regions of the spectrum. 
The porous silicon has a wide band gap of (2.06 eV)[17,18], which means that the porous layer contributes in the 
absorption of longer wavelengths of the spectrum and leaves the visible part of the spectrum for the bulk amorphous Si to 
improve the cell's efficiency. Porous silicon exhibit blue shift due to increased band gap compared with bulk silicon. The 
increase in the band gap explains the observed visible luminescence from porous silicon. The blue shift in the porous 
silicon reflectance is due to increasing the porosity and quantum confinement effect that leads to a decrease in the 
absorption coefficient of porous and hence it will be transparent for infrared region. This property permits absorption and 
emission of sun radiation in broad range of energies. This wide range of the energy gap also gives an indication about this 
layer that it is a submicron Silicon layer. The measurement showed that the reflectivity is reduced from 95% for unetched 
cell to the 10% for etched cell (porous), i.e. the porous silicon enhances the absorption via radiation trapping through the 
etched cell, increasing the area of the cell's surface. Values as high as 1000 m2/cm3 can be measured [19], this provides a 
larger surface area for the emitter. According to all these factors, examining many etching times show different efficiency 
values as shown in figure (6) and table(1), the maximum value of the efficiency (13.5%) is obtained at etching time of (5 
min), noting that the reference efficiency (without etching) is 12%. The efficiency value after 5 minutes etching shows 
degradation with increasing the etching time because of destruction of the cell itself. Figure (7 ) shows the I-V 
characteristics for the solar cell at different etching times. 
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Figure (6) :The efficiency versus etching time of the solar cell at room temperature. 

 
Table (1): The efficiency response for the solar cell at different etching times. 

 
 
 
 

      
 
 
 
 
 
 
 
 
 
 
 

 
Figure (7) : I-V characteristics for the solar cell at different etching times. 

 
CONCLUSON 
Enhancement of the quantum efficiency of the silicon solar cell is observed by photochemical etching due to formation of 
a porous silicon layer which acts as a backside reflective layer. The  reflection in the active layer traps the scattered light 
from the cell. Such reflector is created by the formation of porous silicon layer. The results show that the efficiency of the 
solar cell is enhanced from 12% to 13.5% due to the photochemical etching. 
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