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Abstract  Diagnostic of silicon solar cells defects is 
permanently one of most important steps in production of 
solar cells. Specify of diagnostic methods leads to a better 
understanding and more detailed analysis of manufactured 
cells. Luminescence methods of solar cells are fast and some 
of the most common methods today. According to the 
excitation method of luminescence radiation from silicon 
solar cells we talk about electroluminescence or 
photoluminescence methods. Spectral response of using 
CCD camera with those methods is in band-gap infrared 
wave length area. The main idea of this paper is to analyze 
emitted infrared radiation silicon solar cell under the forward 
bias by polarization spectroscopy. This analysis opens up for 
potential next new questions in diagnostics defects silicon 
solar cells by luminescence methods. 

Keywords  Luminescence, Polarization, CCD Camera, 
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1. Introduction
As we mentioned the determination of luminescence in 

silicon solar cells is an important characterization methods. 
Solar cells often have different defects which limit their 
lifetime. Many of these defects can be visualized with 
luminescence final imaging. The most commonly using 
technique can be optimized to produce better cells in 
manufacturing process. 

The determination of luminescence in solar cells is an 
important characterization tool. Typical solar cells often 
have defects which limit the efficiency or lifetime of the cell. 
Many of these defects can be visualized with luminescence 
imaging, so by using this technique the manufacturing 
process can be optimized to produce better cells. 

Electroluminescence (EL) or photoluminescence 
surveying are a fast characterization methods providing 
spatially resolved information about electrical, optical and 
material properties of solar cells. 

The intensity of electroluminescence or 
photoluminescence is proportional to the total excess 

minority carrier density. All the intrinsic defects and 
extrinsic deficiencies which reduce the minority carrier 
density will induce the spatial variation of 
electroluminescence intensity and be displayed as dark parts 
in final EL images [1]. 

The third frequently used method is complementary 
luminescence emission of micro-plasma. Diagnostics of 
defect areas can be carried out by measurement of the 
radiation emitted from the defect during micro-plasma 
discharge formation. 

Using the existing electroluminescence method extended 
about polarization spectroscopy can be to improve the 
detection of defects in silicon solar cells. 

2. Materials and Methods

2.1. Electroluminescence Characterization 

Electroluminescence is based on the same principle as a 
light emitting diode. Current is fed into a solar cell (in 
forward bias) and radiative recombination of carriers causes 
light emission. It is typical that indirect band-gap 
semiconductor most of the recombination in silicon occurs 
via defects in structures. The amount of band-to-band 
recombination producing radiative emission is relatively low. 
This radiation can be sensed using an external detector for 
example CCD camera. Condition for this method is electrical 
contact and so can only be used once the metallization has 
been applied and the solar cell is produce complete. 
Electroluminescence characterization provides a lot of 
information about the area related uniformity of solar cells 
and so all modules. Electroluminescence is not destructive 
characterization method [2]. 

In our experiments electroluminescence emission due to 
radiation band-to-band recombination at room temperature 
of forward-biased crystalline silicon solar cells is surveyed 
with a CCD grey-scale camera. Neglecting photon recycling, 
the measured photon current is directly related to the local 
quasi Fermi-level splitting EFn-EFp according to equation (1) 
[3]. 
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In equation (1) w is the thickness of the cell, B is a 
material constant, Urad is the total extent of recombination, 
dz is the planned length of the cylinder of unit cross section 
of photon flux, ni is their own carriers concentration, p is 
concentration of free holes and n the concentration of free 
electrons, k is the Boltzmann constant and T is the 
temperature. Radiative recombination coefficient B strongly 
depends on the free-carrier concentration and decreases 
considerably with increasing doping concentration. 

Electroluminescence has recently been introduced as a 
tool for investigating the minority- carrier diffusion length 
for analyzing the rear surface passivation quality of silicon 
solar cells. For methods electroluminescence and 
photoluminescence diagnosed cell shows slight radiation 
(luminescence) with a peak in the infrared spectrum. As 
shown in Fig. 1, maximum of the emitted radiation is around 
1150 nm [4]. 

 

Figure 1.  Silicon luminescence with peak 1150 nm and spectral response 
of using CCD camera. [1],[4]. 

2.2. Photoluminescence Characterization 

Photoluminescence is a kind of luminescence evoked by 
energy of incident electromagnetic radiation. This one is not 
destructive characterization method too. Electrical contact is 
not necessity. According to Stoke's law have an excited 
radiation of light always higher value of wave length (lower 
of energy value) than exciting radiation. In material with 
indirect energy gap structure the third particle is joining the 
generation recombination process [5].  

Photoluminescence spectroscopy is being used to 
investigate defects and localized band tail states within the 
band gap of silicon wafers. From the comparison of 
band-edge photoluminescence intensity and minority carrier 
lifetime, were confirmed that low photoluminescence 
intensity regions corresponded to short lifetime regions [5].  

2.3. Micro-Plasma Radiation 

Diagnostics of defect areas can be carried out by 
measurement of the radiation emitted from the defect during 
micro-plasma discharge formation. This method is 

applicable to optoelectronic devices and solar cells. 
Radiation generated from reverse-biased pn junction defects 
is used to study local properties. It proves to be useful to 
measure surface radiation and to make light spots 
localization to measure the radiation intensity versus voltage 
plot and its correlation with radiation spectrum [6]. 

2.4. Extended Luminescence Methods with Polarization 
Analysis 

Existing electroluminescence method extended about 
polarization spectroscopy will produce better analysis of 
defects in silicon solar cells. Luminescence radiation is 
characterized as electromagnetic waves. Description of 
characteristics is described in Table 1 [7].  

Table 1.  Characteristics of luminescence radiation (electromagnetic 
wave).  

Characteristics Descriptions 

intensity number of photons in a given direction passing 
through unit area per unit time 

spectrum spectral photon flux density per unit interval of 
wavelengths or frequencies 

coherence given the relationship between the phases of light 
waves 

duration determined by the inner-lived excited state, from 
which there is an issue 

polarization direction of oscillation the electric vector 
electromagnetic waves 

Designed investigation configuration for extended 
diagnostic electroluminescence is displayed in Fig.2. It is 
possible to modify for using electroluminescence and photo 
luminescence method and then we can also investigate the 
problematic of polarization luminescence radiation during 
measurement.  

 

Figure 2.  Investigation configuration for extended diagnostic methods 
electroluminescence. 

2.4.1. Polarization waves 
Polarized light is light in which individual light waves are 

aligned parallel to one another. It is known that light may be 
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polarized partially or completely. The degree of polarization 
depends on the material (in this case the character of defect) 
and on the angle at which the light is reflected [8].  

Polarized light can pass undiminished through a second 
polarizer (called analyzer) only if the analyzer's axis of 
polarization is parallel to the first polarizer. If the analyzer is 
rotated so that its axis of polarization is at right angles to that 
of the polarizer, the light is completely blocked [8].  

Matthew P. Peloso [9] in their work lists and describes the 
phenomenon of radiation emitted polycrystalline silicon in 
electroluminescence displays linear polarization of bar 
crystal defects - dislocations.  

3. Results 
Investigate poly solar cell with size 125 x 125 mm have 

pseudo square forms with N-type emitter that is diffusion to 
P-type bulk.  

Investigation configuration workplace for testing this 
method using CCD camera (type G2-3200), which has a 
spectral response approximately 300 to 1100 nm. The 
camera has a high sensitivity with a peak quantum efficiency 
of 80%. 

Diagnostics of defect areas can be carried out by 
measurement of the radiation emitted from the defect during 
micro-plasma discharge formation (under reverse bias). 
Micro-plasma radiation we can see in Figure 3. In result 
image is determine in yellow circle important poly-Si crack 
defect. 

 

Figure 3.  Radiation emitted from the defect during micro-plasma 
discharge formation. 

This wafer was measured by standard 
electroluminescence testing so (Figure 4). In this result 
image is the same defect determine in yellow circle too. 

Advanced Mathlab analysis of the study defect area can 
be seen in Figure 5.  

In the next time we extend under forward bias the 
existing electroluminescence technology about polarization 

spectroscopy and analyzed this solar cell defect. Important 
cracks defects are displayed in all Figures 3,4 and 5. The 
actual potential impact of this defect on the electrical solar 
cell parameters is studied in reference [10]. 

 

Figure 4.  Standard electroluminescence characterization under forward 
bias and current density about 12 mA/cm2. 

 

Figure 5.  Advanced Mathlab analysis of the study defect area 

Factually selected area of poly-Si solar cell sample was 
measured with a linear polarizing filter. The orientation of 
the polarizing filter was changed every tenth degree. The 
angle of rotation was subtracted using precisely defined scale 
created on the lens CCD camera (type G2-3200). Sample 
was therefore subjected to 36 measurements (ie. a 360 ° 
circle).  

In graph shown in Figure 6, is declared luminescence 
dependence of the extensive defect in specific determine 
yellow area. There was sinusoid dependence of the 
luminescence radiation intensity on the angle of rotation of 
the polarization analyzer. The intensity of transmitted light 
by polarization analyzer is dependent on the relative angular 
position of the polarization plane of luminescence beam and 
polarizer. In Figure 7 is displayed one of PA position 
(luminescence peak) by measuring.  
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Figure 6.  Polarization dependence of luminescence radiation.  

 

Figure7.  Luminescence radiation peak in one of PA position.  

4. Discussion 
In our experiment we showed linear polarization of 

another type of defect in band-gap wave length. It of course 
opens up for potential questions. Polarized light can be 
obtained in various ways, such as by reflection, which leads 
to a partial polarization and thus that one direction vectors E 
prevails. Another way may be refraction, but during 
refraction is always incomplete polarization.  

Defect detection by some of luminescence methods may 
be hypothetically influence by the interaction of the emitted 
radiation with the passivation layer. So this is for 
consideration possible influence of the passivation layer on 
the nature of waves. 

5. Conclusion 

The precision of detection is therefore a priority for the 
development of silicon solar cells. Review in this paper can 
lead to improve the detection of defects in solar cells. We can 
observed the linear partially polarization luminescence light 
on poly-silicon crack defect in wave length of spectral 
response CCD camera. We must add that the used CCD 
camera is capable of capturing only part of the spectrum of 
solar cell luminescence about the band-gap energy (Eg ≈ 1.1 
eV). The researched data subjected to 3D analysis shows 
how varied intensity of luminescence radiation depending on 
angle of rotation of linear polarization analyzer. Sinusoid 
dependence of luminescence intensity proved this result. The 
degree of polarization depends on character of defect. It is 
significant indication of defect type in this measured sample. 

Very interesting results from this experiment indicate 
ways for subsequent experiments. The next not investigated 
interesting field and technique to characterization silicon 
solar cell defects is circular luminescence polarization 
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characterization. 
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