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Non-linear analysis 
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Conclusions 

Damage, micro-cracks, and other defects introduced in PV modules are important features impacting on their electrical power-loss, their actual solar conversion efficiency and also their lifetime. The aim of this 
work is to perform quantitative analysis of electroluminescence (EL) images of solar cells through two models: a distributed two-dimensional model and a one-dimensional one. The proposed improvement, with 
respect to the approaches available in the literature, represents a fundamental step towards the development of an innovative fully coupled thermo-electro-mechanical numerical method. 

Distributed circuit for series resistance and current identification 

Outline 

One-dimensional model for current distribution 
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FIG. 3. (a) Identified resistances (Ω) and (b) predicted 
current (A) from the nonlinear identification procedure. 

FIG. 2. (a) EL image of a damaged polycrystalline Silicon cell 
and (b) EL intensity (a.u.) of the examined area identified in 
Fig. 2(a) by a yellow rectangle. 

The simulation aims at computing average values for I with discrete homogeneous resistance. The 
series resistance value to be identified is determined from Eq. (1) according to a Netwon-Raphson 
method2 due to the nonlinearity of the equation. Performing this procedure for different EL images, a 
lookup table relating the type of defects and the spatial distribution of resistances can be build up. 
 

Results for polycrystalline Si cells 

Results for monocrystalline Si cells 

    
    

The model  proposed in Ref. 3 aims at simulation current and voltage as a function of the series 
resistance: 

 

Generalization of the model in case of cracks 

Simulation of a cell operating during an EL 
test: each series resistance is an equivalent 
one and takes into account all different 
resistances (emitter, contact, metallization)1. 
Using Kirchhoff’s law, the  I-V equation for 
each discretized node is given by: 
 
 

 

FIG. 1 Schematic representation of the discrete distributed 
circuit.  

FIG. 6. Voltage for the cell shown in Fig. 5, unloaded 
condition. 

FIG. 12. Voltage for the cracked cell considered 
in Fig. 11. 
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