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Solar Cell and Light 
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Standard Testing Conditions 
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Direct measurement of voltage and current (VOC and ISC) 

Standard Testing Conditions: 25°C, 1000 W.m-2, AM = 1.5 

1000 W.m-2 = 1 SUN 



Effect of Light Intensity 

http://pveducation.org/pvcdrom/solar-cell-

operation/effect-of-light-intensity 

RSS greater effect on performance at high light 

intesities 

RSH greater effect on performance at low light 

intensities 
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Effect of Light Intensity 
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Effect of Light Intensity 
Benefit of higher efficiency can be compensated 

by losses in RSS when ISC and T increase 
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Why to Increase Light Intensity? 
Enhance of conversion efficiency 

Reduction of semiconductor material, costs 

Increase of a solar cell efficiency makes all the 

solar system more valuable 

  Efficiency = f (Light Intensity) 
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http://www.semiconductor-today.com/news_items/2009/JAN/FISE_150109.htm 
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Solar Cell Generations 

1st generation 

Wafer-based solar cells 

 

 

 

2nd generation 

Thin film solar cells 

 

 

3rd generation 

??? maybe  

multi-junction solar cells 
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Prof. Weber, 

Conference  

HAWAII 2012 



Costs versus Efficiency 

15/04/2013 10 



Components for Concentrator PV 
Fresnel lens to concentrate light 

 

 

 

Heat sink to cool a solar cell 
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Low Concentration Systems 

1-axis tracking system  

Advantages: 

• Higher efficiency 

• Less semiconductor 

material 

• Rather use of 

conventional material 

Disadvantages: 

• Higher installation costs 

(balance the system) 
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http://news.cnet.com/8301-11128_3-10232586-54.html 
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http://blog.cleveland.com/business/2008/11/greenfield_solargreenfield_sol.html 



Concentrators 

Issues 

Cell efficiency 

Module efficiency 

Balance of system 

Tracking 

Cooling 
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Why Cooling of Concentrator Cells? 

Light intensity at 1000 SUNS = 1MW/m2. 

Cell size 10 mm2 → power of incident light 10 W 

Solar cell efficiency η = 40 % → 4 W into 

electricity and 6 W into heat → active cooling 

needed 

 

15/04/2013 15 30% of power transfered into heat 

100 W → 33 W is heat  



SolFocus 
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Spectrum Splitting 

Based on “cassegrainian” photovoltaic module 

 

Low energy solar cell and high energy solar cell 
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Heliostat Solar Concentrator 
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www.morgansolar.com 



World Solar Radiation  
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Europe Solar Radiation 
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Direct versus Diffused Solar Radiation 
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Desertec = 400 billion euros ($514 billion) 
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http://www.desertec.org/ 
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http://www.greentechmedia.com/articles/read/an-assessment-of-the-environmental-impact-of-cpv 



Solar Cells for Concentrators 
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Solar Cells for Concentrators 
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Single-junction 



Solar Cells for Concentrators 
Multi-junction 
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Monolithic and Non-Monolithic Concept 

Monolithic concept of multi-junction solar cells 

Lattice-matched solar cells 

Grading the lattice constant 

Wafer bonding 

Current matching 
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Monolithic and Non-Monolithic Concept 
Non-monolithic concept of multi-junction solar cells 

Spectrum splitting 

 

Mechanical stacking 
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Mechanically Stacked Solar Cells 

Advantages 

No current-matching required 

No lattice-matching required 

Each layer optimized separately to produce maximum 

power 

 

Disadvantages 

Processing challenges 

Expensive (2 wafers) 

Heavy 

Multiple metal interconnects shadow part of the device 
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Monolithic Approach 
First tandem  

    solar cell (1987) 

 

 

 

3 junction solar cell 
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Record Multi-Junction Solar Cells 
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Structure of Tandem Cell 

Band gap diagram 

Avoid non-desirable 

recombination!!! 
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Characterization of Tandem Cell 
Light sources with appropriate wavelength 
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Elements for These Structures 
Alloys from a-Si, c-Si, Ge 

III-V because 

Low defect density (recombination in pure material very 

low) 

Properties tunable in a wide range (band gap engineering, 

reproducible preparation on atomic scale) 

Direct band gaps (high absorption coefficient) 
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Band Gap Engineering 
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