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Photodetectors

Solar Cell

Solar energy spectrum
Photovoltaic device principles

I-V Characteristics
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PV Cells have efficiencies approaching 21.5%
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PV Modules have efficiencies approaching 17%
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Photovoltaic Device Principles
Consider pn+ junction with very narrow n-region.
The illumination is through then thin n-side.
The SCL extend mainly in p-region with built-in field E0.
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Electrode at n-side 
must allow 
illumination to enter 
the device and at the 
same time result in a 
small series resistance.
This electrode is 
formed from array of 
finger electrodes.
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Photovoltaic Device Principles
Under steady state operation  no net current through an 
open circuit solar cell  Photocurrent inside the device due to 
photo generated carriers must be balanced by a flow of 
carriers in the opposite direction. Neutral
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Those are minority 
carriers that become 
injected by the 
appearance of the 
photovoltaic voltage 
across the pn 
junction as in normal 
diode.
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Sources of carrier losses
Photons are absorbed and recombined near the crystal surface 

 losses  severely reduce efficiency.
Crystal surface and interface contain high concentration of 
recombination-center.
Those facilitate the recombination of photogenerated EHP 
near the surface.
The losses due to this event as high as ~ 40%.
These combined effect bring the efficiency down to about 45%.
Anti-reflection coating is also contributing the reduction of 
photons collection due to imperfection with factor of 0.8 – 0.9.
And including the limitation of photovoltaic action the upper 
limit to a photovoltaic device that uses single crystal of Si is 
about 24 – 26% at room temperature.
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Solar Cells Materials, Devices & Efficiencies
For a given solar spectrum, 
conversion efficiency depends on the 
semiconductor material properties 
and the device structure.
Si based solar cell efficiencies 18% for 
polycrystalline and 22 – 24% for 
single crystal devices.
About 25% solar energy is wasted  
not enough energy  unable to 
generate EHPs.
Considering all losses, the maximum 
electrical output power is ~20% for a 
high efficiency Si solar cell.

100% Incident radiation

× 0.74 Insufficient photon energy
hυ  < Eg

× 0.59

Excessive photon energy
Near surface EHP recombination
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η  ≈ 21%

FF ≈ 0.85

Overall efficiency
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Si homojunction solar cell efficiencies ~24%. Single crystal 
PERL (Passivated Emitter Rear Locally-diffused) cells.
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Inverted pyramid textured surface substantially reduces reflection
losses and increases absorption probability in the device
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Solar Cells Materials, Devices & Efficiencies
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Example n-AlGaAs with p-GaAs.
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A heterojunction solar cell between two different bandgap
semiconductors (GaAs and AlGaAs)

Solar Cells Materials, Devices & Efficiencies


