
DetectorsDetectors

• pn photodiodes

• p-i-n photodiodes

• Avalanche photodiodes

• Solar cells



Photon absorption processesPhoton absorption processes

+

–

+

–
+

–

+

+

–

–
Conduction band

Valence band



Material absorptionMaterial absorption
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Fibre dispersion and lossFibre dispersion and loss



pn-photodiodepn-photodiode
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pn-photodiodepn-photodiode

doping
level

x1 x2

p+ n– n+

charge
concentration

Electric Field



pn-photodiodepn-photodiode



The current generated by a beam of light with power P and photon 
energy hν is:

where η is the fraction of photons that generate e-h pairs. The new 
drift current is i0+iP, and so the diffusion current must also 
increase in order to bring the junction back to equilibrium. If the 
change in junction voltage is ΔVJ the diffusion current becomes:

Consequently

Thus the open circuit voltage increases logarithmically with power 
at high power. 
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p-i-n photodiodep-i-n photodiode
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p-i-n photodiodep-i-n photodiode
anti reflection

coating
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p-i-n responsivityp-i-n responsivity
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Useful Web ResourceUseful Web Resource

• http://ece-www.colorado.edu/~bart/book/movie/movie2.htm

http://ece-www.colorado.edu/~bart/book/movie/movie2.htm


Avalanche-photodiode (APD)Avalanche-photodiode (APD)
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Avalanche-photodiode (APD)Avalanche-photodiode (APD)



Solar EnergySolar Energy



Solar cellSolar cell
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Maximum power generationMaximum power generation
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Real Solar CellsReal Solar Cells



Material
Level of 

efficiency in % 
Lab

Level of 
efficiency in % 

Production

Monocrystalline
Silicon 

~ 24 
(28% theoretical max)

14 to17 

Polycrystalline 
Silicon 

~ 18 13 to15 

Amorphous 
Silicon ~ 13 5 to7 

Efficiency of real solar cellsEfficiency of real solar cells
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