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Equivalent circuit

Solar cell
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Polycrystalline films
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Shockley–Queisser limit

http://en.wikipedia.org/wiki/Shockley-Queisser_limit



Maximum power point



Biofuel efficiency ~ 1%



Perovskite solar cells

methylammonium lead trihalide ABX3

CH3NH3PbX3, where X is I, Br or Cl
Optical bandgap 1.5 - 2.3 eV 

+ Cheaper to fabricate than Si solar cells. 
(silicon cells require > 1000 C)

- Contains lead
Also less efficient CH3NH3SnI3 version

- Not stable 
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Solar paint



By RCraig09 - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=99427431



Printable solar cells

Konarka 
CD labor - TU Graz 



Printed solar cells
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Laser Diodes

mirrors



laser diodes

http://www.aliexpress.com/item/445nm-laser-diode/767127021.html



Spontaneous emission

Spontaneous emission dominates in fluorescent 
lighting and light emitting diodes. In a gas, the 
conservation of momentum is easily maintained. For a 
semiconductor, a direct bandgap material is necessary. 

2 1h E E  



Stimulated emission

Stimulated emission is responsible for the coherent light of lasers.

Wstimulated(w) =Wspontaneous(w) . nph(w) 



laser diodes

Ibach & Lueth, Solid-State Physics



Laser diode

The faces of the crystal are cleaved to make mirrors.



Vertical-cavity surface-emitting laser (VCSEL)





Stimulated emission



Laser pointer

Conducting adhesive

25 m
gold wire



Laser pointer



Quantum cascade lasers

Energy levels depend on the width of the wells so lasers can be made at many 
frequencies (mid to far infrared 2.75 - 250 mm). 
Many colors can be made with one materials system.
Window in atmosphere at 5 mm used for point-to-point communications.

Quantum wells

e Tunneling



Quantum cascade lasers

http://opticalengineering.spiedigitallibrary.org/article.aspx?articleid=1096486


