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laser diodes
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Spontaneous emission
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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 1s necessary.



Stimulated emission
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Stimulated emission is responsible for the coherent light of lasers.

Wstimulated(m) :Wspontaneous(m) ' nph(m)



laser diodes
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Optical cavity
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Laser diode
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The faces of the crystal are cleaved to make mirrors.



Vertical-cavity surface-emitting laser (VCSEL)

http://wwwold.fi.isc.cnr.it/users/giovanni.giacomelli/Semic/Samples/samples.html



Light emission

Gain spectrum
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LLIGHT OUTPUT

Stimulated emission

Spontaneous Stimulated
< emission > emission >
Below threshold —> | Above threshold

J rh J
INJECTED CURRENT DENSITY



Quantum cascade lasers

Quantum wells
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Energy levels depend on the width of the wells so lasers can be made at many
frequencies (mid to far infrared 2.75 - 250 um).

Many colors can be made with one materials system.

Window in atmosphere at 5 um used for point-to-point communications.



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



