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Semiconductor Photon Sources 

Reference: see B. E. A. SalehôsFundamentals of Photonics

Light emitting diode (LED)

Semiconductor injection lasers 

External cavity lasers 

A  forward-biased  semiconductor  p-n  junction  diode  operated  as  (a)  an  LED, 

(b)  a  semiconductor  optical  amplifier,  and  (c)  a  semiconductor  injection  laser.
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Light emitting diode (LED)

Energy  diagram  of a  heavily  doped  p-n  junction  that  is  strongly  forward  biased by  an  

applied  voltage V. The  dashed  lines  represent  the  quasi-Fermi  levels,  which  are  

separated as  a  result  of  the  bias.  The  simultaneous  abundance  of  electrons  and  

holes  within  the  junction region  results  in  strong  electron-hole  radiative recombination  

(injection  electroluminescence). 

http://zeiss-campus.magnet.fsu.edu/tutorials/leddiagram/index.html

http://zeiss-campus.magnet.fsu.edu/tutorials/leddiagram/index.html
http://zeiss-campus.magnet.fsu.edu/tutorials/leddiagram/index.html
http://zeiss-campus.magnet.fsu.edu/tutorials/leddiagram/index.html
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This  simple and  intuitively  appealing formula  governs the  production  

of  photons by electrons  in  an  LED:  a  fraction hi of  the  injected  

electron  flux  i/e  (electrons per second)  is converted  into  photon  

flux.  The  internal  quantum efficiency hi is  therefore simply the  ratio  

of  the generated photon  flux  to  the  injected electron  flux. 

For n  =  3.6, only  3.9% of  the  total  generated 

photon  flux  can be transmitted.
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Spectral Distribution and Materials 
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Gain
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Feedback

(a)  homostructure,  and  (b)  heterostructure lasers. 
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Spatial Distribution

Schematic  illustration  of  spatial  

distributions  of  the  optical  intensity  for  

the  laser waveguide  modes  (I, m)  =  

(1,  l),  (1,2),  and  (1,3). 

To  achieve high-power single-spatial-

mode  operation,  the number of 

waveguide modes must be reduced by 

decreasing  the width  w  of  the active  

layer. 

Far field radiation pattern 
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ÅThe  spectral  width  of  the  gain  coefficient  is  relatively  large  because  transitions 

occur  between  two  energy  bands  rather  than  between  two  discrete  energy  levels. 

ÅBecause  intraband processes  are  very  fast,  semiconductors  tend  to  be  

homogeneously  broadened. 

ÅThe  semiconductor  resonator  length  d  is  significantly  smaller  than  that  of  most 

other  lasers.  The  frequency  spacing  of  adjacent  resonator  modes  nF =  c/2d  is 

therefore  relatively  large. Nevertheless,  many  of  these  can  generally  fit  within  the 

broad  band  B  over  which  the  small-signal  gain  exceeds  the  loss  (the  number  of 

possible  laser  modes  is  M=  B/ nF). 

Semiconductor  lasers  are  characterized  by  the  following  features: 

Example:
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The VCSEL has several advantages over 

edge-emitting diodes. The VCSEL is 

cheaper to manufacture in quantity, is 

easier to test, and is more efficient. In 

addition, the VCSEL requires less electrical 

current to produce a given coherent energy 

output. The VCSEL emits a narrow, more 

nearly circular beam than traditional edge 

emitters; this makes it easier to get the 

energy from the device into an optical fiber. 

vertical cavity surface emitting laser 

(VCSEL)


