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EE  232  Lightwave  Devices
Lecture  10:  Intersubband Absorption  

in  Quantum  Wells

Instructor:  Ming  C.  Wu

University  of  California,  Berkeley
Electrical  Engineering  and  Computer  Sciences  Dept.
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Intersubband Transition  in  Quantum  
Wells

• Transition  between  quantized  energy  
levels  in  a  quantum  well  by  absorption  
or  emission  of  a  photon

• Absorption
– Infrared  photodetectors
– Thremal imager:  blackbody  
radiation  of  human  body  ~  10  µm

– 3  ~  5  and  8  ~  10  µm  wavelength  
bands  particularly  interesting

• Emission
– Gain  media  for  quantum  cascaded  
lasers  (QCL)

– Long  wavelength  emission  
coincides  with  molecular  vibration  
spectra
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Optical  Matrix  Element  for  
Intersubband Transition
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Absorption  Coefficient  for  
Intersubband Transition
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We need to consider the finite width of the energy spread 
(otherwise the absorption is a delta function with infinite absorption peak)
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Absorption  Coefficient  for  
Intersubband Transition
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Intersubband Transition  in  P-Doped  QW  (1):  
Fermi-Level  Below  Second  Subband
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Intersubband Transition  in  N-Doped  QW  (2):  
Fermi-Level  Above  Second  Subband
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Intersubband Transition  in  P-Doped  QW  (1):  
Fermi-Level  Above  Second  Subband
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Intersubband Transition  in  P-Doped  QW  (2):  
Fermi-Level  Below  Second  Subband
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Intersubband Dipole  Moment
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Example
Lz =10nm
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First, determine if the second subband is occupied. 
Find N1,max  , the electron concentration in the first subband 

when the Fermi level is at the bottom of the second subband:

N1,max =
me

*

π!2Lz
Ee1
e2 = 4.7×1018  cm−3   >  N = 1018  cm−3

So the second subband is not occupied.   N2 = 0
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Absorption  Spectra
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Quantum  Cascade  Laser  (QCL)

• Using  intersubband transition  to  
provide  gain  

• From  THz  to  IR

• Key  design
– Upper  state  should  be  aligned  
with  a  “minigap”  to  prevent  direct  
tunneling  loss  of  upper  state  
electrons

– Lower  state  should  be  aligned  
with  a  “mini-band”  to  quickly  
remove  the  lower  state  population

• The  electrons  can  be  “reused”  by  
cascading  the  quantum  wells

• Emission  wavelength  tailorable by  
varying  thickness  of  various  layers  


