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Subband  engineering

Given MQW structure, all quantum 
states are solved.

Energy levels and intersubband 
transition dipole moments computed 
for all pairs of states.

Critical states identified according to 
design ideas such as the so-called 3-
level design.



www.crosslight.com

Simulation procedures

Set up 1D mesh for two periods of QCL in 
gain-preview session. 
Assume a uniform applied field and solve 
the quantum states.
Discretize Schrodinger  equation  in 1D 
and solve with sparse eigen matrix 
techniques.
Identify and label states belonging to 
injection or active regions, based on shape 
and location of wave functions and their 
respective energy levels.
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Following J. Kim et. al., IEEE JQE Vol. 40, p. 1663, 2004.   Red lines:

Conduction bands; Green lines: subband levels and envelop wave

Functions.  Blue line: macroscopic single Fermi level.
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Microscopic rate equations 

ÁEquations in form:   dn/dt = n/tau_in ïn/tau_out.

ÁCoupled with cavity photon rate equation.

ÁRelate device current to injection region current.

ÁClosed set of equations to get lasing characteristics. 
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Distribution of Electrons

Electron distribution based on subband population 

calculated by microscopic rate equations
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Distribution of subband electrons
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First 9 levels are plotted with the first three levels in active region labeled


