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THz quantum cascade laser (QCL)

3 THz ≈ 12 meV

kBT ≈ 25 meV (300K)
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THz QCL gain region
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Optically-pumped electrically-driven
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Optically-pumped electrically-driven (OPED) QCL
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k·p theory, 8x8 Luttinger Hamiltonian, envelop approximation

Energy levels: 1, 2, 3, 4

Subband dispersions: me1
, me2, me3, me4

Dipole matrix elements: µ12, µ23, µ24
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Band structure calculation

Forward bias = 25kV/cm



Laser calculation

Pump or THz

Carrier relaxation 
and nonradiative 

losses
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Microscopic calculation

Quantum Boltzmann scattering integrals 
for carrier-carrier and carrier-LO phonon 
scattering

Rate equation approximation
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Dephasing in semiconductors

System is its own reservoir

Laser field

System Reservoir
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Pulsed excitation simulations
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Steady state conversion efficiency

40

150 K

220 K

300 K

THz = 140cm-1

FIR = 50cm-1

0

10

20

30


(%

)

0 1 2

Pump intensity (MW/cm2)

For purely optical pumping 

´ = ~!
T h z

~!
P u m p

' 0:105

(Manley-Rowe limit) 

´ =
TH z I ntensi ty

Pump I ntensi ty

Waldmueller, et al, PRL 99, 117401 (2007)

Dephasing rate

 = 1.6 ps-1 (150K)

2.5 ps-1 (220K)

3.3 ps-1 (300K)



Gain and gain mechanisms
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Optical pumping with coherent pump recovery

High temperature THz lasing

> Manley-Rowe limit

Automatically phase-matched
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