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Outline

- Nonlinear optics with intersubband transitions

- Optical transitions in quantum wells

- Integration of optical nonlinearities with QC lasers

- Resonant generation of harmonics

- Terahertz sources

- ñLWIò schemes

- Conclusions and outlook

- Mode locking and transient regimes



Background: Heterostructures
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GaAs/AlxGa1-xAs; GaxIn1-xAsyP1-y/AlxIn1-xAs on InP; 

InAs1-xSb/AlGa1-xSb on GaSb



Electron states in heterostructures
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8-band k¶p method

(4 bands x 2 spins)
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Bulk semiconductorsQuantum wells
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Optical transitions in quantum wells
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Intersubband transitions: dipole moment
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Typical values ~ 10-100 A

Compare with atomic transitions ~ 0.2-0.5 A
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Intersubband transitions: selection rules
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´- Dipole matrix element: 

f1 and f3 are even  -> z13 = 0

- Only TM-polarization (E ^QW plane)
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Intersubband transitions in 

asymmetric coupled QWs

Control of the optical response by 

engineering the shape (symmetry) of 

envelope functions and energies of ISBT

High optical nonlinearities: e.g. c(2) ~ 106 pm/V

Short relaxation time ~ 1 ps: possibility of an 

ultrafast modulation

Add advantages of a semiconductor medium: electron transport and 

Stark effect under applied voltage, integration with other components

Saturation easily reached: g>=W >/ezERabi

Large coherence                 can be excited 2/1~21r

Rich nonlinear dynamics

measured since 1980s
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Double resonance:

Resonance in absorption for both pump 

and the nonlinear signal:
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Either strong absorption at resonance or 

low efficiency far from resonance

Either way, the ñfigures of meritò will be low

Ep

However, these advantages are usually inaccessible é
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All detunings are large: D~ w>> g;

All frequencies are in the transparency 

region of the NLO crystals

ÅAbsorption and nonlinearity are small;

ÅNeed high power pump

Conventional nonlinear optics
4



Other problems specific for 

III-V semiconductors

sapphire

MQW
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�ƒInefficient coupling of incident radiation with QWs;

Only TM-polarization is allowed for intersubband transitions

�ƒWeak birefringence and ferroelectricity Ý no convenient 

phase-matching scheme


