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Outline

- Optical transitions in quantum wells
- Nonlinear optics with intersubband transitions
- Integration of optical nonlinearities with QC lasers

- Resonant generation of harmonics

-ALWI O schemes

- Terahertz sources

- Mode locking and transient regimes

- Conclusions and outlook



Background: Heterostructures
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Fig. 7.6, Bandgap energy and lattice constant of various III-V semiconductors at room

temperature (adopted from Tien, 1988).
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Electron states in heterostructures

Quantum wells
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Optical transitions in quantum wells
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Intersubband transitions: dipole moment
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Dipole matrix element:  Z,, ’ ﬁfr;(Z) i fn (2)dz

f, ~icoskzz, f, ~isinkzz; Y z,~L,

JL, JL,

Typical values ~ 10-100 A
Compare with atomic transitions ~ 0.2-0.5 A



Intersubband transitions: selection rules
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- Only TM-polarization (E * QW plane)

- Dipole matrix element: £, ’ ﬁfr;(Z) i fn (Z) dz

f, and f; are even -> z,,=0



Intersubband transitions In
asymmetric coupled QWs
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Tl \An engineering the shape (symmetry) of
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High optical nonlinearities: e.g.c¢®@ ~ 10 pm/V measured since 1980s

Saturation easily reached: W, . =ezE/>>g
Large coherence |r,,|~1/2can be excited

Rich nonlinear dynamics

Add advantages of a semiconductor medium: electron transport and
Stark effect under applied voltage, integration with other components



However, these advantages
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P Resonance in absorption for both pump
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Either strong absorption at resonance or
low efficiency far from resonance
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Conventional nonlinear optics
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AAbsorption and nonlinearity are small;
ANeed high power pump



Other problems specific for
I11-V semiconductors

fInefficient coupling of incident radiation with QWs;
Only TM-polarization is allowed for intersubband transitions
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fWeak birefringence and ferroelectricity Y no convenient
phase-matching scheme



