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4.3 Wave propagation in linear non-isotropic media

(repetition)

4.4 Phase matching

4.4.1 Birefringent phase matching

4.4.2 Frequency doubling of Gaussian beams 

…

Later:

Quasi-Phasematching in periodically poled crystals, fibers, waveguides, Bragg-structures

NLO Lecture 6: Phase Matching



Reminder SHG
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4.3 Wave propagation in linear non-isotropic media
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Wave propagation in linear non-isotropic media

Tensor



: only when propagation parallel to a main axis
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D parallel to 

phase fronts

E in general not 

parallel to phase 

fronts

S not necessarily

parallel to k



Form of dielectric susceptibility tensor
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e.g. Beta Barium Borate (BBO) 

Lithium Niobate (LN)
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Propagation different 

from main axes



Nonlinear optical susceptibilities
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y-polarized wave decouples → ordinary wave

Wave in the x-z plane with polarization in x-z plane: extraordinary wave 

(Possible polarizations)



normal to index ellipsoid and 

parallel to Poynting vector
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Intermediate Summary
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4.4 Phase matching

4.4.1 Birefringent phase matching

non-critical 

phase matching 

here: for neg. birefringence, similar for 

pos. birefringence

Propagation along main axis with 

orthorgonal polarization (and 

zero-walkoff angles)
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Type-I critical phase matching
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only valid for small birefringence

Walk-off angle (between fundamental and harmonic propagation direction)



Walk - Off
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Gaussian beam with w0 → walk-off length



Type-II phase matching
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Phase matching achieved when:



Acceptance angle
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Weak birefringence
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Acceptance bandwidth
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Acceptance bandwidth… when frequency doubling a pulse

(temporal overlap)
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Acceptance bandwidth… when frequency doubling a pulse



4.4.2 Frequency doubling of Gaussian beams
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(arctan)



Gaussian beam
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Gaussian beam continued
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Gaussian beam continued
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Plane wave with radial beam profile:
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Estimate of conversion efficiency for Gaussian beam
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