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4 Frequency doubling  

4.1 Without depletion of fundamental wave   

4.2 With depletion of fundamental wave 

4.3 Wave propagation in linear non-isotropic media 

4.3.1 Ordinary wave   

4.3.2 Extraordinary wave  

4.4 Phase matching 

4.4.1 Birefringent phase matching 

4.4.2 Frequency doubling of Gaussian beams  

4.4.3 Frequency doubling of pulses 

4.4.4 Effective nonlinear coefficient deff 
 

4.4.5 Quasi-phase matching (QPM)  
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Repetition: Nonlinear Wave Equation   



Some remarks on 
 
 
 
•The medium conductivity σ leads to losses and therefore 
damping of the propagating wave.  
•The medium’s nonlinear polarization can lead to both gain or 
damping, depending on the relative phase between the electric 
field and the polarization (parametric amplification, frequency 
conversion, stimulated scattering processes as Raman and Brillouin 
scattering, multi-photon absorption). 
•If the nonlinear polarization is in phase or in opposite phase of 
the electric field, it corresponds to a a nonlinear change of the 
refractive index, leading to a phase shift of the electric field 
(Pockels effect, Kerr effect).  
•If the polarization is advancing the field by 90o, the polarization is 
supplying energy to the field. In the opposite case, the polarization 
is extracting energy from the field.  
•phase relation is changing during propagation, if no phase 
matching of the process, i.e., k = kp, is achieved. 3 



4. Frequency doubling  
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The very weak spot due to the second harmonic is missing. It was 
removed by an overzealous Physical Review Letters editor, who 
thought it was a speck of dirt and didn’t ask the authors anymore. 



SHG in daily life: green laser pointer 
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Second harmonic generation (SHG) 

6 

Fig. 1: Phase relationships between fundamental, second harmonic and nonlinear  
polarization.  
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4.1 Without depletion of fundamental wave   

Second-harmonic generation (SHG) 
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coherence length: 
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4.2 With depletion of the fundamental wave  
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General solution: Jacobi elliptic function! 

For ∆k=0, second harmonic builds up such that  
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Solution for ∆k=0 
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With 

For perfect phase matching, 100% conversion possible for Γ l >> 1  

4.3 Wave propagation in linear non-isotropic media 
What to do if there is phase mismatch? 
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  Wave propagation in linear non-isotropic media 



: only when  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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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  



normal to index ellipsoid and 
parallel to Poynting vector 
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