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4 Frequency doubling  

... 

4.4.4 Effective nonlinear coefficient d
eff 

 

4.4.5 Quasi-phase matching (QPM) 

4.5 Optical rectification 

4.6 Manley-Rowe relations 

4.7 Sum-frequency generation (SFG) 

4.8 Difference-frequency generation (DFG) 

4.9 Optical parametric amplification (OPA) 

4.10 Optical parametric oscillation (OPO) 
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4.4.3 Effective nonlinear coefficients 

Eo║ 
║De 
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4.4.3 Effective nonlinear coefficients 

Eo║ 
║De 
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type-I PM 

type-II PM 

2cosjsinj 

multiplication with T 
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4.4.5 Quasi-phase matching (QPM) 
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http://www.covesion.com 

high technological relevance! 

 

custom-engineer phase matching 

e.g., mid-IR, THz generation 

fan-out QPM gratings 

chirped QPM gratings 

waveguide QPM devices etc. 



Dktotal= Dkprocess+2p/L(z) 

L(z)  grating period 

 
 no walk-off 



4.5 Optical rectification 
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4.6 Manley-Rowe relations 
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4.7 Sum-frequency generation (SFG) 

13 



14 



15 



16 



4.8 Difference-frequency generation (DFG) 
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E* in contrast to SFG 
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4.9 Optical parametric amplification (OPA) 
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symmetric  

in 1 and 2 
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g becomes  

imaginary: 

sinh  sin 

 

sinh2=cosh2-1 
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gain bandwidth increases 

with stronger pumping 

 

noncollinear type-I OPAs 

feature ultrabroad 

bandwidth for few-optical-

cycle pulse generation 

( later lecture) 



4.10 Optical parametric oscillation (OPO) 
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