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PPLN Waveguide Conversion Efficiency  

Q:  What is the definition of normalized conversion efficiency (NCE) of a PPLN waveguide? What is 

 the dependence of wavelength?  

A: 

NCE is the intrinsic efficiency of a nonlinear waveguide for wavelength conversion, which is 

derived from the waveguide mode overlapping of interaction wavelengths (1,23.) and 

effective nonlinear tensor (deff) for the selected nonlinear wavelength conversion process such 

as second harmonic generation (SHG) or sum-frequency generation (SFG) in the selected 

waveguide structure. Therefore, the normalized conversion efficiency (as NCE with its unit as 

%/W-cm^2) gives a simple way to predict output power (PSHG) under non-depleted pump 

power based on coupled pump power (Pin) and total device length L (cm). 
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NCE is scaled to the inverse square of each interaction wavelengths (1,23.), the inverse 

square of the mode field diameter and the mode overlapping conditions among interaction 

wavelengths, so the output power of SFG or difference frequency generation (DFG) can be 

easily deduced by: 

ininout
PPLNCE(SFG)(SFG)P




21

2  

ininout
PPLDFGNCEDFGP




21

2)()(  

where Pi-in (i=1, 2) is power of input wavelengths coupled into waveguide. 

 

Above normalized conversion efficiency gives a convenient rule to estimate the output power 

with given input power and device length. However, when there is a significant conversion 
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Fig.1. An illustration of modeling NCE of a PPLN waveguide, where P1-in and P2-in are the power 
coupled into waveguide by taking into account of insertion loss.  
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from input power into output power, pump depletion will need to be taken into consideration 

by 
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 Following is an example of NCE (SHG, in %/W-cm^2) versus pump wavelengths (assuming 

 single longitudinal mode) for the selected waveguides (SHG at 900-1700 nm): 
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Fig.2. Calculated SHG NCE as a function of pump wavelength in selected waveguides. 
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