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ABSTRACT   

The field of nonlinear optics (NLO), launched about 60 years ago, has gained considerable momentum over the past two 

decades, resulting in an enormous growth in NLO publications for a wide range of material categories, including bulk 

materials, 0D-1D-2D materials, metamaterials, fiber waveguiding materials, on-chip waveguiding materials, and hybrid 

waveguiding systems. However, a convenient summary of NLO data collected since 2000 for these different material 

types has been lacking and would be a valuable resource for researchers in the field. Here, we present a new set of data 

tables showcasing a representative list of NLO properties taken from the literature since 2000 on the above-mentioned 

material categories. Furthermore, we provide best practices for performing and reporting NLO experiments. These best 

practices underpin the selection process that we used for including papers in the tables, and also form the foundation for 

a more adequate comparison, interpretation, and use of the NLO parameters published today and those that will be 

published in the future. 
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1. INTRODUCTION  

The idea of publishing a new set of data tables for NLO materials emerged in 2020 on the occasion of the 60th 

anniversary of nonlinear optics (NLO). Although several NLO data tables were published before the turn of the century, 

a data table that focuses on the post-2000 NLO research developments for a wide range of materials has so far been 

lacking. Nevertheless, there have been major breakthroughs in materials science and technology over the past two 

decades, and these have also accelerated the overall progress in NLO research. Here, we present a new set of data tables 

showcasing a representative list of second-order and third-order NLO properties taken from the literature since 2000 on 

the following material categories: bulk materials, 0D-1D-2D materials, metamaterials, fiber waveguiding materials, on-

chip waveguiding materials, and hybrid waveguiding systems.1 Note that not only optical-wavelength-based experiments 

but also THz measurements are included in the tables. Furthermore, we provide best practices for carrying out NLO 

experiments and for analyzing and reporting the obtained results.1 These best practices underpin the selection process 

that we used for including papers in the tables. Both the data tables and the best practices result from a 3-year-long 

international collaborative effort, and form the foundation for a more adequate comparison, interpretation, and use of the 

NLO parameters published today and those that will be published in the future. As such, the long-term goal of this work 

has been to help advance the development of innovative NLO materials, devices and systems for real-life applications in 

optical data communication, signal processing, metrology, medical imaging, sensing, quantum light generation, and 

many other areas. 

 

2. DATA TABLES AND BEST PRACTICES 

Our starting point has been to list general best practices for performing and reporting NLO measurements regardless of 

the NLO technique used. These general best practices were then complemented by technique-specific best practices, as 

measurements carried out with e.g. the Z-scan technique, nonlinear wave mixing or nonlinear interferometry each have 

distinct requirements. Next, we made use of these best practices to select representative NLO works from the literature 

since 2000 on bulk materials, solvents, 0D-1D-2D materials, metamaterials, fiber waveguiding materials, on-chip 

waveguiding materials, and hybrid waveguiding systems. For the tabulated materials, we listed both second-order NLO 

coefficients (e.g. the nonlinear susceptibility χ(2)) and third-order NLO coefficients (e.g. the effective nonlinear index 

n2,eff). In the tables, we also included NLO conversion efficiencies in case techniques such as second-harmonic 

generation, stimulated Raman scattering or four-wave mixing were used. Finally, the data filled out by each co-author 

were cross-checked by another co-author to minimize errors. To illustrate the typical table outline, Figure 1 shows an 

excerpt of the data table for on-chip waveguiding materials with third-order nonlinearities (in this example, values are 

given for the two-photon absorption coefficient α2, effective nonlinear coefficient γeff and conversion efficiency η) along 

with SEM images for the listed entries. Our final work1 comprises 8 data tables for 8 material categories, each of them 

accompanied by an introductory text addressing relevant background information prior to 2000, as well as a discussion 

of the general trends seen in the data table (e.g., how the new post-2000 data represent an advancement) and some 

recommendations for future NLO research. 
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The tables indeed show strong advancements in NLO research over the past two decades. At the same time, we 

encourage the NLO community to implement the identified best practices in future works. For example, it is important to 

measure the wavelength dependence of the NLO response of a given material, since knowing the spectrum of the 

nonlinear absorption and the dispersion curve of the nonlinear refraction is extremely helpful for understanding the 

fundamental physical interactions leading to the observed NLO effects. To evaluate the practical applicability of NLO 

materials, it is also essential that papers clearly specify the material properties and fabrication details, and provide 

information on both the nonlinear and linear optical characteristics, such as the linear loss.1 By combining the data tables 

with best practices and recommendations for future experiments, we hope that our work will stimulate the overall 

progress in NLO science and also further its exploitation in real-life applications.  

 

 

  
Material  

Properties 

Measurement 

Details 

Nonlinear 

Properties 

Core 
 

Cladding 
 

Substrate 

Method 

Length 
Width 
Height 

Image 

Crystallinity 
 

Growth 
 

Lithography 

  

Propagation 

loss 
Wavelength 

Group-

velocity 

dispersion  

Pump  

Wavelength 

Peak Power 

Pulse Width 

Polarization 

Rep. Rate  

Probe/Signal  

Wavelength 

Peak Power 

Pulse Width 

Polarization 

Rep. Rate  

α2 

γeff 

  

Reference 
 

Additional 

parameters and  

comments 

Si 
 

SiO2 and 

Si3N4 
 

Si 

Nonlinear 

transm./refl. 

4mm 
0.6µm 

0.22µm 

Fig.1(a) 

Monocrys. 
 

- 
 

Photolith. 

 

4.5 - 7.0 

dB/cm 

1800-2300 

nm 

- 

2200 nm 

6.0 W 

2.0E-12 s 

TE 

7.6E+7 Hz 

- 

- 

- 

- 

- 

 

3E-13 

m/W 

- 

- 

[Liu2011] 
 

α2 vs. 

wavelength 

shown in 

reference 

a-Si 
 

SiO2 
 

Si 

Four-wave 

mixing 

6mm 

0.5µm 

0.198µm 

Fig.1(b) 

- 
 

PECVD 
 

E-beam 

3.5 dB/cm 

1550 nm 

-1.3E-26 

s2/m 

1550 nm 

6.3E-2 W 

1.9E-12 s 

TE 

1.0E+10 Hz 

1560 nm 

8.0E-4 W 

2.1E-12 s 

TE 

1.0E+10 Hz 

 

- 

3E+3 

m-1W-1 

5 % 

[Wang2012] 

 

 
Figure 1. Excerpt of the data table for on-chip waveguiding materials with a third-order nonlinearity, together with SEM 

images for the listed entries.1 
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