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The purpose of this work is to establish a guideline for selecting materials that can enhance
nonlinear optical effects, and to develop high-performance wavelength-conversion devices in
silicon photonics based on the guideline. By summarizing previously reported nonlinear
refractive index n2 (third-order nonlinearity) for various dielectric and semiconductor materials,
it is found that n2 is approximately proportional to the —4th power of the bandgap E¢. Namely,
nonlinear optical properties can be scaled by Eg*. While SiN. has been used for the wavelength-
conversion devices in silicon photonics, higher-performance devices should be realized using
materials with smaller E;. GeNx is a promising material because of the smaller E; as well as the
compatibility with silicon process technology and the absence of optical absorption (two-
photon absorption) at the optical communication wavelengths of 1.3—1.6 um. The deposition
of GeNx is performed using reactive sputtering. By optimizing the deposition conditions, high-
quality GeNx film is successfully realized. This provides a promising outlook for developing
the wavelength-conversion devices.
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