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In this thesis, toward on-chip WDM system, an athermal wavelength filters using Si slot waveguides
embedded with Benzocyclobutene which achieve stable operation against temperature vibration resulted
from LSI logic layer were studied. The athermal Si slot waveguides have advantages of needless power
consumption, small footprint and device flexibility.

For the design of athermal structure, the waveguide and gap widths for Si slot waveguides were
controlled to cancel out the temperature coefficient of refractive indices between Si and BCB. Furthermore,
the structural sensitivities for wavelength shift temperature coefficient were theoretically evaluated, and
that for athermal Si slot waveguide was found to be superior to that for narrow-width type athermal
waveguides.

In order to realize the Si photonics devices, the micro-fabrication and loss reduction technologies were
established. By introducing the beam step-size (BSS8) fracturing and proximity effect correction (PEC)
technologies for the electron beam lithography, the propagation loss was reduced as well as the exposure
time. Also, design for low-loss optical circuits was investigated by integration of multiple waveguides
structures, and the propagation loss was improved to less than 1 dB/cm with the waveguide with the width
of 1 pm.

Then, athermal wavelength filters based on Si slot waveguide was fabricated. By controlling the gap
width to 270 and 210 nm for MZI and ring resonator for the waveguide width of 700 nm, the wavelength
shift temperature coefficients were measured -0.9 and 0.5 pm/K, respectively, which are small enough to
utilize to 100-GHz channel spacing WDM signals.

Finally, the athermal Si slot ring resonator array typed WDM filter was designed and fabricated. At
first, signal transmission analysis was theoretically executed and the spectral efficiency of 0.09 bit/s/Hz
was obtained by controlling the parameters of channel spacing and coupling coefficient between ring and
bus waveguide. Furthermore, wavelength trimming technology using DUV exposure to BCB was
investigated, and a 4ch-WDM wavelength filter was demonstrated.

Through this entire thesis, the potential of the athermal wavelength filters based on Si slot waveguides
as a countermeasure against operation temperature vibration from LSI logic layer were discussed.
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