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Applications of Nonlinear Optical Effects in Silicon

Koji YAMADA, Hiroshi FUKUDA, Tai TSUCHIZAWA, Toshifumi WATANABE,

Hiroyuki SHINOJIMA and Sei-ichi ITABASHI

Enhancement of optical nonlinear effects in silicon photonic wire waveguides is discussed. Using
this enhancement, two types of efficient nonlinear optical functions are demonstrated. One is a
wavelength conversion based on a four-wave mixing effect. Internal conversion efficiency was
around —11dB when a CW-operated 160-mW pump was applied. Another is an all-optical
modulation based on a two-photon absorption effect. Modulation depth was about 509 when a
pump power was 300 mW. Performances of these functions were degraded by the free-carrier
absorption effect. To eliminate this problem, two practical methods were proposed: carrier
extraction using PIN structures and recombination enhancement using lattice defects.

Key words: nonlinear optics, silicon, waveguide, four wave mixing, two photon absorption, free

carrier absorption
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1.74 dB/cm

with defects: 16 dB/cm .
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