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Silicon Optical Modulators

A99 A%, FHY, JAF, 193
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This paper briefly reviews different types of Si optical modulators, development of which has shown
very rapid progress in recent years. In addition, it introduces some of Si optical modulator modeling
effects at Yonsei University for the goal of realizing high-performance Si electronic-photonic integrated

circuit transmitters based on Si ring modulators.

Si photonics is attracting significant amounts of research interest as a cost-effective way of
realizing optical interconnects that can overcome the interface bottleneck that present-day
electrical interconnects suffer from. Since monolithic Si lasers are not available, Si optical
interconnects must rely on external modulation of Si modulators whose performance greatly
affects the entire system performance [1].

Electro-absorption modulators (EAMs) have been actively investigated based on III-V
materials for long—distance optical communication applications. Although Si does not absorb
light at 1300/1500 nm wavelength, Ge-on-Si EAMs have been successfully developed that can
operate at very high speeds with small power consumption [2]. However, as of yet, the
required epitaxial growth steps for Ge-on-Si EAM cannot be easily incorporated within the
standard Si processing technology.

Si Mach Zehnder modulators (MZMs) can be relatively easily realized on SOI wafers with
the standard Si processing technology. Modulation in Si MZM 1is achieved with the plasma
dispersion effect caused by current injection in the forward-based PIN structure or depletion
length modulation in the reverse-biased PN junction. Although the former is much more
efficient, it has the intrinsic speed limitation. Consequently, most of the high-speed Si MZMs
reported so far are based on the reversed-biased PN junction [3].

Si micro-ring modulators (MRMs) are another type of Si modulators that are attracting a
great research efforts since they can drastically reduce the device footprint and enhance
energy efficiency. However, Si MRMs are highly sensitive to temperature and wavelength and,
because of this, a well-defined behaviour Si MRM 1is necessary[4], with which smart
electronics can be used for achieving stable operation of Si MRMs. Some of these effects at

Yonsei University will be presented.
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