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Silicon-based photonic integrated circuits (PICs) have been widely studied for high-speed and large
capacity signal transmitting or processing using waveguide patterns. Surface plasmons (SPs),
collective oscillations of free electrons at a metallic surface, can confine optical signal into
dielectric/metallic interfaces beyond the diffraction limit of propagating light. Therefore, SPs are
promising as signal carriers to realize high-density PICs comprising subwavelength-scale metallic
wires, and plasmonic components.

I demonstrate a half-adder operation with simple phase adjustment using plasmonic multimode
interference (MMI) devices, composed of dielectric stripes on a metal film. Plasmonic MMI devices,
composed of dielectric multimode waveguides on a metal film, can be used to realize
interference-based SP computing and optional phase shift adjustment in a simple structure. The
simultaneous operations of XOR and AND gates were substantiated numerically and experimentally
by combining 1x1 MMI based phase adjusters and 2x2 MMI based intensity modulators. In the phase
adjusters, I controlled the phase shift of the plasmonic signal by determining the propagation
coefficients of the fundamental guided modes of the waveguides. Obtained results confirm the
feasibility of logic operations in simple plasmonic MMI structures with on/off ratio of approximately
10 dB.

To realize high-density interconnections in PICs, low-loss and low-crosstalk crossing waveguides
are required for plasmonic device miniaturization and flexible patterning of the optical
interconnections. I propose MMI crossing waveguides that use mirror image patterns for the silicon
oxide stripes and evaluate their insertion losses and crosstalk both numerically and experimentally as
a function of crossing angle. As a result, the low losses (lower than 1.0 dB) and the low crosstalk
(lower than the background noise) have been confirmed experimentally.

I propose a novel gap-plasmon excitation structure for nonlinear plasmonic logic devices in PICs.
The structure consists of a gold stripe and tapered gap for refractive index matching to a gap
plasmonic waveguide and was fabricated at the top surface of a silicon-oxide-stripe-type plasmonic
waveguide deposited on a gold film. Propagating surface-mode plasmons, confined into the
dielectric-stripe waveguide, are localized at the corner of the gold stripe. Then, the localized lateral
plasmons are converted to the orthogonal-polarized gap-plasmonic mode by increasing the effective
refractive index of the gap waveguide using the tapered gap. The intensity ratio of the 100-nm
gap-waveguide mode to the dielectric-stripe-waveguide mode was estimated to be of 0.79 through
numerical simulations and plasmonic-field measurements. Finally, 1 propose and design an
all-plasmonic nonlinear logic device comprising Mach-Zehnder interferometer and directional
coupler. Numerical design results confirm the feasibility of logic operations using plasmonic field
enhancement with on/off ratio of at least 5.2 dB.

These results indicate the feasibility of the high-density plasmonic logic circuits for PICs.




