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The performance of electronic integrated circuits is limited by the miniaturization of the electrical wiring. A
novel interconnect technology is expected to solve this problem. Surface plasmon polaritons (SPPs), which are
excited at a metal surface, have the potential as to act as an information carrier at the nano-scale region because
signals can be carried more efficiently through optical confinement compared with optical interconnect
technology. The plasmonic waveguides are mostly made of metal structures, and therefore are potentially useable
as transmission lines for not only optical signals but also electrical signals. Recently, to demonstrate a plasmonic
interconnect, many plasmonic components have been developed, such as plasmonic waveguides, detectors, and
modulators. In this study, we integrated developed an on-chip plasmonic component using silicon processing
techniques to demonstrate the fundamental technology for a plasmonic interconnect.

First, we developed a plasmonic device consisting of a plasmonic waveguide and a detector on silicon
substrate. The grating fabricated for the SPP coupler was designed using finite-difference time-domain (FDTD)
simulations. The coupling direction of the SPP depended on the slit pitch of the grating; the optimum slit pitch for
controlling the coupling direction was derived from a simple diffraction equation for a grating. Therefore, the
feasibility of the technology for control of the SPP coupling direction is demonstrated. The designed plasmonic
waveguide and detector with SPP coupler was then fabricated on a silicon substrate using silicon processing
techniques. Operation of the fabricated plasmonic device was confirmed from the photoresponse of this device.
From the dependence of the photocurrent on polarization angle, the SPP propagation and electrical detection on
silicon substrate was experimentally demonstrated.

Next, the feasibility of plasmonic signal transmission through the metal waveguide with applied electrical
bias is discussed. The structure with a separation gap inserted between the plasmonic waveguide and detector was
simulated by the FDTD simulation to evaluate the possibility of the electrical detection and the scattering pattern
at the end of waveguide. The scattering pattern was represented by an interference fringe generated from point
light sources. Transmission of the optical signal through the separation gap is also expected. To demonstrate the
optical transmission and electrical bias separation, the device was fabricated based on the simulation. From the
bias voltage dependence of the photoresponse, the electrical separation between the waveguide and detector was
confirmed. At the same time, an intensity modulated plasmonic signal was measured at the detector. Therefore,
the feasibility of optical transmission and electrical bias voltage separation through the separation gap was
demonstrated.

Finally, we investigated the coherence of SPP propagation at the waveguide with an electrical bias current.
The coherence was evaluated by estimating the center frequency and full-width at half-maximum from the beat
signal using the delayed self-heterodyne method. The dependence of the electrical current density on the center
frequency and the full-width half maximum were negligible; thus SPP propagation along the waveguide with the
electrical current is coherent.

From this above result, we demonstrated the integration of the plasmonic devices on silicon substrate and
fundamental technology for a plasmonic interconnect was developed, as demonstrated by SPP propagation along
the plasmonic waveguide using silicon processing technigues.




