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The performance of microprocessors is limited by several problems such as signal delays and power
consumption by the electrical wiring. Surface plasmon polaritons (SPPs), which are collective electron
oscillations coupled to an electromagnetic field, have great potential as information carriers for use in on-chip
interconnections because they propagate along the metal surface at optical frequencies, achieving nano-scale
optical mode confinement beyond the diffraction limit. A wide range of plasmonic devices have been developed
including emitters, waveguides, modulators and detectors. The signal response and transmission of plasmonic
devices have also been studied. However, there have been no reports on the monolithic integration of plasmonic
devices for use in on-chip interconnections in electrical circuits. In this study, silicon-based plasmonic devices are
developed. These plasmonic devices are monolithically integrated with electrical circuits based on
metal-oxide-semiconductor field-effect transistors (MOSFETS) on silicon substrates. The feasibility of an on-chip
interconnection using SPPs as the coherent carrier waves is also demonstrated.

First, a novel silicon-based SPP detector is realized. The detector consists of a gold film with a nano-slit
grating on a silicon substrate. It converts optical signals into electrical signals using a photocurrent. The structure
of the nano-slit grating of the detector is optimized in terms of the slit depth and pitch by analytical calculations
based on the finite-difference time-domain method to enhance the SPP intensity at the gold/silicon interface. The
optimal structure resulted from the resonance effect of the SPP mode inside the slit, acting as a Fabry—Perot
cavity and the in-phase interference of the SPP mode generated by each slit. SPP detection is verified in one of
the detectors fabricated at a photon energy of 0.80 eV, which is below the bandgap energy of silicon, by
observing the polarization dependence of the photocurrent. Detection of a signal with an optical frequency by the
SPP detector is also demonstrated by applying the optical heterodyne method.

Next, an SPP waveguide consisting of a gold film with light/SPP couplers (coupling and decoupling
gratings) on a quartz glass substrate is fabricated to confirm the coherent optical signal transmission through the
SPPs. In this device, a laser beam excites the SPPs via the coupling grating and propagates along the gold surface
as SPPs, before it is scattered toward free space via the decoupling grating. The beat spectrum between the light
beams through the SPPs and the reference beam is observed using an optical heterodyne method. The observed
beat spectrum indicates that the optical frequency-modulated signal can be transmitted through SPPs on a gold
surface. As the propagation distance of the SPPs increased, the full width at half maximum values of the beat
spectra were constant and the peak values of the beat spectra decreased. The retention of the coherence is also
confirmed by analytical calculations based on the Drude model. From these results, the feasibility of coherent
communication using SPPs as signal carriers is demonstrated.

Finally, monolithic integrated circuits composed of the developed SPP detector, waveguide and
MOSFETSs are fabricated on silicon substrates. Operation of the integrated plasmonic device using a laser beam
with a free-space wavelength of 1550 nm is confirmed from the photoresponse of this device. In the monolithic
integrated circuit, the photocurrent generated by the SPP detector drives the MOSFET-based electrical circuit
after the SPPs carry the optical intensity signal propagated along the surface of the gold film. It is demonstrated
that SPPs that propagate through the silicon-based circuits can be used as coherent carrier waves that carry
high-capacity signals by observing the beat spectrum output from the electrical circuit.

These results indicate the feasibility of the on-chip SPP interconnections for high-speed and
large-capacity data processing applications.




