From terahertz surface waves to spoof surface plasmon polaritons
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Abstract—Surface plasmon polaritons (SPPs) promise versatile
potential applications in many aspects and thus have been a
subject of enormous interest. However, in the terahertz regime,
due to perfect conductivity of most metals, it is hard to realize a
strong confinement of SPPs although a propagation loss could be
sufficiently low. Here we introduce the recent work from terahertz
surface waves to spoof SPPs based on metasurfaces.

the paired aperture resonators, nearly arbitrary phase profile is
achieved
that
allows
anomalous
(directional
and
focusing/diverging) SW launching and manipulation of the
wavefront. This unique approach would also enable promising
applications in polarization sensitive terahertz imaging and
sensing. The plasmonic mechanism developed in the terahertz
regime could also be expanded to the broad spectrum of
electromagnetic waves.

I. INTRODUCTION
urface plasmon polaritons (SPPs), a special form of
electromagnetic excitations propagating along a
metal/dielectric interface, have been widely exploited in
various scientific communities, ranging from physics,
chemistry to biology.[1] Owing to a confinement of the wave to
the surface and an enhancement of the optical field, SPPs are
very attractive in developing next-generation, ultra-compact
integrated plasmonic circuitry in which light and electric
signals can be transferred and processed simultaneously. In an
effort to realize subwavelength waveguides and compact
integrated circuits, it is vital to excite and control SPPs. This is
undoubtedly of great interest not only for the optical frequency,
but also for the lower frequencies. However, from optical to the
far infrared and terahertz (THz) range, the frequency dependent
metal dielectric constant undergoes drastic change. At THz
frequencies, since most metals behave as perfect electrical
conductors, the surface does not support bound modes of THz
surface waves. Therefore, for a long time, SPPs have been
considered to exist only at optical frequencies. What is the real
situation? Yes, at the planar interface of metal/dielectric,
terahertz SPPs could not be confined very well and propagate
as a half-free-space wave and we call it terahertz surface waves
(SWs). In order to realize high-confinement SPPs at THz
frequencies, corrugated metallic structures could be used to
support and propagate the SPPs, named spoof SPPs. Here we
show the recent results from controllable terahertz surface
waves to spoof SPPs based on metasurfaces.
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Fig. 1a. Illustration of designed spoof SPPs and experimental measured

Secondly, we theoretically and experimentally demonstrated a
THz spoof SPP waveguide structure consisting of periodic metallic
square pillars.[3]. Different waveguide components to be
investigated included a straight waveguide, an S-bend, a Y-splitter
and directional couplers. We identify directly and quantitatively the
propgation, bending, splitting and coupling of spoof SPPs at THz
frequencies. Figure 1a shows the waveguide structure that we
chose was a row of periodic metal pillars arrayed on the metal
surface, as well as the measurement methods. Our presented
results definitely show that such a structure can be designed
arbitrarily to achieve fruitful controlling of spoof SPPs. This kind of
plasmonic structure with good functionalities would lead to the
development of more robust and complex THz functional devices.
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