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A bulls-eye structure, in which a subwavelength aperture on a metal substrate is surrounded by a concentric
circular grating structure, has been known to show the anomalous transmission effect for a normal incident
electromagnetic (EM) wave when the EM wave resonates to the grating structure. Its light collecting nature into
the tiny area around the aperture has been applied to high resolution imaging[1]. So far, we have proposed the
light collecting nature applied to an antenna for wireless communication devices in the THz region. We will
present a waveguide structure coupled with a bulls-eye which shows possibility to control the phase and the
propagation direction of the THz wave in the waveguide via the polarization state of the incident beam to the
bulls-eye.
Due to the bulls-eye’s center symmetric character, the transmittance is independent of the polarization angle of
the normal incident beam. The transmitted light passing through the subwavelength aperture has high
wavenumber component. These features of the bulls-eye provide robustness for coupling to a waveguide when
the waveguide is located nearby exit of the aperture. Now, we suppose that a strip-line type waveguide located
nearby the aperture and the weveguide mode is coupled with the
incident THz-wave through the bulls-eye and its aperture as
shown in Fig. 1. The phase relation between the waves
propagating along +x and -x directions depends on the
polarization direction of the incident beam, as, when x-(y-)
polarized case, the waves are in opposite phase (in phase).
Furthermore, we introduce the symmetry breaking in y- direction
by locating the waveguide not immediately above, but slightly
shifting along y-direction. When immediately above case, the
lowest propagation mode can not be coupled by y-polarized
incident beam because of the selection rule of the coupling.
However, for the asymmetric case, the lowest propagation mode
can be allowed for both x and y polarized beams incidence. The Figure 1. Configuration of the waveguide
waves propagating to +/-x direction excited with the beam couple with a bulls eye. The location of the
linearly polarized to the direction tilting by from y axis can be waveguide is slightly deviated from
directly above of an aperture in the bulls
formulated as,
eye.
sin
cos
(1)
,
cos
sin
where, A and B are coupling constant given in real numbers,
and are phase delay through the coupling. This means that one
can control the phase difference between
and
via the
polarization angle . Furthermore, by modifying this formula,
we found that one can switch the propagation direction if the
polarization state of the incident beam is changed from linear to
elliptically polarized beams. We verified such controllability
with the numerical simulations (Fig.2). We believe this work
will be one of base techniques for THz communication and
precise measurement.
Figure 2. (a) phase difference control
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and (b,c) propagation direction control by
polarization state of the incident beam.
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