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Abstract—A three-dimensional (3D) stub-type plasmonic filter
is analyzed using the FDTD method based on the trapezoidal
recursive convolution technique. The peak transmissivity of the
3D filter is calculated to be ~50%, while the two-dimensional
filter yields more than 90% transmissivity. To improve the
transmissivity of the 3D filter, we insert a dielectric material into
the stub section. It is found that the transmissivity is increased
to more than 80% with the stub section being filled with SiC.

I. INTRODUCTION

Surface plasmon polaritons propagate along a metal-
insulator interface at optical frequencies. In particular, a metal-
insulator-metal (MIM) structure has received attention, since
the light can be confined and guided in a subwavelength
region. Using the MIM structures, several plasmonic filters
have been investigated, e.g., the characteristics of stub-type
filters have been studied theoretically [1], [2]. Note, however,
that most of these investigations have been performed using
two-dimensional (2D) structures, and not so much attention
has been paid to practical three-dimensional (3D) structures,
except for our recent work regarding grating- and slit-type
filters [3].

The purpose of this article is to investigate the transmission
characteristics of a 3D stub-type plasmonic filter, in compar-
ison with a 2D filter. To analyze these filters, we use the
frequency-dependent FDTD method based on the trapezoidal
recursive convolution (TRC) technique [3], [4]. It is shown that
the 2D filter yields a peak transmissivity of more than 90%. In
contrast, the transmissivity of the 3D filter is reduced to about
50%. This reduced transmissivity is mainly due to the fact that
appreciable radiation occurs at the structural discontinuities in
the stub section. To improve the transmissivity of the 3D filter,
we introduce dielectric materials such as SiC and SiOs into
the stub section. It is found that the transmissivity is increased
to more than 80% with the stub section being filled with SiC.

II. DISCUSSION

The stub-type filter to be analyzed is shown in Fig. 1. The
metal gap width w of the input/output sections is fixed to
be 0.05 pm. The metal thickness is chosen to be h=oc for
the 2D filter, and h=0.05 pm for the 3D filter (the latter
is a typical thickness of the 3D plasmonic gap waveguide
[5]). The stub length and width are set to be Lg= 0.59 pum
and Ws=0.1 pm, respectively. The refractive index in the
stub section is denoted by mg. The metal is chosen to be
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Ag, the dispersion of which is expressed by Drude model
[6]. The Drude model is incorporated into the FDTD method
using the TRC technique [3], [4]. The spatial sampling widths
are Az=Ay=Az=0.005 pm. The wavelength response at the
output port is calculated using Fourier transform together with
the pulse excitation technique.
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Fig. 1. Stub-type filter.
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Fig. 2. Transmission spectra.

Fig. 2 shows the transmission spectra for ng=1.00, in which
the 3D result is compared with the 2D one. It is seen that a
high transmissivity of 96% is obtained for the 2D filter at
A=0.74 pm. Note that the field in the 2D filter is completely
confined to the waveguide and stub, leading to the high
transmissivity. In contrast, the transmissivity of the 3D filter
deteriorates to 51% at A=0.78 pm. This low transmissivity
is mainly due to the fact that appreciable radiation occurs
at the large structural discontinuities in the stub section.
Although not illustrated, the metal thickness should be more
than h=2 pm to achieve the comparable transmissivity of the
2D filter.
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Fig. 3. Transmission spectra (h=0.05 pm).

To suppress the radiation at the discontinuities for the 3D
filter, we insert dielectric materials such as SiC and SiO; into
the stub section. The refractive indices of SiC and SiO, are
ng=2.60 and 1.45, respectively. Fig. 3 depicts the transmission
spectra for several ng values. It is found that the peak
transmissivity increases, as ng is increased. For ng=2.60, a
high transmissivity of 83% is achieved at A=1.23 pm, which
results from the increased confinement of the field into the stub
section. In other words, the Q value of a cavity is increased
with the dielectric material.

Note that the transmission peak shifts towards the longer
wavelength for a large ng. This comes from the fact that the
effective length of the stub becomes longer with an increase
of ng. Fig. 4 shows the transmission spectra, in which the stub
length is adjusted in such a way that the peak frequency for
ng=2.60 becomes close to that for ng=1. When Lg is reduced
from 0.59 to 0.27 pm, the peak frequency shifts to 0.73 pm
with a transmissivity of 85%. Even for the 3D stub-type filter
with a thin metal layer, a high transmissivity comparable to the
2D counterpart is obtainable with a stub filled with a dielectric
material.

Finally, we explain the reason for achieving the high
transmissivity by illustrating the propagating field in the stub
section of the 3D filter. Fig. 5 shows the E, field distributions
in the x-y plane observed in the stub section at the peak
frequency, in which (a) is for ng=1.00 (Lg=0.59 pm) and (b) is
for ng=2.60 (Lg=0.27 pm). In Fig. 5(a), appreciable radiation
is seen in the £y directions, yielding a radiation power of
19%. On the other hand, in Fig. 5(b) the field is effectively

confined into the stub section, leading to a reduced radiation
power of 2.6%.

III. CONCLUSION

We have improved the transmission characteristics of a 3D
stub-type filter, in which a dielectric material is inserted into
the stub section. The transmissivity is increased from 51% to
85% with the stub being filled with SiC.
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Fig. 4. Transmission spectra. The stub length for ng=2.60 is adjusted.
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(b) ng=2.60 and Lg=0.27 pm.
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Fig. 5. E. field distributions in the -y plane observed in the stub section.
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