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Abstract—A band pass filter based on hollow circular
waveguide loaded with axially periodic dielectric and gold
rings is demonstrated for THz frequencies. The presence of co-
axial gold rings can introduce the single mode operation due to
a high rejection values at the both-sides of pass-band, and an
acceptable confinement for the proposed structure. The
presented numerical results show that the influences of the
gold rings on the propagation properties are significant.
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I. INTRODUCTION

In recent years, terahertz technology has attracted
researchers’ attention in many areas, such as security,
biomedical, spectroscopy, astronomy, and high speed
communications. This recent progress in terahertz
technology has fostered the necessity to develop devices
capable of manipulating THz waves including switches [1],
modulators [2], filters [3-4], polarizer [5], etc., which can
reduce the complexity, cost, and dimensions of terahertz
systems. Periodic structures play very important roles in
microwave and optical filter networks [6]. The special
property common to all periodic structures made them so
unique is that they can support propagating waves only in the
specified frequency bands, commonly known as passband-
stopband dispersive characteristics and is of interest in
frequency filtering networks. Another property is that the
periodic structures support waves with a very low phase
velocity that is a crucial characteristic in travelling-wave-
tube amplifiers and backward wave oscillators. By inserting
the sequential gold rings along the axis of a hollow metal
waveguide loaded with axially periodic dielectric, we
suggest a metallic-SiO2 filter to realize the control of the
propagation waves and bandwidth characteristics. Compared
with most existing terahertz filters, the proposed structure
demonstrates much better transmittance and suppression
properties in pass- and stop-band, respectively.

In a cylindrical metal-only waveguide, the TE;; mode,
which has the greater practical significance due to its TEMoo-
like mode profile, suffers from higher losses because of a
stronger penetration of the electric field into the waveguide
walls[7]. The use of SiO, dielectric coating on the inner
surface of metallic hollow THz waveguides significantly
reduces the ohmic losses due to reducing the penetration of
the electric field into the waveguide walls[8]. However,
dielectric losses are introduced, and therefore, the choice of
dielectric plays an important role. For large enough diameter
waveguides, however, the developed dominant mode is
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Fig. 1. Schematic of the terahertz filter based on a circular waveguide
loaded with axially three-step periodic dielectric-gold rings.

confined into the air core of the dielectric-lined waveguide,
whereby dielectric losses are negligible [9-10]. In addition,
the use of a periodic dielectric structure instead of a uniform
dielectric one, leads to the appearance of space harmonics in
the wave field and we can expect having a broadband
frequency response. One of the interesting features of using
the overall dielectric and sequential gold-rings periodicity is
the increment of the frequency separation between the upper
edge of the first mode and the lower edge of the second
mode (stop-band). Obviously, the regimes with a maximum
stop-band are beneficial for providing stable single mode
operation. The numerical simulation approaches are utilized
to design and to analyze a wide variety of complex
electromagnetic structures. The accuracy and feasibility of
the proposed structure has been verified by two numerical
techniques. The achieved results based on these two
approaches has a very good agreement.

II. GEOMETRY AND MATERIALS

Figure 1, shows the sketch of the gold-SiO2 waveguide
filter. The gold-rings are periodically located inside a hollow
metallic circular waveguide which is coated internally with a
corrugated dielectric SiO, to manipulate the propagation
properties. Three corrugations have been chosen because of
compactness and the minimum possible transmission loss in
THz band. Three and five corrugations have been chosen to
keep the device compact and to minimize the device’s
insertion loss. SiO, with the refractive index of 1.996 and
the loss tangent of 0.0056 is chosen because of its low
absorption and low dispersion at THz frequencies [11]. For
the metal of the structure, the waveguide wall and the
sequential rings, gold has been chosen with the following
Drude parameters: €. = 9.1, @, = 1.38x10'° rad/s, and T
=1.075x10“Hz [12].
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Fig. 2. Simulated frequency responses of the proposed terahertz filter
based on five-step periodic dielectric-gold rings circular waveguide using

FEM and FIT methods.
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Fig. 3. Simulated frequency responses of the proposed terahertz filter
based on five- and three step periodic dielectric-gold rings circular

waveguide using FEM method.
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Fig. 4. The normalized group velocity and the group delay of the proposed

THz filter with five period.

The field analysis of an infinite air-cored periodically
corrugated dielectric waveguides has been presented. Under
the assumption that gold rings induce a small perturbation on
the overall behavior of the air-cored periodically corrugated
dielectric waveguide, we can use the presented rule in [13-14]
to determine the period of the corrugation as the primary

value for the optimization.

As mentioned in [13], for < Bd <2, in which d is period of

Fig. 5. Magnitude of the y component of the electric field distributions on
the xz-plane at different frequencies: (a) 0.94 THz (i.e., in the lower stop
band), (b) 1.08 THz (i.e., in the pass-band), and (c) 1.18 THz (i.e., in the

upper stop band), for three period.

the dielectric corrugation, the group velocity and the phase
velocity of the first passband (or TEii) are oppositely
directed and the backward -wave phenomenon occurs.
Hence, an initial guess for the corrugation period can be
taken as Bd>27 in size of guiding wavelength(4). All the
geometrical parameters including the cladding radius(z;,), the
period of the corrugated dielectric section(d), the air-core
radius(r;), and the dielectric groove radius(z;) can be
obtained based on the numerical parametric study with the
goals of the highest out of band rejection and also the best
matching through the entire pass-band regions, respectively .
The values of these parameters are shown in Fig 1.

III. RESULTS AND DISCUSSION

For electromagnetic periodic structures, no physical
devices can be made infinitely periodic. Therefore, real
devices must be often constructed by the limited number of
periods. For terahertz waveguide components, the small

length is desirable to minimize insertion loss.

The numerically calculated S-parameters (reflection |Sii| and
transmission |Sz;| coefficients) of the proposed filter in cases
of five periods using two different numerical methods of
finite element method (FEM) and finite integral technique
(FIT), are depicted in Fig 2. Figure 3 shows that the
structure’s passband is almost insensitive to the number of
periods. As demonstrated in Figs 2 and 3, the single mode
operation in a broad pass-band region of 0.96—1.16 THz has
been realized. Moreover, the proposed THz filter exhibits a
sharp skirt characteristic at the lower and the upper edges of
the pass-band region with the attenuation higher than 50dB.
Meanwhile, a smaller insertion loss of 0.6dB/mm has been
achieved in the pass-band region for three periods.

As illustrated in Fig 3, the presence of the gold rings, as a
dispersive metal at THz frequencies and the periodic
dielectric corrugations only show negligible group velocity
variations in the bandwidth of 0.2THz. Moreover, the slow
wave behavior of the filter has been understood from the
group velocity. This low dispersion characteristic can
introduce the proposed filter as a potential candidate for
terahertz traveling wave tube applications.

The electric field distributions of the y-component on the xz-
plane, as the dominant component of TE;; mode are shown
in Fig 4 at three frequencies of 0.94 THz, 1.08 THz and1.18
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THz. The achieved results indicate that the proposed
structure prevents from propagating the electromagnetic
wave at the stop-band regions and only allows having a
confined field pattern in the pass-band region which is
required for any single mode application.

IV. CONCLUSION

In this paper, a band-pass filter based on a circular
waveguide loaded with axially periodic dielectric-gold rings
is presented for the application in terahertz regime, which is
studied numerically using approach of finite element
method(FEM) for two finite number of period of three and
five. The filter structure has been proposed for operating at
the dominant mode of circular waveguide (TE11), at the
center frequency of around 1THz with corresponding
bandwidth of 0.2 THz. We have shown that using thin gold
rings on the edge of each corrugations, a filter with at least
55dB out-of-band rejections at frequency notches, has been
achieved.
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