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Abstract— A THz ultra-broadband band-pass filter based
on coplanar-waveguide and spoof surface plasmon polari-
tons (SSPPs) is proposed, which can be operated from 0.65 THz
to 2.02 THz with high efficiency and compact size. Additionally,
the lower and upper cut-off frequencies of the proposed filter
can be controlled independently by changing the corresponding
parameters. The interdigital structure is used to filter the low
frequency wave, meanwhile, the SSPPs is designed for produc-
ing the upper cut-off frequency. The operating principles are
explained by dispersion curves and field distributions. The return
loss and insertion loss of the proposed filter are higher than 11 dB
and less than 2 dB in the passband, respectively. For validating
the proposed band-pass filter design concept, a prototype of a
filter operating at millimeter-wave frequency is fabricated and
measured, and the measured results have a good agreement with
the simulated ones.

Index Terms— Band-pass filter, coplanar waveguide, spoof
surface plasmon polaritons, terahertz filter.

I. INTRODUCTION

W ITH the rapid development of terahertz technology,
it is important and urgent to design and manufacture

terahertz devices. Terahertz filter is an indispensable operating
device in sensor, communication system and imaging applica-
tion. In recent years, various technologies have been reported
for the development of THz filters [1]–[8]. In [6], a 140-GHz
LTCC substrate integrated waveguide (SIW) filter based on
electric coupling was introduced, whose minimum insertion
loss of the filter is up to 1.913 dB. Moreover, a 140-GHz LTCC
SIW filter based on magnetic coupling structure was proposed
to improve the insertion loss [7]. However, the bandwidth of
the two filters should be expanded for future communication
system. Accordingly, a terahertz filter using double-stacked
metamaterial layers separated by an air gap was proposed,
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which realized a wide bandwidth from 0.2 THz to 0.8 THz [2].
Nevertheless, the transmission efficiency needs to be further
improved. In [8], a terahertz dual-resonance band-pass filter
using bilayer reformative complementary metamaterial struc-
tures was presented, which realized objective of improving
the filtering performance. Nevertheless, compared with other
types of filters, this kind of structure is slightly complex.
Therefore, seeking an efficient method to realize low insertion
loss, miniaturized, wide bandwidth and planar THz band-pass
filter is technically challenging.

Nowadays, with the development of spoof surface plasmon
polaritons (SSPPs) technology, making it possible to design
THz filters with simple structure, controllable frequency and
excellent transmission characteristics. Recently, a variety of
filters based on SSPP technology have been proposed in
[9]–[24]. In [12], Nagendra et.al presented a SSPP-based
reconfigurable band-pass filter, whose cut-off frequency can be
controlled by SSPP T-shape resonator and variable capacitor
device. However, the performance in frequency-controlling of
the filter needs to be enhanced. In order to solve this problem,
another SSPP band-pass filter with higher frequency selectivity
and wide rejection bandwidth is proposed [13], which achieves
a bandwidth from 0.17-0.52 THz with 87.85% relative band-
width. Nevertheless, the insertion loss needs to be improved.
Accordingly, a THz SSPP filter based on compact balanced
coplanar stripline was designed, whose cut-off frequency can
be easily controlled [15]. Moreover, a terahertz filter based
on SSPP waveguide and Archimedean spirals was designed
in [21], which has the distinguishing feature of frequency
selectivity and low insertion loss.

In this letter, we proposed a THz band-pass filter based
on CPW and SSPPs with the interdigital structure etch on
its middle metal line. The proposed THz band-pass filter has
a return loss of more than 11 dB and an average insertion
loss of 2 dB in the passband from 0.65 THz to 2.02 THz.
A prototype of the band-pass filter operating at millimeter-
wave frequency is fabricated and measured. The measured and
simulated results show a good agreement, indicating that the
proposed design has potential applications for engineering.

II. THEORY AND METHOD

A. The Proposed SSPP Unit Cell and Dispersion Curves

Fig. 1(a) illustrates the top view of the unit cell of proposed
THz SSPP, which is periodically made into a metal film on
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Fig. 1. (a) The top view of the proposed THz SSPP unit cell. (b) the
dispersion curves of CPW and the proposed SSPP unit cell with different
parameters.

Fig. 2. The top view of the proposed THz SSPP waveguide.

Fig. 3. The electric field distribution of the waveguide on the x-y plane at
1THz and 2.5THz.

the substrate. The blue part represents substrate with a relative
dielectric constant of 3.75, a loss tangent of 0.0004, and the
thickness is 27.5μm. The yellow part is the metal with 4μm
thickness. The width and gap of the CPW line are w and g,
respectively. The size of the proposed SSPP unit is denoted
by rx and p. The dispersion curves obtained from numerical
eigenmode simulations carried out by the commercial software
CST are shown in Fig. 1(b), which indicates that the upper
cut-off frequency of the proposed filter can be controlled
by changing its geometry dimensions. It is clear that as the
parameter rx increases from 13.75 μm to 15.75 μm, the upper
cut-off frequency decreases from 2.34 THz to 2.14 THz.

To more intuitively understand the excellent propagation
property of the proposed SSPP-based filter, Fig. 3 shows the
simulated electric field distributions on the x-y plane at 1 THz

Fig. 4. Simulated S-parameters of the SSPP waveguide with rx changing
from 13.75 μm to 15.75 μm in step of 1 μm.

and 2.5 THz. It can be clearly seen that within the cut-off
frequency of SSPP waveguide, the structure has good low-
pass characteristics.

B. The Proposed SSPP Waveguide and
Low-Pass Performance

In order to describe the low-pass performance of SSPP
waveguide in detail, the initial parameters of the structure are
given as follows: L1 = 390.5μm, L2 = 146.5μm, t = 4 μm,
h = 27.5 μm, rx = 14.75μm, W = 19.25 μm, g = 5.5 μm.
The transmission and reflection characteristics are shown in
Fig. 4, which have high low-pass transmission efficiency.
Moreover, it can be seen that the cut-off frequency of the
waveguide can be flexibly turned by changing the physical
dimensions of SSPP units. As rx increases from 13.75 μm to
15.75 μm, the upper cut-off frequency reduces from 2.34 THz
to 2.14 THz.

C. The Interdigital Structure and the Proposed
Band-Pass Filter

In order to realize the low frequency filtering characteristics
and control the lower cut-off frequency based on the proposed
SSPP waveguide, the interdigital structure is added in the
center of the SSPP unit cell, which composes of the proposed
band-pass filter design, as shown in Fig. 5(a). Fig. 5(b) gives
the structure of SSPP element with interdigital structure.

Fig. 6 shows the transmission and reflection characteristics
of the band-pass filter. As l increased from 3.5 μm to
4.5 μm, the lower cut-off frequency decreases from 0.73 THz
to 0.59 THz and the upper cut-off frequencies maintain
unchanged. It means that the low frequency of the proposed
filter can be controlled by changing the geometric parameters
of the interdigital structure. Moreover, it can be clearly seen
that the proposed filter shows a good band-pass filtering
characteristic while maintaining a good out-of-band rejection,
the |S21| is lower than −10 dB from 2.18 THz to 2.5 THz
when l = 4 μm.
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TABLE I

COMPARISON TABLE WITH OTHER EXISTING BAND-PASS FILTERS

Fig. 5. (a) The top view of the proposed THz SSPP band-pass filter. (b) SSPP
element with interdigital structure.

III. EXPERIMENTAL VERIFICATION

A band-pass filter operating at millimeter-wave frequency
was fabricated to verify the proposed THz design concept.
A special coplanar waveguide conversion part is designed in
the filter, which is aimed at convenient detection for probe
platform. Fig. 7 shows the proposed millimeter-wave band-
pass filter with the conversion part. The thickness of the
substrate and metal are 0.127 mm and 0.004 mm, respectively.
The dimensions of fabricated millimeter-wave band-pass filter
are: W1 = 0.64 mm, L3 = 9.38 mm, L4 = 2.024 mm,
g1 = 0.052 mm, g2 = 0.14 mm. Fig. 8(a) and (b) are the
fabricated prototype and the testing platform. The simulated
and measured results of the proposed design are presented in
Fig. 9. The measured insertion loss of the center frequency is
1.1 dB and the return loss is over 10 dB within the passband
of 40-100 GHz. The measured results agree well with the
simulated ones, which indicates that the design concept for

Fig. 6. Simulated S-parameters of the band-pass filter with l changing from
3.5 μm to 4.5 μm in step of 0.5 μm.

Fig. 7. Diagram of the microwave frequency band-pass filter.

THz band-pass filter has a great potential application in
practical engineering in the future.

Table I summarizes the simulated performance comparison
of the existing THz filter designs. It can be seen that the
filter realized by SIW in [6] achieves a bandwidth from
0.131-0.149 THz, whose relative bandwidth is only 13.03%.
The terahertz dual-resonance band-pass filter using bilayer ref-
ormative complementary metamaterial structures is proposed
in [8], which works at a higher frequency. However, it is
limited to its λ relative bandwidth and size. In [12] and [24],
two SSPP-based THz filters were proposed, whose band-
width cover from 0.17-0.52 THz with 87.85% relative band-
width and 0.208-0.256 THz with 20.7% relative bandwidth.
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Fig. 8. Photograph of the (a) fabricated band-pass filter (b) test platform.

Fig. 9. Measured and simulated S-parameters of the filter.

Compared with other type band-pass filters, the proposed
design in this letter exhibits the advantages on bandwidth,
relative bandwidth, insertion loss, and controllable frequency.

IV. CONCLUSION

In this letter, a THz ultra-broadband band-pass filter based
on CPW and SSPPs is proposed. The proposed design is
analyzed by the dispersion curves and electric field distrib-
utions. The lower and upper cut-off frequencies can be tuned
by changing the related parameters. A prototype of the band-
pass filter operating at millimeter-wave frequency has been
fabricated, and the measured results are in good agreement
with the simulated ones. The proposed band-pass filter has
the advantages of high transmission efficiency, easy frequency
adjustment, simple structure and small size, which makes it
to be very useful for a wide variety of millimeter-wave and
terahertz applications.
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