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In this work, a bandwidth tunable microstrip band-stop filter is theoretically investigated and experimentally
verified based on the concept of localized spoof surface plasmons. By placing a conventional microstrip at
the bottom center of a symmetrically periodically corrugated metallic strip, which supports spoof surface plas-
mons with a single defect or a series of defects of continuously variable dimensions, localization of the quasi-static
field propagating along the microstrip can be realized, thus facilitating control of the central frequency, band-
width, and absorption level of the microstrip band-stop filter. A band-notched microstrip and a band-stop one
are cautiously designed and verified through simulations and experiments, which can find potential applications
in microwave band-stop circuits. © 2016 Optical Society of America
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1. INTRODUCTION

Surface plasmons (SPs) are electromagnetic waves that exist at
the interface between the metal-dielectric of opposite signs
in electric permittivities at infrared or visible frequency [1].
The SPs present high spatial confinement by significantly
reducing the effective wavelength of surface waves [2]. In gen-
eral, SPs originally exist in two types of modes: one is the propa-
gation mode at the interface of metal and dielectric, named
surface plasmon polaritons (SPPs) [3]; the other is the reso-
nance mode on subwavelength metal particles, named localized
surface plasmons (LSPs) [4]. When the frequency is reduced to
THz and microwave bands, it is difficult to excite SPPs and
LSPs because noble metals turn out to be good conductors in-
stead of dielectrics with negative permittivity [5]. To realize
high-confinement at lower frequencies, an effective approach
is to pattern a metal surface with periodical grooves or holes,
which may significantly improve the confinement of SPPs and
LSPs even in the PEC limit [6–10].

Ultrathin corrugated metallic strips have been proposed to
support conformal surface plasmons (CSPs) on curved surfaces
or spoof SPPs on planar paths, leading to various ultrathin mi-
crowave and THz plasmonic functional devices [11–15]. Spoof
LSPs were found to be supported on a 2D periodically textured
metallic cylinder [16–18]. Magnetic LSPs supported by cylin-
drical structures were then theoretically and experimentally

explored in [19]. Later on, high-order spoof LSPs in periodi-
cally corrugated metal particles also were investigated in [20].
Liao et al. [21] proposed a compact combined system to sup-
port compound resonances with the coupling between spoof
LSPs and SPPs, which may find potential applications in sens-
ing and integrated photonic circuitry. Recently, by introducing
a defect on grooved metallic arrays, a localized subwavelength
surface defect mode that emerges in the bandgap was realized in
the microwave regime [22]. Borrowing the same idea, narrow
or multiple narrow stop bands have been generated flexibly and
conveniently in a conventional coplanar waveguide by intro-
ducing one or more defect units into the ultrathin periodic
corrugated metallic strips on the back of the substrate [23].

In this work, we design a bandwidth tunable microstrip
band-stop filter by adding a subwavelength periodic corrugated
metal strip with defect units on top of a conventional micro-
strip. The defect mode exists in the bandgap between the
fundamental and the first higher mode of the spoof surface plas-
mons that are supported on this corrugated metal strip, which
can be introduced to form a stop band. When a series of defects
with continuously variable dimensions are introduced in the
spoof SPPs waveguide, they will arouse strong and continuous
coupling with the microstrip, resulting in a broad stop band in
the microstrip bandwidth. It is interesting to note that the ab-
sorption level and center frequency of each stop band could be
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adjusted conveniently, thus making it possible to get a broad
stop-band filter with a series of continuously variable dimen-
sioned defects. Both theoretical analysis and experimental re-
sults validate our idea, which have important applications in
band-stop circuits and systems. This structure is of simple con-
figuration, low profile, and frequency tunability and can find
wide applications in the band-notched devices in the plasmonic
and microwave circuit.

2. ANAYLSIS AND DISCUSSION

To begin with, we shall first briefly look at this band-stop mi-
crostrip filter, which is a two-layered structure fabricated sep-
arately at a lower price. The upper layer consists of corrugated
metallic strips and substrate, which can support spoof SPPs
modes, and the lower layer is a conventional microstrip line.
Figures 1(a) and 1(b) show the top view of two kinds of cor-
rugated metal strips, which have two types of shapes, namely I
and II, and Fig. 1(c) illustrates the top view of the microstrip
line. For the upper layer, the ultrathin metallic strips are copper,
and the supporting substrate (Rogers 6010) is 0.635 mm thick.
For the lower layer, the width of the microstrip signal line
w2 � 3.1 mm, and the supporting substrates (Rogers 5880)
is 1 mm thick. Both copper layers are of 0.018 mm height
and with a conductivity of 5.8 × 107 S∕m. Figure 1(d) presents
the cross section of the two-layered structure.

We first study the unit cell of the compound structure, in
which the period, width, and depth of grooves are designed as
p � 3 mm, d � 2.5 mm, and h1 � 2.6 mm, respectively. To
investigate the propagation features of the SPPs mode, we first
study the dispersion relation of two composite structures, as
shown in Fig. 2 for two different groove shapes (marked I and
II). Compared with Shape I, Shape II adds a orthogonal strip at
the end of the strip forming a T-shaped strip, with the dimen-
sion a � 2 mm and b � 0.2 mm. It is obvious that the SPPs
are in the nonradiative region, capable of confining EM waves

on the surface. And there is a bandgap between the fundamen-
tal and the first higher mode of the spoof SPPs with both bands
deviating significantly from the light line. The asymptotic
frequencies of the fundamental and the first higher mode
for the T-shaped strip is lower than the straight strip owing
to the extension part, which actually increases the effective
height of the groove.

With this photonic crystal bandgap in [22], the localized
spoof SPPs can be excited by introducing a point defect in
the spoof SPPs waveguide. The defect unit can be chosen
arbitrarily with any unit cell displaced with a shorter one
(h2 < h1). To demonstrate the transmission performance quan-
titatively, Fig. 3 gives the simulated S parameters of Shapes I and
II. It can be seen that the band-notched function of the straight
strip (Shape I) is much weaker than the T-shaped strip
(Shape II). Thus, in the following design, we only focus on
the T-shaped strip. The whole width of the strip is 2h1 � w1

and slightly larger than the signal linewidth w2 � 3.1 mm,
which is designed to match a 50 Ω input impedance. Two same
defects form a very narrow dip at about 7 GHz in the whole
transmission spectrum of the microstrip, shown as the solid
red line in Fig. 3(b), demonstrating an excellent band-notched
property in a narrow frequency regime. As mentioned in [23],
the strong coupling between the spoof SPPs waveguide and the
microstrip also will affect the transmission efficiency outside the
bandgap, in which several small dips occur, which can be mini-
mized by tuning the dimensions of the corrugated strips and the
dielectric thickness of the upper layer. The simulated field dis-
tributions of the Ez component on the surface of the microstrip
at the dip (about 7 GHz) are depicted in Fig. 3(d), exhibiting
strong field confinement and localization around the defects.
In addition, for the signal fed at the input port (left-hand side),
the electromagnetic energy was absorbed one by one passing
through the two defects along the transmission direction, indi-
cating that, if much stronger absorption is wanted, more defects
should be included with the same dimension.

To further evaluate the operation performance quantita-
tively, we fabricated the structure, as shown in the inset of

Fig. 1. Schematic configuration of the band-stop microstrip filter.
(a) Top view of the corrugated metallic strip, in which the length and
width of this layer are l 0 � 60 mm and w0 � 15 mm. The unit cell
of the strip is designed as p � 3 mm d � 2.5 mm, w1 � 0.2 mm
h1 � 2.6 mm. (b) Top view of the corrugated strip of T shape.
(c) Top view of the microstrip signal line with the width w2 �
3.1 mm. (d) Side-view cross section of the whole model. The corru-
gated metallic strip (I or II) is right above the microstrip line (III).

Fig. 2. Dispersion curves of the fundamental and first higher mode
spoof SPPs modes for two kinds of corrugated metallic strips, in which
the blue line corresponds to the straight strip and the red line corre-
sponds to the T-shaped strip. The inset shows the corresponding two
shape unit cell.
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Fig. 4. Two coaxial cables with 50 Ω port impedances are con-
nected to both ends of the microstrip sample via SMA connec-
tors. And two defects of the same groove height h2 � 2.0 mm
are designed with five periods in between. Figure 4 shows the
simulation results of the S parameters in solid lines as well as the
experimental ones (in dashed lines). We note that the proposed
microstrip structure provides an excellent band-notched func-
tion at 7 GHz within the propagating band. The center fre-
quency of the stop bands is in excellent agreement with the
full-wave simulations. Although there exists a discrepancy be-
tween the simulated and measured curves due to the misaligned
position of the two-layered structure during the experiment,
the proof-of-concept experiment validates our idea. And the
proposed corrugated strip with defects has excellent band-
filtering characteristics.

Inspired by the design above, in this section, we further
demonstrate that a broad stop-band microstrip filter could
be realized by placing a series of defects with continuously var-
iable dimensions on the upper layer, which can be explained
that these defects actually introduce a band-notch function
at a series of discrete frequencies forming a relatively broad
stop-band bandwidth. First, to quantitatively evaluate the

performance of the band-stop microstrip filter, we calculated
the S parameter of the structure in Fig. 5(a) with seven
defects of specific dimensions. As shown in Fig. 5(a), seven

Fig. 3. (a), (b) Simulated S parameters of the structure for two
different shape strips with two similar defects (h2 � 2.0 mm).
(c), (d) Simulated electric field distributions at two defects of different
shape strips I and II at the rejection frequency.

Fig. 4. Simulated (dotted lines) and measured (solid lines) S param-
eters of the structure with two similar defects (h2 � 2.0 mm).
The fabricated structure is shown in the inset.

(a)

(b)

Fig. 5. (a) Transmission spectrum (S21) of the structure for various
defect heights h2. (b) Simulated transmission coefficient S21 and
reflection coefficients S11 for the broadband case. Bottom inset: the
schematic picture of the broadband band-stop filter.
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different defect heights (h2 � 2.14, 2.01, 1.88, 1.73, 1.64,
1.51, and 1.39 mm) with nonuniform variations are cautiously
optimized to form seven narrow dips at seven equally spaced
frequencies at 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, and 7.5 GHz, facili-
tating the realization of high-performance band-stop character-
istics in the specified frequency range. We remark that different
criteria for choosing the defect height can be used to control
wide-band rejection beside this one. In Fig. 5(a), the solid lines
in different colors correspond to the transmission coefficients
S21 of the band-notched microstrips with different defect
heights h2, which are designed to form an approximately stop
band from 6.9 to 7.5 GHz. Additionally, we also can observe
that the band-notched frequency is controlled and can be ad-
justed by the height h2. When h2 approaches h1, the absorption
energy of the localized spoof SPPs becomes the weakest, thus
leading to a shallow dip on the S21 curve. From Fig. 5(a), we
also can observe that one single defect could only lead to a nar-
row notched band. Thus, to realize a high absorption level in a
wide frequency band, the whole bandwidth should be first
divided into N equally spaced frequency intervals of about
100 MHz. Then, the height of each defect unit should be opti-
mized to get a dip at the center frequency of each interval. In
order to get a high rejection level at each frequency, two defect
units of the same dimensions are used, leading to 2N (N � 7)
defect units as a whole. However, as shown in Fig. 5(a), the
absorption level is relatively weak when h2 � 2.14 mm, two
more defects with h2 � 2.14 mm are added to form a totally
16 defect unit broadband band-stop microstrip filter in the
inset of Fig. 5(b). The simulation results of the transmission
coefficients (S21) and reflection coefficients (S11) illustrated in
Fig. 5(b) demonstrate that a rejection bandwidth of 1.1 GHz
with S21 < −10 dB.

3. CONCLUSIONS

In summary, we have theoretically proposed a compact micro-
strip band-stop filter and verified it experimentally based on
localized spoof surface plasmons. By tuning the dimensions
and the number of the defect units, single or wide stop bands
could be conveniently introduced. The subwavelength metallic
strips, which can support spoof plasmons, play an important
role in the structure. Numerical simulations and experimental
results are provided to verify the above phenomena. In addi-
tion, this type of band-notched structure based on localized
spoof surface plasmons is easy to design and fabricate. In this
framework, we can realize tunable frequency-rejection devices
in the microwave and terahertz frequencies.
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