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Abstract—A new type of microwave transmission line structure
is proposed in order to reduce the crosstalk between transmission
line circuits. In this structure, the edge of the metal strip line is
periodically corrugated with subwavelength grooves of appropriate
geometric parameters, and thus the transmission lines can support
highly localized spoof surface plasmon polaritons (SPPs) at microwave
frequencies. The theoretical simulation shows that the crosstalk
between such a transmission line and a conventional strip line
is very low at microwave frequencies, and this is further verified
experimentally. This type of transmission line structures has great
potential applications in high speed circuit systems.

1. INTRODUCTION

Recently, the signal transmission in high-speed circuits requiring
conduction wires high density has attracted increased attention. Thus,
crosstalk between conductor wires within the circuit has become a
serious problem. One of the widely adopted methods to reduce the
crosstalk is to decrease the coupling length and hence increase the rising
time and move the strips farther apart, however such method leads to
the growing of the circuit area and the decreasing of the transmission
rate.

As a promising approach, SPPs provide the possibility of guiding
electromagnetic (EM) waves beyond the diffraction limit. SPPs are
electromagnetic excitations propagating as evanescent waves along
the planar interface between a metal and a dielectric medium [1].
They have been at the centre of an unprecedented interest in the
photonics community [2–6]. It would be greatly advantageous to take
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concept of highly localized SPPs to the microwave regime, which could
open up a previously inaccessible length scale for microwave research,
with promising applications in the miniaturization of microwave
circuits as well as microwave imaging and sensing. At microwave
frequencies, however, metals resemble a perfect conductor as their
plasma frequencies are often in the ultraviolet part of the spectrum,
leading to SPPs highly delocalized on both flat and cylindrical surfaces.
As a consequence, SPPs suffer serious radiation loss (due to bends or
nearby objects) and undesired coupling between adjacent waveguides.
To enable high confinement of EM fields at lower frequencies, an idea
of engineering surface plasmon at any frequency was proposed [7–10].
By cutting holes or grooves in flat metal surfaces, the penetration
of EM fields into the metal increases and the frequency of existing
surface plasmons can be tailored at will. The existence of such
geometry-controlled SPPs, named spoof SPPs, has recently been
verified experimentally in the microwave regime [11]. More recently,
it has been reported that spoof SPPs at terahertz (THz) frequencies
can be sustained on periodically corrugated metal wires [12–14]. The
absorption loss of spoof SPPs in corrugated wires has also been studied
at THz and microwave frequencies [15, 16]. In this paper, a new type
of transmission line corrugated with periodical subwavelength grooves
is proposed to introduce SPPs into microwave regime for reducing the
crosstalk between transmission line circuits. The crosstalk between
non-uniform strip line and uniform strip line also had been systematic
investigated in [17, 18]. A directional coupler, whose two strip lines are
separated by a distance of the line width, is designed and simulated
numerically and measured experimentally over the frequency range
200MHz ∼ 12GHz. The results from measurement and simulation are
in good agreement. This type of structure has potential application in
high density microwave circuit and EMC systems.

Consider a periodically corrugated metal strip line for the
microwave regime, as illustrated in Fig. 1(a). This structures is
formed by an array of periodical grooves in the metal strip with depth
d, width a, and lattice constant Λ, which is on a substrate with a
thickness h and dielectric constant εr. In what follows, the dielectric
constant and thickness of the substrate are taken to be εr = 3.37
and h = 0.508mm, respectively. The metal strip is assumed to be
copper, with thickness t = 0.0175 mm, width w = 1.2mm, and relative
permittivity εm = iσ/2πε0f , where σ = 5.8 × 107 S/m [19], εo is the
free-space permittivity, and f is the microwave frequency. To reflect
the pattern of structured surface more clearly, we use the normalized
groove width ā = a/Λ instead of a when describing the geometry of the
strip line structure. The characteristic impedance of the uniform strip-
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Figure 1. (a) Periodically corrugated metal strip line structure. (b)
Dispersion curves for corrugated metal strip lines with two different
periods of 0.5 mm and 1mm.

line is 50Ω. We are interested in quasi TEM-polarized surface waves
propagating along the strip line. A full-vector finite-element method
and uniaxial perfectly matched layers are used to analyze the properties
of the periodically corrugated metal strip line. Finite element method
can provide the precise values of modal propagation constant for
the waveguide and of the S-parameters, so we can fully analyze the
transmission characteristics of the waveguides. The properties of spoof
SPPs in a corrugated strip line are closely controlled by the geometric
parameters of the strip line structure. Fig. 1(b) shows the dispersion
curves for spoof SPPs (also called SPP bands) on strip lines with
different lattice constants Λ. For all cases in Fig. 1(b), the groove
depth is d = 0.3w, and the normalized groove width is constant,
ā = a/Λ = 0.5. It should be noted that the propagation constant
(β) of spoof SPPs is limited to the first Brillouin zone, i.e., |β| ≤ π/Λ,
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Figure 2. (a) Coupled a periodically corrugated metal strip line and
a conventional strip line. (b) Values S21 of S41 and obtained from
the numerical simulation. (c) Values ofobtained from the numerical
simulation.
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so its actual range changes when Λ varies. As seen from Fig. 1(b),
the asymptotic frequency (fs) of spoof SPPs, which is evaluated at
the border of the first Brillouin zone (β = π/Λ), is fs ≈ 95.9GHz for
Λ = 0.5mm, and fs ≈ 65.1GHz for Λ = 1.0mm. For both cases,
the asymptotic frequency lies in the microwave regime, which provides
the possibility to tightly confine the fields guided by the periodically
corrugated strip line at microwave frequencies. It is naturally desired
that periodically corrugated strip lines can be used in the dense circuit
system to greatly reduce the crosstalk between neighbouring strip lines.
To demonstrate this, we consider the crosstalk between a periodically
corrugated and a conventional metal strip lines as shown in Fig. 2(a).

We use finite element method to theoretically analyze the
properties of wave transmission and coupling for coupled periodically
corrugated and conventional metal strip lines, as illustrated in
Fig. 2(a). An initial power is assumed to be injected into port 1.
The S parameters of the coupled metal strip lines as functions of
frequency are shown in Fig. 2(b). As the parameter S41 corresponds
to the coupling efficiency, it can also be used to analyze the EM field
confinement on the periodically corrugated metal strip line. In this
numerical simulation, we still use the substrate of Ro4003 with the
thickness h = 0.508 mm. The length of strip line is 10 cm, line width
w = 1.2mm, groove depth d = 0.3w, ā = a/Λ = 0.5, εr = 3.37,
and t = 0.0175 mm. The maximal frequency range available for our
next experimental investigation is chosen in the calculation of the S
parameters. For comparison, the values of S41 and S21 for the coupled
traditional strip-lines are also plotted as black lines in Fig. 2(b). The
parameters of the coupled traditional strip-lines are comparable with
those of the coupled periodically corrugated and conventional metal
strip lines, and we find that at f = 8GHz, S21 is −3.217 dB and
S41 is −3.896 dB. Blue dash-dot curves represent S-parameters for the
periodically corrugated and conventional metal strip lines, where the
period of the former strip line is Λ = 1.0mm. The value of S21 of
the periodically structured metal strip-line decreases slowly when the
frequency increases to 12 GHz. But for the coupler with conventional
strip line S21 shows monotonically decreasing as frequency increases
up to 12 GHz. When the frequency increases to 12 GHz, the S41

of the conventional metal strip-line increases monotonically. But for
the periodically corrugated metal strip-line coupler, S41 increases first
and then decreases with the frequency. At 8GHz, the magnitudes
of S21 and S41 are −1.318 dB and −9.358 dB, respectively. It is
valuable to mention that the coupler with periodically corrugated
metal strip-line coupler for Λ = 0.5mm couple less energy than that for
Λ = 1.0mm. Let us point out, S21 = −3.217 dB and S41 = −3.896 dB
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for conventional coupler at 8 GHz, the S21 and S41 at this frequency for
periodically corrugated metal strip-line coupler with Λ = 0.5mm are
−0.943 dB and −13.919 dB, respectively. In particular, the frequency
near to 12 GHz, the S41 can be less than −40 dB. In Fig. 2(b), we
also find that S41 of coupler with conventional microstrip increases
monotonously from 200 MHz and intersects the S21 curve at 8.4 GHz.
At 12 GHz, S41 even rises to −1.584 dB. Therefore large amount
of energy couples into another microstrip line, resulting in serious
crosstalk between conventional microstrip lines at high frequencies.
In the engineering point of view, the tolerable crosstalk between two
spaced microstrip lines is below −10 dB. For our considered strip line
system with Λ ≤ 0.5mm, the crosstalk S41 is below −12.7 dB in
the frequency range of our interest. Clearly, the use of periodically
corrugated metal strip line can facilitate the design of high-speed
circuits for a broad regime. Fig. 2(c) shows the values of S11 for the
same structures as in Fig. 2(b). The impedance of the periodically
corrugated strip line is not strictly equal to 50 Ω, and thus the value
S11 for the present structure is larger than that for the conventional
structure. However, this value of S11 is still within the acceptable
range.

The reduction of the crosstalk between a periodically corrugated
and a conventional strip lines is achieved by improving field
confinement of the first strip line. To characterize the field confinement
of the periodically corrugated strip line and compare it with that of
the conventional strip line, we introduce the field decay length defined
as the distance away from the edge of the strip line (in free space), at
which the field amplitude has decayed by a factor of e−1. Fig. 3(a)
shows the field decay length as a function of frequency for both the
periodically corrugated (solid line) and conventional (dashed line) strip
lines. In the frequency range of our interest, the field decay length is
nearly δ = 0.18w (w is the width of the strip line) for the periodically
corrugated strip line, and it is considerably smaller than that for the
conventional one, which is about δ = 0.45w. However, the strong field
confinement on the periodically corrugated strip line may lead to a
large absorption loss in the metal. As the field confinement on the
periodically corrugated strip line is closely related to the departure
of the wave frequency from the asymptotic frequency (fs) of spoof
SPPs, for a given frequency the behavior of the coupled periodically
corrugated and conventional strip lines are closely dependent on the
period Λ. To determine an appropriate value of Λ, the dependences
of S41 and S21 on Λ at 8 GHz are displayed in Figs. 3(b) and 3(c),
where the length of the coupled strip lines are L = 5 cm. Interestingly,
there exists a local minimum of S41 at Λ = 0.1mm and meanwhile,
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Figure 3. (a) Field decay length as a function of frequency. (b)
Dependence of S41 on period Λ. (c) Dependence of S21 on Λ. The
length of the coupled strip lines are L = 5 cm.
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S21 reaches its maximum at this point, so the value of Λ = 0.1mm is a
good choice for the considered strip line system. Evidently, there exists
a trade off between the crosstalk and energy loss for the application of
periodically corrugated strip line in circuit system. Our numerical
simulations show that by properly choosing the parameters of the
periodically corrugated strip line, low crosstalk is still feasible with
energy loss at an acceptable level, if the periodically corrugated and
conventional strip lines are alternately arranged in the dense high speed
circuit system (containing tens or hundreds of strip lines).

(a)

(b)

Figure 4. (a) Experimentally measured structure: Periodically
corrugated couple metal strip line, (b) experimentally measured data
of S parameters with the groove depth d = 0.3w and ā = a/Λ = 0.5.
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In order to verify that the new strip line structure can reduce
the crosstalk, we make an experimental investigation for our coupled
strip line circuit with four ports as shown in Fig. 4(a). The
confinement strength of EM waves on this new transmission line
can be analyzed through the S-parameter measurements with the
ZVB8 VNA manufactured by R&S. Signal is injected into the circuit
through port 1, then the S parameters were measured at four ports.
Coupling between the conventional microstrip line and the periodically
corrugated metal stripline is measured for εr = 3.37 (Ro4003), w =
1.2mm, and a stripline length of L = 10 cm. Two different periods
of Λ = 1.0mm and 0.5mm are analyzed. The experimental results
of S parameters for the groove depth d = 0.3w, ā = a/Λ = 0.5 are
shown in Fig. 4(b). In Fig. 4(b), there are two black curves represent
S41 and S21 for the conventional coupler with symmetrical microstrip
line, respectively. When the frequency grows, the magnitude of S41

increases and the magnitude of S21 gradually decreases, and the
highest operation frequency available in our experiment is 8 GHz.
Two blue dash-dot curves represent S-parameters between periodically
corrugated metal stripline with and conventional microstrip line, the
magnitudes of S21 and S41 at f = 8 GHz equal to −2.004 dB and
−10.565 dB, respectively, showing the suppression of crosstalk. For
the additional case of periodically corrugated metal stripline with
Λ = 0.5mm, the magnitudes of S21 and S41 at this frequency are
equal to −1.621 dB and −16.211 dB, respectively, showing a better
suppression of crosstalk, and apparently mitigation of energy decreases
in the through-port. Highly confinement of EM waves is observed
at microwave range since such subwavelength periodically corrugated
metal stripline have low crosstalk characteristic, indicating great
potential applications in high-speed circuit and EMC systems.

2. CONCLUSION

In conclusion, we have numerically and experimentally analyzed
the guiding properties of periodically corrugated metal strip lines
at microwave frequencies. We have presented the dispersion
characteristics of these periodically corrugated metal strip lines.
The asymptotic frequency of a corrugated metal strip structure can
be tailored by varying the period of the structure. Strong field
confinement of spoof SPPs at microwave frequency can be achieved
in these waveguide structures. We have demonstrated experimentally
that there is low coupling or crosstalk between a transmission line
of this type and a conventional strip line. Therefore, this type
of waveguide structure may be extensively used in electromagnetic
compatibility area.
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