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We propose a frequency splitter based on spoof surface plasmon polariton (SSPP) transmission

lines (TLs). The device consists of two bent domino SSPP TLs with different geometric

parameters, leading to different passbands, forming two frequency band branches. A transition

from a rectangular waveguide to the two SSPP TLs is designed for frequency splitting. To achieve

efficient transition for both branches in their respective frequency bands, different transition

lengths of the two branches and a shifted placement from the center are adopted. Furthermore, for

the high frequency band branch, to obtain satisfactory out-of-band rejection below the lower cut-

off frequency, an SSPP bandstop structure is introduced by placing SSPP TL sections along the

main SSPP TL. A prototype is designed, fabricated, and evaluated. The results prove the feasibility

of the proposed SSPP frequency splitter. Published by AIP Publishing.
https://doi.org/10.1063/1.5043282

Surface plasmon polaritons (SPPs) are surface waves

involving the charge density oscillations and the associated

electromagnetic (EM) fields that can propagate along the inter-

face between a material with negative permittivity and one

with positive permittivity.1 SPPs can be utilized to generate

extremely large local EM fields that are tightly confined on

metal–dielectric interfaces. Moreover, SPPs can break the con-

ventional diffraction limit.2 Owing to these unique properties,

SPPs have a wide variety of applications, such as in chemical/

biological sensors, near-field microscopy, and highly inte-

grated optics.3–6 Metals have a negative permittivity at visible

frequencies, and therefore, metal–dielectric interfaces can well

support SPPs in the visible frequency band. However, in the

microwave regime, metals are near-perfect conductors that

completely screen out the EM fields, and SPPs can no longer

be supported on metal–dielectric interfaces. Fortunately, it has

been found that metal surfaces textured with subwavelength

holes can well support highly localized SPP-like surface

waves, which are referred to as spoof (mimicking) surface

plasmon polaritons (SSPPs).7,8

The unique characteristics of good EM field confinement,

low loss, and easy manipulation by dispersion relation adjust-

ment endow SSPPs with great potential for use in microwave,

millimeter-wave, and terahertz applications. There are two

major types of structures supporting one-dimensional SSPPs,

metal surfaces with subwavelength holes (grooves)9–14 and cor-

rugated metallic strips.15–18 SSPP structures can be utilized as

SSPP transmission lines (TLs), based on which various devices

can be designed. Studies have proposed some SSPP based devi-

ces such as filters,19–21 antennas,22–24 power dividers,25–27 etc.

Since signal-separation devices are fundamental for wireless

applications, there have been many studies on frequency

splitters. In particular, a bidirectional bending splitter can guide

EM waves with different frequencies in different directions. It is

composed of two metallic gratings of trapezoid grooves with

different depths.28 A planar composite grating structure support-

ing two SSPP modes has also been proposed for an ultrathin

SSPP frequency splitter design.29 Since domino SSPP TLs fea-

ture high power handling capabilities and a more flexible design,

we propose here a frequency splitter based on this type of TL.

The two frequency bands are based on two bent domino

SSPP TLs with different passbands. Special designs ensuring

efficient transition from a rectangular waveguide to the two

SSPP TLs are used to achieve frequency splitting. Additionally,

for the high-frequency band branch, an SSPP bandstop structure

is introduced to obtain satisfactory out-of-band rejection below

a desired lower cut-off frequency. The two frequency bands

can be designed separately by adjusting the geometry of the

SSPP TLs in the corresponding branches, ensuring flexibility of

the proposed SSPP splitter.

A domino SSPP TL consists of an array of periodic sub-

wavelength rectangular domino structures on a planar metal

surface, as shown in Fig. 1(a), with geometric parameters of

unit length p, spacing a, height h, and width w. The working

band of a domino SSPP TL can be characterized by its dis-

persion relation compared with the corresponding light line.

At very low frequencies, the dispersion curve is close to the

light line, resulting in poor field confinement and bad trans-

mission of the SSPP TL. When the frequency increases, the

dispersion curve gradually moves away from the light line

and asymptotically approaches an upper cut-off frequency,

which then defines the working band of the domino SSPP

TL. Meanwhile, the domino SSPP TL is fed through a rect-

angular waveguide. Transition parts with gradually changing

unit height are adopted to achieve efficient mode conversion

between the conventional rectangular waveguide (TE10

mode) and the domino SSPP TL (TM mode). The dispersion

a)Author to whom correspondence should be addressed: eeqxue@scut.

edu.cn
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relation of an SSPP structure can be altered by modifying its

geometric parameters. Figure 1(b) shows the simulated dis-

persion relations of domino SSPP structures with different

unit heights, which were obtained using the eigenmode

solver of ANSYS HFSS. As can be seen, when the unit

height increases, the lower and upper cut-off frequencies of

the domino SSPP TL decrease simultaneously. For instance,

when the unit height increases from 3.0 mm to 6.0 mm, the

intersection of the dispersion curve and light line decreases,

and the asymptotic frequency of the dispersion curve also

decreases from 19.6 GHz to 10.9 GHz.

The simulated transmission and reflection coefficients of

two domino SSPP TLs with 50 units are shown in Fig. 1(c).

The driven modal solver of ANSYS HFSS was used to

obtain the simulation results. It can be seen that the 3-dB

cut-off frequencies for SSPP TL with a height of 3.0 mm are

12.2 GHz and 19.5 GHz, whereas the 3-dB cut-off

frequencies for SSPP TL with a height of 6.0 mm are

7.5 GHz and 11.0 GHz. These results agree well with the dis-

persion relations given in Fig. 1(b). In particular, the lower

cut-off frequency of the SSPP TL with a height of 6.0 mm is

the cut-off frequency of the rectangular waveguide. Since

the two SSPP TLs have separate 3-dB bands, a frequency

splitter can be designed based on them.

For the domino SSPP structure, the dispersion curve grad-

ually moves away from the corresponding light line with

increasing frequency, leading to poor selectivity at low fre-

quency. To achieve a satisfactory out-of-band rejection below

the lower cut-off frequency for the high-frequency band of the

frequency splitter, a domino SSPP bandstop structure is intro-

duced by placing different domino SSPP TL sections along

the main SSPP TL. The SSPP TL sections act as series resona-

tors and introduce transmission zeros to the main SSPP TL at

their resonant frequencies. As the SSPP structure is highly

FIG. 1. (a) Geometry of a domino SSPP TL. (b) Dispersion relations of the domino SSPP TL with different unit heights (h¼ 3.0/4.0/5.0/6.0 mm), compared

with the corresponding light line. The other geometric parameters are the same, namely, p¼ 3.0 mm, a¼ 2.0 mm, and w¼ 3.0 mm. (c) Simulated transmission

and reflection coefficients of the SSPP TLs with different unit heights (h¼ 3.0/6.0 mm). Ports 1 and 2 are rectangular waveguides with cross sections of

20.50� 10.25 mm2.

FIG. 2. (a) 3-D view and (b) top view

of the proposed SSPP frequency split-

ter. (c) Transmission coefficients of the

frequency splitters with and without an

SSPP bandstop structure. (d) Simulated

transmission and reflection coefficients

of the proposed SSPP frequency splitter.

The geometric parameters of the SSPP

TLs are p1¼ p2¼ p3¼ 3.0 mm, w1

¼w2¼w3¼ 3.0 mm, a1¼ a2 ¼2.0 mm,

a3¼ 1.5 mm, h1¼ 6.0 mm, h2¼ 3.0 mm,

and h3¼ 3.2 mm. The geometric param-

eters of the SSPP TL sections are p01

¼ p02¼ 3.0 mm, w01¼w02¼ 3.0 mm,

a01¼ a02¼ 1.5 mm, h01¼ 4.3 mm, and

h02¼ 4.7 mm. The gap between two

branches at port 1 is g¼ 3.0 mm, and

the gap between the SSPP TL and SSPP

TL sections is g01¼ g02¼ 4.0 mm.

161902-2 Qi, Liao, and Xue Appl. Phys. Lett. 113, 161902 (2018)



dispersive, the multiple half-wavelength resonant frequencies

can be so close to each other that the corresponding transmis-

sion zeros merge into a continuous stopband. The resonant

frequencies of a certain SSPP TL section can be determined

by its length and dispersion relation, which can be adjusted by

changing the geometric parameters.

The final design of the SSPP frequency splitter is shown

in Figs. 2(a) and 2(b). Figure 2(c) shows a comparison of the

simulated results between the structures with and without an

SSPP bandstop structure. Figure 2(d) gives the simulated

results of the proposed SSPP frequency splitter, showing 3-dB

passbands of 8.0–11.0 GHz for S21 and 14.7–18.9 GHz for

S31, with in-band insertion losses of 0.56 dB and 1.30 dB,

respectively. For the frequency splitter, branch 1 is the low-

frequency band channel based on a bent SSPP TL with a unit

height of 6.0 mm, while branch 2 is the high frequency channel

based on a bent SSPP TL with a unit height of 3.0 mm. To

ensure good isolation between the two channels, each branch

is bent at 45�, with a turning radius of 55 mm. As can be seen,

half of branch 2 consists of an SSPP TL with a different unit

height and spacing, which is designed to achieve a better inter-

action between the main SSPP TL and the SSPP TL sections

along the main SSPP TL. There are two pairs of SSPP TL sec-

tions positioned along the SSPP TL. Their resonant frequen-

cies are 10.65 GHz, 13.65 GHz, 14.49 GHz, and 14.71 GHz for

SSPP TL section 1 and 10.20 GHz, 12.67 GHz, 13.47 GHz,

and 13.65 GHz for SSPP TL section 2. Therefore, the SSPP

TL sections can stop the EM wave transmission of branch 2 in

the frequency band of 10.2–14.7 GHz, resulting in 16.9 dB out-

of-band rejection below the lower cut-off frequency of S31.

Meanwhile, to achieve efficient transition in port 1, branches 1

and 2 are designed to have different transition lengths. For the

transition of branch 1, there are 16 units with increasing height

from 0.0 mm to 3.0 mm. For the transition of branch 2, there

are 12 units with increasing height from 4.5 mm to 6.0 mm. In

addition, the field confinement of the SSPP TL with a unit

height of 3.0 mm is poorer than that of the SSPP TL with a

unit height of 6.0 mm in their common passband. To achieve

efficient transition for both branches, they are positioned with

a 1.5 mm offset from the center of port 1 along x direction so

that the branch with a unit height of 3.0 mm is in a more cen-

tral place of the rectangular waveguide.

Figure 3 depicts the simulated complex magnetic field

distribution of the frequency splitter at different frequencies.

At 10.0 GHz, within the low-frequency band, the EM wave

can be well supported on branch 1 but not on branch 2. At

13.0 GHz, the EM wave is not supported on branch 1 any

longer, while the EM wave propagating along branch 2 is

reflected by the introduced SSPP TL sections. At 16.0 GHz,

within the high-frequency band, the EM wave can propagate

easily along branch 2. At 20.0 GHz, which is above the upper

cut-off frequencies of the SSPP TLs, neither of the branches

can support the EM wave.

To verify the proposed design, a prototype was fabri-

cated and evaluated. The prototype was constructed from

brass by computer numerical control machining and electro-

plated with silver. For the measurements, a wideband coax-

ial-to-rectangular waveguide transition with a working band

of 8.0–20.0GHz was designed and fabricated. Figure 4 shows

a photograph of the fabricated prototype and the measure-

ment results together with the simulated ones. A vector

FIG. 3. Simulated complex magnetic field distribution of the proposed SSPP

frequency splitter at different frequencies: (a) 10.0 GHz, (b) 13.0 GHz, (c)

16.0 GHz, and (d) 20.0 GHz.

FIG. 4. (a) Photograph of the fabricated domino SSPP frequency splitter. (b)

Measured transmission and reflection coefficients compared with simulated ones.

161902-3 Qi, Liao, and Xue Appl. Phys. Lett. 113, 161902 (2018)



network analyzer (Anritsu MS2026A) was used for transmis-

sion and reflection coefficients measurement. The measure-

ment results give the 3-dB passbands of 8.0–10.8 GHz for

S21 and 15.1–18.9 GHz for S31, with in-band insertion

losses of 0.60 dB and 2.05 dB, respectively, showing good

agreement with the simulated results.

In conclusion, an SSPP frequency splitter based on bent

domino SSPP TLs showing good performance has been pro-

posed. Two SSPP TLs with different unit heights resulted in

different working bands, forming two frequency bands of the

proposed frequency splitter. Transition from a rectangular

waveguide to the two SSPP TLs is designed to achieve fre-

quency splitting. To obtain efficient transition for both

branches in the corresponding frequency bands, different

transition lengths as well as a shifted placement from the

center are adopted. Additionally, for the branch of the high-

frequency band channel, an SSPP bandstop structure is intro-

duced to obtain a satisfactory out-of-band rejection below

the desired lower cut-off frequency. The two frequency

bands can be designed separately, thus ensuring flexibility of

the proposed SSPP frequency splitter.

This work was supported by the Guangdong Innovation

and Entrepreneurial Research Team Program under Grant

No. 2017ZT07X032.
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