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Abstract—A high-gain wideband filtering antenna based on the 

high-order mode of spoof surface plasmon polaritons (SSPPs) is 

proposed. Excellent filtering characteristics with six radiation 

nulls are obtained from the first high-order mode (mode 1) of 

SSPPs feedline. A novel Ground-Free Single-Unit Transition 

Structure (GFSTS) is introduced to facilitate smooth momentum 

transition and impedance matching between the SSPPs feedline 

and driven dipole. The inherent bandpass response of the 

high-order mode of SSPPs enables the proposed filtering antenna 

to operate without additional filtering structures, thus avoiding 

insertion loss and achieving a simplified design. The low-loss 

transmission characteristic of the SSPPs feedline, along with the 

elimination of insertion loss from external filtering components, 

enhances the radiation efficiency of the quasi-Yagi antenna. To 

validate the feasibility of proposed antenna, a prototype is 

fabricated and measured. Good end-fire characteristics are 

obtained with bandwidth of 3.76 to 6.3 GHz (50.5%), peak gain of 

9.98 dBi and the out-of-band suppression larger than 18.8 dB. The 

measured results are in good agreement with the simulation. 

Index Terms—filtering antenna, spoof surface plasmon 

polaritons (SSPPs), high-order mode, quasi-Yagi antenna 

I. INTRODUCTION 

ITH the rapid advancement of wireless communication 

technologies, antennas—being a crucial component of 

communication systems—are evolving toward greater 

integration and multifunctionality. Filtering antennas can 

effectively suppress interference signals and reduce mutual 

coupling between antenna elements operating at different 

frequencies, thereby enabling the design of more compact 

systems. The filtering quasi-Yagi antenna has been widely 

studied due to its low profile, low cost , end-fire radiation 

pattern and high directivity[1], [2], [3].  
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Filtering antennas can be broadly classified into three 

categories based on design approaches. The first method 

involves integrating a filter into the antenna’s feeding network, 

either by adding a complete filter[1], [4]or specific 

structures[5], [6], [7] to generate transmission zeros for 

filtering functionality. This approach allows independent 

antenna and filter design but leads to low integration and high 

insertion loss, reducing radiation efficiency. An alternative 

approach modifies the radiator to suppress or cancel the 

radiating currents, thereby creating radiation nulls on either 

side of the passband using techniques such as parasitic 

elements[8], slots[9], [10], or shorting pins[11], [12]. These 

antennas achieve higher integration levels, with radiation nulls 

minimally affecting operational band performance. However, 

their complex structures make design optimization challenging. 

Additionally, certain design schemes only generate radiation 

nulls in specific directions[10], [12], while non-negligible gain 

remains in other directions, resulting in insufficient interference 

rejection. Lastly, filter synthesis integrates the radiator as the 

filter’s final resonator, enabling radiating capabilities[13], [14], 

[15]. Antennas designed with this approach excel in integration, 

bandwidth, and selectivity. However, the insertion loss of the 

filter is inevitable, thereby reducing the overall radiation 

efficiency. In summary, most reported filtering antennas 

feature a broadside radiation pattern, with their filtering 

capabilities often accompanied by transmission losses that 

reduce gain. Reducing these losses introduced is a crucial 

approach to improving the gain of filtering antennas.  

SSPPs are sub-wavelength periodic structures that support 

electromagnetic wave modes analogous to Surface Plasmon 

Polaritons at lower frequencies. SSPPs offer high field 

confinement, low loss, and conformability, making them ideal 

for recent microwave applications like power dividers[16], 

filters[17], [18], and antennas[19], [20]. 

The single-mode transmission characteristics of the 

high-order mode in SSPPs can be achieved using a simple and 

compact transition structure, facilitating the design of various 

BPFs with excellent in-band transmission performance[21], 

[22]. In addition, exciting multiple order modes of SSPPs can 

generate multiple passbands and eliminating the stopbands 

between these passbands to achieve broadband performance is 

feasible. For example, in [23], a multi-band antenna is realized 

by designing units that support multiple high-order modes of 

SSPPs. The subsequent introduction of I-shaped resonators 

eliminated the stopbands between the individual passbands, 
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Fig. 1.  Structural diagram of the proposed filtering antenna. 

 

resulting in an ultra-wideband end-fire antenna. Based on the 

fundamental mode of SSPPs, some filtering antennas[20], 

[24]and end-fire antennas[19], [25] have been reported. 

antennas[20], [24]and end-fire antennas[19], [25] have been 

reported. The filtering performance in these designs is mainly 

achieved through via holes and ring resonators[24] or by 

utilizing the low-pass characteristics of the fundamental mode 

of SSPPs in combination with other techniques[20]. The 

introduction of SSPPs is primarily aimed at reducing 

transmission loss to enhance gain. However, existing filtering 

antennas that incorporate SSPPs technology still rely on 

additional filtering structures to achieve their filtering 

functionality. As a result, these antennas suffer from 

non-negligible losses and exhibit relatively complex structures 

as well as enormous sizes. To the best of the authors' 

knowledge, filtering antennas solely relying on SSPPs have not 

yet been reported. 

In this paper, a high gain wideband filtering quasi-Yagi 

antenna is implemented relying on the single-mode 

transmission and low-loss characteristics of SSPPs. The 

feedline supporting the high-order mode of SSPPs not only 

provides filtering characteristics independently, avoiding 

additional lossy filtering structures, but also enhances the 

antenna gain due to SSPPs' inherent low-loss properties. The 

proposed novel Ground-Free Single-Unit Transition Structure 

(GFSTS), achieving significant size reduction compared to 

traditional tapered transitions, facilitates smooth momentum 

transition between the high-order mode of SSPPs and the 

driven dipole. The SSPPs feedline and balun generate six 

radiation nulls (RN), endowing the antenna with excellent 

frequency selectivity and strong stopband suppression. A 

prototype of proposed antenna achieves a wide -10dB 

impedance bandwidth from 3.76 to 6.3 GHz and a peak gain of 

9.98 dBi.  

The arrangement of this paper is as follows. Section II is the 

configuration of the proposed antenna. Section III is the 

mechanism of metallic strips feedline supporting high-order 

mode of SSPPs of the proposed high gain wideband filtering 

quasi-Yagi antenna. Section IV gives the fabrication and 

experimental results of the proposed high gain wideband 

filtering quasi-Yagi antenna based on high-order mode of 

SSPPs. Finally, conclusion is drawn in Section V. 

II. ANTENNA CONFIGURATION 

As shown in Fig. 1, the overall structure of the antenna 

consists of four main components: the balun, high-order mode 
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Fig. 2.  Structure of proposed high gain wideband filtering quasi-Yagi antenna 

with high-order mode of spoof surface plasmon polaritons. (a)Perspective view. 
(b)Top view. 

 

of SSPPs feedline, GFSTS and the radiation element. Fig. 2   

shows the configuration of the proposed planar printed high 

gain wideband filtering quasi-Yagi antenna based on 

high-order mode SSPPs, in which the SSPPs components are 

enlarged for clarity. Only one layer of Rogers5880 dielectric 

substrate with a permittivity of 2.2, loss tangent tanδ of 0.0009 

and a thickness of 0.787 mm is used in this design. As shown in 

Fig. 2(a), the feedline supporting high-order mode of SSPPs is 

used for both filtering characteristics and high gain 

performance. The GFSTS crucially ensures a smooth 

momentum transition. Additionally, a director parasitic element 

and a pair of reflector elements on the top layer further enhance 

the gain and improve the radiation pattern. The microstrip feed 

port is connected to a balun, enabling differential feeding for 

the driven dipole and resulting in the formation of radiation 

nulls RN4 and RN6 in the lower and upper stopbands.  

III. DESIGN AND ANALYSIS OF FILTERING QUASI-YAGI 

ANTENNA WITH SSPPS STRUCTURE 

A. Mechanism of Filtering Performance Based on High-Order 

Mode of SSPPs 

The unit cell of the employed SSPPs structure and its 
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dispersion curve is illustrated in Fig. 3. The top and bottom 

layers of the Rogers 5880 substrate are patterned with U-shaped 

metallic strips and a ground plane, respectively. The thickness 

of the dielectric substrate is 0.787 mm. To minimize the 

influence of material thickness on the simulation results, the 

thickness of the metallic layers is set to 0.035 mm. In order to 

excite the high-order mode of SSPPs of the U-shape unit, the 

depth of the groove ℎc of the unit must be greater than the 

period p. The number of modes N for the SSPPs can be 

approximately expressed as: 

 1 int( / )cN h p= +  (1) 

Numerical analysis of the unit's dispersion characteristics is 

performed using the eigenmode solver in CST Microwave 

Studio. In Fig. 3, the dispersion curves exhibit multiple 

branches across different frequency bands, demonstrating 

typical SPP-like behavior. As the frequency increases, both 

curves diverge from the light line in free space, entering the 

slow-wave region, and reach a horizontal asymptotic frequency 

limit at the edge of the first Brillouin zone. This result indicates 

that the designed U-shape unit simultaneously supports both 

fundamental (mode 0) and high-order (mode 1) modes of 

SSPPs, which is consistent with the number of modes obtained 

from (1). These modes correspond to distinct frequency bands 

that are isolated from each other, allowing for the formation of 

a passband for single-mode transmission only. 

As mentioned above, mode 1, which is isolated from mode 0, 

exhibits bandpass response characteristics. Therefore, no 

additional filtering structures are required, and the desired 

passband can be achieved by simply designing the geometry of 

the SSPPs unit, as shown in Fig. 4. A simple and compact 

trapezoidal structure enables smooth matching between the 

SSPPs waveguide operating in mode 1 and the microstrip line, 

as shown in region II of Fig. 2. However, since it cannot 

provide smooth matching for the SSPPs waveguide operating 

in mode 0, this transition structure effectively suppresses 

low-frequency signals from passing through the passband 

associated with mode 0, thereby enhancing the out-of-band 

rejection of the filtering antenna. Simulation results show that 

the in-band insertion loss is less than 0.5 dB, and the return loss 

is better than 10 dB. To further verify the proposed antenna's 

support for the high-order mode of SSPPs, the simulated 

electric field distribution of the proposed antenna at 5.8 GHz is 

illustrated in Fig. 5(b). As can be observed, the energy is 

efficiently transmitted to the driven dipole, and the feeding line 

supporting SSPPs shows an electric field distribution consistent 

with that of the U-shape unit in the mode 1 region, as shown in 

Fig. 5(a) and obtained from the eigenmode simulation. The 

proposed antenna exhibits similar typical electric field 

characteristics. The electromagnetic energy is tightly confined 

near the metallic strips, with the maximum of electric field 

magnitude symmetrically distributed along the geometric axis 

of the unit. Moreover, each metallic strip of the U-shaped unit 

can be divided into two distinct regions based on the direction 

of the z-component electric field distribution on its surface. 

From the side view in Fig. 5(c), a strong confinement effect is 

evident, demonstrating the characteristic binding of the field 

near the structure. 
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Fig. 3.  Simulated dispersion curves for the first two modes of the U-shape unit 
in Fig. 2(hc=22mm, p=11.3mm, wc=1.9mm, and w1=1.6mm).  
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Fig. 4. (a) Configurations of bandpass filter based on mode 1 of proposed 
U-shape unit and its simulated S-parameters against (b) parameter p and (c) 

parameter hc. 

 

 
Fig. 5.  Normalized z component of the electric field distributions of (a) mode 1 
at asymptotic frequencies 6.1GHz and (b) the proposed filtering antenna at the 

frequencies of 5.8GHz. (c)Normalized amplitude of electric field in the 

cross-section perpendicular to the strip. The color bar indicates the electric field 
polarity and field strength in logarithm. 

B. Principle of Ground-Free Single-Unit Transition Structure 

As previously mentioned, the energy is tightly confined 
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Fig. 6.  The dispersion curves for mode 1 of the grounded U-shaped unit and the 
ground-free U-shaped unit. 

 

around the metallic strips, allowing only signals within the 

passband corresponding to mode 1 to propagate. However, it is 

challenging to directly feed energy from the SSPPs strips into 

the driven dipole. To address this issue, the novel GFSTS is 

proposed, enabling seamless momentum transition and 

impedance matching between the high-order mode of SSPPs 

filtering structure and the driven dipole. 

The dispersion curves for mode 1 of the grounded U-shaped 

unit and the ground-free U-shaped unit are shown in Fig. 6. The 

cutoff frequency of the ground-free U-shaped unit is higher 

than that of the grounded U-shaped unit, indicating relatively 

weaker electromagnetic confinement in the ground-free unit. 

Additionally, the propagation wavenumber in the y-direction 

for the ground-free U-shaped unit falls between that of the 

grounded U-shaped unit and the light line. The GFSTS, 

employing a ground-free U-shaped unit to bridge the SSPPs 

feedline and the driven dipole, facilitates a smooth momentum 

transition. This structure enables the propagating SPP waves to  

be effectively converted into guided waves, in contrast to a 

direct transition to the driven dipole. As a result, energy is 

efficiently fed into the driven dipole while maintaining the 

filtering characteristics of the high-order mode of SSPPs. 

However, to achieve broadband filtering characteristics, 

ensure efficient transition from the SSPPs structure to the 

driven dipole, and maintain compact antenna dimensions, the 

proposed novel transition structure is designed with a single 

ground-free U-shaped unit. Fig. 7 illustrates the relationship 

between the number of ground-free U-shaped units in the 

transition structure and the antenna performance. Compared to 

the reference antenna, the antenna with a single-unit transition 

structure shows superior performance in terms of realized gain 

in the end-fire direction (+y axis), return loss, and out-of-band 

suppression, confirming the necessity of the single-unit design. 

C. High-Gain Characteristics of the Antenna 

The quasi-Yagi antenna design has been employed to 

achieve end-fire radiation. The integration of the high-order 

mode of SSPPs with the quasi-Yagi antenna ultimately 

achieves high gain and broadband characteristics. As shown in 

the gain comparison curve in Fig. 8, the reflector, director, and 

ground reflection effectively enhance the antenna's aperture, 
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Fig. 7.  (a) Configurations of the reference and proposed antennas and their 

corresponding performance: (b) |S11| and (c) realized gain. 

 

resulting in a significant gain improvement compared to a 

standard dipole antenna. Additionally, the configuration of the 

reflector and its relative position to the SSPPs provides 

excellent directivity for the antenna.  

The feed line supporting the high-order mode of SSPPs 

exhibits relatively lower transmission loss, which improves the 

antenna's radiation efficiency and enhances its gain. According  
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Fig. 8.  (a) Configuration and (b) simulated results of realized gain with/without 

SSPPs structure, reflectors, and director. 

 

to perturbation theory, the attenuation constant of a microwave 

transmission line can be expressed as: 

 

( )
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E H H E dS
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where S  and S represent the areas of the substrate and total 

space, respectively, and the denominator represents twice the 

mean power flow of the transmission line. It can be observed 

that for transmission lines with equal power transmission, the 

attenuation constant α is positively correlated with the 

distribution of electric field energy within the substrate. From 

the electric field distribution characteristics in Fig. 5(c), 

compared to traditional structures, such as microstrip lines, 

there are more electromagnetic fields confined to the air around 

SSPPs, while the electromagnetic fields distributed in the 

dielectric substrate are correspondingly weaker. Therefore, 

according to (2), the SSPPs feedline employed in the proposed 

antenna exhibits lower transmission loss. 

Therefore, due to the unique electric field distribution 

characteristics of the SSPPs structure, the SSPPs feedline used 

in this work exhibits inherently lower loss, enabling higher 

transmission efficiency. Additionally, the single-mode 

transmission characteristics of the high-order mode of SSPPs 

can independently achieve the antenna’s filtering function 

without requiring additional filtering structures, which may 

otherwise reduce radiation efficiency. This approach further  
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Fig. 9.  Simulated result of realized gain and radiation efficiency of proposed 
filtering antenna. 
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Fig. 10.  Simulated result of realized gain with/without balun and |S21| of  

SSPPs feeding line. 
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Fig. 11.  Simulated result of realized gain of proposed antenna with different 

total number of U-shape units. 

 

enhances the overall radiation efficiency. Through comparative 

simulations, the gain curve shown in Fig. 9 demonstrates that 

the antenna achieves not only filtering characteristics but also a 

significant gain enhancement, with a simulated peak gain 

reaching 10.1 dBi and the simulated in-band radiation 

efficiency over 94%. 

D. Mechanism of the Radiation Nulls 

As shown in Fig. 8, RN1 to RN6 are introduced in the 
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Fig. 12.  Realized gain of the proposed antenna and input impedance 
with/without balun. 
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Fig. 13.  Realized gain and real part of input impedance of the proposed antenna 

against parameter Wg. 

 

stopbands by the proposed antenna. The following analysis will 

investigate the mechanisms behind the generation of these 

radiation nulls. The antenna feed line operates in the high-order 

mode of SSPPs, introducing natural stopbands that arise from 

the interactions between different modes of the SSPPs. This 

results in the formation of three radiation nulls located at 2.32, 

2.54 and 6.64 GHz, respectively, namely RN1, RN2 and RN5, 

corresponding to the transmission coefficient curve of the SSPP 

feed structure in Fig. 10. The depression in the radiation pattern 

of the proposed antenna at 2.96 GHz in the end-fire direction 

has led to the formation of a spatial radiation null, labeled as 

RN3. It is noteworthy that within a certain range, the more units 

the SSPPs feedline consists of, the better the roll-off of the 

stopband will be. As shown in Fig. 11, with the increase in the 

number of units, RN3 shifts toward higher frequencies, thereby 

improving the frequency selectivity of the antenna. To balance 

the antenna's performance and profile, the proposed high gain 

filtering quasi-Yagi antenna employs a design with three units. 

Additionally, the new resonance modes generated by the 

metallic strips broaden the bandwidth of the proposed antenna.  

To facilitate feeding, a balun is designed as shown in Fig. 2(b) 

to excite the dipole for radiating electromagnetic waves. As 

shown in Fig. 12， after the introduction of the balun, the real 

part of the antenna’s input impedance significantly increases at 

3.6 GHz and 7.4 GHz, preventing efficient energy transfer to 

the radiating elements and thus generating radiation nulls RN4 

and RN6, which improves the roll-off of the stopband of the 

proposed antenna. The introduction of the balun causes the 

proposed antenna to further severely mismatch at RN2, 

increasing the depth of RN2. Additionally, the impedance peak 

at 7.1 GHz shifts slightly toward the lower frequencies and 

decreases, which reduces the depth of RN5, as illustrated in Fig. 

10. However, a minor peak appears at 4.2 GHz on the real part 

of the input impedance curve, causing a slight suppression in 

antenna gain. The use of the balun not only simplifies testing 

but also improves the roll-off rate of the lower stopband, 

enhancing the antenna's frequency selectivity.  

Additionally, reducing the ground width Wg, as shown in Fig. 

2(b), increases the real part of the input impedance of the 

proposed antenna from 1500 Ω to 2500 Ω, which improves the 

depth of RN2 from -26 dBi to -45 dBi, thereby effectively 

enhancing the suppression of the lower stopband, as shown in 

Fig. 13.  

IV. FABRICATION AND MEASUREMENT RESULTS 

To verify the feasibility of the design, a prototype of the 

proposed High Gain Wideband Filtering Quasi-Yagi Antenna 

based on the high-order mode of SSPPs is fabricated and 

measured. The final parameters of the proposed high gain 

wideband filtering quasi-Yagi antenna based on the high-order 

mode of SSPPs are as follows: L=89.9mm, L1=4mm, 

L2=19.6mm, L3=30.8mm, L4=17.2mm, L5=15mm, L6=10mm, 

L7=9.5mm, L8=3mm, Lb1=9mm, Lb2=19.9mm, Lg=40.6mm, 

W=59.3mm, Wg=46mm, W1=2.4mm, W2=2mm, W3=2mm, 

W4=1.5mm, W5=4.6mm, D1=20.1mm, w0=0.7mm, w1=1.6mm, 

wc=1.9mm, hc=22mm, p=11.3mm. 

The photograph of the proposed High Gain Wideband 

Filtering Quasi-Yagi Antenna based on the high-order mode of 

SSPPs is shown in Fig. 15. Considering the practical 

requirements in communication systems， Fig. 14 illustrates 

the radiation patterns of the proposed antenna in the E (XOY) 

and H (YOZ) planes at frequencies of 4 GHz, 5 GHz, 5.2 GHz, 

5.8 GHz, and 6 GHz, respectively. The results demonstrate 

good end-fire characteristics with well-suppressed sidelobes. 

Across the entire passband, the measured cross-polarization 

levels in the E-plane and H-plane are below -16.4 dB and -15 

dB, respectively. The measured and simulated S-parameters 

and realized gains are presented in Fig. 16. Measurement 

results indicate that the reflection coefficient |S11| is below -10 

dB within the range of 3.76 GHz to 6.3 GHz, achieving a 

fractional bandwidth (FBW) of 50.5%, which closely aligns 

with the simulation. The measured peak gain within the 

passband is 9.98 dBi at 5.7 GHz. Additionally, the antenna 

achieves 18.8 dB out-of-band suppression. To further highlight 

the advantages of the proposed antenna, a performance 

comparison with previously reported antennas of similar types 

in terms of gain, bandwidth, and out-of-band suppression is 

presented in Table I. It can be observed that the proposed 

Quasi-Yagi antenna based on the high-order mode of SSPPs 

features a simple structure, wide bandwidth, excellent 

out-of-band suppression, and high gain. 
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Fig. 14.  Measured and simulated radiation patterns of the proposed filtering quasi-Yagi antenna prototype at (a) 4 GHz. (b) 5GHz. (c) 5.2 GHz. (d) 5.8GHz. (e) 
6GHz. 

TABLE I 

COMPARISON OF THE PROPOSED ANTENNA WITH SOME EXISTING WORKS 

Ref. FBW 
P.G. 

(dBi) 
Nulls 

Sup. 

(dB) 

R.O.R. 

(dB/GHz) 
Size(

3

0 ) Filtering Design Method 

[1] 18.5% 5.8 2 10/15 16/42 0.76×0.44×0.01 Stub-loaded resonator 

[2] 85.1% 8.3 6 14/17 16/12 0.49×0.35×0.01 
Exponential curved branch 

+ Parasitic elements 

[7] 50% 8.1 3 30/16 51/40 1.03×1.03×0.24 Balun feed 

[20] 57.1% 10 0 12/12 1.4/12 
2.652×0.980×

0.035 

Fundamental mode of 

SSPPs 

[24] 10.44% 9.38 2 26/17 21/72 
4.344×1.529×

0.03 

Fundamental mode of 

SSPPs+ Via holes + Ring 

resonators 

This 

work 
50.5% 9.98 6 21/19 92/58 

1.507×0.994×
0.013 

High-order Mode of 

SSPPs 

Ref.: Reference, P.G.: Peak Gain, Sup.: Suppression, R.O.R.: Roll-off Rate  

 

 
Fig. 15.  Photograph of fabricated high gain wideband quasi-Yagi filtering 
antenna based on high-order mode of SSPPs. 

 

V. CONCLUSION 

In this paper, a high-gain, wideband filtering antenna based 

on the high-order mode of SSPPs is proposed. By adjusting the  
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Fig. 16.  Measured and simulated results of the proposed high gain wideband 

filtering quasi-Yagi antenna based on high-order mode of SSPPs. 

 

the geometry of the metallic strips, a feedline operating in the 

high-order mode of SSPPs with single-mode transmission 

characteristics is achieved in the target frequency band. 

Combined with a specially designed balun and ground plane, 

excellent filtering characteristics with six radiation nulls are 

obtained. The novel GFSTS, serving as a compact alternative to 

traditional tapered transitions, facilitates momentum transition 

AUT

TOP BOTTOM

This article has been accepted for publication in IEEE Transactions on Antennas and Propagation. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/TAP.2025.3583825

© 2025 IEEE. All rights reserved, including rights for text and data mining and training of artificial intelligence and similar technologies. Personal use is permitted,

but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.

Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on July 04,2025 at 02:10:25 UTC from IEEE Xplore.  Restrictions apply. 



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

8 

and impedance matching between the SSPPs feedline and the 

driven dipole, ensuring efficient energy transfer. Leveraging 

the low-loss characteristics of the SSPPs feedline, this design 

avoids the insertion loss typical of traditional filtering 

structures, enhancing radiation efficiency while providing the 

filtering function of a quasi-Yagi antenna. The measured peak 

gain reaches 9.98 dBi, with the antenna demonstrating 

excellent end-fire radiation characteristics. The proposed 

antenna is fabricated and measured, and the measured and 

simulated results agree well. 
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