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A wide-band continuous-beam-scanning leaky-wave an-
tenna with a stable gain fed by spoof surface plasmon 
polaritons 
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A leaky-wave antenna (LWA) supporting wide-band and continuous-beam scanning is proposed in this paper. It is 

based on a spoof surface plasmon polariton (SSPP) transmission line (TL) periodically loaded with circular patches. 

The optimized antenna structure enables its continuous-beam scanning of 69° from backward through broadside to 

forward with a stable high radiation gain as the operating frequency increases from 7 GHZ to 15 GHz (with a relative 

bandwidth of 72.73%). Furthermore, a perfect electronic conductor (PEC) reflector is added at a distance of about 

0.3λ0 (λ0 is the vacuum wavelength for the broadside radiation) to improve the antenna gain, achieving a gain increase 

of about 3 dB. The proposed LWA is expected to find applications in planar wireless communication systems.  
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Leaky-wave antenna (LWA) is a travelling-wave antenna 

under intensive research, which can be used in many 

applications, such as frequency modulated continuous 

wave radar[1], real-time spectrum analysis[2], and field 

pattern synthesis[3], due to its ideal characteristics of high 

directivity, simple feed network[4] and frequency-

following beam scanning[5]. However, conventional 

LWAs suffer from the broadside stopband effect, limited 

bandwidth and unconformability[6]. 

Surface plasmon polaritons (SPPs)[7] are surface waves 

which break the diffraction limit and are confined to the 

sub-wavelength region, resulting in conformable and 

miniature waveguides. It is expected to have potential 

applications in constructing integrated and miniaturized 

devices, such as filters, wave splitters, and antennas[8]. 

Conventionally, SPPs are in the infrared or visible fre-

quency regime. To achieve similar characteristics in the 

microwave and terahertz frequency regimes[9], spoof 

surface plasmon polaritons (SSPPs) realized by excavat-

ing periodic grooves on a metal layer were proposed. 

Ref.[10] shows how to realize the dispersion relation 

similar to the SPPs by corrugating its surface with a pe-

riodic array of radial grooves. After that, it is found that 

the transmission characteristics of SSPPs are closely 

related to the geometry[11] of the metal layer and material 

properties[12] of the metal and dielectric in contact. The 

typical metal-layer configuration consists of different 

types of periodic grooves[13-16] slotted in the metal strip. 

A wide-band continuous single-beam scanning LWA 

based on an SSPPs transmission line (TL) loaded with 

circular patches on a single side was presented[13], in 

which the SSPPs-TL was realized by slotting rectangular 

holes in a metallic strip. In Ref.[14], a wide-scanning-

angle circularly polarized LWA was reported. In 

Ref.[15], a novel LWA was proposed, which was real-

ized by arranging periodic counterchanged sinusoidal 

structures on both sides of the SSPPs TL. In addition, 

ZHU et al[16] proposed a high efficiency and consistent 

gain LWA fed by planar SSPPs waveguide, in which the 

SSPPs waveguide was realized by introducing interdigi-

tal branches into metal strips. However, most of these 

designs have either relatively narrow bandwidth or large 

overall dimensions. 

In this paper, a wide-band continuous beam scanning 

LWA based on an SSPPs TL is proposed, which is con-

structed by slotting a periodic trapezoidal structure in a 

metallic strip. The SSPPs waveguide is modulated by 

alternatively loading periodic circular patches on both 

sides of the SSPPs waveguide. The proposed SSPPs-

LWA features a stable high gain over a wide bandwidth 

and continuous beam scanning. 

The geometry of the proposed LWA excited by SSPPs 

waveguide is illustrated in Fig.1(a). The LWA was fabri-

cated on a 1-mm-thick F4B dielectric substrate (εr=2.65, 

tanδ=0.003). Its overall size is L×W=316 mm×55.56 mm. 

The structure consists of three parts, including coplanar 
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waveguides (CPW) and transition sections at two ends, 

and the modulated SSPPs waveguide in between. In this 

article, a method to improve the antenna radiation gain is 

proposed, which is to place a ground plate under the 

LWA, as shown in Fig.1(b). When the distance between 

the LWA and the ground plate is S0=0.3, λ0=9 mm, the 

radiation gain of the LWA is improved most signifi-

cantly, where λ0 is the space wavelength at 10 GHz. 

 

 
 

 

Fig.1 LWA: (a) Geometrical configuration; (b) Side 
view  

 
The SSPPs unit cell is shown in the inset of Fig.1(a) 

with geometric parameters of p=5 mm, w0=5 mm, 

h=4 mm, b1=4 mm, b2=2 mm, which ensures the TL 

characteristic impedance of 50 Ω. The SSPPs unit cell 

was analyzed by the Eigen-mode solver of CST Micro-

wave Studio. As shown in Fig.2, the SSPPs have similar 

dispersion characteristics as SPPs. According to the dis-

persion curves in Fig.2(a), the cut-off frequency of the 

SSPPs mode is decreased as the groove depth h increases, 

hence the greater constraint of the surface wave to the 

waveguide, and Fig.2(b) shows that the width b2 of the 

trapezoid has negligible effect on the dispersion charac-

teristics. According to Fig.2(a), the cutoff frequency of 

the specified SSPPs unit cell is 17.15 GHz. 

SSPPs-TL is a single conductor TL that supports TM 

surface electromagnetic waves. Due to its geometric 

symmetry, it is easy to be matched with the 50 Ω coax 

feed line through SMA connectors. Fig.3(a) and (b) show 

the simulated Ey electric field and Hz magnetic field of 

the TL at 10 GHz, respectively. We can clearly observe 

the laterally confined and alternately-distributed trans-

verse fields between the two sides of the SSPPs 

waveguide. This allows metal patches to be placed on 

either side or both sides of the SSPPs waveguide to con-

vert the guided SSPPs slow wave into radiated fast wave. 

S-parameters of the TL are shown in Fig.4, which indi-

cate a wide bandwidth of 2—17 GHz for S11<−10 dB. 

The wide bandwidth of the designed SSPPs waveguide is 

the basis for the wide bandwidth operation of the SSPPs-

LWA. 

As mentioned before, in order to efficiently transform 

the SSPPs guided wave into a radiation wave, we divide 

the LWA into three parts. The first part is the CPW, in 

which the TEM wave propagates, and its propagation 

constant is k0. In order to achieve impedance matching at 

two ends, CPW is designed so that it has characteristic 

impedance of 50 Ω. The optimized dimensions of the 

CPW are w0=5 mm, l1=17 mm, and gap=0.28 mm. The 

second part is the transition section for mode conversion 

between TEM wave in the CPW and TM surface wave in 

the SSPPs waveguide. In other words, it enables the 

matching of wave vector and impedance between the two 

types of waveguides. The transition section consists of 

eight SSPPs unit cells with gradually increasing width 

and groove depth. The curve of the outer metal in the 

transition section is a quarter ellipse with a half long-axis 

length of l2=60 mm and a half short-axis length of 

Wf=30 mm. The third part is the SSPPs waveguide 

loaded with periodic circular patches on both sides, 

where the SSPPs surface wave is coupled to the radiation 

wave. 

 

 
 

 

 Fig.2 Dispersion curves of the SSPPs unit cell with (a) 
p=5 mm, w0=5 mm, b1=4 mm, b2=2 mm for different h 
and (b) p=5 mm, w0=5 mm, h=4 mm, b1=4 mm for 
different b2 
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Fig.3 Simulated electric-field and magnetic-field 
distributions of the SSPPs waveguide at 10 GHz: (a) 
Ey-component; (b) Hz-component 

 

 

Fig.4 S-parameters of the SSPPs TL 
 

Because SSPPs waveguide supports slow surface 

mode kSSPPs>k0, SSPPs surface waves cannot radiate into 

free space. In order to achieve the purpose of radiation, 

periodic disturbances are introduced to stimulate higher 

order harmonics. According to the Floquet theory, the 

propagation constant of the n-th harmonic βn satisfies 

0 2π , 0, 1, 2, ,nβ β n pp n� � � � � �  (1) 

where β0 is the propagation constant of the SSPPs slow 

wave, and pp is the modulation period. Because it is 

ideal that only a single harmonic will form leaky-wave 

radiation, we normally use the space harmonic n=−1. 

Because β-1 can be negative or positive, the radiation 

beam of the LWA can be steered in either forward or 

backward direction. The main beam direction can be 

calculated from β-1 as 

1 0arcsin( ),θ β k��  (2) 

where k0 is the wavenumber in free space. 

The proposed LWA is designed to radiate in the 

broadside direction at 10 GHz. As shown in Fig.2(a), the 

SSPPs waveguide wavelength is λg=2π/β=23 mm at 

10 GHz. From Eqs.(1) and (2), we conclude that in order 

to achieve a broadside radiation at 10 GHz, the loaded-

patch period should be equal to the waveguide wave-

length, i.e., pp=λg=23 mm. Through simulations, it is 

found that the position of the circular patch will affect 

the performance of the LWA. When the patch centers are 

placed at the location of the maximum magnetic fields, 

the performance of LWA will reach optimum. The dis-

tance t between the patch and the SSPPs-TL affects the 

coupling energy from the TL. The patch radius r and the 

distance t between the patch and the SSPPs waveguide 

are optimized to enhance the coupling level and hence 

the radiated power, and the optimized parameters are 

r=λg/4=5.75 mm and d=1.5 mm. 

Compared with Fig.4, Fig.5 shows S21 of the LWAs is 

significantly reduced due to the leaky radiation from the 

antennas and the impedance bandwidth is also reduced. 

But the wide impedance bandwidth of the feeding SSPPs 

waveguide definitely leads to the wide bandwidth opera-

tion of the designed SSPPs-LWA. Fig.6 shows the phase 

distributions of the antenna at different frequencies. With 

the increase of frequency, the main beam shifts from the 

backward direction to the forward direction. In consis-

tence with our design, the radiation is in the broadside 

direction at 10 GHz. 

 

 
Fig.5 Simulated results of S-parameters with and 
without a ground plan 

 

 
Fig.6 Phase distributions of the proposed SSPPs-
LWA at different frequencies: (a) 9 GHz; (b) 10 GHz; (c) 
11 GHz 
 

Fig.7 shows 3D far-field radiation patterns of SSPPs-

LWA. Antennas with and without ground plane have 
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good consistency. Fig.8 presents the radiation gain and 

main beam angle with and without ground plane as fre-

quency varies from 7 GHz to 15 GHz. It shows that the 

LWAs with and without a ground plane are in good 

agreement in both cases. In the whole bandwidth, the 

average radiation gain is 13.72 dBi and the beam scan-

ning range is 69°. Therefore, a reasonably high and sta-

ble radiation gain is achieved in the bandwidth. The 

simulated radiation efficiency and total efficiency of the 

proposed antenna are shown in Fig.9. The antenna effi-

ciencies with and without ground plane are also reasona-

bly high and stable, with an average radiation efficiency 

of 82.23% and 83.65%, respectively. 

 

 

Fig.7 3D far-field radiation patterns of the LWA at 
10 GHz: (a) Antenna without a ground plane; (b) 
Antenna with a ground plane 

 
Fig.8 Radiation gain and main beam direction versus 
frequency 

 
Fig.9 Simulated radiation and total efficiencies 

 

To quantitatively show the advantages of the proposed 

antenna, we compare it with other SPPs-based LWAs in 

Tab.1. Note that the proposed LWA achieves rather good 

performance in terms of radiation gain and bandwidth. 

 

Tab.1 Comparison with other SPPs-based LWA 

Structure Frequency (GHz) 
Scanning range 

(°) 
Average gain 

(dBi) 
Ref.[13] 7—15 (72.73%) 65 12 
Ref.[14] 4.5—7 (43.48%) 50 10 
Ref.[15] 4—10 (85.71%) 110 9 

Ref.[16] 11—16 (37.04%) 60 12 
This work 7—15 (72.73%) 69 13.72 

 

An LWA fed by an SSPPs waveguide has been pro-

posed in this paper. Circular patches are periodically 

loaded on both sides of the SSPPs waveguide to convert 

the SSPPs slow wave into the space fast wave. The pro-

posed antenna can continuously scan through the broad-

side with a scanning range of 69° as the operating fre-

quency increases from 7 GHz to 15 GHz. Furthermore, a 

method is proposed to increase the radiation gain of the 

antenna by about 3 dB, and the LWA achieves a high 

and stable gain with an average value of about 13.72 dBi, 

and an average radiation efficiency of about 82.23%. In 

addition, the proposed SSPPs-LWA has a large band-

width compared with previously reported counterparts. It 

has great potential to be applied in beam-scanning mi-

crowave wireless systems. 
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