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Abstract—A wide-angle broadband converter from odd-mode 

spoof surface plasmon polaritons (SPPs) to spatial wave is 

proposed based on gradual changed structure and Vivaldi shape 

flaring structure. We firstly demonstrate the dispersion, Eigen-

mode and effective circuit topology of the designed spoof SPPs 

structure, which can support an odd mode as the propagated 

fundamental mode. A conversion structure between odd-mode 

spoof SPPs and spatial mode has been designed to implement 

smooth impedance and wavenumber transition. The optimized 

geometrical parameters are obtained through the full-wave 

simulation method and we fabricate this conversion structure 

using print circuit board (PCB) technology. Measured results 

from far field and near field both show that this structure has 

successfully excited odd mode spoof SPPs which come from an 

extremely wide-angle spatial radiation. The allowed azimuthal 

and pitched angle ranges are larger than 72 degrees.  

 

Index Terms—odd mode, surface plasmon polaritons, wide-

angle, broadband, spatial wave, converser.  

I. INTRODUCTION 

POOF surface plasmons (SPs) are a kind of special TM 

mode surface waves, which are designed to mimic the 

excellent features of natural SPs at optical frequencies. Those 

inheriting features, including field confinement and 

enhancement, will help to solve the contradiction of the small 

volume and high-Q factor in sensor design [1]. For natural 

SPPs, they rely on an interface between two kinds of mediums 

with opposite dielectric constants. A medium with positive 

dielectric constant is regarded as common dielectric. According 

to Drude model, the dielectric constant of a natural noble metal 

can be expressed as  
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where the ω, ωp and γ are the incident frequency, bulk plasmon 

oscillation frequency and damping factor of metal, respectively. 

Obviously, the dielectric constant of the metal will be negative 

if ω is smaller than ωp. However, at microwave frequencies, the 

dielectric constant of metal will always be positive, which 

makes the metallic surface can only provide a very weak 

confinement of microwave energy.  

To mimic the behavior of natural SPPs, ‘structured metal’ is 

proposed to provide negative dielectric constant in microwave 

band, such as the narrow meso-structure [2] and the periodic 

holes array [3]. The design rule of spoof SPPs is replacing the 

original oscillation of electrons in metal by the structured 

oscillation, which can reduce the metallic loss in optical band. 

Compared to natural SPPs-based devices, one of the most 

potential applications of spoof SPPs is to provide a solution for 

smaller loss devices (or high Q factors), for example, the spoof 

SPPs sensor [4]. Similar periodic structures have been 

investigated as slow-wave transmission structures or surface 

wave transmission structures based on the Floquet theorem 

since 1960s [5-8]. At microwave frequencies, these structures 

have been widely applied in power electronics, high-power 

microwave circuits, and CMOS technologies [9-11]. Laurette 

et.al. and Shen et.al. independently proposed an ultrathin 

structure to support spoof SPPs from the view of spoof SPP and 

planar surface wave transmission line (TL) [12-13]. Owing to 

the flexible and ultrathin features of this structure, it can be 

considered as a potential candidate of transmission line for 

flexible electronics. Inspired by this structure, there are many 

different structures are proposed to support the propagation of 

the spoof SPPs mode. Among them, the odd-mode spoof SPPs 

[14] waveguide can provide a more promising route to achieve 

anti-symmetrical subwavelength confinement compared to the 

common spoof SPPs. This is significant for some special 
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applications. For example, the differential transmission line. On 

the other hand, compared to the traditional odd-mode 

transmission line structure, the odd-mode spoof SPPs 

transmission line also has some useful features through 

properly designing SPP structure as the common spoof SPPs, 

such as smaller transmission loss [15-16], less bending loss [17], 

smaller packaging volume [18] and lower crosstalk [19-20].  

Furthermore, some passive and active circuit devices are also 

constructed by taking the advantages of spoof SPPs [21-27]. 

Among these devices, antennas attract many attentions. Many 

kinds of SPP-excited antenna are reported, including the 

dielectric antenna [28], multibeam antenna [29], leakage mode 

antenna [30-32], and end-fire antenna [33]. However, all of 

them are designed based on even-mode spoof SPP transmission 

lines which are very difficult to excite odd-mode spoof SPPs. 

Hence, it is necessary to provide a solution to excite the odd-

mode spoof SPPs.  

However, a remarkable feature of spoof SPPs is that their 

dispersion curve deviates from the light-line in air, which 

implies that their momentums are mismatching with light. 

Hence, it is difficult to excite spoof SPPs directly based on the 

spatial wave radiating. A possible scheme to solve this problem 

is using couplers based on the metasurface [34-36]. But most of 

them are designed to excited spoof SPPs propagating on a two-

dimensional (2D) surface rather than on a 1D waveguide which 

is widely used in the integrated circuit. Another limitation of 

those proposed meta-couplers is the narrow working band since 

the gradient phase array is constructed based on the resonance 

of metallic structures.  

In this work, we proposed a new scheme to achieve smooth 

conversion between odd-mode spoof SPPs and spatial waves. 

The proposed structure is composed of three parts: 1) the flaring 

structure for conversion between spatial wave and slot line. It is 

similar to the Vivaldi antenna structure [37], which is a kind of 

broadband travel-wave antenna. 2) the gradually varied 

structure to achieve impedance conversion between the slot line 

and odd-mode spoof SPP TL. 3) the microstrip feed structure to 

receive the energy propagating in spoof SPPs waveguide.  In 

fact, according to the Lorentz reciprocity theory, this structure 

can also work as an odd-mode spoof SPP antenna. 

This paper is organized as follows. Firstly, the dispersion 

relation and field distribution of the complementary corrugated 

strips are investigated in Section II to verify this structure can 

support odd-mode spoof SPPs. Then, the smooth conversion 

structure between odd-mode spoof SPPs and spatial EM waves 

is presented in Section III. Section IV elaborates the fabricated 

sample of this broadband spatial wave converter, experimental 

setup and results of near- and far-field. Finally, we further 

 
Fig. 2. The simulated Eigen-mode distribution of odd-mode spoof SPPs. (a-b) 

the z (a) and x (b) component of E-field distribution with 60-degree phase shift 
state. (c-d) the z (c) and x (d) component of E-field distribution with 120-

degree phase shift state. (e-f) the z (e) and x (f) component of E-field 
distribution with 180-degree phase shift state. 

 
Fig. 1. The schematic diagram and dispersion curves of the odd-mode spoof SPPs. (a) the schematic diagram and geometrical parameter of the intact unit structure. 

(b) the dispersion curves of the odd-mode spoof SPPs with different base widths b, in which the period p = 5 mm, the slot width s = 0.25 mm, the bottom base 

width a = 2 mm and the height of the trapezoid branches d = 5 mm. (c) the dispersion curves of the odd-mode spoof SPPs with different distances between the 
structure and boundary qq, in which the period p = 5 mm, the slot width s = 0.25 mm, the bottom base width a = 2 mm, the base width b = 1mm and the height of 

the trapezoid branches d = 5 mm. 
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discuss the advantages of this kind of spoof SPP converter and 

some potential applications in Section V.  

II. DISPERSION AND FIELD DISTRIBUTION OF ODD-MODE SPP 

STRUCTURE 

In most cases, even-mode is the basis mode of the spoof 

SPPs-based circuit. We propose a kind of complementary spoof 

SPPs unit structure schematically shown in Figure 1(a), which 

consists of a slot line in the center and twin trapezoid branches. 

Here, the trapezoid branches are proposed to replace the 

rectangle branches in the previous design [33]. This provides an 

extra degree of freedom to control the field confinement, 

thereby helping us achieve stronger confinement using the 

structure within a fixed width. The dispersion curve of this 

structure with various base widths b is shown in Figure 1(b), 

while other parameters were chosen as the period p = 5 mm, the 

slot width s = 0.25 mm, the bottom base width a = 2 mm and 

the height of the trapezoid branches d = 5 mm. The metal and 

dielectric substrate are selected as the copper with 0.036 mm 

thickness and the Rogers RT 5880 with 0.508 mm thickness. 

The simulation is carried out by the Eigen-mode solver of the 

commercial software, CST Microwave Studio. Since this solver 

cannot support the open boundary, we set the electrical 

boundary around the spoof SPPs structure, and the distance 

between the structure and boundary qq is set as 100 mm which 

is about 2 times of the wavelength of the center frequency. To 

validate this method, we sweep the distance between the 

electric wall and the plasmonic surface ds from 100 mm to 200 

mm with 20 mm step, and the dispersion curve is shown in 

Figure 1(c). It is clearly observed that these dispersion curves 

almost overlap, which implies that the eigen-mode simulation 

is stable. In addition, to accelerate the simulation, the loss of the 

metal and dielectric are ignored, which will lead to a tiny red 

shift of dispersion according to a previous study [19].  

From Figure 1(b), it is clearly observed that all the dispersion 

curves of the spoof SPP structure with different base widths 

gradually deviate away from that of free space and slot structure. 

Meanwhile, dispersion curves of spoof SPPs structures with 

different base widths approaches different special cut-off 

frequencies as the wavenumber increases, which is similar to 

natural SPPs in optical frequency. We can also find that the 

dispersion curve of the structure with smaller width is lower 

than larger size one, which implies that the structure with 

smaller width can provide tighter field enhancement.  

The field-distributions of the Eigen-mode of this structure at 

different phase shift states are shown in Figure 2. It can be 

observed that field is localized around the spoof SPP structure, 

which is the reason why the electrical boundary condition does 

not affect the dispersion curve. More importantly, the electric 

field is antisymmetric on the narrow slot. So, the basic mode of 

 
Fig. 3. The simulated and calculated results of the dispersion curves of the odd-

mode spoof SPPs structure and its complementary structure. 
  

 
Fig. 4. The schematic diagram of the geometrical structure and effective circuit 

topology of the odd-mode spoof SPPs unit structure. (a) the schematic diagram 

of the intact unit structure. (b) the effective unit structure in case of the odd-
mode propagation. (c) the effective circuit topology of the odd-mode spoof 

SPPs mode. 

  

 
Fig. 5. The schematic diagram and the sample photos of conversion structure. 

(a) The front view of the schematic diagram of conversion structure, in which 

the length and width of feed line l1 = 25.125 mm and w1 = 1.8 mm, respectively, 
the radius and flare angle of the sector capacitance R1 = 4.3 mm and θ = π/7, 

respectively, and the width of the conversion structure D = 40.25 mm. (b) The 

bottom view of the schematic diagram of conversion structure, in which the 
radius of terminal R1 = 1 mm, the distance between the slit and gradient 

structure l2 = 12 mm, the length of the gradient structure l3 = 34.5 mm, the 

length the exponential structure slit to l4 = 50 mm, and the index of exponential 
structure c =4. (c) the front view of the sample photo of conversion structure. 
(d) The bottom view of the sample photo of conversion structure. 
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this structure is an antisymmetric odd mode. However, for the 

original structure [13], both the basic mode and the 1-st high-

order mode are even modes, which is difficult to be excited with 

a high efficiency.  

Then, we investigate the dispersion difference between the 

odd-mode spoof SPP structure and its complementary even-

mode structure [38]. Figure 3 shows the simulated result of 

dispersion curves of these two structures, where the structural 

geometrical parameters are same as those in Figure 1(c). 

Dispersion curves of odd-mode and even-mode spoof SPP 

structures are quite similar with each other, which implies that 

these structures have similar dispersion property. Hence, it is 

possible to achieve similar functional spoof SPP-based devices 

based on the odd-mode structure and Babinet principle. 

Furthermore, the dispersion curve of the odd-mode spoof SPP 

is lower than that of the even-mode structure, which means the 

odd-mode spoof SPP structure can achieve tighter field 

confinement than the even-mode structure. Therefore, the odd-

mode structure is more suitable for applications requiring field 

confinement, such as suppressing the crosstalk between 

adjacent TLs. 

To make the designing more convenient, we investigate the 

effective circuit topology approximation of the odd-mode SPP 

structure. Different from the previous research on the effective 

circuit topology of the even-mode spoof SPPs structure [15], 

our scheme introduces not only lump elements but also the TL 

model to describe the dispersion and impedance behavior of the 

odd-mode spoof SPP TL. The reason for introducing the TL 

model is that the guide-wavelength is nearly twice of the 

structural period. If we only consider about lump elements, the 

subwavelength approximation will not be able to meet near the 

cut-off frequency and the circuit topology constructed will lead 

to the error of design.  

According to odd-mode properties and network theory, the 

odd-mode spoof SPP TL unit can be simplified to the upper half 

structure with the electrical BC on the cross section, as shown 

in Figure 4(a) and 4(b). The narrow slot can be recognized as 

slot-line waveguide, whose dispersion and impedance have 

been analyzed [39]. And the trapezoid branch can be regarded 

as the series impedance Z, which is further described as the 

short-circuited impedance gradient TL, shown in Figure 4(c). 

Hence, the ABCD matrix of the unit of odd-mode spoof SPPs 

structure can be analytical described as  

( ) ( )

( ) ( )
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where kg and Zg are the wavenumber and impedance of the slot-

line waveguide, respectively, and l is the equivalent length of 

the slot-line waveguide. In the above formula, we describe the 

shunt branch using lumped element Z. The lumped impedance 

Z can be regarded as the whole impedance of a more complex 

network, which can be used to consider the spatial dispersion of 

the structure by introducing the TL model. In this case, 

according to the case that impedance gradient, the series shunt 

impedance Z is calculated analytically as:  

( )tanc cZ jZ k d=                          (2) 

where kc, Zc and d are the wavenumber, average impedance, and 

equivalent length of the shunt branch, respectively. Due to the 

periodic property of the whole structure, the eigenvalues of the 

ABCD matrix of the periodic structure must be written in form 

of exp(-jkxp) according to the Bloch theorem. Thus, we can 

derive the dispersion equation as:   

det 0
x

x

jk p

jk p

A e B

C D e

 −
= 

− 

                    (3) 

where kx and p are the equivalent wavenumber and the period 

of the whole structure, respectively. After simplifications, the 

dispersion relation can be expressed as  

( ) ( ) ( )cos cos 2 sin 2 2x g g gk p k l jZ k l Z= +           (4) 

To verify this circuit topology, we calculate the dispersion 

curve of the odd-mode spoof SPP structure with the same 

geometrical parameters in the Figure 3 using the above formula. 

It is clearly observed that the calculated result matches well 

with the simulated result, which implies that the circuit 

topology has great accuracy.  

The Bloch impedance of the structure can be calculated 

analytically as the following formula based on the symmetrical 

network topology.  

( ) ( )( )
( ) ( )( )

2 sin 2 1 cos 2

2 sin 2 1 sin 2

g g g

in g

g g g

jZ k l Z k l
BZ Z

C jZ k l Z k l

+ +
= =

− −

          (5) 

Notice that this Bloch impedance is relative to the location of 

the reference, but it also works as characteristic impedance in 

the subsequent designing.  

   Different from the effective circuit topology of original even-

mode spoof SPP structure [40, 41], the one of odd-mode spoof 

 
Fig. 6 The photograph for the near-field measurement (a) and the far-field 

measurement (b). 
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SPP structure is constructed by two transmission lines  and a 

series dispersive inductance, rather than a paralleled dispersive 

capacitance. But considering from the dispersion formula, they 

are similar with each other based on the symmetry principle 

between  electrical  field  and  magnetic  field.  Hence,  the  odd- 
mode will not be affected by the terminal capacitance, which 

make the odd-mode can provide a strong field confinement, as 

predicted in Figure 3. 

III. THE SMOOTH CONVERSION STRUCTURE 

As shown in Figure 1(b), the dispersion curves of the spoof 

SPP structure are under that of light, which means the 

momentum of spoof SPPs mismatches that of spatial EM waves. 

Therefore, spoof SPPs cannot be directly excited by free-spatial 

waves. Based on the discussion in introduction, the aim of our 

work is to provide a method to excite the spoof SPPs mode in a 

waveguide or transmission line (TL) rather than in a 2D surface. 

Thus, the intermediate structure should be a 1D waveguide 

structure rather than an array.  

 In order to achieve impedance and momentum matching, we 

utilize a slot structure as the bridge between the spoof SPPs and 

spatial wave mode. Considering the structure of odd-mode 

spoof SPP TL and slot line, conversion between them is easy 

by using the gradient trapezoid branches. Here, according to 

Figure 5(2) and (4), we can find that the cut-off frequencies can 

be controlled by the height d, which is similar to the properties 

of common spoof SPP structure [13]. Inspired by the 

conversion of the common spoof SPP structure [42], the smooth 

conversion is designed by gradually tuning the height of 

trapezoid branches d, as shown in Figure 5(a) and 5(b). The 

geometrical parameters of this unit is the same as in Figure 3 

and other geometrical parameters are selected as the length of 

feeding line l1 = 25.125 mm, the width of feeding line w1 = 1.8 

mm, the radius of the sector capacitance R1 = 4.3 mm, the flare 

angle of the sector capacitance θ = π/7, the width of the 

conversion structure D = 40.25 mm, the radius of terminal R2 = 

1 mm, the distance between the slit and gradient structure l2 = 

12 mm, the length of the gradient structure l3 = 34.5 mm, the 

length the exponential structure slit l4 = 50 mm, and the index 

of exponential structure c =4. 

   To achieve broadband and wide-angle conversion, it is 

required that both the impedance and momentum matches as 

broad as possible.  Hence, it is impossible to use discontinuous 

structures, such as the 1/4 wavelength transformer section. Here, 

inspired by traveling wave antennas, we introduce the Vivaldi 

structure into the design to achieve the broadband conversion. 

A traditional conversion structure between the slot-line and 

microstrip [43] is used in our design. 

To verify the performance of this device experimentally, we 

fabricated a sample using the print circuit board (PCB) 

technology, as shown in Figure 5 (c) and (d). In this figure, the 

main geometrical parameters are the same as those in 

simulation setup (i.e. Figure 5 (a) and (b)). 

IV. THE METHOD OF SIMULATION AND EXPERIMENT 

According to the above discussion, three main properties of the 

converter should be investigated in the following simulations 

and experiments. Firstly, the odd-mode spoof SPPs is excited 

and propagating in the special designed spoof SPP waveguide. 

The wavenumber of this mode matches the calculated result of 

the circuit topology. Secondly, the broadband property of the 

converter should be achieved, which is easy to be verified by 

the simulated and measured S-parameters. Finally, the wide-

angle performance of the converter can be realized and 

demonstrated by the far-field simulation and experiment. To 

demonstrate all the properties of the converter, the S-parameters 

measurement, near-field measurement and far-field 

measurement are necessary. To connect the sample with the 

measured equipment, we welded a common Sub-Miniature-A 

(SMA) connector to the terminal of the microstrip, which can 

make a smooth conversion between microstrip with 50 ohms 

and coaxial-cable with 50 ohms from 0 GHz to 17 GHz.  Since 

it is a common operation to measure the S-parameter, we 

mainly introduce the method of the near-field and far-field 

measurement in this session. 

A. Method of the simulation 

The full-wave simulation of the converter is carried out by the 

time domain solver of the commercial software, CST 

Microwave Studio. Different from the Eigen-mode simulation, 

the metallic and dielectric loss are taken into consideration to 

ensure the veracity. The waveguide ports are set at the terminal 

of the conversion structure to excite the field in the slit. The BC 

is set as the open add space to mimic the free space. The E-field 

distribution and far field monitors are set from 3 to 7GHz by 

1GHz step to obtain near-field and far-field results. 

B. Method of the near-field measurement 

The near-field distribution measurement is carried out by a 

home-made near-field scanner NFS001, which is placed in a 

microwave anechoic chamber to avoid the external 

interferential signal, as shown in Figure 6(a). The near-field 

 
Fig. 7. The simulated and measured results of reflection coefficient of the 

conversion structure. 
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scanner is composed of four parts: a two-port vector network 

analyzer (VNA) AV3672B, a bottom platform composed of the 

toughened bubble shell and the absorb materials, a monopole 

antenna installed in the upper platform as detector, a stepper 

motor which can move the antenna in x- and y-directions. Port 

#1 of the VNA is connected to the microstrip port to feed the 

converter. Port #2 of the VNA is connected to the receiving 

monopole antenna, which is fixed at 1 mm above the sample to 

detect the vertical z-component of electric field.  

C. Method of the far-field measurement 

The far-field measurement is placed in another microwave 

anechoic chamber. The sample connected to Port #1 of the 

VNA AV3672B is fixed on a rotary table, which is covered by 

absorb material, as shown in Figure 6(b). Port #2 is connected 

to a standard gain rectangular horn antenna, whose gain and 

efficiency have been standardized before. Meanwhile, the 

distance between the antenna and the sample satisfies the far 

field condition. To obtain the E-plane gain of the converter, the 

converter is horizontally placed on the rotary table. For the H-

plane gain of the converter, the sample is vertically placed on 

the rotary table. In addition, the far-field of another standard 

gain rectangular horn antenna is measured as the reference to 

avoid the loss of free space.  

V. THE SIMULATED AND MEASURED RESULTS  

Based on the measuring methods in the former section, we 

can obtain comprehensive simulated and measured results of 

the proposed converter. These results are shown in this section.  

A. Reflection coefficient of the conversion structure 

Reflection coefficient of this converter is shown in Figure 7. 

From this figure, we can find that the measured result matches 

well with the simulation, and both the simulated and 

experimental reflection coefficients of the conversion structure 

are lower than -10 dB from 3 GHz to 7 GHz. This implies that 

smooth conversion between the spoof SPP TL and space EM 

wave mode has been achieved. Note that the dielectric and 

metallic propagation loss are included in the measured result. 

However, owing to the low-loss feature of the dielectric 

substrate and copper in this band, most of the input energy are 

radiated into the air. Hence, considering the reciprocity of this 

device, the low reflection coefficient also implies that the 

device can be fed by spatial EM waves in a wide band.  

B. Near-field result of the conversion structure 

Simulated and measured near-field distribution results are 

presented in Figure 8 and 9, respectively, to demonstrate that 

the excited mode is an odd-mode SPP mode rather than other 

hybrid EM mode. Note that the near-field measurement is 

carried out in the area near the slit and branch structure, while 

the field is very weak in the other area.   

In these figures, it is clearly observed that the E-field of this 

mode is antisymmetric, which implied that this EM mode is an 

odd mode. Meanwhile, the wavelength of this odd mode is 

compressed as predicted and the ratio of the wavelength 

compression varies with frequency rather than keeps constant. 

Another evidence for the existing of odd-mode spoof SPP mode 

is that the EM mode is cut off at the 8 GHz (i.e., the Figure 8(f) 

and 9(f)) as predicted in Figure. 3. Hence, the near-field 

 
Fig. 8. The simulated near-field distribution of the structure at different 
frequencies. (a) 3 GHz; (b) 4 GHz; (c) 5 GHz; (d) 6 GHz; (e) 7 GHz; (f) 8 

GHz.  

  

 
Fig. 9. The measured near-field distribution of the structure at different 

frequencies. (a) 3 GHz; (b) 4 GHz; (c) 5 GHz; (d) 6 GHz; (e) 7 GHz; (f) 8 
GHz.  
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distribution results in Figure 8 and 9 provide a convincing 

demonstration for the propagation of odd-mode spoof SPPs.  

C. Far-field result of the conversion structure 

To verify the wide-angle feature, simulated and experimental 

far-field directional diagram are investigated to accurately 

evaluate the angle range of the converter. Simulated result of 

the gain-frequency diagram is shown in the Figure 10(a). We 

can find that the gain is about 5 dB and increases with the 

increase of frequency. This means the antenna keeps stable in 

this band. The increase of gain is a common phenomenon due 

to the equivalent radiation area increases with frequency. 

Simulated far-field and three dimensional (3D) gain directional 

diagram are displayed in Figure 11 (b-f). It is clearly observed 

that the main beam can scan most of the front space at different 

frequencies.  

Efficiency is also an important index of the converter. Thus, 

we provide a simulated result of radiant efficiency and total 

efficiency of the converter. Radiant efficiency and total 

efficiency of this converter are about -0.5 dB -1.0 dB, 

respectively, in the band. Meanwhile, the declination of 

efficiency with the increase of frequency is caused by the loss 

enhancement at high frequencies.   

In addition, we present measured E-plane and H-plane gain 

diagrams in Figure 11 (b-f) to quantitatively analyze the angle-

range performance of this converter. From these figures, we 

find that the main beam can cover the range from -70 degrees 

to 70 degrees in azimuth and the range from -36 degrees to 36 

degrees in elevation at the center frequency. Note that all the 

shapes of the far-field directional diagrams in the working band 

are very similar, which further reveals the broadband feature of 

the converter.    

VI. CONCLUSION 

The dispersion behaviors of the narrow slot-line loaded the 

trapezoid branches structure, which has been demonstrated to 

support odd-mode spoof SPP mode as its fundamental mode, 

has been investigated. Effective circuit topology of the odd-

mode spoof SPP structure is proposed to provide an approach 

to accurately design its dispersion property. Furthermore, 

inspired by the concept of traveling wave antenna, a broadband 

and wide-angle converter between odd-mode spoof SPPs and 

spatial waves is implemented to solve the problem of mode 

mismatching between these two kinds of modes. Propagation of 

odd-mode spoof SPP mode and its broadband and wide-angle 

features are demonstrated by the results of near-field scanning, 

reflection coefficient and far-field.  

The proposed converter can be regarded as an antenna 

excited by odd-mode spoof SPPs as well. From the view of 

dispersion, odd-mode spoof SPPs can provide a general 

solution to reduce the length of feeder with constant phase shift, 

which is helpful to the miniaturization of devices. 
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Fig. 10. The simulated gain diagram (a) and 3D gain directional diagram at 

different frequency; (b) at 3 GHz; (c) at 4 GHz; (d) at 5 GHz; (e) at 6 GHz; (f) 

at 7 GHz. 
 

Fig. 11. The simulated efficiency diagram (a) and the measured E-plane and 

H-plane gain directional diagram at different frequency; (b) at 3 GHz; (c) at 4 

GHz; (d) at 5 GHz; (e) at 6 GHz; (f) at 7 GHz. 
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