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Abstract – A bandpass filter based on novel spoof surface 

plasmon polaritons (SSPPs) and substrate integrated waveguide 

(SIW) is reported. The filter consists of a conventional SIW 

structure and a ring slot array etched on the top metal layer of 

the SIW to excite SSPP modes. The passband of the filter can be 

adjusted by changing the dispersion characteristics, which can 

be realized by tuning the specific parameters of the unit cell. The 

simulation results indicated that the proposed structure has 

great filter characteristics within a passband from 13 to 24.1 GHz 

with minimum insertion loss of 0.42 dB at 17.8 GHz. 

Index Terms —Bandpass filters, spoof surface plasmon 

polaritons (SSPPs), substrate integrated waveguide (SIW), ring 

slot. 

I. INTRODUCTION 

In recent years, the ultra-thin spoof surface plasmon 
polaritons (SSPPs) provides a new idea for the design of 
bandpass filters, frequency splitters and antennas [1]-[5]. On 
the one hand, ultra-thin SSPPs have already been proved to 
own strong ability to confine surface electromagnetic (EM) 
waves that propagate along the interface of metal and 
dielectric in microwave band, which is similar to that of SPPs 
in visible or ultraviolet (UV) band [6]. On the other hand, the 
application of ultra-thin SSPPs overcomes the problem that it 
is difficult to integrate the original 3D SSPPs into planar 
circuit design in the early stage [7]. 

Unfortunately, the conventional ultra-thin SSPPs are 
constructed by corrugated strip lines, which are all open 
structures. Thus, the radiation loss and mutual coupling with 
other transmission lines or devices are unavoidable [8]. 
Substrate integrated waveguide (SIW) has been widely 
applied in the design of microwave components and circuits 
for its advantages of low loss, low profile, slight crosstalk and 
so on. 

In this paper, a new SSPP unit cell structure is proposed 
using a ring slot and a via integrated with SIW. The dispersion 
characteristics of the proposed SSPP are studied and analyzed. 
It shows that the low and high cut-off frequencies can be 
adjusted by tuning the width of unit cell and the radius of ring 
slot, respectively. Finally, the frequency responses of the 
proposed filter are simulated and optimized, with a good 
bandpass filtering effect and low insertion loss in a wide 
frequency band. 

II. ANALYSIS OF THE PROPOSED SSPP 

The proposed SSPP structure consists of a conventional 
SIW with the periodic array of a ring slot on the top metal 
layer and a via hole. The center part of the ring slot is 
connected with the ground through the via hole for each SSPP 
unit cell. The configuration of the proposed SIW-SSPP unit 
cell is shown in Fig. 1. The yellow and blue area denote the 
copper with thickness 0.035 mm and F4B substrate with 
relative dielectric constant �� = 2.65, loss tangent tan � = 0.01 
and thickness of 0.5 mm, respectively. To further understand 
the characteristics of the proposed SSPP structure, its 
dispersion curves are analyzed. The parameters of the SSPP 
unit cell are set as follows: W = 8.2 mm, p = 2.5 mm, g = 0.85 
mm, douter = 2.3 mm, dinner = 2 mm, dslot_1 = 0.5 mm, dslot_2 = 

0.5 mm. 

 

p

douter

W

dinnerdslot_1

dslot_2

g

（a） （b）
 

Fig. 1. Schematic view of proposed SSPP structure with SIW. (a) Top view. 

(b) 3D view of the proposed unit cell. 

The dispersion curves for the fundamental mode of the 
proposed SSPP unit cell with different values of p, different 
values of W, and different values of dinner are shown in Fig. 

2(a), Fig. 2(b), and Fig. 2(c), respectively. In order to further 

observe the characteristics of dispersion curves with different 
radii of the ring slot without variation of the ring slot width, 
different combinations of douter and dinner with the same ring 
slot width (0.15 mm) are selected in simulation. 

It can be observed from Fig. 2(a) and (c) that the upper cut-
off frequencies of the proposed unit cell decrease as p and 
radius of ring slot increase while the lower cut-off frequencies 
remain the same. From Fig. 2(b), it can be seen that the higher 
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W values cause lower cutoff frequencies, while upper cut-off 

frequencies are not affected by the variations of W at all. Fig. 
2(d) indicates that the parameter dinner has an inverse effect on 
the upper and lower cut-off frequencies in the dispersion 
curves at the same time. Meanwhile, compared with the lower 
cut-off frequencies, the upper cut-off frequencies are more 
sensitive to the variation of dinner. 
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Fig. 2. Dispersion curves of the proposed unit cell (a) with different p. (b) 

with different W. (c) with different combinations of douter and dinner. (d) with 

different dinner. 

Based on the above analysis of dispersion curves, the p and 
radius of ring slot can be used to tune the upper cut-off 
frequency for the passband in BPF design. Similarly, the 
lower cut-off frequency of passband can be adjusted by the 
change of W independently. Geometrical parameter dinner can 
be used to control the upper and lower cut-off frequency of the 
BPF entirely. 

III. BANDPASS FILTER APPLICATION 
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Fig. 3. Schematic view of proposed filter. (a) Top view. (b) Bottom view. 

The configuration of the proposed BPF is shown in Fig. 3. 
The filter consists of microstrip part, transition part and SSPP 
transmission part. In the transition part, a tapering microstrip 
line and a smaller ring slot are used for matching the 
impedance between 50-Ohm microstrip line and proposed 
SSPP structure. The S-parameters are optimized by Ansoft 
HFSS and the simulation results are presented at Fig. 4. The 
final parameters of the BPF layout are set as follows: l1 = 19.5 
mm, l2 = 1.25 mm, l3 = 4 mm, w1 = 8.2 mm, w2 = 1.35 mm, w3 

= 2.75 mm, w4 = 7.4 mm, d1 = 1.4 mm, d2 = 2.3 mm, d3 = 2 
mm, d4 = 0.5 mm, p1 = 2.5 mm, p2 = 0.85 mm. 

As shown in Fig. 4, the BPF possesses good bandpass 
characteristic from 13 GHz to 24.1 GHz, and. The minimum 
insertion loss is -0.42 dB at 17.8 GHz. 
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Fig. 4. Simulated S-parameters of the proposed filter. 

IV. CONCLUSION 

In this paper, a BPF based on the novel SSPP integrated 
with SIW is proposed and analyzed. The lower and upper cut-
off frequency of the bandpass for BPF can be adjusted flexibly. 
The simulated result shows that the BPF possesses a 
bandwidth from 13 GHz to 24.1 GHz with 0.42 dB minimum 
insertion loss at 17.8 GHz. The BPF do not only have good 
filtering characteristics but also be potential for the on-chip 
integrated devices designed. 
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