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Abstract-This paper presents a compact 
substrate integrated waveguide (SIW) bandpass 
filter (BPF) as a candidate for use in wide 
bandwidth (X-Ku) bands applications. The 
proposed filter is constructed by the association 
of bowtie resonators on the SIW structure and 
Complementary Split Ring Resonators (CSRR), 
which has successfully led to a compact size and 
a wide bandwidth. The designed filter is very 
much compact in size, with dimensions 
(27*14)mm2, using a substrate with a relative 
permittivity of 2.2 and a thickness of 0.245mm. 
The filters are designed and simulated using 
HFSS and the results exhibit a return loss less 
than -15dB and an insertion loss approaching to 
0dB over the band (8-18) GHz.  
 
Index Terms- Bandpass filter, SIW, CSRR, 
Impedance matching, Taper, Wideband 

 
 

I. INTRODUCTION 
 
Rectangular Waveguides (RWG) are used in 
microwave systems due to their high quality-
factor and high power handling capability. 
Their integration with planar circuits requires 
efficient 3D transitions. Therefor,  Substrate 
Integrated Waveguide (SIW) has been 
proposed in the last years, as the planar version 
of the conventional RWG. The SIW is  
fabricated by using  two periodic  rows of 
metallic vias connecting  the  top and bottom 
ground planes of a dielectric substrate, 
allowing  in  this way  an  easy  integration 
with planar circuits [1]. The  SIW  technology  
can  be  applied  in many  microwave and 
millimeter wave applications,  such  as  
traditional  structures  of  filters, couplers, 
dividers… [2-7].  
 
In this Study, we are interested by bandpass 
filters. Several papers in the literature are 
related to these devices, some of them [8-10] 
developed narrowband filters and others [11-
14] conceived wideband filters. The most 
useful and complete study of wideband filters 

is presented in the paper [14], but the designed 
SIW-BPF is efficient just in the band (9-
15)GHz. To extend this band, we optimized 
the filter dimensions and used adequate tapers 
for impedance matching to 50Ω microstrip 
line.  The analysis of the optimized structure 
shows wide bandwidth beetween 8 GHz and 
18 GHz, called (X-Ku) band. Then by coupling 
CSRRs to this SIW-BPF, its returnloss is more 
improved. 
 
So, in this paper, we show the efficiency and 
the applicability of our SIW-BPF structure. The 
rest of this paper is organized as follows. In 
Section 2, we present the basic SIW structure, 
matching by tapers. Section 3 shows the 
wideband BPF design. Section 4 describes the 
performance of the SIW-BPF coupling to 
CSRRs. Finally, we draw our conclusion in the 
last Section 5. 
 
 

II. SUBSTRATE INTEGRATED 
WAVEGUIDE 

The SIW is  fabricated by using  two periodic  
rows of metallic vias connecting  the  top and 
bottom ground planes of a dielectric substrate 
of RT/Duroid 5880 with a relative permittivity 
of 2.2 and a thickness of 0.245 mm, allowing  
in  this way  an  easy  integration with planar 
microwave circuits. The Figure 1 shows a SIW 
structure matched to 50Ω mictrostrip lines by 
tapers. The parameters used to design this 
device are  the diameter “d” of the metalized 
vias, the space period “p” of vias, the distance  
“a” between two rows of vias, the dielectric 
substrate thickness “h”, the lengths (L1, L2, L3) 
and the widths (w1, w2, w3) of the microtrip 
line, the taper and the SIW, respectively. 

 

 



  

 

  Fig.1. Basic SIW structure matched by tapers 
 
 
Starting from a RWG with dimensions (Wg, h), 
filled with a dielectric of permittivity

r , 
having a cut-off frequency of the dominant 
mode TE10 around 10.5GHz. Empirical 
equations are then used for determining the 
SIW parameters giving the same 
characteristics of the fundamental mode 
propagating and having the same height and 
the same dielectric. Then we deduce the SIW 
parameters as the width “a”, the diameter “d” 
of the metalized vias and the space period “p” 
of vias, given by the following equations (1-6). 
The period “p”  should be kept low to reduce 
leakage losses between adjacent vias. 
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Where   is the space wavelength,

c is the 
cut-off wavelenght of the dominant TE10 mode, 

0c  is the speed of light, f is the operating 

frequency and 
r  is the dielectric 

permittivity.   

In SIW technology, the components are fed by 
50Ω microstrip line. The  integration between  
them can be made by a  taper  transition, which  
realizes  the  impedance  matching  between  
the  impedance  of  the  feeding  line  and  the 
impedance  of  the  SIW  component.  The 
taper is used to have maximum coupling 
between SIW-BPF and external microstrip 
line. There are some studies [15, 16] that 
provide an appropriate treatment for the taper 
transition.  Due  the  difficult  of  
analytical  treatment,  computational 
optimization  is  used  to  determine  the 
optimum  dimensions  of  the taper.  
Finally, the optimum dimensions of the 
structure (figure1) are presented in Table 1 and 
the layout of this structure is shown on figure 
2. This structure was analyzed by HFSS and its 
response is given on figure 3, where we can 
see a return loss S11 higher then -2.3dB and an 
insertion loss S21 less then -15dB over the 
band (8-20)GHz. 
 

Table 1: Parameters of the proposed SIW 

Parameters a p D h L1 

Values 
(mm) 

9.6 0.765 0.5 0.245 4.18 

Parameters L2 L3 w1 w2 w3 

Values 
(mm) 

3.82 10.63 0.74 1.91 13.09 

 

 

 
Fig.2. Layout of SIW Structure  



  

 
Fig.3. Simulated S11 and S21 responses  

of the SIW structure 
 
 

III. THE PROPOSED SIW-BPF 
DESIGN 

 
The design of the proposed SIW-BPF was built 
using SIW cavity with microstrip ends as 
shown in Figure 2. We have made semi-
circular slots of radius r to obtain a bowtie 
resonator, as shown in figure 4. Then 
parametric sweeps were done on the semi-
circular slots diameter r to get the desired filter 
response. The high performances of this filter 
was obtained with r= 2.5 mm, as shown in 
figure 5. The return loss is kept less then -
13.5dB and the insertion loss is close to 0dB 
over the band (8-18)GHz.  
 

 
Fig.4. Layout of SIW-BPF structure with semi-

circular slots of radius r 

 
Fig.5. Simulated S11 and S21 responses 

of the proposed SIW-BPF with r = 2.5mm 
 
 

IV. SIW-BPF COUPLING TO CSRRS 
 
The complementary split rings resonators 
(CSRRs) are new type of planar resonators 
introduced to miniaturize microwave devices, 
implemented in planar technology. CSRRs 
with small electrical size are useful resonators 
to implement bandpass filters with wide 
bandwidth and high performances [17-19]. 
We have observed firstly, the influence of a 
CSRR cell, centered in the ground plane, then  
we have cascaded other cells with the same 
dimensions. Since CSRRs are etched in centre 
of the bottom layer, and they are mainly 
excited by the electric field induced by the 
SIW (as for TE10 mode), this coupling can be 
modeled by connecting the SIW capacitance to 
the CSRRs. Then if we alter the geometric 
parameters of the CSRR cell and the number of 
cells, the SIW-BPF response is completely 
modified. Therefore to keep the same response 
(figure 5) of the filter, the number and the 
dimensions of CSRR cell have been slightly 
adjusted. As shown in Figure 6, we have 
cascaded two CSRRs with 1.8mm for the outer 
circle diameter and 1mm for the inner circle 
diameter, to achieve the required bandwidth. 
 
Figure 6 shows the Layout of a SIW with 
CSSRs etched in the ground plane. Let us now 
analyze the CSSRs loaded SIW. Since CSRRs 
are etched in the bottom layer and they are 
mainly excited by the electric field induced by 
the SIW (as for TE10 mode), this coupling can 
be modeled by connecting the SIW capacitance 
to the CSRRs. 
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Fig.6.a. Layout top view of SIW-BPF  

coupling to CSRRs 
 
 

 
Fig.6.b. Layout bottom view  

of SIW-BPF coupling to CSRRs 
 
 
The simulated S-parameters of this structure 
are presented in Figure 7, where it can be 
clearly found that this filter exhibits similar 
characteristics as Figure 5, with lower 
returnloss (less then -15dB)  over the band (8-
18)GHz. 

 
Fig.7. Simulated S11 and S21 responses  

of the proposed SIW-BPF coupling to CSRRs 
 
 

V. CONCLUSION 
 
This paper is focused on the design of compact 
substrate integrated waveguide (SIW) 
bandpass filters (BPF) as candidate for use in 
wide bandwidth (X-Ku) bands applications. 

Two semi-circular slots have been embedded 
in the SIW-BPF structure from the input and 
the output sides, to achieve the desired 
response in the band (8-18)GHz. Then, to 
improve the return loss in this frequency band, 
we have coupled two CSRR cells with 
appropriate dimensions, to the SIW-BPF. 
Finally, the proposed SIW-BPF is small size 
(27*14)mm2, low profile and showing 
interesting results in the desired wideband, 
with high performances of return loss and 
insertion loss parameters. This study can be 
extended to design filters at millimeter 
frequency ranges.  
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