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 
Abstract— Substrate Integrated Waveguide (SIW) technology 

by application of the planar construction process obtains a catchy 

means for integrating planar and nonplanar circuits. Further, it is 

hard to realize the negative coupling needed to create a compact 

quasi-elliptic bandpass filter based on a single-layered SIW 

structure. The presented work proposes a specific planar and 

negative coupling configuration that provides two transmission 

zeroes at 5.03 GHz and 6.26 GHz. This article presents a fourth-

order quasi-elliptic filter. The proposed filter is also wide-band. 

This structure is implemented in SIW knowledge. The SIW filter 

has a central frequency of 5.5 GHz. The perfect bandwidth is 0.7 

GHz. It is realized on a single-layer substrate from Rogers Ro4003. 

The Thickness of the substrate is considered as 0.508 mm. The 

measured outcomes of this filter, which show an excellent 

selectivity, and a low insertion loss of about 1.9 dB, agree suitably 

with simulation results. The designed filter's innovation provides 

these features: compact, low cost, wide-band, good selectivity, low 

insertion loss, and agreement between simulation and fabrication. 

 

Index Terms— Substrate Integrated Waveguide (SIW), Quasi-

Elliptic Filter, Band Pass Filter (BPF), Electric Coupling, 

Magnetic Coupling. 

INTRODUCTION 

    he rapid growth of communications services and devices 

has  happened lately [1, 2]. SIW technology has attracted a lot 

of consideration because of its benefits such as: low-cost 

fabrication, low loss, high-quality factor (Q-factor), high power 

handling capability, and easy integration. In comparison to 

multilayered SIW, single- layer SIW structures have more stuff. 

They include filters [3–18], antennas [19–21], and so on. The 

quasi-elliptic filters are trendy. Among the benefits of these 

filters, excellent out-of-band rejection is emphasized. Electric 

coupling (negative or cross-coupling) and magnetic coupling 

(positive or direct coupling) is applied in the structure of these 

types of SIW filters. In general, finite transmission zeroes (TZs) 

can be observed in the quasi-elliptic filter structures. However, 

mutual coupling between non-adjacent resonators is required to 

bring TZs from infinite to finite situations. It has been 

confirmed that both magnetic and electrical coupling is needed 

to generate TZs at limited frequency positions.  

Furthermore, they obtain excellent selectivity in a cross-

coupled filter. Generally, direct coupling is performed by using 
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a magnetic post-wall window (positive coupling) in single-

layered SIW filters. Usually, it is not easy to achieve negative 

coupling. BPF microstrip filters typically have a lower Q-factor 

compared to SIW filters. This is the basic weakness of BPF 

microstrip filters compared to SIW filters [22, 23]. There are 

electromagnetic excitations at the interface between metal and 

dielectric. These excitations are called surface plasmon 

polaritons (SPPs). Various devices based on SPPs have been 

reported. We can mention plasmonic filters among the tools that 

are very useful in this field. Unlike microwave filters, they 

cannot be manufactured, which is plasmonic filters' main 

weakness [24, 25]. 

In [3], a dual-mode SIW doublet bandpass filter was 

investigated using a CSRR. A SIW transversal filter using 

mixed source and load coupling was realized in [4]. In [5], a 

wide stopband SIW filter with corner cavities was explained. 

The multilayer technique was used to realize compact SIW 

filters in [6]. Analysis of SIW dual-band and broad stop-band 

filters were elaborated in [7]. A SIW filter based on a parallel-

coupled microstrip line (PCML) reported [8]. A design system 

for SIW-EBG filters was reported in [9]. In [10], a study of SIW 

and HMSIW BPFs was presented by applying periodic 

configurations. Implementation of dielectric SIW filter by using 

two variant substrates proposed [11]. In [12], the performance 

of two different topologies of SIW BPFs was displayed in the 

S-band. The wide SIW BPFs were designed using stepped 

impedance structures [13]. A circular SIW BPF with a broad 

tuning range was studied in [14]. In [15], a compact SIW BPF 

was implemented by the compact microstrip resonant cell 

method. An investigation of the factors of the slow wave 

phenomenon on two species of miniaturized SIW BPFs was 

deduced in [16]. The access to H-plane SIW filters was 

introduced using propagative and evanescent modes in [17].   

This paper presents a fourth-order SIW broadband filter. 

Both magnetic and electric couplings are used in the structure 

of this filter. The purpose of providing electric coupling is to 

reach an excellent coefficient and wide coupling stability range. 

The designed filter's innovation provides these features: 

compact, low cost, wide-band, good selectivity, low insertion 

loss, and agreement between simulation and fabrication. 

Simulations are implemented in CST Microwave Studio 

software [26].  
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In section 2, the proposed filter coupling structure is 

presented, along with a detailed description of its coupling 

matrix. Section 3 describes the design features of the fourth-

order bandpass filter. The simulation results of the designed 

structure are reported in Section 4. Finally, the fifth section 

presents the test and measurement results which are in suitable 

compromise with the simulation outcomes. 

COUPLING MATRIX 

The design of the fourth-order SIW filter is illustrated in Fig. 

1.  

The coupling diagram of the designed filter is remarkable 

in Fig. 2. 

 

 

Fig. 1.  Configuration of the proposed structure.  
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Fig. 2.  Coupling diagram.  

In general, the coupling matrix is derived from Eq.1, which 

is as follows [27, 28]: 

𝐾𝑖𝑗 = 𝐾𝑗𝑖 =
𝑓𝑗

2 − 𝑓𝑖
2

𝑓𝑗
2 + 𝑓𝑖

2                                                                     (1) 

Applying Eq.1 to the proposed SIW filter structure yields 

this result. The cases k> 0 and k <0, are for magnetic coupling 

(direct coupling) and electric coupling (cross-coupling), 

respectively. 

𝐾𝑖𝑗 = [

+0.00 +0.25
+0.25 +0.00

    
+0.00 +0.16
+0.17 +0.00

+0.00 +0.17
+0.16 +0.00

    
+0.00 −0.23
−0.23 +0.00

]                              (2) 

The 𝐾34 and 𝐾43 coupling coefficients are the same, and both 

are negative. The negative sign in the coupling coefficient 

displays TZs before and after the passband. These TZs are 

located at 5.03 and 6.256 GHz. Their position appears in the 

form of design results in future sections. The center frequency 

(𝑓0) of the SIW filter is located at 5.5686 GHz. The designed 

SIW filter bandwidth (BW) is 0.7 GHz. This is how the 

generalized coupling matrix [29] is obtained, which is evident 

in Eq.3. 

𝑀𝑖𝑗 = 𝐾𝑖𝑗 ×
𝑓0

𝐵𝑊
= 𝐾𝑖𝑗 ×

5.5

0.7
= 𝐾𝑖𝑗 × 7.9                              (3) 

The generalized coupling matrix is given using Eq.3, matrix 

two, and the substitution of the values obtained from the filter 

frequency characteristic. 

 

𝑀𝑖𝑗 =

[
 
 
 
 
 
+0.0 +1.1 +0.0
+1.1 +0.0 +1.9
+0.0 +1.9 +0.0

    
+0.0 +0.0 +0.0
+0.0 +1.3 +0.0
+1.4 +0.0 +1.1

+0.0 +0.0 +1.4
+0.0 +1.3 +0.0
+0.0 +0.0 +1.1

    
+0.0 −1.8 +0.0
−1.8 +0.0 +0.0
+0.0 +0.0 +0.0]

 
 
 
 
 

            (4) 

 

In the next step, the dimensions of the square cavity are 

approximated. To achieve this goal, the iris dimensions need to 

be modified. Such design adjustments are useful and 

appropriate to optimize coupling coefficients. In general, it can 

be said that this general rule applies to full-wave simulations of 

coupled cavities. The final step in designing is to adjust the 

dimensions of the cavities. The goal of implementing these 

proceedings is to repair the resonance movement created by the 

iris structure [27, 28]. The quality factor (𝑄𝑒𝑥𝑡) is determined 

by Eq.5.  

𝑄𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 =
𝑓0

∆𝑓∓90

=  64.8                                                         (5) 

In this Equation, the parameter ∆𝑓∓90 is in the sense of 

bandwidth where the phase variation is ±90 degrees [29]. 

FILTER DESIGN 

The configuration of the proposed filter structure in CST 

software with the required design dimensions is illustrated in 

Fig. 3.  

The SIW filter dimension values are listed in Table I. 

 

Fig. 3.  Dimensions and configuration of the designed filter. 

TABLE I 
Designed Dimensions of the SIW Filter. 

 

Designed Dimensions (in mm) 

𝑎 𝑏 W1 W2 

33 20 5 11 

d1 d2 d3 H1 H2 

4 0.7 0.5 9 11 
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The benefits of using fourth-order filters to achieve 

isolation are very high. The entire structure is implemented in 

a standard PCB process. The substrate is a Rogers RO4003. 

The substrate thickness is selected as 0.508 mm. The dielectric 

constant (𝜀𝑟) of this substrate is assumed to be 3.38. The value 

of loss tangent (tan 𝛿) is also considered 0.0027. All sidewall 

vias should be drilled at a diameter of 0.5 mm. The central 

vias should be drilled at a diameter of 0.7 mm. The segmented 

filter structure is shown in Fig. 4. 

 

Fig. 4.  Configuration of the proposed structure.  

RESULTS OF THE DESIGN 

 

The S-parameter parameter frequency response (𝑆11) of the 

designed SIW fourth-order structure is evident in Fig. 5. 

According to Fig.5, the central frequency of the designed SIW 

fourth-order filter is set at 5.5 GHz. The bandwidth of the 

designed SIW filter is approximately 0.7 GHz. The filter poles 

are at 5.226, 5.5255, and 5.6726 GHz, respectively. Return loss 

is reported at about 30.2 dB. The insertion loss is about 1.9 dB. 

 

31 dB

 

Fig. 5. Wideband frequency response. 

Fig. 5, which shows the wideband frequency response, 

indicates that the 31-dB rejected level until 7.4 GHz. The 

distribution of Forth order SIW filter E- field lines is illustrated 

in Fig. 6. 
 

 

(a) 

 

(b) 

Fig. 6.  E-field distribution in central frequency (𝑓0 = 5.5 𝐺𝐻𝑧). 

 The H- field distribution diagram of the proposed filter 

structure is presented in Fig. 7. 
 

 

(a) 

 

(b) 

Fig. 7. H-field distribution in central frequency (𝑓0 = 5.5 𝐺𝐻𝑧). 
 



26                                                                                                              Volume 2, Number 2, August 2022 
 

 

In Fig. 8, the distribution diagram of the surface current of the 

quasi-elliptic filter is shown. 

 
Fig.8. Distribution diagram of the surface current in central frequency (𝑓0 =
5.5 𝐺𝐻𝑧). 

 

The VSWR curve is shown in Fig. 9 and provides excellent 

results. 

 

Fig. 9.  VSWR of the proposed SIW filter. 

 

 
(a) 

 
(b) 

Fig. 10.  The form of the fabricated fourth-order SIW filter, (a) Top view, (b) 

Bottom view. 

FABRICATION RESULTS 

The prototype of the fabricated SIW fourth-order filter is 

displayed in Fig. 10. 

The results of the frequency response curve measurement of 

the fourth-order SIW filter structure by the Network Analyzer 

are shown in Fig. 11. 

 
Fig. 11.  The measurement results of the fabricated SIW filter. 

 
 
 
 

As seen in Fig. 11, there is a cooperative agreement between 

the measurement results and the simulation, confirming of each. 

A comparison of the performance of the designed filter 

structure and similar presented structures in other articles are 

shown in Table Ⅱ. 
 

TABLE Ⅱ 

Comparison of the Designed Filter with Other Articles in This Field. 

Referen

ces 

𝑩𝑾𝟑𝒅𝑩 

(𝑮𝑯𝒛) 

𝒇𝟎 

(𝑮𝑯𝒛) 

Filter 

Order 

IL 

(dB) 

Number 

of TZs 

FBW 

 

Rejection  Size 

(𝝀𝒈)𝟐 

[3] 0.2 4.99 3 1.5 2 5 Null 1.25 

[4] 0.3 3.6 3 1.35 2 9.7 20/1.99𝑓0 0.63 

[5] 0.55 20 4 2.78 1 2.75 50/1.49 2.53 

[6] 0.6 13.2 2 1.5 1 4.55 20/2.3𝑓0 0.47 

[7] 0.7/

0.5 

10 3 2.91 1 1.51 25/2.1𝑓0 1.86 

[8] - 10 2 0.8 2 1 - 3 

Presente

d work 

0.7 5.5 4 1.9 2 12.73 31/1.4𝑓0 0.65 

CONCLUSION 

In this proposed paper, a compact fourth-order quasi-elliptic filter 

has been studied. Various electric and magnetic couplings have been 

used to implement the structure of this filter. Studies of filter coupling 

configuration have been fully reported. SIW technology implements 

this filter. The advantages of using SIW in this structure were low loss, 

low cost, and easy construction. The quasi-elliptic filter has been 

designed in the C band. The central frequency of the designed SIW 

fourth-order filter was set at 5.5 GHz. The bandwidth of the designed 

SIW filter was approximately 0.7 GHz. The filter poles were at 5.226, 

5.5255, and 5.6726 GHz, respectively. Return loss was reported at 
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about 30.2 dB. The insertion loss was about 1.9 dB. There was a good 

agreement between the fabrication results and the simulation. 
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