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Abstract—This paper demonstrates the design of an ultra-

compact substrate integrated waveguide (SIW) bandpass filter 

(BPF) with unequal termination impedances (UTI). The 

proposed SIW BPF is designed with quarter-mode (QM) and 

one-eighth-mode (OEM) SIW cavities. To validate the proposed 

method, a fourth-order SIW BPF with a center frequency of 5.5 

GHz and UTI of 25 Ω-to-50 Ω is designed. The first and last 

resonators utilize OEM SIW cavities, while the second and third 

resonators utilize QM SIW cavities. By employing QM and 

OEM SIW cavities, the overall size of the proposed UTI SIW 

BPF is only 26.8 × 22.5 mm2. 

Keywords—Bandpass filter, one-eight-mode, quarter-mode, 

substrate integrated waveguide, unequal termination impedance. 

I. INTRODUCTION 

Bandpass filter (BPF) is a key component in wireless 
communication systems. In the transmitting systems, BPFs 
are used to minimized unwanted harmonic signal generated by 
amplifiers and other active devices. In the receiving systems, 
the BPFs are used to suppress unwanted signal and secure high 
quality of the desire signal. Various BPFs with different 
structures and realization methods were presented in 
literatures. The designs of BPF based on parallel couple lines 
with equal termination impedances of 50 Ω to 50 Ω are 
described in [1]‒[5]. However, there are increasing demands 
for unequal termination impedance (UTI) BPFs. Various types 
of UTI BPF have been proposed in [6]‒[8]. The analytical 
design methods are well described in the aforementioned 
works. However, these UTI BPFs are designed by using 
coupled lines, which may be difficult to implement when the 
center frequency (f0) is located in higher frequency bands. 

Substrate integrated waveguide (SIW) BPFs have attracted 
much attentions due to their merits, such as high power 
handling capability, high Q-factor, low cost, low loss, and 
easy fabrication in [9]‒[10]. Recently, a SIW BPF with UTI 
of 20 Ω-to-50 Ω is presented in [11]. Similarly, the SIW BPF 
matching networks are presented in [12]‒[14]. These SIW 
BPF matching networks can be designed with arbitrary real-
to-real or real-to-complex UTIs. However, they have been 
realized using full-mode (FM) SIW cavities, which are 
occupied a large area on the circuit board, especially in 
microwave frequency range. 

To reduce the size of FM SIW BPF, investigations have 
conducted on different mode SIW cavities such as half- mode 
(HM), quarter-mode (QM), and one-eight-mode (OEM). A 

 
Fig. 1. Different SIW cavity types. 

SIW BPF utilizing HM SIW cavities is presented in [15], 
where each resonator is formed by a section of HM SIW cavity 
between two transverse slots. Furthermore, a BPF 
demonstration using QM SIW cavities is presented in [16]. 
The BPF is composed of cascading QM SIW cavities, which 
are magnetically coupled with neighboring sections. In 
addition, a multi-layer OEM SIW BPF is investigated in [17], 
composed of four OEM SIW cavities with three metal layers. 
Moreover, the mixed-mode SIW BPF based on QM and OEM 
SIW cavities have been proposed for the first time in [18], 
presenting second- and third-order mixed-mode SIW BPFs.  
The circuit size can be reduced by using different mode SIW 
cavities, however those of them are designed with equal 
termination impedances of 50 Ω-to-50 Ω.  

In this paper, an ultra-compact SIW BPF based on QM and 
OEM SIW cavities with UTI is proposed. The proposed SIW 
BPF is implemented on a single substrate printed circuit board 
(PCB). By using QM and OEM SIW cavities, the circuit size 
of proposed BPF is estimated to be much smaller than that of 
BPF realized using FM SIW cavities.  

II. DESIGN OF ULTRA-COMPACT SIW BPF WITH UTI 

Fig. 1 shows different types of SIW cavity. The size of a 
HM SIW cavity is approximately 50% size of a FM SIW 
cavity, as it is obtained by bisecting a FM SIW cavity along 
its center plane. A QM SIW cavity is produced by bisecting a 
FM SIW cavity twice along the equivalent magnetic walls, 
resulting in a size reduction of around 75%. Similarly, an 
OEM SIW cavity is obtained by cutting the magnetic walls of 
a FM SIW cavity four times, resulting in a size reduction of 
approximately 87.5%. These SIW cavities can support the 
same resonant frequency of the fundamental mode. A QM 
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SIW cavity has two metallic walls and two open sides. 
Therefore, it can be located at the first, intermediate, or last 
stages of the BPF. Similarly, OEM SIW cavity has the same 
edge lengths, a and b, as QM SIW. As the OEM SIW cavity 
has one metallic wall and two open sides, it should be placed 
at the first or last stages of the BPF. The resonant frequencies 
(fr) of HM, QM, and OEM SIW cavities can be estimated 
using the following equations [19]. 
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where c is the velocity of light in a vacuum, μr and εr are the 
relative permeability and permittivity of the substrate, 
respectively, aeff and beff are the edge lengths of the equivalent 
resonant cavity, h represents the thickness of the substrate, d  
is the diameter of the metalized via, p is the pitch between 
adjacent via holes. ∆w is the additional width that accounts for 
the effect of the fringing fields on the equivalent magnetic 
walls. fr presented in (1) can be considered as f0 of the UTI 
BPF. 

Although the design of UTI BPF in this work primarily 
focuses on different mode SIW cavities, the design procedure 
remains the same as that of a general BPF. Fig. 2 shows the 
equivalent circuit of a typical BPF with J-inverters. The J-
inverters of the coupled resonator can be defined using (3) 
[11]. 
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where RS and RL are the source and load resistances, 
respectively. FBW stands for the fractional bandwidth, while 
bi represents the slope parameter. It is important to note that 
the first and last J-inverters are affected by RS and RL, 
respectively. The external quality factors (QeS,eL) and the 
coupling coefficient (Ki,i+1) of the resonators can be defined 
as the following. 
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Typically, the SIW BPF is designed by using magnetic 
coupling with via-hole windows. The QeS,eL of SIW resonators 
can be extracted from electromagnetic (EM) simulation as 
(5). 
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where ∆f±3dB is a 3-dB BW. On the other hand, Ki,i+1 between 

 
Fig. 2. Equivalent circuit of generalized BPF with J-inverters. 

 

Fig. 3. Extracted QeS,eL and Ki,i+1 of QM and OEM SIW cavities from EM 
simulation. 

the intermediate resonators can be determined using (6).  
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where fp1 and fp2 are the two split resonant frequencies. 

III. SIMULATION AND MEASUREMENT RESULT 

In this work, a fourth-order SIW BPF with UTI of 25 Ω-
to-50 Ω is designed and fabricated. The first and the last 
resonators are implemented using OEM SIW cavities, while 
the intermediate resonators are implemented using QM SIW 
cavities. The proposed UTI SIW BPF is designed with f0 = 5.5 
GHz, FBW = 15 %, and |S11| = 20 dB.  Using (4), QeS = 6.3513, 
QeL = 6.3516, K12 = 0.1349, K23 = 0.1041, and K34 = 0.1345 
are calculated. 

A Taconic TLY PCB with εr = 2.2 and h = 0.508 mm was 
used in this design. Finally, the edge lengths of the QM and 
OEM SIW cavities could be estimated using (1) and (2). Fig. 
3 presents the QeS,eL and Ki,i+1 values for different mode SIW 
cavities by using EM simulation. QeS,eL can be controlled by 
adjusting the tap position from the short circuit of the via-
hole. As the tap distance from the via-hole (L1) increases, the 
QeS,eL value of the OEM SIW cavity is decreased. The 
extracted Ki,i+1 values of QM/OEM SIW cavities is increased 
with the widening of iris windows (W1). The BW of the SIW 
BPF can be controlled by adjusting W1. 

As depicted in Fig.4, the circuit size of the proposed 
fourth-order UTI SIW BPF is approximately equal to that of 
a conventional FM SIW cavity. This means that the circuit 
size of the proposed UTI SIW BPF is approximately three 
times smaller than that of a conventional fourth-order BPF 
realized using FM SIW cavity. The overall circuit size of the 
proposed UTI SIW BPF is 26.8 × 22.5 mm2.  

The measurement results are consistent with those 
obtained by EM simulation. Fig. 5(a) shows the matching 
impedance point of the proposed UTI SIW BPF on a Smith 
chart. The measured source impedance is well matched to the 
target value. Similarly, the S-parameters within the frequency 
range of 1 to 18 GHz are presented in Fig. 5(b). The 3-dB BW 
of 840 MHz was measured from 5.16 to 6 GHz. 
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Fig. 4. Circuit size comparison: (a) proposed fourth order UTI SIW BPF and 
(b) a conventional FM SIW cavity. 

 
(a) 

 
(b) 

Fig. 5. Comparison between EM simulation and measurement results: (a) 
matching impedance point and (b) S-parameter responses. 

The measured |S11| is ‒25.4 dB and |S21| is ‒0.98 dB at f0. 
The stopband attenuation is better than 30 dB at the lower side 
measured from 1 to 4.2 GHz. Similarly, the attenuation level 
better than 30 dB was measured from 6.7 to 9.7 GHz at the 
higher stopband. 

IV. CONCLUSSION 

This paper demonstrates the design of an UTI SIW BPF 
based on QM and OEM SIW cavities. By utilizing different-
modes of the SIW cavity, the size of the proposed circuit is 
significantly compact. Since the proposed UTI SIW BPF is 
implemented on a single-layer PCB, it is easy to fabricate. 
Due to the requirement of a small PCB footprint for 
fabricating this UTI SIW BPF, it can be considered a cost-
effective solution. The proposed method is applicable to the 
design of RF/microwave circuits and systems. 
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