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Focus and Scope
The International Journal on Communications Antenna and
Propagation (IRECAP) is a peer-reviewed journal that publishes
original theoretical and applied papers on all aspects of
Communications, Antenna, Propagation and networking technologies.
The topics to be covered include but are not limited to:

Communications and Information theory, multimedia signal
processing, communication QoS and performance modelling, cross-
layer design and optimization, communication software and services,
protocol and algorithms for communications, communication network
security, cognitive radio communications and networking, hardware
architecture for communications and networking, emerging
communication technology and standards, communications layers,
internet protocols, internet telephony and VoIP, fading channel,
mobile systems, services and applications, indoor communications
and WLAN; superhighways, interworking and broadband VPN, spread
spectrum communication.

Wireless communications and networking, coding for wireless
systems, multiuser and multiple access schemes, mobile and portable
communications systems, real-time transmission over wireless
channels, optical wireless communications, resource allocation over
wireless networks, security, authentication, and cryptography for
wireless networks, signal processing techniques and tools, wireless
traffic and routing, ultra wide-band systems, wireless sensor
networks, wireless system architectures and applications, wireless
ad-hoc and sensor networking, cooperative communications and
networking, bio-inspired wireless communications systems,
broadband wireless access, broadband networking and protocols,
internet services, systems and applications, P2P communications and
networking, satellite and space communications, vehicular networks,
emerging wireless communication technology and standards.

Antenna analysis and design, antenna measurement control and
testing, smart reconfigurable and adaptive antennas and multiple
antenna systems for spatial, polarization, pattern and other diversity
applications, novel materials for enhanced performance,

Propagation, interaction of electromagnetic waves with discrete and
continuous media, radio astronomy and propagation and radiation
aspects of terrestrial and spacebased communications, theoretical
and computational methods of predicting propagation and sensing,
propagation and sensing measurements in all media, interaction of
electromagnetic waves with biological tissue, characterization of
propagation media and applications of propagation, multipath
interference, channel modeling and propagation.

The Editorial policy is to maintain a reasonable balance between
papers regarding different research areas so that the Journal will be
useful to all interested scientific groups.

IRECAP also publishes letters to the Editor and research notes which
discuss new research, or research in progress in any of the above
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Peer Review Process
After submitting a paper, it will be peer-reviewed.
All our journals are peer-reviewed. Reviewers are appointed by the
journal editor.

Peer review has two key functions: 
- To act as a filter and determine the validity, significance and
originality of the work to ensure only good research is published. 
- To improve the quality of research submitted for publication by
giving reviewers the opportunity to suggest improvements.

The review procedure

Each submitted paper is subjected to the following review procedure:
- Preliminarly, the Plagiarism Prevention
Office  (plagiarismprev@praiseworthyprize.org)  checks each
submission through the Ithenticate’s CrossCheck software, in order to
detect instances of overlapping and similar text in submitted
manuscripts (click  here  to find out more about CrossCheck for
Researchers), comunicating the results of the test to the Editor-in-
Chief of the journal only in the case of abnormal percentage of
similarity;
- the Editor-in-Chief, if not in conflict of interest, decides for general
publication suitability;
- in case of conflict of interest, the Editorial Office invites an Editor
(Helper editor) to handle the paper;
- the Editor-in-Chief (or the Helper Editor) invites 3 Reviewers to
perform an independent review of the article; 
- the Journal adopts a single-blind peer review: the Reviewers are
aware of the identity of the Authors, but the Authors are unaware of
the identity of the Reviewers;
- taking care of the recommendations of the Reviewers, the Editor-in-
Chief (or the Helper Editor) decides whether the particular article may
be accepted as it is, or it may be revised or rejected;
- the Editor contact the Corresponding Author by email with the
editorial decision, Editor comments and Reviewer comments. Authors
will be requested to revise their manuscript according to the
Reviewers' suggestions, comments and criticisms;
- the revised manuscript must be returned within one month and the
review process begins again.

Peer review process flowchart
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Ethical Guidelines

 

Publication Frequency
The Journal is published bimonthly, appearing on the last day of
February, April, June, August, October, December.
 

Journal's Consent Policy
Generic users, readers and authors who register themselves for a
private access to the journal website, give implicitly their consent for
Praise Worthy Prize to process their personal data in compliance
with the Privacy Policy they had sight of.
 

Reviewers Suggestion
In the submission process, the submitter is requested for kindly
suggest three potential reviewers with the appropriate acknowledged
expertise to review the manuscript. These reviewers will not be
automatically approved by the Managing Editor.
At Step 1 of the submission procedure please provide detailed contact
information (address, homepage, phone, verified institutional e-mail
address). The proposed reviewers should neither be current
collaborators of the co-authors nor have published with any of the co-
authors of the manuscript within the last five years, according to the
Ethical requirement of the review process. They should be from
different institutions of the authors. The submitter may also identify
appropriate members of the Editorial Board of this journal or others
Praise Worthy Prize's journals as potential reviewers. The submitter
may also suggest reviewers from the authors that you frequently cite
in your paper.

Please send any question about this web site to
info@praiseworthyprize.com
Copyright © 2005-2023 Praise Worthy Prize

http://www.praiseworthyprize.com/ethics
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Editorial Board

Editor-in-Chief
DR Masood Ur Rehman, James Watt School of Engineering, University
of Glasgow, United Kingdom

Editorial Board members
Qammer H. ABBASI, James Watt School of Engineering, University of
Glasgow, United Kingdom

Kamran ARSHAD, Ajman University, United Arab Emirates

Nauman ASLAM, Dalhousie University- Department of Engineering
Mathematics and Internetworking, Canada

C. Faouzi BADER, SUPELEC University, France

Marcus BRUNNER, Swisscom, Switzerland

Zhizhang (David) CHEN, Dalhousie University- Department of
Electrical and Computer Engineering, Canada

Hocine CHERIFI, LE2I - Laboratoire Electronique, Informatique et
Image, CNRS, France

José A. ENCINAR, Universidad Politécnica de Madrid - Departamento
de Electromagnetismo y Teoría de Circuitos, Spain

Adolf FINGER, TU Dresden -Institut für Nachrichtentechnik, Germany

Dr. Ismail Khalil, Johannes Kepler University Linz - Institute of
Telecooperation, Austria

Abdelmajid KHELIL, Landshut University of Applied Sciences,
Germany

Shiban KOUL, IIT Delhi-Centre for Applied Research in Electronics,
India

Polychronis KOUTSAKIS, Murdoch University- School of Engineering
and Information Technology, Australia

Rongxing LU, Faculty of Computer Science, University of New
Brunswick, Canada

R. MAHESWAR, Associate Director - CFRD, KPR Institute of
Engineering and Technology, Coimbatore, India

Marta MARTÍNEZ VÁZQUEZ, IMST GmbH - Department of Antennas &
EM Modelling, Germany

Mustafa M. MATALGAH, University of Mississippi -Center for Wireless
Communication, United States

Natarajan MEGHANATAN, Jackson State University, United States

Mittal NEERAJ, The University of Texas at Dallas - Department of
Computer Science, United States

Jose NEUMAN SOUZA, Computer Science Department, Federal
University of Ceara, Brazil

Mairtin O’DROMA, University of Limerick, Ireland
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Multi-Wideband Bandpass Filter Using Meandered Stub-Stepped 
Impedance Resonators for Multiband Application 

 
 

Teguh Firmansyah1, Herudin1, Cindy Chairunissa2, Mudrik Alaydrus3, Gunawan Wibisono4 
 
 
Abstract – This paper proposes a multi-wideband bandpass filter (MW-BPF) using meandered 
stub-stepped impedance resonators (MS-SIR). This research shows that MS-SIR resonator can not 
only generate five-pass bands, but it also yields wide-fractional bandwidth, good transmission 
coefficients, and ease of fabrication. A transmission line analysis was used to design and to 
investigate the filter structure. Furthermore, this filter was fabricated on a FR4 substrate having a  
size of 0.08 G × 0.14 G, with G as the wavelength at the first resonant frequency. The MW-BPF 
achieves the following transmission coefficients/ fractional bandwidth: -0.84 dB / 42.5 %, -1.36 dB 
/ 21.49 %, -1.85 dB / 14.95 %, -2.12 dB / 10.69 %, and -2.11 dB / 6.02%, at 0.44 GHz, 0.88 GHz, 
1.30 GHz, 1.77 GHz, and 2.15 GHz, respectively. This filter can be applied to DVB-T400, 
GSM800/GSM900, GPS1200, WCDMA1800, and LTE2100. The validity of the proposed design 
has been shown by the good agreement between the simulation and measurement results. 
Copyright © 2018 Praise Worthy Prize S.r.l. - All rights reserved. 
 
Keywords: Bandpass Filter, Meandered, Stepped Impedance Resonators, Wideband 
 

 

Nomenclature 
N Electrical length () with N= 1, 2, 3,… 
r Permittivity (C2N-1m-2) 
G Wavelength at the first resonant frequency 
j Imaginary number 
BW Bandwidth (GHz) 
FBW Fractional bandwidth (%) 
fc Center frequency (GHz) with N= 1, 2, 3,… 
fN Frequency (GHz) with N= 1, 2, 3,… 
GDs Group delays (ns) 
h Substrate thickness (mm) 
K Impedance ratio 
LN Microstrip length (mm) with N= 1, 2, 3,… 
S11 Reflection coefficients (dB) 
S21 Transmission coefficients (dB) 
tan  Loss tangent/ dielectric loss 
WN Microstrip width (mm) with N= 1, 2, 3,… 
YIN Input admittance (-1) 
ZIN Input impedance () 
Z0 Characteristic impedance () 
ZN Impedance () with N= 1, 2, 3,… 
ADS Advanced Design System 
BPF Bandpass filter 
CSRR Complement split ring resonator 
DGS Defected ground structure 
DLS Double layered structure 
DVB-T Digital Video Broadcasting-Terrestrial 
FR4 Epoxy laminate material 
GPS Global Positioning System 
GSM Global System for Mobile communications 
HTS High temperature superconducting 

I/O port Input/output port 
K Impedance ration 
LTCC Low temperature co-fired ceramic 
LTE Long Term Evolution 
MEMC Mixed electric and magnetic coupling 
MMR Multi mode resonator 
MS-SIR Meandered stub-stepped impedance 

resonators 
MSLRR Multiple stubs loaded ring resonator 
MLS Multi layered structure 
MW-BPF Multi-wideband bandpass filter 
NLC Nematic liquid crystal 
PCB Printed circuit board 
PMR Penta mode resonator 
SIR Stepped impedance resonator 
SLR Stub loaded resonator 
SSIR Stub stepped impedance resonator 
TPF Transversal planar filter 
VNA Vector Networks Analyzer 
WCDMA Wideband Code Division Multiple Access 
YBCO Yttrium barium copper oxide 

I. Introduction 
A bandpass filter (BPF) is an important component in 

modern wireless communication systems not only to 
suppress harmonics but also to reduce the noise and to 
decrease signal interferences [1]-[2]. Planar BPFs are 
especially well-known filter structures that can be 
fabricated easily by using a printed circuit board (PCB) 
technology [3]-[4]. They are also suitable for commercial 
applications due to their low-cost integration and 

https://doi.org/10.15866/irecap.v8i5.14169
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compact size [4]-[5]. In recent years, designing 
multiband BPFs with multiband frequencies has become 
a trend to support the development of numerous types of 
wireless communication standards. There are some 
attractive design methods to produce a multiband BPF 
such as the transversal planar filter (TPF) [6]. In this 
method, two transmission-line segments were arranged in 
parallel structure and sharp-rejection multi-passbands 
filtering were generated by exploiting feedforward-
interference principles. However, this filter size is too 
large. [7] and [8] have proposed a low temperature co-
fired ceramic (LTCC) technology to obtain a compact 
filter size. However, LTCC suffers from some major 
drawbacks such as ceramic shrinks after firing, requiring 
heat removal, and difficulty to be manufactured. In 
addition, the unwanted coupling, parasitic effect, and the 
values of lumped elements cannot be predicted and 
controlled accurately. Furthermore, BPF based on slot 
complement split ring resonator (CSRR) was proposed 
by [9], here the slot CSRR as perturbation was used to 
excite the space-orthogonal degenerate mode. This 
method was applied for dual-mode filter. A good 
insertion loss has been achieved, but the BPF has a 
complex structure. Moreover, high temperature 
superconducting (HTS) BPF was proposed by [10]. This 
filter was fabricated on double-sided YBCO thin films 
with a 2-inch-diameter 0.5-mm-thick MgO wafer 
substrate. Further, reconfigurable and tunable BPFs were 
proposed by [11] and [12] by using Varactor /PIN diodes 
and nematic liquid crystal (NLC), respectively. These 
methods produce the  tuning capability of bandwidth and 
center frequency, but they suffers from some  drawbacks 
such as requiring active components, power supply, and a 
complex structure. To generate a multiband BPF, multi-
mode resonator (MMR) and λ/4 resonators with mixed 
electric and magnetic coupling (MEMC) have been 
presented by [13]. This proposed method requires 
external coupling paths and fewer resonator numbers. In 
order to control the resonant modes independently, a 
multiple stubs loaded ring resonator (MSLRR) with 
MEMC was proposed by [14]. However, this filter has 
still a complex structure. In another study, to miniature 
BPF size, a double layered structure (DLS) was 
presented by [15]. Furthermore, a multi-layered structure 
(MLS) was proposed by [16], and Ref. [17] demonstrated 
that with a defected ground structure (DGS) it would be 
possible to generate a good stopband rejection with high 
passband selectivity. High complex configuration of filter 
structures is still a major problem of DLS and MLS 
methods. DGS method in the ground plane will bring 
disadvantages such as package problems and fabrication 
difficulties.  

The most popular method to generate multiband BPF 
is the stepped impedance resonators (SIR), firstly 
introduced by Makimoto and Yamashita in the 1980s 
[18]. The SIRs have shown advantageous performances 
in designing microstrip BPF such as a good stopband, a 
simple structure, a miniature size, and a low insertion 
loss [19]. The resonant frequencies of SIR can be tuned 

by adjusting the impedance ratio.  
Furthermore, [20] proposed an inverted SIR to 

produce dual-pass band. Moreover, SIR combined with 
DGS was investigated by [21], and SIR combined with 
interdigital capacitors was proposed by [22] in order to 
control the harmonic frequencies. Another multiband 
BPF design method is based on stub loaded resonators 
(SLR). This method was investigated by [23]-[24].  

Furthermore, the SLR method was combined with SIR 
method to achieve a simple design and good passband 
selectivity [25]-[30], this method was called stub-stepped 
impedance resonator (SSIR).  

To achieve significant size reduction, there are some 
methods such as stub loaded U-shape [31], ring resonator 
[32], stub loaded transversal [33], and multi stub loaded 
[34]-[35]. Furthermore, a tunable stub loaded filter was 
proposed by [36]; this filter has a compact size  and it is 
reconfigurable. The resonators are composed by a pair of 
varactor-loaded square split rings, an open stub and a 
one-end shorted closed-loop ring. These resonator 
employs the Skyworks varactor diodes SMV1405-074LF 
to adjust the center frequency and the bandwidth of 
second pass-band.  

However, they suffers from some drawbacks such as 
requiring power supply, active components and a 
complicated structure. As a novelty, this research 
proposed a multi-wideband bandpass filter (MW-BPF) 
with meandered stub-stepped impedance resonators (MS-
SIR). 

In order to realize the five-band bandpass filter, this 
research proposed to replace the conventional half-
wavelength open-circuited stub single-frequency 
resonators with meandered stub-stepped impedance 
resonators (MS-SIR). Compared with conventional half-
wavelength open-circuited stub single-frequency 
resonators, the MS-SIR resonator could generate not only 
the five pass-bands, but also better transmission 
coefficients, higher fractional bandwidth, and compact 
size. To the best of knowledge, it is the first design of 
five-passband BPF with wide fractional bandwidth using 
MS-SIR, which can significantly improve  the fractional 
bandwidth. 

Furthermore, a meander method was proposed in this 
research to obtain a significant size reduction. A meander 
method could reduce a filter size as reported by [37]. 
Other methods to reduce filter size are rectangular dual 
spiral resonator [38], λ/2 stub [39], cascaded resonators 
[40], asymmetric SIR [41], and single penta mode 
resonator [42]. However, they have still a complex 
structure. This filter was fabricated on a FR4 substrate 
with r=4.4, h=1.6 mm, and tan =0.0265.  

The proposed MW-BPF was simulated by Advanced 
Design System (ADS). The design methodology will be 
detailed in the following sections. Section 2 describes the 
design of multi-band BPF by folded MS-SIR. The 
transmission line analysis has been used to investigate 
the filter structure. The simulation and measurement 
results of the MW-BPF are described in Section 3. 
Finally, Section 4 concludes this research. 
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II. Stub-Stepped Impedance Resonators 
Structure Analysis 

A conventional single-band microstrip bandpass filter 
is shown in Fig. 1(a). The structure of single-BPF 
consists of a quarter-wavelength (/4) and  an open-
circuit stub resonator (/2) [20]. The bandwidth of a 
single-band microstrip BPF is in principle determined by 
the characteristic impedances of open-circuit stub 
resonator as shown in Fig. 1(b). 

Further, the filter structures are commonly optimized 
for the microstrip realization. In this work, to realize the 
five-band operation, each open-circuit stub resonator 
(/2) is converted to open-circuit stub-stepped impedance 
resonators as shown in Fig. 1(c). 

 

 
 

Figs. 1. (a) A single band BPF based on conventional half-wavelength 
open stub resonator, (b) A half-wavelength open stub resonator, (c) A 

stub-stepped impedance resonator 
 

Moreover, the filter structure of MW-BPF using stub-
stepped impedance resonators structure is shown in Fig. 
2(a), with the ZN (N=1,2,3) and N (N=1,2,3) stand for the 
characteristic impedance and electrical length, 
respectively. Furthermore, Fig. 2(b) shows the even- 
excitation characteristic impedance of stub-stepped 
impedance resonators and Fig. 2(c) shows the odd- 
excitation characteristic impedance of stub-stepped 
impedance resonators. By investigating the input 
impedance ZIN of the stub-stepped impedance resonators 
at the even- excitation condition as shown in Fig. 2(b), 
the following equations can be derived: 

 
ܼூே (ଵ) = −݆ܼଵ cot ଵ (1) 

 
and: 

 

ܼூே (ௌூோି௘௩௘௡ ௘௫௖௜௧௔௧௜௢௡) = ܼଶ
ܼூே(ଵ) + ݆ܼଶ tan ଶ
ܼଶ + ݆ܼூே(ଵ) tan ଶ

= ܼଶ
−݆ܼଵ cot ଵ   + ݆ܼଶ tan ଶ
ܼଶ + ݆(−݆ܼଵ cot ଵ  ) tan ଶ

 
(2)

 
Therefore, the input admittance is given by: 
 

ூܻே (ௌூோି௘௩௘௡ ௘௫௖௜௧௔௧௜௢௡)  

=
1
ܼଶ

ܼଶ + ܼଵ cot ଵ tan ଶ
−݆ܼଵ cot ଵ   + ݆ܼଶ tan ଶ

 (3)

 
 

Figs. 2. (a) The multi-wideband BPF with stub-stepped impedance 
resonators structure, (b) even- excitation stub-stepped impedance 
resonators structure, (c) odd- excitation stub-stepped impedance 

resonators structure 
 

The resonant frequencies can be extracted from the 
admittance condition ௜ܻ௡ = 0 or the impedance condition 
ܼ௜௡ =  [23], [43]-[45].  

Therefore, the resonance condition of the structure is 
found as follows: 

 
ܼଶ + ܼଵ cot ଵ tan ଶ = 0 (4)

 
This can be obtained when: 
 

tan ଶ = −
ܼଶ
ܼଵ

tan ଵ (5)

 
or: 

 
ଶ = − tanିଵ(ܭ tan ଵ) (6)

 
With the impedance ratio ܭ = ܼଶ/ܼଵ, electrical length 

N (N=1,2), and  = 180. For electrical length ଵ =
/4, and without any frequency dispersion, the relation 
between resonant frequency (fN) and fundamental 
resonant frequency (f1) can be derived [25],[43]-[45]: 

 
ே݂

ଵ݂
=
ே
ଵ

 (7)
 

ே݂ =
2ே
 ଵ݂ (8)

 
Therefore, the even- excitation of the proposed stub-

SIR obtains three resonant frequencies, which can be 
extracted by: 
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௘݂௩௘௡ ௘௫௖௜௧௔௧௜௢௡ିଵ = ଵ݂ (9) 
  

௘݂௩௘௡ ௘௫௖௜௧௔௧௜௢௡ିଶ =
2 ଵ݂


(− tanିଵ(ܭ tan ଵ) ) (10) 

  

௘݂௩௘௡ ௘௫௖௜௧௔௧௜௢௡ିଷ =
2 ଵ݂


(2− tanିଵ(ܭ tan ଵ) ) (11) 

 
By investigating the input impedance ZIN at the odd- 

excitation condition as shown in Fig. 2(c), the following 
equation can be derived: 

 
ܼூே (ௌூோି௢ௗௗ ௘௫௖௜௧௔௧௜௢௡) = ݆ܼଶ tan ଶ (12) 

 
The resonant frequencies can be extracted from  the 

impedance condition ܼ௜௡ =  [25], [43]-[45].  
Meanwhile, the resonance condition of the structure is 

found as follows: 
 

tan ଶ =   
 

ଶ =  
(2݊ − 1)

2
 (13) 

 
By Equation (8), the odd- excitation obtains four 

resonant frequencies, extracted by: 
 
௢݂ௗௗ ௘௫௖௜௧௔௧௜௢௡ିଵ,ଶ, = (2݊ − 1) ଵ݂        ;݊ = 1, 2 (14) 

 
It is notable that the total of resonant frequencies in 

even- excitation and odd- excitation has provided the five 
pass-bands frequency. Figs. 3(a) to (c) show a design 
curve of 2 (degrees) for different values of impedance 
ratio (K) and 1 (degrees). 

In this research, the following filter structure was 
chosen: ܼଵ = 30, ଵ = 10, and ܼଶ = 50, hence 
ܭ = 1.66 and ଶ = 163 as shown in Fig. 3(a). FR4 
substrate was used and it has ௥ = 4.4 [45]. 

The unused-region is shown in Fig. 3(b); it is also 
noted that K = 1 stands for uniform resonator/ without 
step impedance resonator. 

Moreover, Fig. 4(a) illustrates the change of the 
second pass-band by the impedance ratio (K) and Fig. 
4(b) shows the effect of frequency ratio by the 
impedance ratio (K), demonstrating that the impedance 
ratio (K) has no effect on the frequency ratio. 

III. Multi-Wideband Bandpass Filter with 
Meandered Stub SIR 

To validate the practical usefulness of the multi-
wideband bandpass filter with meandered stub SIR, the 
prototype has been designed, built, and tested. The 
design guidelines of this BPF process were expounded in 
Section II. 

In this paper, the characteristic impedance ܼ଴ = 50  
has been used, this Z0 value was equal with the 
terminated port (I/O port).  

 
(a) 

 

 
(b) 

 

 
(c) 

 
Figs. 3. The curve of 2 (degrees) for different values of impedance 

ratio (K) and 1 (degrees). (a) with 0 <1< 90 (degrees), (b) with 90 
<1< 270 (degrees), (b) with 270 <1< 360 (degrees) 

 
Furthermore, in order to produce a compact size, the 

following filter structure has been chosen: ܼଵ = 30, 
ଵ = 10, and ܼଶ = 50. So the value of impedance 
ratio becomes ܭ = ܼଵ/ܼଶ = 1.66. Based on Fig. 3(a), 
with ଵ = 10 and ܭ = 1.66, the value of 2 becomes 
ଶ = 163.This initial physical dimensions of MW-BPF 
have been simulated by Advanced Design System 
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(ADS). This filter structure must be optimized to 
consider the impact of bends, open ends, shorted ends, 
and impedance discontinuities. After the optimization, 
the filter structure becomes ܼଵ = 36.3, ଵ = 10.9, 
ܼଶ = 50.47, ଶ = 160.4. The size is slightly changed 
compared to the original filter structure.  

 

 
(a) 

 

 
(b) 

 
Figs 4. (a) The change of the second frequency-band by the impedance 

ratio (K) and length 1 (degrees), (b) the effect of frequency ratio by 
impedance ratio (K) 

 
This filter has been fabricated on FR4 substrate with 

r= 4.4, h=1.6 mm, and tan = 0.0265. In order to reduce 
filter size, a meander method is also proposed. Fig. 5(a) 
shows the layout of multi-wideband bandpass filter with 
meandered stub SIR (MS-SIR). The dimensions are 
given as follows (all in millimeters): 

 

ଵܹ = 5.0, ଶܹ = 3.0, ଷܹ = 3.0 
 
and: 
 
ଵܮ = 11, ଶ௔ܮ = 10, ଶ௕ܮ = 5, ଶ௖ܮ = 35, ଶௗܮ = 5, ଶ௘ܮ =
35, ଶ௙ܮ = 5, ଶ௚ܮ = 35, ଶ௛ܮ = 5, ଶ௜ܮ = 25, ଶ௝ܮ = 5, 

 
and ܮଷ = 14, with L total: 
 

൫ܮଵ, ,ଶ௔ܮ ,ଶ௕ܮ ଶ௖ܮ , ଶௗܮ , ଶ௘ܮ , ଶ௙ܮ , ,ଶ௚ܮ ଶ௛ܮ , ଶ௜ܮ , ଶ௝൯ܮ =
ଶ௦௧௨௕ܮ = 165. 

 
Moreover, Fig. 5(b) shows the photograph of multi-

wideband bandpass filter with meandered stub SIR (MS-
SIR).  

 
 

Figs. 5. (a) The layout of multi-wideband bandpass filter with 
meandered stub SIR (MS-SIR), (b) The photograph of multi-wideband 

bandpass filter with meandered stub SIR (MS-SIR) 
 
Fig. 6(a) shows the extracted reflection coefficients 

(S11) and the transmission coefficients (S21) with different 
W1 and L1. It can be seen that the reflection coefficients 
(S11) of frequency f1, f2, and f3 are more stable than f4, and 
f5, by different W1 and L1.   

 

 
(a)  

 

 
(b) 

 

 
(c) 

 
Figs. 6. Reflection coefficients (S11) and transmission coefficients (S21) 
(a) Response with varied W1 and L1. (b) Response with varied W2 and 

L2. (c) Response with varied W3 and L3 
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However, the transmission coefficients (S21) at all 
frequencies are still stable. 

Besides that, Fig. 6(b) shows the extracted reflection 
coefficients (S11) and transmission coefficients (S21) with 
varied W2 and L2. The chart shows that both the 
reflection coefficients (S11) and transmission coefficients 
(S21) are still fairly constant at f1, f2, and f3. Otherwise, at 
the f4, and f5, the reflection coefficients (S11) and 
transmission coefficients (S21) vary moderately, also 
affecting the frequency shift. Furthermore, Fig. 6(c) 
shows the extracted reflection coefficients (S11) and 
transmission coefficients (S21) with varied W3 and L3. It 
can be seen that the reflection coefficients (S11) decrease 
dramatically without resulting in frequency shift. 

Furthermore, Fig. 7 shows the extracted transmission 
coefficients (S21) and fractional bandwidth (FBW) 
response with different W1. The figure shows that by 
increasing W1, the fractional bandwidth will be stable and  
the transmission coefficients (S21) will increase slightly. 
Therefore, the transmission coefficients (S21) value are 
still higher than -3 dB.  

 

 
 

Fig. 7. Transmission coefficients (S21) and fractional bandwidth (FBW) 
response with varied W1 (mm) 

 
Fig. 8(a) shows center frequency (fc) and bandwidth 

(BW) response with varied L1 (mm). The figure 
demonstrates that both of center frequency and 
bandwidth are stable for L1 between 4-18 mm. Moreover, 
Fig. 8(b) illustrates transmission coefficients (S21) and 
isolation response with varied L1 (mm). Isolations value 
are better than -25 dB, Consequently, that is no 
interferences signal between pass-band. And then Fig. 
8(b) shows that the transmission coefficients (S21) value 
are higher than -3 dB.  

Fig. 9(a) shows  the center frequency and  the 
bandwidth response with different  L2a (mm), and Fig. 
9(b) reports the transmission coefficients (S21) and 
isolation response with different L2a (mm). The figures 
indicate that both the center frequency and transmission 
coefficients (S21) are stable. However, bandwidth and 
isolation are increased while L2a is decreased.  

 

 
(a) 

 

 
(b) 

 
Figs. 8. (a) Center frequency and bandwidth response with varied L1 
(mm), (b) Transmission coefficients (S21) and isolation response with 

varied L1 (mm) 
 
Figs. 10(a)-10(e) show the surface current distribution 

on multi-wideband bandpass filter with meandered stub 
SIR. The surface current distribution at the first 
frequency band (f1=0.44 GHz) was flowed at the center 
area and slightly at the upper resonator area as shown in 
Fig. 10(a). At the second frequency band (f2=0.88 GHz), 
the surface current distribution was flowed only at the 
upper resonator, as shown in Fig. 10(b). Furthermore, at 
the third frequency band (f3=1.30 GHz), the surface 
current distribution was flowed at the upper resonator, 
with a slight distribution at the lower resonator, as shown 
in Fig. 10(c).  

Moreover, both the fourth frequency band (f4=1.77 
GHz) and the fifth frequency band (f4=3.03 GHz) show 
that the surface current mostly flows in the lower 
resonator, with a little surface current in the upper 
resonator as shown in Fig. 10(d) and Fig. 10(e), 
respectively. The surface current distribution of MW-
BPF has been simulated by Momentum-ADS. Plotting 
the surface current distribution on BPF provides 
important information for the RF signal flows. 
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(a) 

 
(b) 

 
Figs. 9. (a) Center frequency and bandwidth response with varied L2a 
(mm), (b) Transmission coefficients (S21) and isolation response with 

varied L2a (mm) 
 

 
 

Figs. 10. Surface current distribution on multi-wideband bandpass 
filter with meandered stub SIR, (a) 0.44 GHz, (b) 0.88 GHz, (c) 1.30 

GHz, (d) 1.77 GHz, and (e) 2.15 GHz 
 
Fig. 11(a) shows the comparison between simulation 

and measurement results achieved by the MW-BPF. A 
VNA Rohde Schwarz ZVA67 was used to test the 
fabricated prototype the MW-BPF. 

Both simulated and measured results of the multi-
wideband bandpass filter with meandered stub SIR have 
accomplished the five passbands’ requirements.  

The MW-BPF achieves the following transmission 
coefficients/fractional bandwidth: of -0.84 dB / 42.5 %, -
1.36 dB / 21.49 %, -1.85 dB / 14.95 %, -2.12 dB / 10.69 
%, and -2.11 dB / 6.02%, at 0.44 GHz, 0.88 GHz, 1.30 
GHz, 1.77 GHz, and 2.15 GHz, respectively.  

Moreover, both simulated and measured group delays 
(GDs) of all the pass-bands below 6 ns are depicted in 
Fig. 11(b).  

Table I summarizes the comparison of the proposed 
MW-BPF.  

 

 
(a) 

 

 
(b) 

 
Figs. 11. (a) Simulation and measurement results of the proposed MW-

BPF, (b) Simulated and measured results of group delay of the 
proposed MW-BPF 

 
TABLE I 

SUMMARY OF THE PROPOSED BPF COMPARISON 

Ref Method Band 
Center 
Freq 

(GHz) 

Trans. coef 
(dB) 

-3dB FBW 
(%) 

[13] 

Mixed electric 
and magnetic 

coupling 
(MEMC) 

5 
2.10 / 3.00 

/ 4.00 / 
4.70 / 7.20 

-0.98 / -1.76 
/-1.22 / -

1.77 / -2.39 

13.70 / 5.60 
/ 10.50 / 

5.10 / 2.90 

[15] Double-layered 
structure 5 

1.50 / 2.50 
/ 3.50 / 

4.50 / 5.80 

-1.50 /-1.80 
/ -0.90 /-

1.20 / -2.50 

4.50 / 4.50 / 
3.60 / 4.50 / 

2.70 

[26] 

Trimode stub-
loaded stepped 

impedance 
resonators 

5 
0.60 / 0.90 

/ 1.20 / 
1.50 / 1.80 

-2.80 / -2.90 
/ -2.90 /-

2.60 / -2.30 

5.80 / 5.20 / 
5.80 / 8.20 / 

8.00 

[42] Penta mode 
resonator (PMR) 5 

0.63 / 1.2 / 
1.8 / 2.49 / 

3.46 

-0.43 / -0.86 
/ -1.10 / -

1.98 / 2.55 

28.50 / 
10.00 / 

13.60 / 4.80 
/ 4.20 

This 
Work 
Multi-

wideband 

Meandered Stub-
SIR (MS-SIR) 5 

0.44 / 0.88/ 
1.30 / 1.77 

/ 2.15  

-0.84 / -1.36 
/ -1.85 / -

2.12 / -2.11  

42.5 / 21.49 
/ 14.59 / 

10.69 / 6.02 
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This filter can be applied to DVB-T400, GSM800, 
GPS1200, WCDMA1800, and LTE2100. This filter has a 
compact size of 0.08 G × 0.14 G, with G is wavelength 
at the first frequency. Furthermore, the MW-BPF 
achieves transmission zeros of -32.1 dB, -30.7 dB, -29.0 
dB, -23.9 dB, -20.8 dB, and -34.2 dB, at 0.22 GHz, 0.68 
GHz, 1.11 GHz, 1.53 GHz, 1.99 GHz, and 2.40 GHz, 
respectively. Finally, the validity of the proposed design 
was shown by the good agreement between simulation 
and measurement results. 

IV. Conclusion 
The MS-SIR resonator could generate not only the 

five pass-bands, but also high fractional bandwidth.. This 
MW-BPF has a compact size of 0.08 G × 0.14 G, with 
G is wavelength at the first frequency. This filter can be 
applied to DVB-T400, GSM800/GSM900, GPS1200, 
WCDMA1800, and LTE2100. Both the simulation and 
measurement results of the multi-wideband bandpass 
filter with meandered stub SIR have accomplished the 
five passbands with wide fractional bandwidth. A good 
agreement can be observed between the simulated and 
measured results which demonstrates the validity of the 
design. 
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