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This paper presents a novel approach involving a modified wideband parallel
coupled line bandpass filter (BPF). The proposed modification aims to
achieve both enhanced skirt selectivity and simplified configuration, while
ensuring the prevention from discontinuities between adjacent segments.
The improvements in the performance of the filter’s structure are achieved
through the integration of a signal-interference filtering model using parallel
transmission line with distinct impedance values and electrical lengths at the
input/output of the filter. This integration gives rise to the generation of
multiple transmission zeros (TZs), thereby bolstering attenuation within both
in-band and out-of-band frequency ranges. For the purpose of concept
validation, a 37¢ wideband band-pass filter with f,=2.45 Ghz, accompanied
by a fractional bandwidth of 50% was designed and simulated using
microstrip RO6010 substrate. The outcomes of the simulation exhibit good
performance, characterized by minimal insertion loss, wide bandwidth and

Transmission zeros
Wideband bandpass filter

the presence of seven TZs within the passband, resulting in high selectivity
and sharp stopband rejection level.
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1. INTRODUCTION

Nowadays, microwave filters with low insertion loss and high selectivity operating in the radio-
frequency (RF)/microwave communication systems play a crucial and irreplaceable role, particularly in high-
frequency elements of RF transceiver frontends. Among these, RF/microwave bandpass filters (BPFs)
emerge as fundamental components. Their significance lies in their ability to accurately capture desired RF
signals, effectively defining the operational bandwidth of the RF system. Over the last few years, many
different techniques for designing wideband BPFs have been explored, such as multi-mode stepped
impedance resonators, defected-ground structure (DGS), aperture backed-line, fork-shaped resonators,
multilayer technology and coupled structures including interdigital filters, combine filters, hairpin filters, and
parallel coupled-line filters [1]-[19].

BPFs with parallel coupled lines are the most commonly used filters because of their straightforward
design synthesis, low fabrication cost and easier integration with other components [1]. However, to realise a
wide bandwidth (FBW>10%), the unachievable small gap size presents the main limitation in the filter
implementation and the fabrication tolerance increasement. To overcome this shortcoming, parallel three
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coupled-lines BPF is suggested [8], [9]. The gap coupling between lines is significantly relaxed and the
fractional bandwidth of more than 10% is realised. Nonetheless, the filter still suffers from very poor
selectivity and low insertion loss. Aperture technique is employed to improve the coupling strength in
parallel coupled-line, so as so realizing wideband BPF [10], [11]. Folded fork-shaped structure with loaded
open-ended superconductor-insulator-superconductor (SIS) is adopted in [12] to design compact wideband
BPF. Cross-coupled wideband filters featuring a stub-loaded resonator and an extremely miniaturized SIRs
are presented [13], [14]. Explore an alternative approach that involves investigating various DGS-shaped
configurations etched into the ground plane as a means to enhance both the bandwidth and sharpness of
microstrip BPFs [16]-[18]. However, the filtering behaviors are degraded due to increased losses resulting
from the decreasement of the quality factor. Finally, in addition to the above techniques, multilayer printed
board technology has attracted significant attention with the aim of boosting the response of classical coupled
line structure [19], [20]. The aforementioned techniques give effective solutions to strengthen the coupling
gap and enhancing the bandwidth. Nonetheless, most of them suffer from radiation loss, complexity in the
structures design and are typically struggling dissatisfaction of high selectivity with transmissions zeros
(TZs) at both sides of the passhand.

Recenty, signal interference technique has been reported to design several microwave circuits
[21]-[27]. In the wideband applications [21]-[23], parallel transmission lines modal of distincts characteristic
impedances and electrical lengths and connected at their two ends establishes the fundamental filter’s
structure. The transmission signal applied at the first end propagates through those parallel paths and
interferes at the other end with distinct phases and magnitudes. Varying these phases and magnitudes allows
for the creation of multiple finite TZs resulting in sharp rejection attribute.

The approaches investigated the impact of the coupling gap in fabrication and bandwidth
enhancement. But they did not explicitly address its influence on considering simple synthesis design,
bandwidth and good performances simultaneously. To overcome this limitation, a wideband parallel coupled
line filter based on interference technique is proposed in this study. Wide-band performance is accomplished
by using three parallel coupled-lines BPF connected at it two ends to a bi-path transversal signal interference
section. The design guidelines are provided, clearly indicating that multiple TZs can be created and
independently controlled by the bi-path section. For validation, a wideband BPF operating at
2.45 GHz with a fractional bandwidth of 50% is designed. Based on the simulated results, the proposed
design validates its potential appropriateness for cellular base stations applications.

This paper is structured in the following manner. Firstly, subsection 2.1 briefly summarizes the
principle of signal interference filtering transversal section. In subsection 2.2, the technique outlined in
subsection 2.1 is applied to construct a 37¢ order microstrip parallel coupled-line BPF with wide-bandwidth
and enhanced performance. Section 3 focuses on examining the filter and conducting a comparison between
the proposed microstrip BPF and the existing literature. Finally, the key conclusions drawn from this study
are outlined in section 4.

2. METHOD

The geometrical structure of the proposed BPF is illustrated in Figure 1. It is made up of three
parallel coupled-lines BPF connected at it two ends to a bi-path transversal signal interference section. The
operational concept of this filter configuration involves acquiring a highly selective wideband BPF behavior
by promoting constructive/destructive signal for the desired passband to create TZs. The transversal signal
interference sections are folded in order to reduce the overall circuit size.
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Figure 1. Design of the suggested wideband band-pass filter grounded on interference technique
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2.1. Signal interference technique principle

The configuration of the used transversal section is depicted in Figure 2. As it can be observed, it
consists of two different electrical transmission paths in parallel and connected to each other at their two
input/output. A transmission line segment having an electrical length and characteristic impedance referred to
as 0, and Z,, respectively, is placed in path 1. In the second path, another transmission line is located with
characteristic impedance Z, and electrical length 6,. The operating interference principle consists of dividing
the signal coming from one end into two components with the same frequency, and propagating at the other
side with different amplitudes and phases depending on the characteristic parameters of the two-lines.
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Figure 2. Configuration of the transversal transmission-line section

Building upon this principle allows to achieve multiple TZs, thereby contributing to the
enhancement of performance. The location of the TZs is obtained by setting the scattering parameter
|S,1] = 0. Thus, TZs will be established at the frequencies where the condition (1) is fulfilled:

cot (921 (}%)) cot (922 (j:—;)) + j—i =0 1)

Two sets of solutions can be derived. The first set is determined by considering the following
conditions: 6, = (2i — 1)m/2 and 6, = (2j + 1)m/2. As shown in Figure 3(a), symmetrical TZs about the
center frequency f;, are obtained when i = j = 1,2,3 ... . By choosing i # j, the TZs appeared only at the
lower or upper stopband with respect to f, as illustrated in Figure 3(b). For the second set, the symmetrical
TZs locations are obtained if the conditions 8, = in/2, 8,, = (j + 2)r/2 and i = j = 2,4,6... are satisfied
as depicted in Figure 4.
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Figure 3. Variation of TZs location versus different values of impedance ratio for set 1; (a) i=j and (b) i#j

According to the prior statement, it is clear that the TZs locations and bandwidth can be controlled
by acting on both electrical-length and impedance parameters. Wide bandwidths are acquired as lower
electrical lengths are chosen. Moreover, the higher impedance ratio is, the greater zero separation and
stopband rejection level are.
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Figure 4. Variation of TZs under different values of impedance ratio for set 2

2.2. Bandpass filter design procedure
The design procedure of each quarter wavelength coupled stage is the same as in [8]. Each three-line
section of six-port network can be transformed to two-port using currents and voltages termination conditions

and then approximated by an admittance inverter in the middle of two quarter-wave transmission lines. The
admittance inverter J values can be expressed as (2) to (4):
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where, by,’s are the susceptance slope parameters, w is the relative bandwidth and g,,’s are the element
values of the chosen lowpass prototype filter response. Z, present the terminating line characteristic
impedance and is chosen as 50 Q. Once J inverter is obtained, even/odd-mode characteristic impedances of
each section can be deduced as (5) and (6):

Z 2

Zeven ~ ?OUZZO +]ZO + 1) (5)
Z 2

Zoaa = 2U?2y" = JZo + 1) (6)

Overall, the design process of the proposed coupled-line BPF shown in Figure 1 can be succinctly
outlined as follows:

— Calculate the admittance inverter J and even-odd mode impedances (Zeyen, Zoaq) according to the design
(2) to (6). Therefore, the initial line widths W; and gaps S; are determined with the given center frequency
and substrate characteristics. The line length of each section is calculated using (7) [4]:

c

L= 4fo\/€eff )

where ¢, is the effective dielectric constant, and it can be expressed as (8) and (9):
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— Determine the electrical and physical values Z,, Z,, 6;, and 8, of the transversal filtering transmission
line section for the chosen set of solution according to the desired propreties.
— As per the condition in (1) and the two sets of solutions, refer to Figures 3 and 4 to locate the TZs and
their corresponding impedance ratio Z, /Z,.
— Parameter optimization is required to ensure that the filter response meet the desired performance.
To demonstrate the feasibility of the design procedure described above, a third order microstrip
coupled three-line filter with Chebyshev response (0.5 dB ripple) is designed and optimized on Rogers 6010
substrate having a dielectric permittivity of e, = 10.2, a thickness of h = 1.27 mm and a loss tangent of
0.0023. The center frequency is selected to be f, = 2.45 GHz. The electrical parameters of the transversal
section Z,, Z,, 6,4, and 6, were set to 106 Q, 90 Q, 180°, and 360°, respectively. As a result, the impedance
ratio is Z,/Z, = 0.89. By mapping this value on Figure 4, the corresponding band-in-band TZs f,; and f,,
are expected to be obtained at 1.745 GHz and 3.14 GHz, respectively. The finally optimized physical values
are labeled in Table 1.

Table 1. Physical dimensions of the designed filter
Symbol  Value (mm)

L, 214
L, 19.7
Ls 12.69
L, 11.8
S 0.304
S, 0.41
w, 0.181
W, 0.11
W, 0.19
W, 0.304

3. RESULTS AND DISCUSSION

The electromagnetic (EM) simulated frequency response is accomplished using both PathWave
advanced design system (ADS) and HFSS as shown in Figure 5. A good agreement and excellent performances
are exhibited, with the exception of certain frequency shift due to the coupling effects of the coupled-lines and
the numerical approach used in each simulator. The center frequency is located at 2.45 GHz with a fractional
bandwidth of 50% which lead to cover L-band and S-band applications. The in-band insertion loss and return
loss are better than 0.6 dB and 15 dB, respectively, for the whole band. As expected from the transversal section
theory, two TZs are obtained close to the passband at 1.76 dB and 3.12 dB. Besides, five other TZs are created
at 0.518 dB, 1.705 dB, 3.22 dB, 4.31 dB, and 4.42 dB due to the optimal impedance selection. An optimal
selection of the impedances Z; and Z, leads to split the reffered TZs into multiple TZs located around the
passband. The side-band selectivity is satisfactory with better than 30 dB rejection level, and the upper stopband
attenuation is about 25 dB. Table 2 shows the detailed comparison between the parallel coupled-line filter
proposed in this work and others state-of-the-art reported ones. Distinctly, the filter has the merits of low
insertion loss, wide bandwidth, high selectivity, sharp rejection stopband and simple design process.
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Figure 5. Simulated results of proposed parallel coupled-line BPF
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Table 2. Comparison between the proposed wideband coupled-line BPF and those reported in literary works
References CF(GHz) FBW (%) IL(dB) RL(dB) TZs Stopband rejection level

[12] 2.2 45 14 10 4 20
[13] 1 21 2.05 NA 1 30
[14] 10.81 445 0.6 20 3 20
[18] 242 19.4 1 24.5 3 20
Proposed BPF 2.45 50 <0.6 >15 7 >25

Figures 6(a) and (b) depict the electric and the magnetic field distribution at the center frequency. It
can be noticed that all the colors on the scale are spread out across the surface of the coupled lines. Red color
represents the stronger coupling effect, whereas the blue color indicates a weaker one.

(b)

Figure 6. Field distribution of the proposed filter at the center frequency; (a) electric field and (b) magnetic
field

4. CONCLUSION

Transversal signal interference section has been employed in this work to design wideband BPF
with enhanced proprieties. It made up of two distinct transmission-line segments in parallel and connected to
coupled three-line structure, thereby creating two paths for signal propagation. Design method and rules are
discussed to reveal the physical parameters and desired characteristics of the filter in accordance with its
specifications. The proposed filter realizes about 50% of fractional bandwidth while creating seven TZs that
improve the selectivity and stopband rejection level, which demonstrates its suitability for cellular base
stations applications. As a limitation, the filter exhibits a large area of 0.5 1, X 0.2 1,. To mitigate this
drawback, a potential avenue for future could involve the incorporating of cascade stepped impedance signal
interference sections into the design.

REFERENCES

[1]  S. B. Cohn, “Parallel-coupled transmission-line-resonator filters,” IRE Transactions on Microwave Theory and Techniques, vol.
6, no. 2, pp. 223-231, Apr. 1958, doi: 10.1109/TMTT.1958.1124542.

[2] G. L. Matthaei, “Interdigital band-pass filters,” IRE Transactions on Microwave Theory and Techniques, vol. MTT-10, no. 6, pp.
479-491, Nov. 1962, doi: 10.1109/TMTT.1962.1125556.

[31 R. J. Wenzel, “Synthesis of combline and capacitively loaded interdigital bandpass filters of arbitrary bandwidth,” IEEE
Transactions on Microwave Theory and Techniques, vol. 19, no. 8, pp. 678-686, Aug. 1971, doi: 10.1109/TMTT.1971.1127609.

[4] J. Hong, “Transmission lines and components,” Microstrip Filters for RF/Microwave Applications, vol. 167, pp. 75-111, 2011,
doi: 10.1002/9780470937297.ch4.

[5] Y.Mu, Z. Ma, and D. Xu, “A novel compact interdigital bandpass filter using multilayer cross-coupled folded quarter-wavelength
resonators,” |EEE Microwave and Wireless Components Letters, vol. 15, no. 12, pp. 847-849, Dec. 2005, doi:
10.1109/LMW(C.2005.860013.

[6] Y. Bo, E. Skafidas, and R. Evans, “Design of integrated millimetre wave microstrip interdigital bandpass filters on CMOS
technology,” in Proceedings of the 37th European Microwave Conference, EUMC, 2007, pp. 680-683, doi:
10.1109/EUMC.2007.4405283.

[71  A. Anand, “Cross coupling in folded interdigital filters using quarter-wavelength resonators with non-planar structures,” in IEEE
MTT-S International Microwave Symposium Digest, Jun. 2021, vol. 2021, pp. 188-191, doi: 10.1109/IMS19712.2021.9574974.

[8] J. T. Kuo and E. Shih, “Wideband bandpass filter design with three-line microstrip structures,” IEE Proceedings: Microwaves,
Antennas and Propagation, vol. 149, no. 5-6, pp. 243-247, Dec. 2002, doi: 10.1049/ip-map:20020572.

[91 Z. Wang, R. Xu, and B. Yan, “A covering Ka-band two-way switch filter module using a three-line and an E-plane waveguide
band-pass filters,” International Journal of RF and Microwave Computer-Aided Engineering, vol. 25, no. 4, pp. 305-310, May
2015, doi: 10.1002/mmce.20863.

[10] L. Zhu, H. Bu, and K. Wu, “Aperture compensation technique for innovative design of ultra-broadband microstrip bandpass filter,” in
IEEE MTT-S International Microwave Symposium Digest, 2000, vol. 1, pp. 315-318, doi: 10.1109/MWSY M.2000.860995.

[11] M. D. C. Velazquez-Ahumada, J. Martel, and F. Medina, “Parallel coupled microstrip filters with ground-plane aperture for

Bulletin of Electr Eng & Inf, Vol. 13, No. 6, December 2024: 4041-4047



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 4047

[12]

[13]

[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

spurious band suppression and enhanced coupling,” IEEE Transactions on Microwave Theory and Techniques, vol. 52, no. 3, pp.
1082-1086, Mar. 2004, doi: 10.1109/TMTT.2004.823593.

L. Wei, H. Chen, H. S. Zhong, Z. Q. Zhao, and Y. X. Zhang, “A compact wideband bandpass filter with harmonic suppression
using fork-shape resonators and SIS,” in 2012 International Conference on Microwave and Millimeter Wave Technology, ICMMT
2012 - Proceedings, May 2012, vol. 2, pp. 546-548, doi: 10.1109/ICMMT.2012.6230038.

S. C. Tang, P. C. Chu, J. T. Kuo, L. K. Wu, and C. H. Lin, “Compact microstrip wideband cross-coupled inline bandpass filters
with miniaturized stepped-impedance resonators (SIRs),” IEEE Access, vol. 10, pp. 21328-21335, 2022, doi:
10.1109/ACCESS.2022.3153710.

T. Huang, Z. H. Shao, and Z. Chen, “Miniaturized wideband bandpass filter with enhanced selectivity and stopband suppression,”
Microwave and Optical Technology Letters, vol. 60, no. 3, pp. 769772, 2018, doi: 10.1002/mop.31052.

M. Firmli and A. Zatni, “Analysis of a symmetrical planar structure formed by stepped penta-mode resonator for designing filters with
multi-band response,” Advances in Science, Technology and Innovation, vol. 10, pp. 89-95, 2024, doi: 10.1007/978-3-031-46849-0_10.

S. K. Parui and S. Das, “A new defected ground structure for different microstrip circuit applications,” Radioengineering, vol. 16,
no. 1, pp. 16-22, 2007.

V. P. Do, D. M. Luong, C. H. Ta, and M. T. Doan, “A novel wideband bandpass filter using H-shaped DGS,” International
Journal of Electrical and Computer Engineering, vol. 8, no. 4, pp. 2021-2028, Aug. 2018, doi: 10.11591/ijece.v8i4.pp2021-2028.
A. Kumar and K. V. Machavaram, “Microstrip filter with defected ground structure: A close perspective,” International Journal
of Microwave and Wireless Technologies, vol. 5, no. 5, pp. 589-602, Oct. 2013, doi: 10.1017/S1759078713000639.

E. Fathi, F. Setoudeh, and M. B. Tavakoli, “Design and fabrication of a novel multilayer bandpass filter with high-order harmonics
suppression using parallel coupled microstrip filter,” ETRI Journal, vol. 44, no. 2, pp. 260-273, 2022, doi: 10.4218/etrij.2020-0330.

A. Nafar, G. A. E. Vandenbosch, E. Mehrshahi, and S. Karimian, “Spurious response suppression in wideband bandpass filters
using chirality,” AEU-International Journal of Electronics and Communications, vol. 171, p. 154912, Nov. 2023, doi:
10.1016/j.aeue.2023.154912.

R. Gomez-Garcia and J. 1. Alonso, “Design of sharp-rejection and low-loss wide-band planar filters using signal-interference
techniques,” IEEE Microwave and Wireless Components Letters, vol. 15, no. 8, pp. 530-532, Aug. 2005, doi:
10.1109/LMWC.2005.852797.

R. Gomez-Garcia, L. Yang, and J. M. Mufioz-Ferreras, “Optimisation-based design of transversal signal-interference microwave
bandpass and lowpass filters with extended stopband,” IET Microwaves, Antennas and Propagation, vol. 15, no. 6, pp. 653-660,
May 2021, doi: 10.1049/mia2.12091.

B. Pan, W. Feng, Y. Shi, M. Huang, W. Che, and Q. Xue, “High-performance wideband balanced bandpass filter based on
transversal signal-interference techniques,” IEEE Transactions on Plasma Science, vol. 48, no. 12, pp. 41194126, Dec. 2020,
doi: 10.1109/TPS.2020.3035558.

C. H. Chio et al., “Design of microstrip transversal signal-interference circuit with large group delay,” IEEE Microwave and
Wireless Technology Letters, vol. 33, no. 1, pp. 90-93, Jan. 2023, doi: 10.1109/LMWC.2022.3197658.

R. Gomez-Garcia, L. Yang, M. Malki, and J. M. Munoz-Ferreras, “Flat-group-delay RF planar filters with transmission zeros
using transversal circuits,” IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 70, no. 10, pp. 3843-3856, Oct.
2023, doi: 10.1109/TCSI1.2023.3298219.

R. Gomez-Garcia and L. Yang, “Extending the upper-passband range in planar bandstop-type transversal filtering sections,” in
Asia-Pacific  Microwave Conference  Proceedings, APMC, Dec. 2020, vol. 2020, pp. 932-934, doi:
10.1109/APMC47863.2020.9331464.

C. H. Chio, K. W. Tam, and R. Gomez-Garcia, “Filtering angular displacement sensor based on transversal section with parallel-
coupled-line path and u-shaped coupled slotline,” IEEE Sensors Journal, vol. 22, no. 2, pp. 1218-1226, Jan. 2022, doi:
10.1109/JSEN.2021.3133452.

BIOGRAPHIES OF AUTHORS

Maroua Firmli © B B © received her B.S degree in Electronics and Communication and
Master’s degree in Systems and Telecommunication from lbn Zohr University, Agadir,
Morocco in 2018 and 2020, respectively. She is currently a Ph.D. student in Electronics and
Wireless Communication at the Laboratory of Metrology and Information Processing,
Department of Physics, Faculty of Sciences, Ibn Zohr University, Agadir, Morocco. Her
research interests include design, analysis, and optimization of RF/microwave filter for
wireless ~ communication  systems. She  can be  contacted at email:
maroua.firmli@edu.uiz.ac.ma.

Abdelkarim Zatni 4 B €2 hold his Ph.D. degree from the National School of Engineers
of Brest, Telecom Bretagne University, France, in 1994. He is currently a Professor at the
Faculty of Sciences and a member of the Laboratory of Metrology and Information
Processing, Department of Physics, Ibn Zohr University, Agadir, Morocco, with an experience
of more than 28 years. He conducts his research in semiconductor lasers, telecommunication,
and computer science. He can be contacted at email: a.zatni@uiz.ac.ma.

Wideband coupled-line BPF with high-selectivity based on parallel ... (Maroua Firmli)


https://orcid.org/0009-0006-3719-7136
https://scholar.google.com/citations?user=DDr5BOUAAAAJ&hl=ar&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=58115651300
https://www.webofscience.com/wos/author/record/KHC-4618-2024
https://orcid.org/0009-0002-4633-8819
https://www.scopus.com/authid/detail.uri?authorId=7801340970

