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Abstract

This paper presents a planar wideband bandpass
filter using a combination of microstip structure and
substrate integrated waveguide (SIW). To control the
bandwidth of the wideband bandpass filter, the
proposed filter is designed by cascading structure
between the high pass filter and low pass filter
characteristic. The SIW, which is a high pass filter
characteristic, is designed to determine the lower
cutoff frequency. Then, the microstrip, which is a
and low pass filter characteristic, is designed to
determine the higher cutoff frequency. To verify the
concept of the proposed filter design, three wideband
bandpass filters, e.g., 2-5 GHz, 3-5 GHz and 4-5
GHz, have been simulated and achieved, resulting in
fractional bandwidth of 80%, 50% and 20%,
respectively. To prove the simulated results, the 4-5
GHz wideband bandpass filter is selected to
fabricate on the low-cost FR-4 substrate with a
thickness of 1.6 mm. The results show that measured
and simulated results are agreed well in the
reflection and insertion responses.

Keywords: wideband bandpass filter, substrate
integrated waveguide, microstrip

1. Introduction

Bandpass Filter (BPF) is a basic component in
communication systems that is normally applied for

the measurement and several electronics circuits. It is
the important part for noise rejection at receiver on
specified frequency range with lower and upper
cutoff frequencies. To create BPFs, many structure
types are used such as coaxial, waveguide, microstrip,
and etc. Recently, a substrate integrated waveguide
(SIW) has been introduced [1-4]. It is easily
synthesized by introducing two rows of metalized
holes into the substrate layer of printed circuit board
(PCB). By this formation, SIW can exhibit the wave
propagation mode similar to rectangular waveguides,
including the field pattern and hig hpass filter (HPF)
characteristics. Moreover, it can provide the benefits
of power capability, high Q-factor, low loss and low
cost [5]. Therefore, in this work, HPF response of
SIW structure is applied to combine with a
conventional microstrip low pass filter (LPF) for
controllable BPF. Results show that its operating
bandwidth and center frequency can be freely
designed and controlled by structure reconfiguration
on SIW and microstrip.

2. Filter Design

The proposed BPF consists of two main parts as
shown in Fig. 1(a) that is designed on FR4-substrate
(er=4.2, tan 6 = 0.019, and 4 = 1.6 mm.). Firstly, to
define the higher cutoff frequency (fy#) of BPF, a
microstrip lowpass filter with the 3 th order of
Chebychev is basically designed [6]. Its parameter L
of LPF is optimized by 5 mm. to generate the cutoff



(a)

Figure 1. Configurations of wideband bandpass filter (a) top and cross section view (b) SIW structure.

Table 1: Dimension of SIW at 2, 3 and 4 GHz

ft(GHz) | w(mm) | 7; (mm) | 7, (mm)
2 46 29 17
3 25 10 6
4 20 13 7
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Figure 2. (a) Comparison simulated results of three
bandpass filters and (b) Simulated and measured
results of bandpass filter with range of 4 — 5 GHz.

frequency at 5 GHz. Meanwhile, SIW is generated to
determine the lower cutoff frequency (f;) of BPF. Its
structure is constructed by using two rows of
conducting cylinders in dielectric substrates to
connect two parallel metal plates as depicted in Fig.

(®)

1(b). To obtain the SIW cutoff frequency (f.) with
TE 10 mode, it is found by the following equation (1),

c

DN v

where c¢ is the speed of light and wey is effective
width of the rectangular waveguide which the value
of wey can be calculated from equation (2),
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W, =W—
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where D is the diameter of the metal vias, w
represents their transverse spacing and P is spacing
between two vias [7-9]. Besides, to maintain the
good impedance matching on the connection
between SIW and microstrip structure, the taper
transition line is added and adjusted [1].

3. Measurement Results

To inspect adaptable WBPFs, the lower cutoff
frequency (f;) is adjusted by changing transverse
space, w, to generate different cutoff frequencies. In
this experiment, D and P are fixed with 1 and 2 mm,
respectively, where w is varied for lower cutoff
frequencies of 2, 3, and 4 GHz. In addition, to
improve impedance matching of BPF, taper length
(T)), and width (T>) are alternated. The proper values
of parameters are illustrated in Table 1. Fig. 2(a)
shows the simulated results of wideband BPF in
distinct frequency ranges of 2—5, 3—5 and 4-5 GHz.
The maximum insertion losses of all BPF structures
are less than 2 dB. The fractional BWs are also
obtained with 80%, 50%, and 20% for operating
frequency ranges of 2-5, 3-5 and 4-5 GHz,
respectively. From these results, it is clearly seen that
the operating frequency BW of filter can be tuned
and controlled without restraint. To verify the



obtained result in practical view, BPF with range of
4-5 GHz is selected to fabricate the prototype BPF.
The compared results between simulation and
measurement are depicted in Fig. 2(b). They are in
good agreement.

4. Conclusion

Combination of SIW and microstrip structure for
controllable wideband BPF is proposed. This
concept, can be easily tuned with individual control
of lower and higher cutoff frequencies with the
desired operating frequency of BPF. Also, the design
is suitable and flexible for BPFs construction.

Acknowledgement

This work was supported funded by Thailand
Science Research and Innovation Fund, and King
Mongkut’s University of Technology North Bangkok
with contract no. KMUTNB-BasicR-64-39.

References

[1] G. Savvides et al., "3D Rapid-Prototyped 21-31-GHz
Hollow SIWs for Low-Cost 5G IoT and Robotic
Applications," in I[EEE Access, vol. 9, pp. 11750-11760,
2021, doi: 10.1109/ACCESS.2021.3051180.

[2] E. Silavwe, N. Somjit and I. D. Robertson, "A
Microfluidic-Integrated SIW Lab-on-Substrate Sensor for
Microliter Liquid Characterization," in [EEE Sensors
Journal, vol. 16, no. 21, pp. 7628-7635, Nov.1, 2016, doi:
10.1109/JSEN.2016.2599099.

[3] N. Esparza, P. Alcon, L. Fernando Herran and F. Las-
Heras, "Substrate Integrated Waveguides Structures Using
Frequency Selective Surfaces Operating in Stop-Band
(SBESS-SIW)," in [EEE Microwave and Wireless
Components Letters, vol. 26, no. 2, pp. 113-115, Feb.
2016, doi: 10.1109/LMWC.2016.2517066.

[4] L. Sun, H. Deng, Y. Xue, J. Zhu and S. Xing,
"Compact-Balanced BPF and Filtering Crossover With
Intrinsic Common-Mode Suppression Using Single-
Layered SIW Cavity," in /EEE Microwave and Wireless
Components Letters, vol. 30, no. 2, pp. 144-147, Feb.
2020, doi: 10.1109/LMWC.2020.2965530.

[5] M. Bozzi, A. Georgiadis, and K. Wu, “Review of
substrate-integrated waveguide circuits and antennas,”
Microwave, Antennas & Propagation, IET, vol. 5, pp. 909-
920, Jun. 2011.

[6] David M. Pozar, “Microwave Engineering,” in John
Wiley & Sons, Inc., 4th ed. Amherst, 2012, pp. 380-450.

[7] D. Deslandes and K. Wu, “Design Consideration and
Performance Analysis of Substrate Integrated Waveguide
Component,” in European Microwave Conf., Milano,
2002, pp. 881-884.

[8] D. Deslandes and K. Wu, “Single Substrate Integration
Techniques for Planar Circuits and Waveguide Filters,”
IEEE Transaction on Microwave Theory and Techniques,
vol. 51,pp. 593-596, Feb. 2003.

[9] K. Wu, Deslandes, and Y. Cassivi, “The Substrate
Integrated Circuits — A New Concept for High-Frequency
Electronics Optoelectronics,” Telecommunication Modern
Satellite, Cable Broadcasting Service 6th International
Conf., Serbia and Montenegro, 2003, pp. P-III-P-X.



