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In recent years, with the increasing demand for wireless communication systems operating in the sub 6 GHz
frequency band, there has been a growing need for compact and efficient band pass filters. Substrate Integrated
Waveguide (SIW) is a promising technology that offers advantages such as miniaturization, low insertion loss, and
high selectivity. In this paper, we propose a compact SIW-based band pass filter for sub 6 GHz band applications. The
proposed filter is designed using a stepped impedance resonator (SIR) and a modified E shape coupling structure to
achieve the desired band pass response. The filter is fabricated on a low-cost and commercially available substrate to
make it suitable for mass production. Simulation and measurement results show that the proposed filter exhibits good
performance in terms of insertion loss, return loss, and selectivity. The compact size and high performance make the
proposed SIW-based band pass filter ideal for various wireless communication systems operating in the sub 6GHz
frequency band. The optimization process is performed using Ansoft HFSS software, where the design parameters of
the filter are adjusted to achieve the desired frequency response characteristics and is going to be proposed with the
requirements of Frequency Coverage of (— 3 dB) i.e.., — 3300 to 3700 MHz, Insertion Loss less than 1 dB, Stop
bandwidth — 32 dB and Lower and upper band relaxation of 30 MHz.

Keywords: Sub-6GHz, Band pass Filter, Substrate Integrated Waveguide (SIW), Stepped Impedance Resonator
(SIR), Miniaturization.
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1. INTRODUCTION development of innovative filtering structures that combine
. . . . . the benefits of SIW with metamaterial-based resonators,

The fie81gn ar.ld implementation of small-sized, high- g} 55 Complementary Split Ring Resonators (CSRR) and
performing filtering components have attracted a lot of f.;.q] Open Complementary Split-Ring Resonators
attention in the field of microwave engineering, (FOCSRR). These resonators introduce  unique
particularly in view of the upcoming uses for 5G wireless electromagnetic properties, enabling the realization of

communication systems. Compared to previous wireless compact and high-performance filtering components with
technologies, sub-6 GHz 5G offers significantly fas.ter improved selectivity and wideband characteristics [2].
data trf?lnsfer speeds, lower latency, apd greater capacity. Researchers have experimented with a variety of design
These 1mprovemen‘Fs are made po§51ble by the use of approaches and configurations in an effort to achieve better
fsldvanced te.chnologles such as massive MIMO (multlple- performance and miniaturization. SIW filters that use split
Input, mult}ple-output) and beamforming, which allow circular rings and rectangular stubs, and quasi-elliptic. SIW
for more efficient use of .spectrum and better coverage. filters that use microstrip-line cross-coupled and slot-coupled
One of the key benefits of sub-6 GHz 5G is its ability structures [3]. In order to accomplish wideband operation

to provide br(.)a‘der coverage than the higher-frequency g wide stopband features, the integration of metamaterial
mm Wave (millimeter wave) 5G technology. Sub-6 GHz gloments such as FOCSRRs and T-shaped transmission
5G signals can travel further and penetrate obstacles 1;0q has also been studied [4].

more easily, making it well-suited for providing wide- In [5], the waveguide integrated substrate and the

area coverage 1n urban and suburba'n environments. y,otamaterials, using S-shaped resonators for the two
Extensive research efforts .wor}dW1.de have been g jooted frequency bands (8.7, 13.4) GHz and (9.5, 15) GHz.
prompted by the need for effective filtering systems that 7, [6], rectangular split ring resonator (RSRR) utilized for
can han.dle the increasingly crowded RF spectrum wh?le microwave band stop filter design 1 to 4 GHz frequency
preserving 10“{ 1055 and good select1v1.ty. Beca}lse of its panq. Microstrip-line structures are the most frequently
favorable qualities, such as low loss, high quality factor, jlized for filter design due to their ease of manufacture,
and §1mp1101ty of integration with plan.ar PTOCeSSINg  ciyeuit diversity, and low cost [7]. DMS are periodic
techniques, Substratle.Integratgd Waveguide (SIW has  tructures with specific dimensions and spacing that are
emerged as a promising solution among the different ;1 quced into the resonators of the filter to modify their

technologies investigateq [1]. electrical properties, such as resonant frequency, bandwidth,
Recent advancements in SIW technology have led to the ;1,4 harmonic suppression, to achieve the desired filter
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performance [8]. The 5G NR bands n77 (3300 — 4200 MHz),
n78 (3300 — 3800 MHz) and n79 (4400 — 5000 MHz) have
been planned for the 5G network [9].

2. PROPOSED FILTER DESIGN

The design and analysis of a small SIW-based
bandpass filter are discussed in this paper. The compact
SIW based bandpass filter for sub 6GHz applications were
proposed. Using Ansys software, a compact SIW based
bandpass filter for sub 6GHz application is designed. The
substrate used for this filter is FR4. Substrate Integrated
Waveguide (SIW) is used in the proposed filter in order to
provide low insertion loss, high selectivity, and excellent
out-of-band rejection. It consists of a resonator that is
coupled to input and output ports.

The filter structure comprises of a rectangular SIW
cavity with an array of via holes to realize the side walls
of the wave guide [10]. The resonating structure consists
of resonators which are etched on the top layer of SIW.
Here modified E shape slots on the top layer which is
responsible for wideband response at low band frequency.
The following design procedure is adopted for the
proposed filter. This resonator when integrated with
SIW, generates passband well below the characteristic
SIW cutoff frequency. Hence

C

fc(TEy) = W 1)
dZ
Weff Ws — 0 95 (2)

Here Ws and W denotes the width and effective width
of the waveguide. The speed of the light is represented by
C and dielectric constant of the substrate is represented by
¢r, where (gr = 4.4). The diameter d and the patch s of via
holes are placed accordingly with d/4; = 0.8 mm and
d/s = 1.5 mm. So that it satisfies the constraint of
minimum leakage loss. At last, the parameters of the
resonators are fine-tuned using full wave simulator to
obtain the filter with desired resonant characteristics.
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Fig. 1 — Design iteration of band pass filter
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The construction of the proposed filter system was
carried out into three discrete steps. At first the
symmetrical shaped filter was designed and the
dimensions of the filter design is 656 mm x 14.5 mm as
shown in the Fig. 1. The filter was printed over the FR4
substrate. Implemented to meet the technical
requirements for high quality performance in the
frequency range of 3.3 to 3.7 GHz a dielectric constant of
4.33 was used for the fabrication of this filter.

Where

e  Width (WSIW) =13 mm
Dielectric Substrate Length (L) = 30 mm
Taper Section Length (L) = 14 mm
Width of Taper Section (W¢) = 5.2 mm
Diameter (d) = 0.8 mm
pitch (p) = 1.5 mm

A pair of slots are loaded onto the top surface of the
suggested filter to achieve a wide passband and a wide
lower and upper band of rejection. For the purpose of
validating the analysis, the suggested SIW filter has been
simulated, made, and tested.

3. RESULT AND DISCUSSION

The proposed SIW filter prototypes are fabricated
using 0.8 mm thick FR4 substrate having a permittivity
of 4.4 and dielectric loss tangent of 0.030 and shown in
Fig. 2. The proposed compact SIW filters occupy compact
size of 656mm and 14.5 mm respectively.

()
Fig. 2 — Fabricated BPF model: (a) front view, (b) back view

The simulated frequency response of the proposed
filter results reveal that the proposed compact SIW filter
operates from 3.2 GHz to 4.3 GHz with a minimum
insertion loss less than 0 to — 2 dB.

03009-2



CoMPACT SIW BASED BAND PASS FILTER...

20 4

-30 4

S parameters(dB)

-40 4

transmission (dB)
—eflection (dB)

-50 -

-60 T T T
2 3 4 5

Frequency(GHz)
Fig. 3 — Frequency response of proposed BPF

Because waveguides naturally have low insertion loss,
they can produce very sharp filters with very high Qs when
combined with a waveguide built at resonant length. These
filters are frequently used in duplexers for radar
applications because they operate at high frequencies,
provide the requisite frequency selectivity, and can
withstand high transmit powers to hundreds of dB.

In Table 1 comparison analysis of existing filters was
discussed. From the analysis, the observed results agree
with those predicted by simulation. Centre frequency of
3.5 GHz within a 3 dB fractional bandwidth of 62%, stop
bandwidth of — 30 dB, lower and upper band relaxations
of 30 MHz Insertion loss as measured is less than 1 dB.
The filter's size is extremely small and suited for use in
applications operating sub 6 GHz.
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KomnakTuuii dpinsTp Ha ocHori SIW gns nogarka Sub 6GHZ niamasony
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OcraHHIMHE POKAMM, 3POCTAE TIONUT HA CUCTEMHU 0E3POTOBOrO 3B'A3KY, IKI IPAIOIOTh Y Jiamas3oHi yactot Sub
6GHZ, spocrae morpeba y KOMIAKTHUX Ta e(EKTUBHUX MPOILyCKHUX eJIeMeHTaX. [HTerpoBaHWd XBUJIEBO/T
migrmagku (SIW) — 11e mepcreKTHBHA TEXHOJIOTIS, KA IIPOINOHYE TAKl IMepeBard, Sk MiHIaTIOPU3allisd, HU3bKAa
BTPATA BCTABKHU TA BHCOKA CEJICKTUBHICTB. Y JaHIM CTATTI 3aIIPONOHOBAHO KOMIAKTHUN IIPOILyCKHUM (PiIbTP HA
6asi SIW nmus momarkie Sub 6GHZ miamasomis. 3amnporoHoBanuit (GijsbTp po3pobieHUit 3a JOIMIOMOIOI0
cTymiHYacToro pesonaropa immenancy (SIR) Ta mogudikoBaHol cTpyKTypH 3uerieHHA E dopMu 11 qocarHeHHA
moTpibHOI peakriii mpoxoxy cmyru. (DUIBTP BHUTOTOBJISETHCS HA HEIOPOTIM MiAKJIAMII, 100 3pobuTH #HOro
NPUOATHUM JJIsi MAcOBOTO BHUPOOHHUIITBA. Pe3ysibratv MOZETIOBAHHS TAa BHMIPIOBAHHS IOKA3yITh, IO
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3aIPOIIOHOBAHUM (PLIIBTP JEMOHCTPY€E XOPOIIl IIOKA3HUKYU 3 TOUYKY 30pY BTPATH BCTABKU, BTPATHU II0OBEPHEHHS Ta
cesiekTuBHOCTI. KoMmakTHUI po3Mip 1 BUCOKA MPOAYKTUBHICTE POOJIATE 3aIIPOITIOHOBAHUY (PLIBTP HA ocHOBI SIW
iTeaIbHUM IS PISHUX CHCTeM 0e3IpOTOBOrO 3B'A3Ky, IO IPAIlioioTh y miamadoni dyactor Sub 6GHZ. Ilporec
ONTHUMI3allil BUKOHYETHCA 34 JOIIOMOroi0 mporpaMuoro 3atesmeuenus ANSoft HFSS, me mpoexTtHi mapamerpu
(ibTpa peryIThCs AJIA JOCATHEHHS 0a/KaHNX XapaKTePUCTUK YacTOTHOL BIAIOBIAL Ta OyAyTh 3aIIpOIIOHOBAHI
3 BUMOT'aMH 4acTOTHOro MOKpUTTS (— 3db), TooTo — 3300 mo 3700 MI'w, BTpara BcTaBku meHIne 1 1B, 3ynmuHKa
TPOITyCKHOI 3maTHOCTi — 32 1B 1 HusKHA Ta BepxXHs cmyTra poadciadmaenas 30 MI'r.

Knrouori caora: Sub 6GHZ, Qimbrp mpoxomy miamasony, lurerpoBanmit xBmyesop migeiaameu (SIW),
Cryminuactuit pesonatop imnemaucy (SIR), Miniatopusarris.
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