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In this article, a dual-band bandpass microstrip filter (DBBPF) is suggested and studied for RF/microwave
applications. Our filter design method is based on two basic concepts; the use of metamaterial resonators in C-
shaped split rings (C-SRR) to have the left-handed behavior (LH) with minimized losses and the feed by a
microstrip line of significant length folded for the desired miniaturization. The two C-SRRs are optimized for a
size of 6 x 3 mm? to cover the desired frequency bands and the two feed lines have a length of 37.1 mm to
ensure the necessary adaptation. The search of a strong electromagnetic coupling between the two C-SRRs and
the feed lines allowed us to choose the best position to place our resonators in the filter. The simulation of the
filter parameters for two different proposed configurations shows two different qualities. According to the
simulation outcomes for the two proposed filter configurations, two kinds of frequency response were obtained
with different characteristics. For the first configuration where the two C-SRRs are separated by the folded
arms of the two feed lines, the filter response is not clear. Contrary to that, the frequency response of the filter
is desirable for the second configuration. The suggested filter which is represented by the second configuration
has covered both bands (5.88 to 6.39 GHz and 10.75 to 11.16 GHz) for band-pass behavior. In addition, the
analysis of the dispersion diagram allowed us to select the electromagnetic behavior associated with each band.
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1. INTRODUCTION

Microwave filters have contributed directly to the
development of modern telecommunications systems and
devices. The integration of such a filter into an electronic
device comes down to the electrical qualities of the filter
designed itself. To have compact circuits or devices, the
use of multi-band filters [1, 2] becomes necessary. The
major problem with the design of these filters is the
congestion and interference [3] with other systems. To
overcome this problem, scholars specializing in filtering
have sought suitable solutions. At this level, the design
material of the microwave filters becomes a key
parameter for the majority of studies and research.
Recently, metamaterials have attracted the attention of
designers for having crucial qualities because of their
unusual physical characteristics. The permittivity,
permeability and refractive index of metamaterials (all
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three of which can have negative values) represent the
main feature to miniaturize and minimize microwave
filters [4-6]. Moreover, the resonance of SRRs
metamaterial at frequencies with fairly short
wavelengths of the order of A/10 [7] can contribute to
improving the electrical qualities of the filter. Most of the

results obtained in modern research confirm the
importance of metamaterials. Two complementary
metamaterial resonators of circular spiral and

symmetrical circular shapes are proposed in [8] to design
a dual band bandpass filter in coplanar technology with a
size of 16 x 9.3 mm?2. The designed filter covered the C-
band with fractional bandwidths of 52.27 and 15.68%,
respectively. In [9], a tapered metamaterial resonator-
dual-band bandpass filter was proposed for X-band
applications. The tapered resonators have contributed to
create a considerable rejection band of the order of
1.03 GHz to minimize overlap and congestions.

https://jnep.sumdu.edu.ua

© 2024 The Author(s). Journal of Nano- and Electronic Physics published by Sumy State University. This article is
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Cite this article as: M. Barka et al., J. Nano- Electron. Phys. 16 No 4, 04012 (2024) https://doi.org/10.21272/jnep.16(4).04012


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
https://jnep.sumdu.edu.ua/
https://int.sumdu.edu.ua/en
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.21272/jnep.16(4).04012
https://doi.org/10.21272/jnep.16(4).04012
mailto:m.barka@univ-mascara.dz
https://orcid.org/0000-0003-4555-7438

M. BERKA, T. ISLAM ET AL.

In this paper, we present a detailed analysis for
designing a microstrip filter. The proposed filter with an
overall size of 33.4 x 20.6 mm? is formed by two ordinary
C-SRRs resonators and feeded by two microstrip lines of
length of 37.1 mm. The designed filter showed a dual-
band bandpass behavior for two bandwidths of 510 and
410 MHz centered on the resonances of 6.16 and
10.94 GHz, respectively. The electric field propagating in
the filter (for both configurations) was also studied
according to the obtained concentrations to discuss the
effectiveness and the impact of the electromagnetic
coupling between the two metamaterial resonators. We
have structured this manuscript as follows. In Section 2,
the electromagnetic behavior of the C-SRR is analyzed
based on its frequency response and its refractive index.
In Section 3, the simulation results are discussed. In
Section 4, conclusions are drawn.

2. FILTER DESIGN
2.1 2.1 C-SRR Resonator

The resonators constituting the filter have a C-shaped
patch; this later is printed on a Rogers RO 4003 substrate
of thickness A=15mm. the C-SRR is a periodic
structure with a single gap and has a period P = 8.8 mm
as shown in Fig. 1.
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Fig. 1 — Perspective view of the proposed C-SRR.

2.2 Configurations of the microstrip filter
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Fig. 2 — Proposed filter for: (a) First configuration, (b) Second
configuration with zoom on C-SRR patch

The proposed filter is formed by two C-SRR resonators
coupled to the microstrip feed lines. The design of the filter
was based on two different configurations depending on the
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positions of the C-SRRs with respect to the feed lines. The
two configurations proposed for the design of the filter are
represented by Fig. 2.

Table 1 — Various parameters of the proposed filter

Parameter | Value (mm) | Parameter | Value (mm)
a 6 Lz 3.2
b 3 M 4
c 1.8 M 5
e 0.6 S3 1
w 0.6 M 1
Ly 17.2 Ss 7.8
w 1.4 g 0.6

With the dimensions of the parameters listed in Table
1, the filter has the length and the width, X = 33.4 mm,
Y =20.6 mm, respectively.

3. RESULTS AND DISCUSSION
3.1 C-SRR Electromagnetic Behavior

To obtain the reflection and transmission of the C-
SRR element, boundary conditions have been applied.
The proposed resonator has two accesses; on each one, we
have generated an electromagnetic wave to have the
behavior of a transmitter and receiver ports. The
frequency response of the C-SRR is shown in Fig. 3.
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Fig. 3 — Frequency response of the C-SRR

As shown in Fig. 3, the frequency response of the C-
SRR resonator represents a band-stop characteristic. The
C-SRR resonates at the frequency of 9.17 GHz with a
reflection of — 15.4 dB. A zero transmission appeared at
the frequency of 8.53 GHz.

To explain the properties of this resonator, the
analysis of these parameters is highly requested. The
Nicolson-Ross-Weir (NRW) method [10, 11] is very
popular to extract the effective parameters of the C-SRR.
The refractive index of the C-SRR is given by the
following expressions [12].

1 (521"'511)
Neff ]nfh \/[1+(521+511)
There in, ¢ = 3 x 10 + 8 (m/s) is the velocity of light and h

is thickness of the substrate. The real and imaginary parts
of the refractive index are shown in Fig. 4.

1 (S21=S11) 1)
1+(S21=S11)
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Fig. 4 — Extracted real parts of the effective permittivity and
permeability of the F-SRR

From the imaginary and the real parts of the
refractive index, we can say that the C-SRR has negative
values (at the same time) in the frequency range around
the resonance of 9.17 GHz. This characteristic can justify
the left-handed (LH) electromagnetic behavior of our
metamaterial resonator.

3.2 Spectral Response of the Proposed Filter

The filter feeding for its two ports makes it possible to
obtain the spectral response for each proposed
configuration. This response is shown in Fig. 5.
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Fig. 5 — Spectral response of the proposed filter for: (a) First
configuration, (b) Second configuration

The spectral response of the filter for the two proposed
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configurations is shown in Fig. 5. For the case of Fig. 5 a,
where the two C-SRRs are far from each other (corresponds
to the first configuration), we notice that the reflection and
transmission of the filter are not clear. On the other hand,
the filter for this configuration has poor adaptation to both
resonances. This feature is due to the level of the coupling
which was not sufficient to transform the electromagnetic
energy from one resonator to another. Contrary to this, we
observe in Fig. 5b a clear frequency response. The behavior
of the filter is dual-band bandpass for two bandwidths
centered on the two frequencies of 6.16 and 10.94 GHz,
respectively. The good electrical qualities of the filter for the
second configuration proposed are justified by the insertion
losses (IL) which are of the order of —1.23 and —2.47 dB at
the two resonances, respectively. A single frequency of zero
transmission of about —43.53 dB has been observed at
7.19 GHz can also justify the good performance of our filter.
Applying the Bloch-Floquet theorem [13], the
dispersion diagram of the filter can be obtained as.

Lw) = écos‘l(g) 2)

Where d is the length of the equivalent electrical
circuit (transmission line model) of the proposed filter.
And

_ (14+S511)(1=533)+5125,1

A 2S.
21
D= (1=811)(1+532)+S512521 (3)
- 2871

So, the dispersion is expressed as a function of the
reflection (S11) and the transmission (S21) of the filter by
the following relation.

,Bd = cos™1 (1—511522+512521) (4)

2571

The dispersion diagram of the proposed filter is shown
in Fig. 6.
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Fig. 6 — Dispersion diagram for the proposed DBBPF

From Fig. 6, we have two pass bands for the filter
have been observed. For the first band (6.02 to 6.25 GHz),
we notice that the dispersion characteristic has both a
negative slope (#<0) and another which is positive
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(8> 0), which makes it possible to define the first region
composite right hand/left hand (CRLH1). For the second
band (10.22 to 11.13 GHz), the same feature is observed
which can define the second region CRLHz. The positive
slopes of the phase constant in the two passbands of the
filter justify once again the retro-propagation of the
electromagnetic wave in the filter.
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Fig. 7 — E-field Distribution: (a) First configuration, (b) Second
configuration at 6.16 GHz, (¢) Second configuration at 10.94 GHz

The distribution of the electric field on the C-SRRs
and the power lines can explain the filtering
mechanism. This distribution is represented for the
two resonances of the filter.
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In Fig. 7 a. the electric field distribution is shown for
the first configuration. A slight distribution of the electric
field is observed on the two feed lines and on the two
metamaterial resonators. This feature can justify the
poor adaptation and the low level of coupling due to this
configuration (where the C-SRRs are distant from each
other). For the second configuration shown in Fig. 7 b, at
the first resonance of 6.16 GHz, the E-field is
concentrated in all filter elements with weak values. In
Fig. 7 ¢, for the second resonance of 10.94 GHz, the
transfer of electromagnetic energy [14] (in the sense of
density which is defined from the Poynting instantaneous
vector expressed as a function of the electric and
magnetic field) has been obtained. We notice that the E-
field is concentrated between the two C-SRR resonators
close to each other. This characteristic justifies obtaining
the second resonance.

4. CONCLUSION

To summarize, a miniature microstrip filter has been

designed for a novel configuration based on
electromagnetic  coupling  between  metamaterial
resonators and matched feed lines. Two C-SRRs

resonators with optimized size of 6 x 3 mm?2 are used to
ensure the necessary coupling. The analysis of the
proposed filter was done for two différents configurations
according to the location of the two C-SRRs. In the first
configuration, the resonators have been spaced apart,
while for the second the two resonators are placed closer
together. The simulation outcomes show that the filter
designed according to the first configuration had a poor
adaptation because of the insufficient electromagnetic
coupling level. When the C-SRRs were brought closer, the
filter has been exhibited dual-band bandpass behavior
with a good adaptation and two clear bandwidths. The
analysis of the filter carried out can justify the
importance of our design for RF/microwave applications.
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Po3po0ka miHiaTIOPHOTO JBOCMYTOBOT'O MiKPOCMY:KKOBOTO (hisibTpa Ha ocHOBI C-mtogioumx
MeTaMaTepiaJIbHUX PE30HATOPIB AJId PagioIacTOTHUX/MiKPOXBHUJIBOBUX 3ACTOCYBaHb
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¥V 1mi# crarTi 3aIIPOIIOHOBAHO Ta JOCIIIIKEHO JBOCMYTOBUH cMyTroBuit Mikpocmy:xkoBuit ginerp (DBBPF) ns
pagiovacToTHUX/MIKPOXBIJIBOBIX 3acTocyBaHb. Hamr meron po3poOku (inbTpiB 6a3yeThess Ha JBOX OCHOBHUX
KOHIIEMINAX; BUKOPHUCTAHHSA MeTaMaTepiajabHux pesoHaropiB y C-momibHmx posd’emunx Kinbigx (C-SRR) mmaa
miBocropoHHBOl moBemiuku (LH) 3 MmiHiMiZoBaHMMM BTpaTaMyd Ta II0Ja4l MIKPOCMYSKKOBOI JNHII 3HAYHOL
IOBYKHMHMN, CKJIageHol mis Oaskamol mimiatiopmaarrii. JIsa C-SRR omrmmisoBani mjia poamipy 6 x 3 M2 mjs
MOKPUTTS OasKaHUX Jialas3oHIB 4aCTOT, a JBl JIHII KUBJIEHHS MAOTh JOBKHHY 37,1 MM 1js 3a0e3ledeHHS
HeoOXimHol amarrrarrii. [IoIMyK CHJIBHOrO eJIeKTPOMAarHiTHOro 3B’sa3ky Mixk asBoma C-SRR 1 miHiAMM sKuBIEHHS
I03BOJIMB HAM BHOpATH HAWKpAIIe MOJIOKEHHS JJIA PO3MIIEeHHA HAIINX Pe30HATopiB y GiabTpi. MomemoBanHsa
mapaMerpiB QiabTpa AJIsS JBOX PISHUX 3aIPOIIOHOBAHUX KOH(ITYpaIliil JeMOHCTPYe OBl pisHi ssKocTi. Bigmosigmo
10 Pe3yJIbTATIB MOMEJIIOBAHHS JIS IBOX 3AIIPOIOHOBAHMX KOHQIrypairiii ¢iserpa OyJI0 OTPHMAHO ABa THIIN
YAaCTOTHOI XapaKTEePUCTUKHU 3 PisHMMHU XapakrepuctukaMu. s mepirol koudiryparrii, ge nsa C-SRR posmizeni
CKJIAJEHVMH IIJIeYNMAa OBOX JIHIN JKHUBJIEHHS, BiANOBiObL (isbTpa HewiTka. Ha BigMiHY Bif IIbOr0o, 4acTOTHA
XapakTeprcTrKa (QiabTpa OaskaHa I Jpyrol KOH(Irypairii. 3amporroHOBaHUY (DIIBTP, AKUU IIPEICTABIIEHO
IpyToI0 KOH(Iryparrien, oxorumoe obuasa miamasdonu (Big 5,88 mo 6,39 I'Ti 1 Bim 10,75 mo 11,16 I'Tm) murst
cmyroBoi moBemiHku. Kpim Toro, aHaiia gucmepciiHol miarpamMy [03BOJIMB HaM BHOPATH €JIEKTPOMATHITHY
TOBEIHKY, [TOB I3aHY 3 KOYKHOI CMYTOI0.

Kmouori ciosa: Cmyrosuit disetp, Jiarpama gucmepcii, F-CSRR, Meramarepiasr, MikpoXBHIIBEOBI 4acTOTH.
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