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In many modern telecommunication systems, band-pass filters represent main devices for multi-band
applications. In this paper, a new design approach of the dual-band bandpass microwave filter (DBBPF) is
provided for X- and Ku-band applications. The proposed filter is inspired by two symmetrical split ring
metamaterial resonators (SSRRs) of the same square shape and different sizes. These resonators which
have negative permittivity (< 0) are interlinked by a metallic line and etched on the upper face of a
Rogers’s substrate (RO4003) with physical characteristics & = 3.55 and tgd= 0.0027. The two SSRRs are
connected to two microstrip feed lines adapted to 50 Q impedance. To obtain the frequency responses of
this complicated microwave structure, simulations based on the HFSS are launched. The proposed DBBPF
which has the dimensions 26.86 mm x 19.60 mm x 0.8 mm provides good electrical qualities for two
bandwidths of 380 MHz and 710 MHz covering X- and Ku- bands, respectively.

Keywords: Bandpass filter, Metamaterial, Permeability, Resonator, Transmission.

DOT: 10.21272/inep.14(6).06018

1. INTRODUCTION

Microwave filters have proven day after day their
importance and their influence on modern telecom-
munication systems. For multi-band applications, the
microwave bandpass filter becomes a main component
[1-4] because of the electrical qualities offered by this
filter. The operation on several frequency bands for a
single operator requires several circuits in the same
system, which makes it voluminous with considerable
interference, so the use of a multiband filter becomes a
necessity to solve this problem. In this context, several
types of dual-band [5] and triple-band [6] bandpass
filters have been proposed for microwave systems.
Today the choice of a new class of design materials has
proven its effectiveness in the filtering world; this class
is called «Metamaterials».

The concept of metamaterial started for the first
time with the suggestion of the Russian physicist
Victor Veselago in 1967 [7]. In his studies, Veselago
presented the general properties of the propagation of
electromagnetic waves in this type of medium. He
showed the unusual properties of metamaterials that
are not found in nature. Later, Smith and his research
group suggested a new type of metamaterial that offers
both negative permittivity and permeability [8].
Several theoretical and experimental works have been
realized by researchers interested in this field [9-13].
The common objective of most of this research is to
obtain resonators with magnetic activity capable of
providing negative permeability; this is the main
achievement of the famous Sir John Pendry [14]. The
platform dedicated by Pendry to this field has made it
possible to define a new type of resonator called today
split ring resonator abbreviated as SRR.

In this work, we propose a new design approach to
obtain a dual-band bandpass microwave filter
(DBBPF). This filter is inspired by two symmetrical
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split ring metamaterial resonators (SSRRs) of the same
square shape which are interlinked. Different
dimensions of these SSRRs are chosen to have two
different bandwidths to avoid undesirable interference.
The frequency response of our filter is based on the
electromagnetic coupling between the two proposed
SSRRs and the two microstrip feed lines with
characteristic impedances matched to 50 Q.

2. DESIGN APPROACH
2.1 Description of the Square SSRR

The square symmetric split ring resonator (SSRR) is
a metamaterial resonator formed by two square shaped
rings; the outer one has the arm of side @ and the inner
one has the arm of side b. The period of the proposed
SSRR is P, the two rings spaced by s have the same
width d and the same interruption gaps g (g=d =3s).
The SSRR works correctly when the magnetic field H is
perpendicular to the plane of the two rings. Our square
SSRR is shown in Fig. 1.
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Fig. 1 - Representation of the square SSRR

06018-1

© 2022 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.14(6).06018
mailto:m.barka@univ-mascara.dz

M. BERKA, Z. MAHDJOUB, A. BENDAOUDI, ET AL.

For the design of the global filter, we will use two
SSRRs for different periods (different sizes of the arms a
and b). The proposed dimensions are shown in Table 1.

Table 1 - Various dimensions of the proposed SSRR

Parameter g a b P
Value| SSRR: 0.2 4.6 3.8 5
(mm)| SSRR2 0.2 6.6 5.8 7

2.2 Proposed DBBPF

Our proposed global filter consists of two SSRRs of a
square shape and dimensions indicated in Table 1. The
two SSRRs are linked by a metallic line of length [ and
width di. All the components are fed by two microstrip
lines adapted to 50 & impedance, these lines have the
same length (lin=Ilowt=12.57 mm) for a width W
identical to that of the metallic line (W=di1). The
spacing between the metallic line connecting the two
SSRRs and the two microstrip lines is e. The elements
constituting the global filter are etched (¢ =15 um) on
the upper surface of the RO4003 substrate of thickness
h =0.8 mm and have a ground plane on the lower face
(w/h = 1.2). The geometrical parameters of our proposed
DBBPF are summarized in Table 2.

The DBBPF of section m xn mm?2
m =26.86 mm and n =19.6 mm is shown in Fig. 2.

with

3. RESULTS AND DISCUSSION
3.1 Electromagnetic Characteristics of SSRRs

From the dimensions shown in Table 1, we will
simulate the two SSRRs constituting our global DBBPF
to obtain its electromagnetic characteristics. On the 3D
modeler of the HFSS simulator, the largest period
resonator SSRRz with P = 7 mm is shown in Fig. 3.

Table 2 — Dimensions of the proposed DBBPF

Parameter w d1 l e S1 Se
Value (mm) | 0.96 | 0.96 | 3.4 0.2 1.5 3.5
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Fig. 2 — Proposed DBBPF: (a) top view, (b) zoom of the coup-
ling zone
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Fig. 3 — Square SSRR: polarized according to oY

After applying the boundary conditions to our
structure (in the HFSS simulator), the coefficients of
reflection and transmission of both square SSRRs are
represented in Fig. 4.

To show the difference between the two SSRRs,
Fig. 5 shows the two transmissions of the two SSRRs.
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Fig. 4 — Reflection and transmission of SSRRs: (a) SSRR: and
(b) SSRR»
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Fig. 5 — Transmission of both SSRRs

Fig. 4 represents the reflection and transmission of
each SSRR, for the two representations it is noted that
the behavior of each SSRR is stop-band. In Fig. 5 we
notice that the transmission of each SSRR contains
three peaks for different magnetic resonances. For
SSRR1, the central resonance is around 13.1 GHz for a
gain of around 33.24 dB, while for SSRR2, the central
resonance is around 8.65 GHz for a gain of the order of
33.99 dB. The comparison between two transmissions
allows us to say that the more the period (therefore the
arms of the inner and outer rings), the more the
magnetic resonance decreases.

To characterize the effective permeability of each
square SSRR, we will apply the extraction procedure
based on the two reflection and transmission
coefficients of each resonator. The two parts, real and
imaginary of each SSRR, are given by [15]:

Heofp = ﬂ;// - jﬂ;// = ][A _1j 1)
A+1
with
A=8S, -S,. @)

Fig. 6 shows the two parts, real and imaginary, of
the effective permeability of SSRRs.

In Fig. 6, we notice that the imaginary part of the
effective permeability of SSRRe is positive in the
simulation range, while the real part changes its sign
from — 46.13 to 36.05 around the first resonance,
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Fig. 6 — Effective permeability of SSRR2

which justifies the magnetic activity of SSRR2 in a
narrow band of frequency 4.95-5 GHz, which is not
justified for any other type of resonator.

3.2 Electrical Qualities of the Proposed DBBPF

The use of the two SSRRs studied previously makes
it possible to represent the global filter under the 3D
modeler of the HFSS in Fig. 7.

The frequency response of our DBBPF is repre-
sented in Fig. 8.

Fig. 7 - Perspective view of the proposed DBBPF
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Fig. 8 — Frequency response of the proposed DBBPF

06018-3



M. BERKA, Z. MAHDJOUB, A. BENDAOUDI, ET AL.

Fig. 8 represents the reflection and transmission
coefficients of our DBBPF. We notice that our filter has
two different bandwidths for two center frequencies
fr1=9.28 GHz and fr2 = 13.21 GHz for two reflections of
28.97 dB and 21.85 dB, respectively. Insertion losses
(IL) in the filter are low at center frequencies; 0.27 and
0.71 dB. We also note that the two bandwidths are
estimated by 380 and 710 MHz for X- and Ku- bands.

A smaller metamaterial resonator is responsible for
generating the upper band. The width of each band is
controllable by varying the length of the metal line
connecting the two SSRRs. The value of the center
frequency of each band is adjusted according to the
dimensions (periods) of each SSRR: a high frequency
for a short period and vice versa. The distribution of
the electric field on the DBBPF for the two center
frequencies is shown in Fig. 9.
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Fig. 9 - Electric field mapping on DBBPF at: (a) 9.28 GHz and
(b) 13.21 GHz
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Fig. 9 represents the mapping of the electric field on
the DBBPF. At the first resonance of 9.28 GHz, we
notice a considerable coupling between the two SSRRs
constituting the filter, this means that the electric field
and the electromagnetic power are important. At the
second resonance of 13.21 GHz, we can notice that the
electric field decreases in the filter which justifies the
transfer of power from one resonator to the other (in
the sense of density, which is determined from the
Poynting instantaneous vector expressed as a function
of the electric and magnetic fields).

4. CONCLUSIONS

In the presented paper, we have concerned
ourselves with the proposition of a new approach for
the design of a dual-band bandpass filter. We exploited
the electromagnetic characteristics of two symmetrical
split ring metamaterial resonators (SSRRs) to
constitute our global filter. The used SSRRs have the
same square shape for two different sizes in order to
obtain two different bandwidths. All the components
are fed by two microstrip lines with a characteristic
impedance of 50 Q. The electrical qualities of our filter
are based on the electromagnetic coupling between the
two SSRRs, and the two microstrip lines show the band
pass effect for two different bandwidths of 380 and
710 MHz with an overall miniaturized size and low
insertion loss (0.27 and 0.71 dB, better than 1 dB),
which justifies the impact of metamaterial resonators
on the band-pass microwave filters often used for X-
and Ku-band applications.
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Hoswuit nigxia 1o npoekTyBaHHSA JBOAIANa30HHOI0 CMYTOBOI0 MiKpPOXBHMJIBOBOTO (hijibTpa
(DBBPF) na ocHOBi kBapaTHUX CHUMETPUYHHUX pe3oHaTopiB 3 meramarepiany (SSRR)
nag mogarkis X- ta Ku- nianasonis
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VY GaraTthox CydacHHUX TEJIEKOMYHIKAI[IMHUX CHCTEMAaX CMYTOBl (DIIBTPH € OCHOBHUMHU IIPHUCTPOSMU JIJIST
baraTolama3oHHMX 34CTOCYBAaHb. ¥ CTATTI 3alPONOHOBAHO HOBHU IMAXIJ O IIPOEKTYBAHHS JIBO-
TamasoHHOro CMyroBoro MikpoxBuiiboBoro ¢inbrpa (DBBPF) mis sacrocyBamus B miamasomax X 1 Ku.
BamnpornoHoBaHuN (BT 3aCHOBAHWIM HA [BOX CHMETPUYHUX PE30HATOpaX 3 PO3NLIPHUMU KIJIBISIME
(SSRR), BurorossieHux 3 MeTaMaTepiaJy, OJHAKOBOI KBaapaTHOI (hopmu Ta pisHmx poamipis. I1i pesoHaTopw,
SIKl MAlTh HETaTUBHY JieJIeKTpUYHY IpOHUKHICTH (w1 < 0), 3'emHaHl MK CcO00H MeTaseBOK JIHIEHn Ta
BUTPABIpyBaHI HA BepxHii moBepxHi migkiaagxu Pomkepca (RO4003) 3 dismyHrME XapaKTepUCTHKAMEA
& = 3.55 ta tgdo=0.0027. JIsa SSRR migrsodeHi 10 ABOX MIKPOCMYYKKOBHUX JIHIN KHUBJICHHSA, aJalTOBAHUX
o omopy 50 Om. IIlo6 orpmmary YacTOTHI XAPAKTEPUCTHKU ITi€l CKJIAIHOI MIKPOXBHUJIBOBOI CTPYKTYPH,
BHUKOPHCTOBYETbCA MopeaoBaHHa Ha ocHoBi HFSS. BampomomoBammit DBBPF, saxuit mae poamipu
26,86 mm x 19,60 MM x 0,8 MM, 3a0esmedye XOpPOIMl €JIEKTPHUYHI SAKOCTI IJIS [OBOX CMYT IIPOIIYCKAHHS
380 MI'tr i 710 MTI'mx, m1o oxomrooThk X- 1 Ku-mianasonu BiAIOBIIHO.

Knrouosi ciosa: Cmyrosuii gineTp, Meramarepia, [Iporuknicts, Pesonatop, [Iponyckamms.

06018-5



