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The multi-band structures have the advantage of providing the same electronic function for different
frequency bands and for a single compact circuit. In this paper, a new metamaterial resonator was modeled
for multi-band applications. The proposed structure is a non-periodic split-ring resonator of H-C shape (HC-
SRR). The copper patch of the HC-SRR is printed on the upper side of the used dielectric substrate which is
Rogers RO 4003 of physical characteristics (& = 3.55 and tgd= 0.0027). The electrical dimensions of the HC-
SRR unit cell are optimized at (0.37440 x 0.36240 x 0.03940), where Ao is the free space wavelength calculated
at the lowest operating frequency which is 7.25 GHz. The HC-SRR is modeled based on its equivalent
electrical circuit containing the (Ls — Cs) series branches. The obtained results show a dual-band bandpass
behavior of our metamaterial resonator at both resonances of 7.25 and 9.31 GHz. This behavior was validated
by the equivalent circuit model based on the reflection characteristic. Other physical characteristics of the
proposed resonator are obtained such as constitutive parameters and electric field to show the unusual
electromagnetic behavior of the proposed HC-SSR. Obtained negative values of permittivity and/or
permeability can define the left hand medium (LHM) represented by our resonator. The study and analysis
proposed in this work can justify the impact and efficiency of the proposed HC-SRR for multiband
applications, especially for wireless communication devices.
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1. INTRODUCTION In this paper, we present a new type of H-C shape
metamaterial resonator. The proposed HC-SRR is
formed by a copper patch containing four H-segments
coupled to two C-segments. The modeling of the unit cell
is obtained based on the equivalent electric circuit which
contains (Ls — Cs) series branches and adapted to the
impedance of 50 Q. For the analysis of the proposed HC-
SRR, we based on its spectral response and constitutive
parameters. The frequency characteristics of
permittivity and permeability can reveal left-hand
behavior LHM due to negative values around resonance
frequencies. The physical characteristics of the proposed

Frequency responses for different bands require the
design of multiple electronic circuits integrated into the
same device. As a result, the size of the circuits will be
larger, which represents a huge constraint. In
microwave regime, the frequency shift causes a
remarkable change in the dimensions of such a circuit.
To ensure the desired miniaturization, it is necessary to
seek another means or another technique. In the past
few years, the exploitation of the unusual physical
characteristics of metamaterials has contributed to the

miniaturization of electronic circuits in the microwave
regime without having frequency shifts [1].

The split ring metamaterial resonator (SRR)
designed for the first time in 1999 by Sir J. Pendry [2]
represents a structure able of reacting with
electromagnetic waves propagating for too small
wavelengths [3]. The main characteristic of this type of
resonator is the possibility of having negative
permittivity or permeability or both at the same time [4].
This characteristic is represented by the left hand
mediums (ENG, MNG) and the composite right hand/left
hand mediums often called double negative mediums
(DNG) [5-7]. The SRR has shown its effectiveness for a
large number of microwave circuits such as filters [8-12],
antennas [13, 14], absorbers [15, 16], sensors [17], etc.
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HC-SRR based on the multi-band frequency response
are validated by the equivalent circuit model. The
resonator reflection has been discussed by comparing its
responses obtained by the different calculations.

The remaining sections of this paper are structured
by presenting the unit cell evolution in section two,
which includes configuration and dimensions. In section
three, the parameters and performances of the proposed
resonators are discussed. Finally, conclusions are
included in section four for summarizing the paper.

2. EVOLUTION OF THE PROPOSED HC-SRR

2.1 Unit Cell Configuration
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The split ring metamaterial resonator is a microwave
structure with magnetic activity that has unusual physical
characteristics. The first proposed SRR is the circular
shaped resonator formed by two inner and outer rings. The
proposed resonator patch is formed by four identical H-
shaped segments (two in horizontal plane and two others
in vertical plane) coupled to two other identical C-shaped
segments. The global patch is printed on the upper side of
the Rogers RO 4003 substrate with a thickness 4 of order
of 1.65 mm. The proposed metamaterial resonator of HC-
SRR patch is shown in Fig. 1.
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I Rogers RO4003 [ Copper

Fig. 1 — Geometric layout of the proposed HC-SRR

2.2 Dimensions

The proposed HC-SRR is a non-periodic
metamaterial resonator. This type of structure is
frequently used for microwave devices. The sides (X, Y)
of the proposed HC-SRR are given by the following
expression.

{X=g+2(d+e+$)+3w=2(b+g+S)+w 1
Y=28+g)+3c=a+c— w+2S » @

The dimensions of the basic cell are summarized in
Table 1.

Table 1- Geometric narration of the HC-SRR unit cell

Parameter | Value (mm) | Parameter | Value (mm)
a 9.5 g 0.5
b 6 w 0.5
c 4 S 1
d 3 X 15.5
e 2 Y 15

The non-periodicity of the proposed resonator is
justified by the geometric characteristic X#Y.

3. RESULTS AND DISCUSSION
3.1 Simulation Setup of the Unit Cell

For the simulation setup of our resonator, we have
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introduced the necessary band conditions which are
fixed according to the electromagnetic field (E and H)
propagating in our resonator. Therefore, the electric
field must be perpendicular to the vertical gaps of the
inner ring of the resonator on the two surfaces of the ray
box (PEC1 and PECZ2). The magnetic field must be
perpendicular to the plane of the two rings constituting
the resonator (PMC1 and PMC2) and the two wave ports
are maintained in such a way that # L E and k L H, as
shown in Fig. 2.

Free space

Fig. 2 - HC-SRR boundary conditions

3.2 Frequency Response

The frequency response of the HC-SRR resonator is
represented by its reflection and its transmission. After
applying boundary conditions, the HC-SRR reflection
and transmission are represented in Fig. 3.
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Fig. 3 - Frequency response of the proposed HC-SRR

The simulation on the frequency range [4-12] GHz,
allows us to represent the reflection and the
transmission coefficients of the proposed HC-SRR. In
Fig. 3, we note that the behavior of the resonator is band-
pass for two resonances. At the first resonance of
7.25 GHz, the insertion losses (IL) are of the order of
— 1.47 dB. For the second resonance of 9.31 GHz, These
losses are — 0.68 dB. So the frequency response of our
SRR covering the two C- and X-bands, respectively. Also,
two frequencies of zero transmission of about — 54.83
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and —43.21 dB have been observed at 5.07 and 8.24 GHz,
respectively.
3.3 Constitutive Parameters

In microwave regime, to extract the -effective
permittivity and permeability of such a structure,
Nicolson-Ross-Weir (NRW) method [18] is very popular.
Theses constitutive parameters are related to its
reflection and transmission. They are expressed by the
following relations.

2 1—(Sz1 +511)

g = , (2
" %x h 1+ (Sz1 + S11)
2 1— (831 — S11)
br = 1+ (531 — S11) ®)
@ h 21~ 911

c

Where w = 27f, c is the velocity of light and A =1.65 mm
is the thickness of the used substrate. The real parts of
the permittivity and permeability of the F-SRR are
shown in Fig. 4.
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respectively. For the real part, we notice that the
characteristic changes their sign around the two
resonances of the HC-SRR. In Fig. 4 (b), the imaginary
part of the effective permeability is close to zero also, but
around the HC-SRR resonances, the values of imaginary
parts are positives for 2.72 and 3.27 at 7.24 and
9.28 GHz, respectively. We also notice that the real part
of the permeability changes its sign. For all these
characteristics, it can be concluded that the proposed
HC-SRR has a double negative mediums (DNG).

3.4 Electromagnetic Field and Surface Current
in the HC-SRR

Generally, the behavior of such a metamaterial
resonator can be analyzed by the physical
characteristics of the incident electromagnetic wave EM
propagating in the structure. The use of Maxwell’s
equations allows characterizing the interaction of the
electric and magnetic fields with the HC-SRR at both
resonances, which may explain the electromagnetic
behavior in one way or the other. The instantaneous
values of the electromagnetic field at each point of the
resonator are obtained by using the Maxwell’s and
Helmholtz equations [19].

V2{5+k2{E=0 : @

H

For previous simulation conditions, the Eq. (4)
becomes for the electromagnetic field.
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Fig. 4 — Constitutive parameters of the proposed HC-SRR: (a)
Permittivity, (b) Permeability

As seen in Fig. 4 (a), the imaginary part of the
effective permittivity of the proposed HC-SRR is close to
zero except around the two resonances where the
permeability takes negative values of — 0.88 and — 2.78
at the two frequencies of 7.24 and 9.29 GHz,
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Fig. 6 — Surface current distribution on the HC-SRR

As shown in Fig. 5, for the first resonance of 7.25
GHz, the E field is concentrated with relatively modest
values around the capacitive gaps, while for the second
resonance of 9.31 GHz; the electric field propagates in
all sides of the substrate with high concentration. This
capacitive effect justifies the creation of the two
resonances for different peaks. On the same figure, we
can notice that the magnetic field is concentrated in the
two segments in H in the horizontal plane for the first
resonance, and in the two segments in C for the second
resonance. This characteristic of the magnetic field can
justify the orthogonality of the electromagnetic field in
the HC-SRR resonator for the two resonances.

In Fig. 6, the surface current distribution on the
patch resonator is shown for the same two resonances.
For the first resonance, a low concentration of the
current is observed on the patch, in particular for the
two segments in C. For the first resonance, a low
concentration of the current is observed on the patch,
notably for the two C segments. For the second
resonance, the surface current is distributed over the
entire patch with significant values. We also note that
the direction of the current in the patch for the two
resonances is anti-parallel from one segment to the
other, which directly contributes to the creation of the
magnetic dipoles justifying the creation of the two clean
resonances.

3.5 HC-SRR Modeling

In this section, we seek to validate the results
obtained previously based on the proposed electrical
circuit model of the HC-SRR resonator. Generally, for
the metamaterial structures designed with copper, the
metallic strips form the inductances and the split gaps
form the capacitances. The proposed HC-SRR consists of
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both inductive and capacitive constituents. The H and
C-segments involved in the unit cell acted as inductors,
whereas the opening ends within the metal created
capacitors. Hence, a (Ls— Cs) resonance circuit is formed
in this resonator. Therefore, the resonance frequency
can be extracted from Eq. (3) [20].
1
-, (6)
Jr 2m\/LsCs

The proposed equivalent circuit model of the HC-
SRR resonator is shown in Fig. 7.
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Fig. 7 - Equivalent circuit model of the HC-SRR
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The inductors L1 and Lz on the one hand and the
capacitors C1 and Cz on the other hand are the coupling
inductors and capacitors in the structure of the patch.
The reflection coefficient S11 calculated from the HFSS
and derived by the equivalent electrical circuit is shown
in Fig. 8.
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Fig. 8 — Su1 plot from HFSS and equivalent circuit model

As shown in Fig. 8, the reflection coefficient of the
proposed HC-SRR is represented by the numerical
calculation and by the equivalent electrical circuit
model. We note the frequency characteristic is almost
the same, which can validate the electromagnetic
qualities thus obtained previously.

4. CONCLUSIONS

In conclusions, a modeling of a new metamaterial
resonator is presented in this paper. The modeled
resonator has an HC-shaped split ring type that has four
H-segments and two segments in C. The simulation of
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the proposed HC-SRR shows a dual-band frequency
response covering both C- and X-bands. The first
resonance was observed at 7.25 GHz while the second
one is located at 9.31 GHz. the study of the constitutive
parameters of the proposed resonator showed that it can
represent a left-handed behavior because of the negative
values of the permeability and the permittivity (real
and/or 1imaginary parts) obtained around the
resonances. The equivalent electrical circuit model of the
HC-SRR provides two frequency bands with the same
numerically calculated resonances, which makes it
possible to validate all the electromagnetic qualities
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Amnasnis i MogesIIOBaHHA HOBOr'O HemepioguuHoro meramarepiaabHoro peaoHaropa (HC-SRR)

¢dopmu H-C qna Gararogiana3soHHUX 3aCTOCYyBaHb

Mohammed Berkal2, Zoubir Mahdjoub?2
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IlepeBara GaraTo/ialta30HHUX CTPYKTYP MOJISATAae B TOMY, ITI0 BOHU 3a0€3I1eUy0Th OJJHAKOBY €JIEKTPOHHY
yHKITI0 qIs PI3HUX JIAIa30HIB YacTOT 1 JIJIS OJHIE] KOMITAKTHOI cxeMu. Y IMH craTTi OyJio 3MOJIeTHOBAHO
HOBUH MeTaMaTepiaJbHUN pPe30HATOp Ui 0araToJiala3oHHUX 3aCTOCYBaHb. 3aIlPOIIOHOBAHA CTPYKTypa
SBJIsIE CO00I0 HEIeplOANYHUN posieruieHnil kinbiiesuit pesornarop H-C dopmu (HC-SRR). Migna Hammska
HC-SRR magpykoBaHa Ha BEepXHIN CTOPOHI BHKOPHCTAHOI MieJIEKTPUYHOI MiAKIAAKH, AKA Mae (PisudHi
xapakrepucturu Rogers RO 4003 (& = 3.55 and tgd = 0.0027). Esnexrpuuni po3mipu esrleMeHTapHOT KOMIPKNA
HC-SRR omrrumizoBaro 3a (0.37440 x 0.36210 x 0.0394¢), me Ao — [OBKMHA XBWJII BLJIBHOIO IIPOCTOPY,
po3paxoBaHa Ha HAWHMKYIN pobouiit yacTori, sika cranoButh 7,25 ['T'ir. HC-SRR mopesoeTsest Ha 0CHOBI #1010
€KBIBAJIEHTHOI JIEKTPUYHOI cxemu, 110 Mictuth rinku cepii (LS — CS). Orpuma#ni pe3yabratu JeMOHCTPYIOTD
IBOCMYTOBY IIOBEIIHKY HAIIOI0 METAMATEPiaJIbHOIO pe3oHaTopa Ipu 000X pesoHancax 7,251 9,31 I'Tw,. Ila
moBemiHKa OyJia INATBEPIKeHA MOTEJUI0 eKBIBAJCHTHOI CXeMM HA OCHOBI XaPaKTEePHUCTUKN BiSOHUTTS.
OTpumano i1 hisuUHI XapaKTEePUCTUKHU 3aIIPOTIOHOBAHOIO PE30HATOPA, TAKl AK KOHCTUTYTUBHI ITapaMeTpu
Ta eJIEKTPUYHE II0Jie, 100 IMOKAa3aTh He3BUYAWHY eJIeKTPOMATHITHY MoBemiHKY 3ampononoBanoro HC-SSR.
OTpumaHi HETaTUBHI 3HAYEHHS JIeJIEKTPUYHOI TPOHUKHOCTI Ta/abo MPOHUKHOCTI MOKYTh BU3HAYATHU JIiBE
cepemosuite (LHM), mpencrasimene Hammm pesoHaTopoM. JlocmimxeHHa Ta aHAJI3, 3alpPOIIOHOBAHI B Il
po6oTi, MOKYTH OOIPYHTYBATH BILIMEB Ta ederTuBHIicTh 3ampornonosanoro HC-SRR mmist 6araTomianazorsux
3aCTOCYBaHB, 0COOJIMBO JJIs1 IPUCTPOIB OE3IPOTOBOTO 3B’SI3KY.

Korouori cimosa: OcHoBHI mapamerpu, Mojesib eJIeKTpruaHOro Kosia, Meramarepias, Bigourrs, PesomaTop.
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