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The small-sized planar antenna represents a basic element for wireless communication systems. In this
paper, a novel dual-band coplanar antenna is reported and designed for wireless communications applications.
The proposed antenna is based on the unusual electromagnetic behavior of complementary split ring
metamaterial resonators (CSRRs). In its design, the antenna comprises three CSRRs; two of them are identical
in shape (circular) and size and the other has a rectangular shape. The final shape of the proposed antenna was
evolved after three different stages of three models each. The designed antenna patch is printed on the top side of
the chosen dielectric substrate which is the FR4_Epoxy for physical characteristics (¢, = 4.4 and tg § = 0.02).
The proposed antenna is powered by a coplanar line with an optimized length to provide the necessary
adaptation. The radiating patch is printed in copper with a thickness of 0.035 mm. Simulations of the
electromagnetic performances using the High Frequency Structure Simulator (HFSS) allowed us to discuss the
reflection, bandwidth and gain of the studied antenna. According to the obtained outcomes, our antenna
resonates at the two frequencies of 2.4 and 3.33 GHz with good adaptation and a bandwidth of around 65 and
215 MHz, respectively. All of these qualities can confirm the effectiveness of our antenna for a diversity of
applications, particularly for wireless communications.
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1. INTRODUCTION [12], a reconfigurable antenna was proposed for 5G
applications. Thanks to metamaterial resonators, this

' The development of antenna devices has contributed antenna has been miniaturized up to /8 at a frequency
in one way or another to the development of modern of 35GHz It had a gain of around 8dBi. A

wireless communication systems. The planar antenna [1,
2] with any configuration represents the basic element
for the dls.cussec.i .systems. The. miniaturization of the improve the gain of a microwave antenna. This
antenna with minimum losses is strongly requested to antenna had an average gain of 3.75dBi for a

have compact devices with certain qualities [3, 4]. These bandwidth of 600 MHz. SRRs has also been used to
two objectives are often hampered by design and

metasurface composed of an array of negative
refractive index SRR resonators was exploited in [13] to

: : ! - improve the electrical qualities of antennas in multi-
implementation constraints. in the last few years, the input multi-output configuration (MIMO). In [14], A
design of planar antennas with metamaterial resonators four-port MIMO antenna was designed based on ‘;wo

of m.agnetic activity was able to solve these problems, in different shapes (Circular and rectangular) of the
particular the prpblems of losses gnd congestion [5]. SRRs. The gain achieved for the proposed antenna was

The split ring metamaterial resonators (SRRs)  ,,5und 15.79 dB for good isolation of less than —28 dB.
proposed and used for the first tnpe by Slr'John Pendry An electromagnetic band gap (EBG) metamaterial
[6] have so far shown their effectiveness and resonator was used in [15] for the design of a MIMO

importancg in the design of planar antennas for the two antenna. The designed antenna resonated at 28/38 GHz
regions; gigahertz (GHz) [7—9] and terahertz (THz) with an isolation of around —68—90 dB.

[10-11]. Depending on the size and shape of such an In this paper, a novel coplanar antenna for wireless

SRR, the elec.trical qualities of the metamaterial communication applications is investigated. The final
antennas are different from one antenna to another. In shape of the antenna patch is proposed according to
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three design stages. The SRRs resonators are introduced
in the final stage to have the desired model for a size of
(50.5 x 33.97) mm?2. The patch is feeded by a coplanar
line of length of 8.5 mm to have the 50 Q matching.

2. ANTENNA DESIGN
2.1 Antenna Evolution

The proposed antenna has a patch derived from the
classical rectangular shape which contains both circular
and rectangular complementary metamaterial resonators
CSRRs. For the first stage, the patch has a rectangular
shape of length L and width W. In the second stage, we
have modified the antenna shape with two half-circles on
both sides. In the final stage which represents the model
of the proposed antenna, we added slits in the patch using
the CSRRs resonators as shown in Fig. 1.

Stage 1 Stage 2

=)

\%

ﬁ
Final stage

I Metallization [ Substrate

Fig. 1 - Representation of the proposed antenna, design
stages and various parameters

2.2 Antenna Size

Calculating the patch surface area amounts to
proposing the values of the different parameters. The
sides (X,Y) of the proposed antenna are given by the
following expression.
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X=Lin+W+S3=W +S5+5,+5, )

For the basic antenna shown in the first stage,
the length and the width are given by the following
relations [16].

_ G
Lesy = e 2AL 2)

— Lo /L
W= 2fr A £+1 ®)

Here, ¢.¢; represents the effective permittivity of the
inhomogeneous medium (Substrate and air), C, is the
speed of light. The effective permittivity and the difference
to the length of the patch are expressed in [16].

fror=et e
AL

(eepr+03)(5-+0.264) 4)
= 0412 LA
h (err—0.258)(%-+0.8)

The dimensions of the suggested antenna of sides
X =50.5mm, Y =33.97 mm) are listed in Table 1.

Table 1 — Various parameters of the proposed antenna

Parameter | Value Parameter Value
(mm) (mm)
a 16.5 Dy 3.6
b 14.9 S 0.8
g 1.2 M 15.58
w 28.5 So 7.7
Less 21.97 Ss 13.5
D 9.97 M 6
D, 4 w 1.2
D, 5.2 e 4

3. RESULTS AND DISCUSSION
3.1 Antenna Reflection

On the top face of the FR4_Epoxy substrate with a
thickness 4 =1.5 mm, we have printed the patch of the
proposed antenna with metallization in copper with a
thickness ¢ =35 um. Around the resonance of 3.2 GHz (a
frequency chosen in the C- band), the dimensions of the
rectangular base antenna are (Lesr =21.97 mm, W =
28.5mm) for (g.rr =4.03 and AL =0.69 mm). So the
dimensions of the antenna of the final model proposed are
determined according to L.sy and W and they are
summarized in Table 1. To simulate the proposed antenna
using the digital calculator, we set the band conditions. A
radiation box which represents free space is used to shield
the antenna from the radiated electromagnetic field. The
proposed antenna is illustrated in the 3D-Modeler of the
simulator and represented in Fig. 2.

The antenna reflection of the first two models is
shown in Fig. 3.

As shown in Fig. 3, the reflection of the antenna for
the first two stages is almost the same for an identical
resonance of around 3.4 GHz, which is the working
frequency proposed to find the dimensions of the patch.
We also note that the antenna has a good matching for
both models with a reflection of around — 20.45 dB.
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Fig. 2 — Simulation setup of the proposed antenna
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Fig. 3 — Reflection of the antenna for model 1 and 2

As shown in Fig. 3, the reflection of the antenna for
the first two stages is almost the same for an identical
resonance of around 3.4 GHz, which is the working
frequency proposed to find the dimensions of the patch.
We also note that the antenna has a good matching for
both models with a reflection of around — 20.45 dB.

The antenna reflection for the proposed model is
shown in Fig. 4.
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Fig. 4 — Reflection of the proposed antenna

Fig. 4 represents the proposed antenna reflection for
the final stage. In order to show the impact of the
complementary metamaterial resonators, we have
represented the two cases; without and with CSRRs. We
notice for the case of the patch without CSRRs that the
two semi-circle slots created a rejection in terms of the
antenna response (with poor adaptation) for the first
configurations. The etching of complementary CSSR
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resonators in the patch also created a considerable
rejection band with good adaptation (reflection around —
46.78 dB). This characteristic allowed our antenna to
radiate on two frequency bands of 65 and 215 MHz at
resonances of 2.4 and 3.33 GHz, respectively.

3.2 Antenna Performance

In this section, we discuss the performance of the
proposed metamaterial antenna (gain, radiation
pattern and surface current). The gain of the antenna
with the three CSRRs and shown in Fig. 5.
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Fig. 5 - Gain of metamaterial antenna
Fig. 5 represents the gain of the proposed

metamaterial antenna. It is noted that the gain
characteristic has two peaks of maximum values
corresponding to the two resonances of the antenna.
Around the second resonance of 3.33 GHz, the gain
achieved is of the order of 9.65 dB which represents a
significant value for the desired applications. The
radiation pattern of our antenna is shown in Fig. 6.

As shown in Fig. 6, radiation patterns are
presented in the E- (§ = 90°) and H-planes (8 = 90°) for
the first resonance. We note that the antenna
provides a nearly omni-directional E-plane pattern
and a Dbi-directional H-plane radiation. This
performance can justify the importance of our antenna
for C-band applications. For the second resonance, we
confirm the same radiation characteristics.

To show the impact or influence of the
complementary metamaterial resonators CSRRs on the
electrical qualities of the designed antenna, it is better
to represent the distribution of the magnetic field and
surface current on the patch.

As shown in Fig. 6, radiation patterns are
presented in the E- (¢ = 90°) and H-planes (8 = 90°) for
the first resonance. We note that the antenna
provides a nearly omni-directional E-plane pattern
and a Dbi-directional H-plane radiation. This
performance can justify the importance of our antenna
for C-band applications. For the second resonance, we
confirm the same radiation characteristics.

To show the impact or influence of the
complementary metamaterial resonators CSRRs on the
electrical qualities of the designed antenna, it is better
to represent the distribution of the magnetic field and
surface current on the patch.
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Fig. 6 — Radiation patterns of the proposed antenna for (a)
2.4 GHz and (b) 3.33 Ghz

The distribution of the magnetic field and surface
current (for both resonances) on the patch and the
ground plane of our antenna are shown in Fig. 7. In
Fig. 7 (a) which represents H-distribution at the
2.4 GHz resonance, we notice that the magnetic field is
relatively concentrated in the patch in the area located
between the CSRRs. A strong concentration is also
noticed between the coplanar feed line and the ground
plane of the antenna. At the 3.33 GHz resonance shown
in Fig. 7 (b), we notice that the concentration of the
magnetic field has become greater, which justifies the
coupling effect between the CSRRs to create the
necessary rejection.

Discussing the surface current distribution for the
two resonances, Fig.7 (c) which represents this
distribution at 2.4 GHz shows that the current is
concentrated in the same places where the magnetic
field exists. In Fig. 7(d), the current flows in the surface
of the patch and the coplanar ground plane with
considerable values. We also notice that the current is
considerably suppressed around the three CSRRs. This
characteristic can justify the creation of magnetic
dipoles responsible for the two resonances.
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Fig. 7 - H-field distribution at (a) 2.4 and (b) 3.33 GHz, and
Surface current distribution on the antenna at (a) 2.4 and (b)
3.33 GHz (with A/m scale).

4. CONCLUSIONS

To sum up, a dual-band coplanar metamaterial
antenna has been successfully reported and designed
for operation in wireless communications systems. The
proposed antenna has an overall size of
(50.5 x 33.97) mm? and it was fed by a coplanar line
with a length of 8.5 mm. The final shape of the antenna
patch is derived by the conventional rectangular patch
with slots introduced in the form of complementary
metamaterial resonators CSRRs. These metamaterial
resonators contributed directly to the creation of two
resonances corresponding to two separated bandwidths
with a significant rejection band. The simulation
results carried out show that the proposed antenna has
good electrical qualities. Two bandwidths of the order
of 65 and 215 MHz in the C-band, a significant gain of
the order of 9.65 dB, radiation in both planes for the
two resonances and good adaptation for a reflection of
the order of —46.78 dB. The performance of our
antenna with a simple design makes our structure
highly recommended for various applications of
wireless communication systems.
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Masorabapursa miaHapHa aHTeHa € 0A30BUM eJIEMEHTOM IJIsi CUCTeM 0e3IpOTOBOrO 3B'S3Ky. ¥ CTATTL
OITMCAHO HOBY [IBOJIANIa30HHY KOIJIAHAPHY AHTEHY, i AKOI 3aCHOBAHA HA He3BUYANHIN eJIeKTPOMATHITHIN
MOBEMIHII KOMILIEMEHTAPHUX PE30HATOPiB 3 MeramarepiaiiB 3 posgiienum kinbiieM (CSRR). 3a cBoero
KOHCTPYKIIiel0 aHTeHa cKjaamaerbes 3 Tphox CSRR; nBa 3 Hux ommakosi 3a dopmoro (kpyrii) i poamipom, a
=M Mae TpAMOKyTHY dopmy. OcraTouna dopMa 3aIpomoHOBAHOI aHTeHH 0yJia po3polbJsieHa MiCad TPhoX
PI3HHMX eTalliB IO TPX MOJEJ Ha KokHii. Po3pobiena HakIagKa aHTeHN HAAPYKOBAHA HA BEPXHIM CTOPOHL
00paHoi TieseKTPUYHOI minrIanky - emokcuaHol cvoan FR4 mms dismunnx xapakrepuctur (g, = 4.4 and
tg 6 = 0.02). AHTeHa KMBUTHCA BiJl KOMILIAHAPHOL JIHII 3 OIITUMI30BAHOI JOBMKHUHOI JIJIS 3a0e3mevueHHs
HeoOXiHOI ajarrrarii. BumpomiHioloua HakJIagka HaIpykoBama Ha wigl ToBmmHOL 0,035 MM,
MopesroBaHHS €JIeKTPOMATHITHAX XapaKTePUCTUK 34 JOIOMOTOI CHMYJIATOPA BHCOKOYACTOTHOI CTPYKTYPH
(HFSS) mosBosmio OOCTIAWTH BigoOpaskeHHs, CMyTy IIPOIYyCKAHHS Ta TMOCHJICHHS AaHTeHU. J3rigHO 3
OTPUMAaHUMU pe3yJIbTaTaMM, aHTeHA Pe3oHye Ha JBox dacrorax 2,4 1 3,33 I'Tr 3 xoporion ajanTaiiien ta
CMYyTOI0 TIPOIYyCKAHHSA OJmM3bko 65 1 215 MI'm BimmosimHo. Ycei Il mapaMeTpw MOKYTH IiATBEPIUTH
e)eKTUBHICTh AHTEHH [IJI PI3HOMAHITHUX 3aCTOCYBAaHb, 30KpeMa IJIs 0e3IpOTOBOT0 3B A3KY.

Komouosi ciiosa: Aurena, Kommnanap, CSRRs, ITincunenns, Meramartepiat.
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