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In this paper, a novel technique based on rectangular shaped split ring resonators (SRRs) is used to
examine a new multiband antenna array design. The analysis of simulation results is shown and described
in this article. The suggested antenna radiator is mounted on a low cost FR4 substrate having an overall
area of 154 x 70 mm?2. The proposed SRRs based array antenna offers triple band resonances with high
gain characteristics. The resonant frequencies, return loss, and radiation patterns are calculated concur-
rently using a number of simulation results that support the applicability of the created model. An elec-
tromagnetic solution based on MOM, included into ADS is used for the simulation. The full N77/N78/N79
spectrum is covered by the multiband array antenna which is validated with Si: <10 dB for three operat-
ing frequency bands at 3.5 GHz, 4 GHz, and 4.22 GHz with high gains of 6.4, 6.8, and 7.25 dBi, respective-
ly. It supports LTE, WiMAX, and WLAN wireless network systems, as well as the 5G spectrum operating
below 6 GHz. The investigated antenna exhibits distinguishing qualities like a planar profile, a small foot-
print, symmetrized radiation behavior, and a good gain. The investigated multiband antenna can be of
choice as a promising candidate to be used in modern wireless communication services within microwave
S-band under sub-6 GHz spectrum.
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1. INTRODUCTION trum was designated for use in 5G communications by

the ITU, including 3.4 — 3.6 GHz and 4 — 6 GHz bands. It
brings to the design of microwave circuits characterized
by small size, light weight and lower costs, as well as
stringent electromagnetic characteristics. Planar struc-
tures are well suited to meet these requirements. Among
the techniques used, planar microwave circuits based on
metamaterials [6-13], particularly of the resonant type,
have other advantages such as frequency selectivity,
control of the operating frequency bandwidth as well as
multi-band structures. Among these resonators, we find
the association with planar antennas which allows the
design of multiband antennas [14-15]. In this work, we
have conducted a new study on the use of the SRR reso-
nator to achieve multiband behavior for planar anten-
nas. The designed antenna array is validated at 3.5 GHz,
4 GHz and 4.22 GHz by optimizing the antenna array
associated with the SRR element, which allows generat-
ing distinct resonant frequency bands. Finally, we dis-
cussed the different results of the simulations in terms of
radiation performance and the number of SRR cells.

The fifth generation (5G) cellular network is expected
to support a range of new applications, including indus-
trial automation, high speed data communication, and
the Internet of Things (IoT). The design procedure for
antenna or antenna arrays for mobile devices is one of
the key topics for successful deployment of 5G technology
[1-3]. This development is related to the constant need to
improve the quality of information. The problem that
arises for wireless communications is related to the fact
that the non-homogeneous medium is unfavorable for the
propagation of electromagnetic waves. This is due to
multiple diffractions and reflections that considerably
affect the propagated waves, introducing deep fading
caused by multiple paths. This phenomenon is generally
the result of the superposition and the constructive and
destructive combination of multiple paths, which intro-
duces disturbances in the received signal, which could
generate errors in the transmission [4]. There were 5
million 5G mobile connections as of the end of 2018, and
577 million connections are anticipated by 2023. 5G

wireless communications are distinguished from previ- 2. MULTIBAND ANTENNA ARRAY

ous generations by unique parameters as GPS data DESIGN PROCEDURE

transfer rate, millisecond latency, extremely high traffic

volume density, ultra-dense connections, better spectrum The goal of this research is to create an antenna ar-
energy, and cost effectiveness [5]. The following spec- ray based on a narrowband radiating element and then
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integrate well-optimized SRR cells. This antenna array
can be designed for multi-band operations that can be
matched to many standards of communication like the
WiMAX band, and 5G applications. The basic antenna
element is the is validated at the center frequency
3.5 GHz, then by associating a T-junction power divider,
the required antenna array structure has been formed.
The T-power which may be implemented in a variety of
ways, including microstrips, waveguides, and SIWs. For
a perfect power divider, initially, the two output ports
have identical amplitudes and phases. The antenna
array geometry is shown in Fig. 1.
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Fig. 1 - The antennas array designed at 3.5 GHz.

After the simulation of the antennas array with 4 an-
tenna elements by using ADS simulation tool, we could
validate an array operating in a narrow band centered at
3.5 GHz as depicted in Fig. 2. The proposed array is simu-
lated by taking into account a high mesh density in order
to cover the whole circuit. As shown from the reflection
coefficient, we have obtained a good input impedance
matching suitable for WiMAX Applications.
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Fig. 2 — Reflection coefficient versus frequency

So, The SRR cell was connected across the breadth of
the antenna. Following several optimizations and a
parametric analysis on the dimensions of the SRR reso-
nator, an antenna array has been obtained which is
multiband as shown in Fig. 3.

Table 1 - SSR optimization parameters

Parameter Unit (mm)
L1 4

W1 0.5

W2 4

gl 0.15

g2 0.2
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Fig. 3 - The proposed multiband antenna array associated to
SRR resonator (a), The optimizedSRR cell (b).

The dimensional parameters of the optimized SRR
are presented in the following Table 1.

Fig. 4 shows the variations of the reflection coeffi-
cient as a function of "g". As illustrated in this figure, it
can be seen that the more the value of "g" is getting
smaller, the SRR cell is close to the width of the patch
and due to this, a second resonance with a very good
matching is obtained.

After the various parametric studies carried out in
relation to the radiating element, a multi-band patch
antennas array (Fig. 4) is validated with two application
bands one centered at 3.5 GHz with a significant gain of
6.4 dBi for WiMAX applications and a second band cen-
tered at 4.25 GHz for Aeronautical Radio navigation.
The radiation patterns of this dual band antenna struc-
ture are presented in the Fig. 5 for the two operating
frequency bands and which are directives in natures.
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Fig. 4 - The reflection coefficient versus frequency in GHz for
different values of "g".
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Fig. 5 — Radiation patterns of the dual band single SRR inte-
grated array antenna at 3.5 GHz (a), 4.25 GHz (b)

After the validation of this antenna structure, an-
other study is conducted to see the influence of number
of SRR cells on patch antenna’s resonance. Then it is
found that for two SRR cells are coupled with the patch
antenna as indicated in Fig. 6. The antenna becomes
multiband with another frequency band centered at
4 GHz as shown in Fig. 6. It can be concluded that the
increase in the number of cells makes the antenna
multi-band with resonating frequencies at 3.5 GHz,
4 GHz, 4.25 GHz. By consequent, the increase of the
SRR cells demonstrated the feasibility of designing and
building multiband antennas while associating a well-
optimized SRR cells coupled with the radiating ele-
ment. Additionally, the dual SRR cells integrated an-
tenna shows increased gain values. The peak gains of
6.4, 6.8 and 7.25 dBi are obtained at triple resonances.
The performance of the proposed antenna is compared
with other references and outlined in Table 2. It’s ob-
served that the proposed array antenna provides a
greater number of resonating bands with better gains as
compared with other reported designs [5, 16-18].

REFERENCES

1. X.Zhang, Y.Li, W. Wang, W. Shen, IEEE Access 7 No 2,
273 (2019).

2. N. Ojaroudiparchin, M. Shen, G.F. Pedersen, 10th Europe-
an Conference on Antennas and Propagation (EuCAP).
IEEE (2016).

3. N.O. Parchin, M. Shen, G.F. Pedersen, International Con-
ference on Ubiquitous Wireless Broadband (ICUWB). IEEE
(2016).

4. Charles Tounou, Thése de doctorat, Université De Limoges,
(2008).

5. R.Azim, R.Aktar, AKM.M.H. Siddique, L.C. Paulb,
M.T Islame, oJ. Optoelectron. Adv. Mater. 23 No 3-4, 127
(2021).

6. R. Pandeeswari, S. Raghavan, Microw. Opt. Technol. Lett.

JJ. NANO- ELECTRON. PHYS. 15, 04014 (2023)

SN
0_... \Raaa s
] /
5 Y/
T ]
Lo 4
5 107
© -
= 4
153
_20_IllllllIllllllllllllllllllllli
20 25 30 35 40 45 50

Frequency
Fig. 6 — The reflection coefficient versus frequency.

Table 2 - A comparison between the proposed antenna and
earlier works

Operating
References Frequencies | Peak Gain (dBi)
(GHz)
[16] 3.9 4.7
[17] 2.92 4.31
[18] 2.493 3.2
[19] 2.77 2.45
3.5 6.4
This work 4 6.8
4.22 7.25

3. CONCLUSION

In this work, we have presented a study of multi-
band antenna array based on the use of SRR resonators.
The integration of SRRs with the patch antenna permits
it to achieve multiband operations. The dimensions of
the SRRs are optimized in order to achieve best charac-
teristics parameters. The suggested array antenna ar-
ray operates at 3.5, 4, and 4.25 GHz frequency bands,
which are suitable for Wi-MAX, 5G, and Aeronautical
Radio navigation applications. The suggested array
configuration offers high gain with directional patterns.
The suggested array is designed on a low cost FR4 sub-
strate with a physical area of 154 x 70 mm2. This same
design methodology can be implemented for designing
other antenna structures to support other standards of
wireless communication systems.
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Po3poOka mimanapHol 0ararogiana3soHHOI AHTEHHOI PEIIiTKY HA OCHOBI PO31iJIEHOr0 KijIbIleBOro
pe3onaropa aja mogarkie WiMAX i 5G ooa 6 I'T'ix
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V wmiit craTTi 3ampomIOHOBAHA TEeXHIKA, 3aCHOBAHA Ha MPAMOKYTHHX KiJIblleBuX pesoHaTopax (SRR), axa
BHUKOPHUCTOBYETHCA JJIA JOCIIKEeHH HOBOI 0araTomiana3oHHOI KOHCTPYKIMNI aHTeHHOol pemriTiu. IIpoamasmiso-
BaHI pe3yJIbTaTh MOJEJIOBAHHSA. 3aIIPOIIOHOBAHMI BUIIPOMIHIOBAY AHTEHU BCTAHOBJIEHUHN HA HEJIOPOriH IIiJIK-
nanmi FR4 saramsroro mmomeo 154 x 70 mM2. Aurenna perritka Ha ocHoBI SRR 3a6eameuye Tpremyrosumit pe-
30HAHC 13 BHUCOKMMH XapPaKTEPUCTUKAMU IIIJICHUJIeHHs. Pe30HAHCHI YacTOTH, 3BOPOTHI BTPATH Ta Jiarpamu
CIPSIMOBAHOCTI OOUMCITIOIOTHCS OJHOYACHO 3 BUKOPUCTAHHSIM HU3KU PE3yJIHbTATIB MOJEJIIOBAHHS, Kl HIATBEP-
JBKYIOTH 3aCTOCOBHICTH CTBOPeHOI Mozesi. J[Jist Mo/1esioBaHHS BUKOPHUCTOBYETHCSI €JIEKTPOMATHITHE PIIlIeHHS
Ha ocaoi MOM, Briouene B ADS. [Tosumit cnexrp N77/N78/N79 oxorutoe 6aratogianadoHHa aHTEHHA Perri-
TKa, nepesipena 3a S11 <— 10 ab ay1a Tppox poGoumx yacToTHUX mianasoHis 3,5; 4 1 4,22 I'T' 3 BucokuM Koe-
dimierTom migcumenus 6,4, 6,8 1 7,25 nbi, BigmosigHo. Boua migrpumye 6esmporosi mepesxi LTE, WiMAX 1
WLAN, a taxox crexrp 5G, mo mpairoe Ha yactorax Huwkde 6 ', AHTeHa IeMOHCTpye HmepeBaru, Taki SK
IJTOCKUH TIPO(iyib, HeBEJIMKA ILIONIA, CHMETPU30BaHA TOBEIIHKA BUIIPOMIHIOBAHHS TA XOPOIIMH KOe(IIieHT
miICMJIeHHs, MOsKe OyTr 00paHa SK MMEePCIeKTUBHUN KAHAUAT JJI BUKOPUCTAHHS B CyYaCHUX II0CJIyTax 0e3n-
POTOBOrO 3B’SI3Ky B MIKPOXBUJIBOBOMY S-/IiamnasoHi B glamasoni Huskde 6 [T

Kmiouori ciosa: Amrenmna pemritka, SRR, Mikpocmyrosa maru-anrena, Ilorpidiawmit miamason, Bucoxmin
roedimient macwmenns, ADS, Besnporosuii 38’s130K.

04014-4


https://doi.org/10.1002/mop.29352
https://doi.org/10.1002/mop.29352
https://doi.org/10.1109/APMC.2009.5385486
https://doi.org/10.1109/APMC.2009.5385486
https://doi.org/10.1109/LAWP.2009.2031330
https://doi.org/10.1109/LAWP.2009.2031330
https://journals.riverpublishers.com/index.php/ACES/article/view/8017
https://journals.riverpublishers.com/index.php/ACES/article/view/8017
https://doi.org/10.1109/iWEM.2019.8887933
https://doi.org/10.1109/iWEM.2019.8887933
https://doi.org/10.1109/iWEM.2019.8887933
https://journals.riverpublishers.com/index.php/ACES/article/view/8019
https://journals.riverpublishers.com/index.php/ACES/article/view/8019

