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In this paper, a closed square ring resonator (RR) loaded microstrip patch antenna is proposed for ISM
band applications covering a frequency band of 2.2-2.5 GHz. The advantages of microstrip antennas are
light weight, low cost, ease of fabrication, and they can be integrated easily with microwave integrated cir-
cuits. The presented antenna model is designed by loading it in FR-4 substrate which is sandwiched be-
tween the patch and the ground with feedline of 50 Q. The height of the substrate is taken as 1.6 mm with
the dielectric constant of 4.4, and the proposed design is fabricated on 40 x 50 mm? substrate. A square
patch with dimensions of 25 x 25 mm? is loaded with closed RRs for the enhancement of gain and radiation
pattern. Ansoft High Frequency Structure Simulator which is based on the finite element method (FEM) is
used to obtain the simulated parameters of the model for the frequency range of 2.2-2.5 GHz. Parametric
analysis is also done to get the optimized parameters for fabrication. Optimized parameters for feed length
and width of RR are obtained by increasing and decreasing the dimensions of the above-mentioned param-
eters. Measurements confirm the characteristics of the fabricated antenna as speculated with the simula-
tion results with a little shift in frequencies. The proposed antenna can be used for WiFi, WLAN and ISM
band applications.
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1. INTRODUCTION

In our day-to-day life, wireless communication plays
a very important and significant role. The best gift of
wireless communication is the connectivity provided to
people to communicate with one another [1-3]. In this
time of global crisis due to COVID-19 pandemic, tele-
communication infrastructure is connecting people and
helping necessary data transfer from physical struc-
tures to digital platforms. Antennas play a very im-
portant part in telecommunication network by acting
as a transducer in sending and receiving electromag-
netic waves [4, 5]. As the requirement of compact and
portable devices for wireless communication is increas-
ing day by day, microstrip patch antennas prove to be a
potential candidate and are preferred over conventional
antennas [6]. These antennas have advantages such as
light weight, smaller size, low profile, and the ability to
manufacture and easily mount to other external devic-
es. The antenna’s return loss, reduced dimensions by
maintaining its characteristics and promoting the ef-
fect of the capacitive filter can be achieved by applying
ring resonators (RRs) on a microstrip patch antenna
[7]. The main aim of using closed square RR inspired
antennas is to minimize the antenna size, enhance the
gain, and increase the bandwidth which makes RR
desirable for antenna applications.

When RRs are loaded into microstrip antennas, the
capacitive filter effect is induced, which works to in-
crease the antenna return loss, reduce the dimensions
of the antenna by retaining its main attributes, and
other effects [8-10]. The use of various RRs implement-
ed in microstrip antennas is reported by many authors
in the literature. Various non-homogenous elementary
geometries are used such as split RRs, complimentary
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split RRs of various shapes like square, circular, trian-
gular etc.

The most common limitations of conventional mi-
crostrip patch antennas are low impedance bandwidth,
single resonant frequency and low gain. Different tech-
niques have been reviewed in the literature to improve
antenna parameters like metamaterials, AMCs, DGS,
resonators, etc. [11-14] Ring resonators prove to be a
suitable candidate among all the techniques reported
for enhancing the antenna parameters due to its simple
structural design. In this paper, the use of triple closed
square RR has been shown for dual band applications.

The proposed antenna design exhibits advantages
in terms of gain, compact size, low fabrication cost, low
cross-polarization level, and dual-band operation. Sec-
tion II illustrates the antenna design, and the simulat-
ed and fabricated results are shown in section III.

2. ANTENNA DESIGN
2.1 Model

This section shows the design of the proposed an-
tenna. Fig. 1a and Fig. 1b represent the configuration
of the antenna embedded into FR-4 substrate having a
relative permittivity of 4.4 and a loss tangent of 0.025,
of the fabricated prototype, respectively. The substrate
height is taken as 1.6 mm with 25 x 25 mm? patch.
Testing of the fabricated prototype was performed with
the vector network analyzer, and it shows a satisfacto-
ry correlation between the fabricated and simulated
results. The geometry of the closed square RR is given
in Fig. 1c, and the unit cell electrical equivalent is
shown in Fig. 1d. The resonant frequency fo of the
square RR can be given as:
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Fig. 1 - Geometry of the proposed antenna and the equivalent
circuit of a unit cell

Table 1 — Antenna dimensions

Antenna
dimensions | 2@ | P15 | ST @ b| fi | f
mm 25125140506 |5]16]| 3

2.2 Design Specification

The antenna parameters are obtained from the con-
ventional formulas given below [15].
1. Calculation of the width (W):
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where c is the free space velocity of light; ¢, is the die-
lectric constant of the substrate,
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where & is the effective dielectric constant of the mi-
crostrip patch antenna.
2. The actual length of the patch (L):

L=L, -2AL, where L
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3. PARAMETRIC ANALYSIS
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For the best probable performance of the proposed
antenna, the antenna dimensions have been optimized,
as evident from the following observations. Changes in
return loss are observed by varying several parameters
as discussed below.

The return loss of the proposed line fed antenna is
observed by changing the length to 15 mm and 17 mm.
The feed length f; (16 mm) of the proposed design gives
optimum results, as shown in Fig. 2.
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Fig. 2 — Reflection coefficient by varying feed length
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Fig. 3 — Reflection coefficient by varying resonator width

Slot width of the ring resonators is varied to 0.5 mm
and 1.5 mm to obtain the variations in return loss
characteristic as shown in Fig. 3. It is noticed that slot
width of 1 mm is providing better result.

4. RESULTS

To simulate the antenna parameters, finite element
based Ansoft HFSS is used, and vector network ana-
lyzer manufactured by ANRITSU is used for fabricated
results. The model number is MS2073C offering a fre-
quency range from 5 kHz to 15 GHz and 350 ps/data
point sweep speed.
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The following figure shows the measured and simu-
lated reflection coefficient for the proposed antenna.
The antenna provides a return loss >— 20 dB to tune in
frequency range of 2.3-2.5 GHz.
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Fig. 4 —- Measured and simulated reflection coefficient for the
proposed antenna

The radiation patterns for the E- and H-planes of
the proposed antenna for both operating frequencies are
shown in Fig. 5. It is observed that the proposed design
shows good radiation performance, and cross polariza-
tion is less compared to co-polarization in both planes.

Fig. 6 shows the gain of the proposed antenna, and
it can be observed that the proposed design has a max-
imum gain of 7 dBi at 2.4 GHz resonant frequency.
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Fig. 5 — Radiation patterns of the proposed antenna
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Fig. 6 — Gain of the proposed antenna at 2.4 GHz
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Mikpocmy:krkoBa naru-anreHa 3 RR y ¢opmi kBagpara
s gogartkis gianasomy ISM

Pronami Bora, P. Pardhasaradhi, B.T.P. Madhav

Antennas and Liquid Crystals Research Center, Department of ECE, Koneru Lakshmaiah Education Foundation,
Vaddeswaram, A.P. India

¥ po6oTi MIKpOCMy’KKOBa IIaT4-aHTEHA 13 3aMKHEeHUMH KijgblieBumu pesonatopamu (RR) y dopmi kBag-
para IpOIOHYEThCS IS 3acTocyBaHHs B aianasoni ISM, mio oxorutoe emyry uacror 2,2-2,5 [T, Ilepesara-
MU MIKPOCMYKKOBHUX aHTEH € HEBEJHKA Bara, HU3bKa BapPTICTh, IIPOCTOTA BUTOTOBJIEHHS, a TAKOK iX JIETKO
imTerpyBatu 3 iHTerpassanMu HBY cxemamu. [Ipesacrasierna momens aHTeHH po3pobseHa NMUISIXOM HAHe-
cenns i1 Ha migkiaanky FR-4, sxa sarucHyra Misk maTdem 1 3emuiero 3 yiHiero skusiesus 50 Om. Bucora min-
KJIAIKH CKyIamae 1,6 M, i1 JiesIeKTpUdHI MPOHUKHICTE JOPIBHIOE 4,4, a po3Mip MIKJIAKHU, HAa AKIf BUTOTOB-
JIeHA 3aIpPOIOHOBAHA KOHCTPYKINs, craHnoButh 40x50 mm2. KBagparuwuit maty poamipom 25x25 mm2 HaHece-
Hui 13 3amrHyTEME RR 11 mokparieHHs miIcHIeHHs Ta glarpamu crupsamoBaHocti. Jis orpumanas 3mo-
eJIbOBAHUX IapaMeTpiB Monesi s giamadony dwacror 2,2-2,5 I'Tu sBuxopucroByerbes Ansoft High
Frequency Structure Simulator, sacHoBauuit Ha meroni ckinuenHux enementie (FEM). ITapamerpuunuit
aHAJII3 TPOBOIUTECS JIJIS OTPUMAHHS ONITUMI30BAHUX IIapaMeTpiB BUToToBIeHHA. ONTHMI30BaHl IapaMeTpu
IOBKHMHN Ta muprHA RR oTpuMyoTh mIIsxoM 301/IBbIIEHHA Ta 3MEHIIEHHs PO3MIpiB BUIIE3raJaHUX I1apa-
MeTpiB. BuMipoBaHHS MATBEPKYIOTh XAPAKTEPUCTUKY BUTOTOBJIEHOI AHTEHW, IO IepeadavarThCsl pe-
3yJIbTATAMU MOJIEJIIOBAHHS, 3 HEBEJIMKUM 3CYBOM YaCTOT. 3aIIpOIOHOBAHA AHTEHA MOKe 0yTH BHKOPHUCTAHA
s gomatkis WiFi, WLAN Ta ISM.

Kmiouosi cnosa: JIsogiamasonnuit, Mikpocmyskkosuii, Kinbuesuit pesomatop (RR), Ksampar.
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