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In this work, a compact quadruplet arrow slotted elliptical shaped notch band printed microstrip
antenna is designed and analyzed for modern wireless communication systems. Initially, a compact
elliptical-shaped antenna model with defected ground structure is designed for ultra-wideband (UWB),
having a working range of 3.1 to 10.6 GHz. The design was modified with a quadruplet arrow slot which
resulted in single-notch band characteristics for wireless LAN bands. The realized peak gain of the
recommended antenna is 5.11dBi at a frequency of 3.7 GHz. The analysis of the suggested antenna has been
performed by evaluating different geometrical shapes. The surface current distribution analysis is also
presented to provide a clear insight on the working principle of the antenna. The various characteristics
parameters such as return loss, gain, radiation patterns are presented and discussed. The suggested antenna
model occupying a total dimension of 26 x 24 x 1.6 mm3 in size is simulated and its results are investigated
with CST tool. The designed antenna is prototyped over FR4 substrate for measurement validation. The
simulation results of the prescribed antenna are matched with experimental data for validation. The findings
indicate that the suggested compact antenna is well-suited for high-speed, close-range communication and
can effectively reject signals from the WLAN band.
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1. INTRODUCTION like flower shaped patch [5], meander line slots [6], C-

slots [7], J-shape slits [8], and capsule shaped patch [9].
In ref. [10], Yadav et al. described two parasitic
resonators in the ground plane with a circular patch
monopole antenna for dual notch operation. Fractal
patch structure techniques are often used for design
compactness [11-12]. These designs often exhibit
multiband operation, wideband characteristics, or
improved near fields making them appropriate for
modern wireless applications. Alternative methods for
achieving band rejection include implementing various

Nowadays modern systems require high data rates,
low size, and multipurpose communication devices that
minimize interference with other equipment operating
from 3.1 to 10.6 GHz opening various applications for
broadband devices. UWB is a very promising technology
for the future prospective among researchers and
academics [1-2]. Over the exhaustive development, this
antenna system's primary flaw is its susceptibility to
interference from many narrowband radio frequencies,

ingluding ISM (2.4 - 2.5 GHz), WiMAX (3.3 — 3.7 GHz), types of split ring resonators (SRRs) on the patch, such
Wireless LAN (5.15 — 5.35 GHz), C Band, and X - band, as the split ring resonator (SRR) itself, the

gnd others [3-4]. Va.rious atteplpts have been made to complimentary SRR (CSRR), and the elliptical SRR
insert a notch filter in the design of a UWB antenna to (pgppR) [13]. These resonators can be controlled using
suppress or reject signals within the desired {06 RF switches attached to the split rings, allowing
narrowband range. A literature survey reveals that the ;). reconfigurable notch frequencies [14]. For WLAN
use of various s.hapes of slgts apd slits on the radiating (Wireless Local Area Network) 5.5 GHz band rejection
patches or partial ground in printed monopole antenna g, high data rate applications, various techniques have
(PMA) offers simplicity, ease of fabrication, improved  poen employed to attenuate or reject the signals with
bandwidth, suitable radiation pattern, which is all specific bands [15]. The recommended antenna is
desirable characteristics for practical antenna design contrasted with alternative antenna designs in the
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comparison Table [2, 16-20]. This work is on the
development of a compact structure antenna with high
gain and a large bandwidth with single-notch
characteristics by Inserting a quadruplet arrow slotted
structure on a circular patch antenna with a slotted
ground results in the desired notch band.

2. ANTENNA DESIGN AND MODELLING

Fig. 1(a) and 1(b) show a straight forward elliptical
patch-shaped monopole UWB antenna design from the
top and bottom perspectives. The proposed antenna is
constructed and fabricated on an FR4 glass epoxy lossy
substrate of 1.6 mm featuring an epsilon value of 4.3 and
a loss tangent is 0.02. The design's length (Ls) in the Y
direction and width (Ws) in the X direction are 24 mm &
26 mm respectively. The major and minor axis radii R
and r are 8 and 6 mm with feed length L= 10 mm and
feed width W= 2.6 mm. For achieving a UWB frequency
range, a rectangular slot of ¢ =2 and b = 5 mm is cut on
a partial ground length of Ly = 10 mm. The various
design steps to reach the optimal shape of the patch
geometry is illustrated through four iteration process as
represented in Fig. 2. In step 1, the DGS and the shape
of the Patch likely alter the electromagnetic properties
of the ground plane, affecting the antenna's resonant
frequency and impedance bandwidth was expanded
from 3.1 t010.6 GHz. In step 2, an inset feed was inserted
on a microstrip feed line to enhance the impedance
matching and bandwidth of a proposed antenna. By
adjusting the position and dimensions of the inset feed,
altered the electrical properties of the antenna,
including its bandwidth. This modification allowed,
further to enhance the impedance bandwidth, expanding
it from 3.1 to 13.4 GHz. To proceed, in step 3, a radiating
patch is etched with a ring slot structure. This structure
has a y-axis radius of 5.5 mm and an x-axis radius of
4.4 mm, which resulted in a notch band characteristic.
In step 4, the design includes the addition of quadruplet
arrow slots and one small elliptical ring. The slotted
arrow shapes and the elliptical ring have radii of 2 mm
and 1.5 mm respectively as shown in Fig. 1. It has been
observed that step-4, gives the notch band frequency of
the WLAN band which is from 5.22 to 6.2 GHz as
illustrated in Fig. 3.

Ws
(a) (b)

Fig. 1 — Geometry of proposed monopole antenna with defect
ground (a) front view-the elliptical patch (b) reverse view-the
defected ground structure.
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Fig. 2 — Geometry of four different iteration steps
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Fig. 3 — Reflection coefficient plots of four design stages

3. RESULTS AND DISCUSSION

The proposed antenna design successfully
constructed and tested in an anechoic chamber using a
Vector Network Analyzer. The fabricated antenna model
is depicted in Fig. 4 (a) and 4 (b), while the testing setup
is shown in the accompanying Comparing the simulated
and experimental results, exhibit a close match, as
illustrated in Fig. 5. However, there were minor
differences in the results, possibly attributed to factors
such as fabrication tolerances, soldering, and losses
occurring from the SMA connector. Fig. 6 provides the
surface current distribution at various frequencies of
3.7 GHz, 5.5 GHz, 7.3 GHz, and 12 GHz. It shows that
the intensity of surface current is more near the field
line and at the bottom region of the radiating structure.
The surface current distribution is low at the notch
band, and there is no considerable current flow either at
the radiating structure or on the field line.

(a) (b)

Fig. 4 — Measurement prototype (a) and (b) length and breadth
of front side view.
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Fig. 5 — Measurement and Simulated Comparison of Reflection
Coefficient (S11)

() (d)

Fig. 6 — Shows the surface current distributions at frequencies,
including notch band range (a) 3.7 GHz, (b) 5.5 GHz, (c¢)
7.3 GHz, (d) 12 GHz.
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Fig. 7 — Far-field patterns of the proposed model at 3.7 GHz (a)
3D (b) and (c) polar plots

Fig. 7(a) displays 3D views of the antenna at 3.7 GHz
with a gain of 5.11 dB, while Fig. 7(b) and (c) show 2D
near-field patterns in polar plots of the E-plane and H-
plane. Fig. 8(a) shows a three-dimensional view of the
antenna at 5.5 GHz, which is a notch band with a gain
of 1.92 dB, and 2D polar images of the E and H- planes
are provided in 8 (b) and (c). Fig. 9 (a) shows a three-
dimensional view of the antenna at 12 GHz with a gain
of 4.72 dBi and 2D polar plots of the E and H-planes are
presented in 9 (b) and (c).

dBi

1.92
-0.506
-2.93

-5.35
-7.78—
-10.2
-12.6
-15.1
-17.5
-19.9
-22.3-
-24.7—
-27.2
-29.6—

-32
-34.4
-38.1

o -Anglo (degrees) 180

(b)

02029-3



C. KAUR, K.K. VERMA, T. ISLAM ET AL.

300

HPane
m——Simulated Cross Pol
= = Measursd Cross Pol
wSlrailaled Co Pol
= = Moasurad Co Pol

- 270

1 150
Angle {degrees) 180

©

Fig. 8 — Far field patterns of the proposed antenna model at
5.5 GHz (a) 3D (b) and (c) polar plots
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Fig. 9 — Far-field patterns of the proposed antenna model at
12 GHz.(a) 3D (b) and (c) polar plots
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Fig. 10 — Gain Vs Frequency Characteristics

Fig. 10 shows the Frequency Vs. Gain of the
antenna over the operating and notch band. The peak
realized gain of 5.11 dB at 3.7 GHz and at the notch
band the gain is below 0 dB.

Table 1 — Comparative Analysis

Ref. Size Bandwidth | Notch Peak
(mm3) Range band Gain
(GHz) (GHz) (dBi)
(WLAN)
[16] 42%x30%1.6 3.25-13 5.7-6.2 6.7
[17] 40%30%1.6 2.84-13.9 5 3.69
[18] 75x10x1.6 2.75-14.65 5.15-5.82 6
[19] 34x34x1.6 3.1-10.6 5.5 5
[20] 28%36%1.6 3.1-11.3 5.5 5.8
[2] 30x30x1.6 2.45-12 5.4-7.4 4.89
Prop | 26x24x1.6 | 3.1-13.4 5.22-6.2 5.11
osed

The comparison Table 1 shows performance
comparison of proposed UWB notch antenna with other
reported designs [2, 16-20] considering antenna size,
operating bandwidth, notch band frequency range, peak
realized gains. The proposed antenna holds a compact
dimension of 26 mm x 24 mm x 1.6 mm, operates from
3.1 to 13.4 GHz covering entire UWB spectrum with a
peak realized gain of 5.11 dBi. Also, it offers notch band
extending from 5.22 to 6.2 GHz for rejecting WLAN
band. So, the proposed antenna shows a balanced
performance by proving UWB bandwidth, good gain,
notch band by maintaining its miniaturized size.

4. CONCLUSION

The proposed printed monopole antenna of compact
dimensions of 24 x 26 x 1.6 mm? for a single notch band
characteristics is fabricated and simulated. The basic
and small-sized elliptical UWB antenna is designed by
incorporating a rectangular slot DGS (Defective ground
structure), which add a notch band in the 5.2 — 6.2 GHz
WLAN frequency band. This desired notch band is
achieved by incorporating a ring-shaped structure and
transforming quadruplet arrow slots. With an
impedance bandwidth of 10.3 GHz, the antenna operates
in from 3.1 to 13.4 GHz. The compact antenna covers the
maximum average gain of about to 5.11 dBi, within the
operating frequency range. The recommended antenna
exhibits a good radiation pattern and surface current
distribution. The CST-2022 Microwave Software is
utilized to simulate the structure of the printed
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microstrip antenna (PMA), and the findings are then
validated in an anechoic chamber laboratory with
appropriate measurement setup.
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Y wmi#t pobori po3pobisieHO Ta MPOAHAII30BAHO KOMIIAKTHY MIKPOCMY’KKOBY MIKPOCMYKKOBY AaHTEHY
eJIIITHUYHOI (POPMHU 3 IIIIIMHAMY EJIIITHYHOI (POPMH Ta IIPOAHAIIIZ0BAHO JUJISI CYYACHUX CHCTEM 0e3IpOTOBOTO
3p’si3ky. CriouaTky KOMIIAKTHA MOJEJIb aHTEeHN eJinTUYHOI (opMu 3 Jed)eKTHOK CTPYKTYPOI 3eMJIl
mpusHaveHa s yJybTpammpokoro miamasony (UWB) 3 poGoumm miamasomom Bim 3,1 mo 10,6 I'Tir
Koncrpyxirito 6ys0 3MiHEeHO 32 IOTIOMOTO0 YeTBIPHOTO CTPLIIKOBOTO CJIOTA, IO IPU3BEJIO 0 XaPAKTePUCTUKHA
CMYTH 3 OJHWM BHPI30M JIJISI JIAA30HIB 0e3apOoTOBOI JIOKAJIBLHOI Mepeski. PeasridoBaHWil MK ITOCHJIEHHS
PEKOMEHI0BAaHOI aHTeHH CTaHoBUTH 5,11 abi ma wacrori 3,7 I'T'u. Amasis sampomoHoOBaHOI aHTeHH OYyB
BUKOHAHNN IIJIIXOM OLIHKK PISHHX TeOMETPUYHUX POopM. AHAJII3 PO3IIOMIIY IIOBEPXHEBOIO CTPYMY TAKOM
IpeACTABJICHUI [JIA YITKOIO YABJIEHHS IIPO IPHUHINAN poOoTw aHTeHH. IlpemcraBieHi Ta o6rosopeHi pisHi
mapaMeTpy XapaKTePUCTUK, TAK] SK 3BOPOTHI BTPATH, IIOCUJICHHS, J1arPaAMU CIIPSIMOBAHOCTI. 3aIIPOIIOHOBAHA
MoeJIb AHTeHW, IO 3aliMae 3araJbHui poaMmip 26 x 24 x 1,6 MM3, MomeioeTbes, 1 Ii pe3yIbTaTh
mocmimryoThest 3a gomomorown iHcTpymenty CST. Pospobrena amrena crBopena Ha migkiamii FR4 masa
HepeBipKM  BUMIPIOBAHb. Pe3yjbTarv  MOJEIOBAHHS  BCTAHOBJIEHOI AHTEHU  3ICTABJSIIOTBCS 3
EKCIIePUMEHTAIbHUMA JTaHUMU IS [epeBipku. Pe3ysbraTu MOKa3yoTh, IO 3alPOIOHOBAHA KOMIIAKTHA
aHTeHa A00pe IMAXOOWUTh AJIs BUCOKOIIBHMIKICHOTO 3BfA3Ky Ha OJM3BKIA BifcTaHl Ta Moke eqeKTHBHO
BIOXWJIATH cUTrHAMHU 3 miamadony WLAN.

Kmiouori cnosa: Jlpyxoanuit matu, Komnakraa anrena, /[iamason Buimoxk, JledexrHa crpykrypa 3eml,
Vaprpamupokuii qianasox, Besaporosa siokasbHa Mepeska.
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