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In this paper, shaped printed Microstrip Patch Antenna (MPA) for a remote sensing application that operates
in the ultra-wide band (UWB) spectrum is reported. By converting the upper side of a traditional rectangular
patch into a semi-circular shape and the lower side into a shape like a staircase, the suggested radiating patch is
created. Physical and electrical volume of the presented antenna is 33 x 24 x 1.6 mm? and
0.253 Ao x 0.18440 x 0.01240 respectively. The proposed antenna is developed, optimized, and simulated with
Computer Simulation Technology's (CST) Microwave Studio Suite software. The antenna is developed on a 1.6
mm-thick FR4 dielectric substrate, featuring a loss tangent of 0.09, relative permittivity of 4.4 and measured
using standard microwave test bench. Measured outcome of the suggested antenna confirms a wide impedance
bandwidth of 13.7 GHz (2.3-16 GHz) with a fractional bandwidth of 149.7 % and Bandwidth Dimension Ratio
(BDR) of 3215. Within this frequency range, the proposed antenna exhibits a peak gain of 3.9 dBi. Additionally,
adequate co-polarization and cross-polarization separation are attained in all directions for the proposed
antenna. The designed antenna is compact and lightweight, exhibits consistent gain, and is compatible with
wireless system equipment. The UWB antenna may be used with Surface Penetrating Radar to detect explosive

and dangerous things underground.
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1. INTRODUCTION

In contemporary and upcoming wireless
communication  systems, ultra-wideband  (UWB)
antennas are becoming more and more popular for two
main reasons. First of all, since the Federal
Communications Commission (FCC) formally published
the regulations for UWB technology in 2002, there has
been a significant increase in the demand for wireless
transmission rates and UWB characteristics like high
data rates, low power consumption, and low costs. This
has greatly aided industry and academic research and
development of UWB antennas. Second, in order to
perform a variety of wireless transmission functions,
Antennas for wireless portable devices must function at
many frequencies. As a result, there are an increasing
number of operating bands and functions, which can lead
to antenna design challenges like interference from
multiple antennas, antenna space limitations, and more.
Multiple narrow-band antennas may be replaced with
single UWB or broadband MPA, potentially lowering the
total number of antennas. Under these conditions,
broadband, wideband, super wideband or ultra-wideband
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(UWB) technology seems like a promising solution that
can handle large channel capacity. The most recent state-
of-the-art study on the many types of antennas and
performance improvement techniques for contemporary
communication technology is described by S. Kumar et al.
[1]. Following a thorough explanation of the
requirements and classification of the antennas, they
contrasted several antenna designs for modern
communication systems. A summary of the many
methods for microstrip patch antenna miniaturisation
that have been proposed in the published literature has
been presented by S. Chourasia et al. [2]. Using a
substrate with a higher dielectric permittivity, using a
magneto dielectric material, modifying the radiating
patch and ground plane by loading slots, slits and
notches at the ideal positions, incorporating meander line
structure in the patch and ground, integrating a metal
plate inside a patch antenna, designing a planar inverted
F antenna, designing a monopole antenna and using
metamaterial substrate are some examples of
miniaturisation techniques for planar antennas. Not only
miniaturization, Researchers are simultaneously looking
on a variety of strategies to significantly increase
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bandwidth. A thorough analysis of several multiband,
broadband patch antennas with unconventional hybrid
radiating patch configurations was provided by B. Mishra
et al. [3]. In [4] T-Q. Fan et al. modified traditional U-slot
patch antenna by introducing another ‘U’ shaped slot to
enhance the antenna bandwidth. A novel hybrid form
broadband (2.469 to 14.203 GHz) monopole antenna for
wireless communication was proposed by H.T. Sediq et
al. in [5]. A reference elliptical form and several circular
shapes are combined to create the "inverted comma"-like
radiating patch of the proposed monopole antenna. To
increase the operating bandwidth, M.A. Banu et al.
suggested an aperture-coupled Y-shaped microstrip line
fed microstrip patch antenna in [6] with four strips
separated by three thin slots. T. Tewary et al. developed
a hybrid form microstrip patch broadband (2.27-
5.55 GHz) antenna for wireless communication
applications in [7]. In [8], S. Maity et al. suggested a
"HEART"-shaped microstrip patch antenna for
broadband (2.5-7.5 GHz). A traditional circular patch was
effectively transformed into a "HEART" shape. Again S.
Maity et al. In [9], a tree-shaped broadband (2-15.4 GHz)
hybrid MPA with a radiating patch made up of four
parallelograms and a circle that overlapped one another
was presented. A second hybrid-shaped super broadband
(2-95 GHz) microstrip patch antenna was also suggested
in [10]. A reference rectangle patch with two ellipses and
two notches has been overlapped to create the radiating
patch for the proposed antenna. A.B. Devarapalli et al. in
[11] presented hybrid shaped elliptical tree structure
monopole multiband antenna (2.56-3.91 GHz, 8-10.1
GHz). T. Tewary et al. in [12] proposed broadband
antenna by modifying reference antenna by loading slots
in patch and ground and improving impedance matching
by modifying feedline. Similarly in [13-19] many hybrid
shape patch configuration like “sunflower”, “corona
virus”, “tri-shul”, “leaf” etc. was proposed in recent times
for broadband operations.
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Fig. 1 - Proposed antenna: (a) Radiating plane (b) View of
ground plane
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This article discusses a hybrid shaped printed
radiator with slot loaded finite ground plane fed by a
microstrip line. Suggested antenna is both miniaturized
and broadband (2.3-16 GHz) with high BDR of 3215 and
149.7 % bandwidth. Due to broadband characteristics,
acceptable gain, and stable spatial distribution of
radiation, the presented antenna can be utilized for
remote sensing applications.

2. PROPOSED ANTENNA

Figure 1 shows radiating patch and ground plane
geometry of the presented antenna.

A rectangular patch is combined with semi circular
arc and staircase shaped slots in upper portion and lower
portion of the rectangular patch respectively. To get the
necessary features of the proposed antenna, the ground
plane is lowered throughout its length and width, and
four rectangular slots are positioned appropriately. The
values of every parameter for the suggested antenna are
compiled in Table I. The manufactured prototype of the
suggested antenna is shown in Fig. 2.

() ()

Fig. 2 — Printed antenna: (a) Radiating plane (b) View of ground
plane

Table 1 — Design Parameters with optimal measurements in mm

Parameter Dimension Parameter | Dimension
Ws 24 C 2.5
Ls 33 D 2
Lg 23.5 E 2.5
Wa 9 F 19
Wr 2.7 G 24
Lr 3.5 H 6
A 6.15 X 8.5
B 2 Y 1

3. DESIGN STEPS

The suggested broadband antenna's development
phases are depicted in Fig. 3 from step 1 (the original
antenna) to step 5. Fig. 4 illustrates reflection coefficient
for all design steps.
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Fig. 3 — Design Steps of the prescribed antenna

Step 1: Initially a rectangular patch of length 18 mm
and width 24 mm is considered on a FR4 substrate of
length 33 mm and width 18 mm. Height (h) of the
substrate is taken as 1.6 mm. Length and width of the
microstrip feedline for the antenna is taken as 8 mm and
2.7 mm to match the characteristics impedance of the
antenna as 50 Q. For reference antenna finite ground
plane having same dimension as substrate layer is taken.
According to conventional equation [20] resonant
frequency of a rectangular patch antenna having the
above said patch dimension should resonate as 3.8 GHz
for infinite ground plane. Using the standard equation
[20] (1), where ¢ represents the velocity of light, the width
and length of the patch (Wp) at a resonant frequency (f;)
of 3.8 GHz can be determined using the Equation (1-5)

_ cx2
We = 25forJ1+E, @

Equation (2) is used to get the patch's effective dielectric
constant.

_ 1
ropr = S+ e [14 125 @
Equation (3) determines the patch's extended
incremental length, AL.
repr+0.3)x(R+0.264
AL = 0.412 « f 5 Erepr P0G v0260) (3)

w
(sreff—o.zsa)*(TPw.a)

Equation (4) determines the patch's actual length.

c

T 2efefrers
And the effective length is given by (5)

L —2AL ()

But due to finite ground plane dimension impedance
matching does not occur at fundamental frequency.
Rather it resonates at higher harmonics of fundamental
frequency as 5.5 GHz and other higher frequencies as can
be seen from Figure 4.

Step 2-3: Upper portion and lower portion of the
reference patch of the step 1 is combined with a semi
circular shaped patch and staircase shaped patch for
miniaturization of the proposed antenna. This disturbs the
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current distribution and elongates the current line path
which results in miniaturization of the proposed antenna.
Step 4: For better impedance matching ground plane
length and width is reduced to an optimum dimension.
Step 5: Four slots of dimension (8.5 mm x 1 mm) are
removed from the reduced ground plane which improves

the impedance matching and proposed antenna
characteristics is achieved.
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Fig. 4 — Reflection coefficient (S11) of all design steps

4. ANTENA RESULTS AND DISCUSSIONS

Fig. 5 displays the suggested antenna's computed and
measured reflection coefficient, Si1. An expansive
impedance bandwidth of 13.7 GHz (ranging from 2.3 to
16 GHz), 149.7 % fractional bandwidth and BDR of 3215
are features of the antenna that is being showcased.

Fractional bandwidth has been calculated from the
obtained result.

(Fy — F)

% Bandwidth = (Fi X 100> %
o

Where the symbols (Fu, Fr, and Fc¢) signify their usual

meanings.

% Bandwidth

BDR = = 3215
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Fig. 5 — S11 parameter in dB for the prescribed antenna
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Fig. 6 illustrates simulated and measured peak gain
(dBi) of the recommended radiator. The antenna's
normalized simulated and measured radiation pattern is
displayed in Figures 7-8 for the E and H planes at 5.5 and
11.5 GHz resonant frequencies, respectively. Both simulated
and measured results are very close to each other.
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Fig. 6 — Peak gain of the proposed antenna
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Fig. 7 - Radiation patterns (E-plane) at (a) 5.5 and (b) 11.5 GHz
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TI'iopuana mi"iaTIopHa HAAMINPOKOCMYroBa MiKpoCMysKKOBa aHTeHa 1jid 5G 3acTrocyBaHp Ta
OUCTAHLIHHOrO 30HAyBaHHSI

Tapas Tewary!, Sunandan Bhunia2

1 Department of ECE, Academy of Technology, West Bengal, India
2 Department of ECE, Central Institute of Technology Kokrajhar, Assam, India

V¥ pobori onucyerbes qpykoBaHa MikpocMyskKoBa martd-anteHa (MPA) s qucraHiiiiHoro 30HAyBaHHSA, KA
mparioe B HamgmmporocmyroBomy (UWB) cmerrpi. Illnsixom mepeTBOpeHHS BEPXHBOI CTOPOHU TPAIHIMIHHOL
OPAMOKYTHOI TATY-aHTEHW Ha HAIMBKPYTJIy (GOopMy, a HUIKHBOI CTOPOHHM — Ha (POPMY CXOMIIB, CTBOPIOETHCS
3aIpOIIOHOBAHA BHUIIPOMIHIOBAJIbHA mard-aHTeHa. (DisnuyHmMil Ta eJeKTPUYHUM 00'€M IIPe/ICTABIIEHOI AHTEHU
craHoBUTH 33 x 24 x 1,6 Mmm3 Ta 0.25310 x 0.18410 x 0.01240 BiAmoBimHOo. 3ampoIlOHOBAaHA aHTEHA PO3POOJIEHA,
ONITMMI30BAaHA Ta 3MOJIEJILOBAHA 34 JOIIOMOroi mporpaMuoro 3abesmevends Computer Simulation Technology
(CST) Microwave Studio Suite. ArTeHa pospobiieHa Ha mieaerTpuuHid miakaanmi FR4 tosmunon0 1,6 MM, Mae
raurenc Kyra Brpar 0,09, BIIHOCHY [JieJIEKTpUYHY IIPOHUKHICTH 4,4 Ta BUMIpsiHA 32 JOIIOMOIOI CTAHIAPTHOTO
BUIIPOOYBAJIFHOTO CTEHIY IJIsI MIKPOXBHJIBOBHX XBUJIb. [lapamerpm 3amporoHOBAHOI aHTEHU MIATBEPIKYIOTH
IIMPOKY CMyTy mpomyckauHsa immemancy 13,7 [T (2,3-16 I'T) 3 wacTkoBo cMyromo IpomyckaHus 149,7 % ta
KoedirieHToM poamipHocTi cmyru mporryckanusa (BDR) 3215. ¥V mpoMy miamasoHi 4acToT 3aIpoIIOHOBAHA aHTEHA
IeMOHCTpYe IKOBUM KoedimienT mocwieHHs 3,9 nb. KpiMm Toro, mis 3ampomoHoBaHOI aHTEHH IOCATAETHCSI
aZleKBaTHE PO3MIJIEHHS KOIOJAPHU3AIli Ta KpOoC-TMOJIApM3allil y BCIX HaIpaAMKaxX. Po3pobseHa aHTeHa €
KOMIIAKTHOI Ta JIETKOIO, [IEMOHCTPY€E CTabliIbHE IOCHUJIEHHS TA CyMICHA 3 00JIaJHAHHSIM 0e3IpPOTOBUX CHCTEM.
Anreny Hammmpoxoro miama3oHy (UWB) moxHa BHKOpHCTOBYBATH 3 IIOBEPXHEBHM PaJioJI0KATOPOM IS
BUSIBJICHHST BUOYXOHEOe3TeUHNX Ta Hebe3medHnx 00'eKTIB i 3eMIIeIo.

Korouori ciiosa: BDR, I'6pugz, [Tatu-anrena, Hammmporocmyrosa.
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