National Journal of
2 Antennas and
Propagation

Research Article

National Journal of Antennas and Propagation, ISSN: 2582-2659 Vol. 7, No. 1, 2025 (pp. 336-341)
WWW.ANTENNAJOURNAL.COM

Polarization Diversity Equipped Patch Antenna
for lloT, Remote Sensing, and Satellite
Communication Applications

Balasingh Moses', Pugalendhi C.?*, Evany Nithya S.3

'Assistant Professor, Department of EEE, BIT Campus, Anna University, Tiruchirappalli.
2Research Scholar, BIT Campus, Anna University, Tiruchirappalli.
3Assistant Professor, Department of Civil, BIT Campus, Anna University, Tiruchirappalli.

KEYWORDS:

CPW

Multibrand

Tapered Ground
Multiple Polarization
10T

Remote Sensing

ARTICLE HISTORY:

Received 19.06.2025
Revised  26.06.2025
Accepted 12.07.2025

ABSTRACT

Compact, multiband patch antenna with dual kind of polarization is presented in this
paper. Linear polarization and circular polarization are exhibited by the antenna in differ-
ent resonating bands. The horn antenna tapering concept is implemented in this paper in
order to achieve gradual transition in the impedance of the slot antenna, thereby resulting
in triple resonating bands owing to a tapered slot causing gradual variation from 50 ohms
to 377 ohms. A stub of A /2 length generates even-odd modes which are orthogonal in the
time domain, resulting in circular polarized behavior of the patch antenna. Band tuning
provision is also provided in the antenna by embedding a narrow slit w.. Length, width,
and height of dimensions 0.78A , 0.78A , and 0.03A, mm? are fabricated for antenna on the
FR4 substrate. The frequency ranges 2.68 GHz - 3.40 GHz is lower resonating band with cir-
cular polarization, whereas linear polarized upper bands are between 4.24 GHz - 5.56 GHz
and 6.12 GHz - 6.89 GHz. The unique polarization response exhibited by different targets
can be utilized to identify the targets with precision in [IOT, remote sensing, and satellite

applications.
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INTRODUCTION

Internet of Things (IoT) has become immensely popu-
lar in the last decade because of the advancement in
communication technology. An antenna is an important
component for the materialization of IoT and remote
sensing applications. For the requirement of large
bandwidth loT applications, the research in the field of
design of planar antennas for broadband/narrowband
systems operating at 2.4 GHz and 5.2 GHz is becoming
popular. In remote sensing, polarization adds a new
dimension, which helps to gather more information for
the accurate classification of objects. For the practi-
cal application of such antennas, wide bandwidth, size
reduction, polarization diversity, and multiband and
multimode operations are the important characteristics
for the antenna design. Because of the huge demand

in the domains of mobile and wireless communication,
satellite applications, etc., planar patch antennas have
attracted much attention because of size miniaturiza-
tion, low profile, ease of fabrication, and light weight.
For the design of planar antennas, there exist several
feeding mechanisms such as feeding with a microstrip
transmission line, coaxial probe, edge feeding, and the
coplanar waveguide (CPW) feeding mechanism. Planar
slotted antennas exhibit tremendous advantages over
other types of antennas of a variety of structures for
their suitable integration in the handheld miniatur-
ized devices of the wireless domain, which is the key
requirement for an loT framework. A patch antenna
with more than one resonating band is highly desirable
in the modern-day wireless ISM band and satellite band
operations. This communication is further improved
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at the level of various parameters if different kinds of omeemm e LU »
polarizations are enabled in the antenna. In the field of

loT where a single trans receiver will be communicat-

ing and controlling multiple test objects, it is the need Wo

frmremmmrn s e S e TR CT T Y

of the hour to reduce the requirements of the number
of patch antennas at the controllers’ end. This can be
achieved majorly by incorporating features of the multi-
ple resonating band in the antenna, incorporating multi-
ple polarizations in the antenna.

However, it has to be ensured that co-cross polarization
levels must be as low as 30 dB and below.

Referencell presents a multiband patch antenna with
two kinds of polarizations, whereas reference? stud-
ies about the inductive slot-based concept for achiev-
ing better impedance matching. Wideband slot antenna
with two operating bands, exhibiting different kinds of
circular orientation of the electric field, fractal struc-
ture, and multiple bands is presented in referencest*¢,
while the concept of the folded slot and transition tech-
nique for orthogonal electric field mode generation Fig. 1: Proposed antenna top view.
has been presented in references”. However, com-
plex patch designing with a large physical dimension
of the substrate is the major limitation of the available
literature.® " Hence, an attempt has been made in this " 12 13 lg lp Is f fs
paper to present a patch configuration for better imped- 2.40 | 2.90 | 5.70 | 2.90 | 9.30 | 29.0 | 3.20 | 12.10
ance matching between the feed port and the intrinsic wi W2 | w3 | wg | wp ws L w
impedance of free space, catering to the requirements 9.70 70 | 710 | 33.0 | 6.20 | 5.70 | 35.0 | 35.0
of smaller dimensions, robust link owing to polarization

diversity techniques.l'z4

x

P U S S ——

| —— Y
X

Table 1: Antenna physical parameters (mm).

NETWORK AND ANALYSIS

The top image of the slot antenna is shown in Figure 1,
whereas dimensions of the same are presented in
Table 1. The CPW powering mechanism is used in this
paper to energize the antenna.

CP and Mode Analysis

Current vector illustration at 3.10 GHz confirming the
circular polarized behavior of the lower resonating band
is depicted in Figure 2. Clockwise rotation of current
vectors in the azimuthal plane of antenna conforms
the circular polarized behavior of the antenna for the
lower operating band. Orthogonal modes generated in
the antenna for the lower band also confirm the rea-
son for achieving circular polarization. The portion of
copper patch responsible for the major amount of radi-
ations is studied in Figure 4. Red-colored areas confirm Fig. 2: Current vectordistribution at 3.10 GHz.

Phase = 3T/4
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Fig. 3: Mode distribution at 3.10 GHz.

Phase = 3T/4

the dominant areas of the patch contributing to circular
polarization.

Antenna Evolution Analysis

Antenna prototypes depicted in Figure 5 demon-
strate the step-by-step method involved in realizing
the antenna’s final version. From Figure 6, multiband
nature of the antenna can be inferred. The gradual
transition of the feed line with respect to the tapered
ground plane is responsible for excellent multiband
characteristics of the antenna. Polarization proper-
ties of the proposed antenna is given in Figure 7, con-
forming to the inverted F-structure in the feed line
responsible for the circular polarized nature of the
antenna.

RESULTS AND DISCUSSIONS

Resonating bandwidth for the antenna extends from
2.55 to 3.82 GHz, 4.41 to 5.18 GHz, and 6.21 to 6.92 GHz.
Voltage standing wave ratio shown in Figure 11 depicts
the impedance matching of the antenna at the input
feed port. Gain of the antenna for all the resonating
bands is studied in Figure 12. Circular polarization of the
antenna demands that the axial ratio must be less than
3 dB within the operating band. Figure 13 confirms the
circular polarized behavior of the lower band and the

Phase = T/4

L
Phase = T/2

Phase = 3T/4

Fig. 4: Magnetic current vectorbehavior at 3.10 GHz.
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Fig. 5: Antenna evolution mechanism.

linear polarized behavior of the upper band. Figure 14
illustrates the radiation pattern for the lower operating
band, whereas Figure 15 illustrates the radiation pattern
for the upper band.
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Fig. 11: VSWR of the antenna.
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Fig. 12: Gain of the antenna.
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Fig. 15: Radiation pattern for the antenna in both planes at 5.0 GHz.
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CONCLUSION

Multiband patch antenna with three operating bands
and two modes of circular polarization has been stud-
ied in this paper. The effect of gradual transition in
the impedance of the slot on the resonating bands has
been investigated. Flared feed line with respect to the
ground plane result is in excellent impedance matching
causing triple band behavior of antenna. Circular polar-
ization for the lower band is generated by exciting odd-
even modes in the phase quadrature. The lower most
band is linear polarized with LHCP orientation, whereas
the upper bands are linear polarized. The presented
antenna can be implemented for lloT, remote sensing,
and satellite communication applications owing to the
circular polarized monopole pattern. Also, the C-band
with linear polarization can be effectively used for
broadcasting data over the network of ground antennas.
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