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PIFAs are valued for their compact size, low profile, and ability to provide good radiation efficiency for
wireless applications. The proposed PIFA resonates at 2.4 GHz frequency with better radiation efficiency and
gain performance. For the proposed PIFA operating at this frequency, contains a patch size dimension of
22 x 7.25 mm?2 and possesses substrate height of 1.3 mm. The novel aspect of this proposed design is broadband
width and achieved a better performance. The design of a PIFA also includes a shorting pin, which connects the
radiating patch to the ground plane. This feature helps to reduce the overall size of the antenna by lowering the
resonant frequency, making PIFA highly suitable for compact devices like smartphones, tablets, wearables, and
IoT devices. The shorting pin and the feed pin work together to ensure that power is efficiently transferred to the
antenna for radiation, thus maximizing its performance within the frequency band. The shorting pin, which
connects the radiating patch to the ground, plays a key role in reducing the antenna’s size by lowering its resonant
frequency. For smartphone applications, the dual coupling PIFA, with dimensions of 25 x 10.8 mm? and a fully
covered copper ground plane, demonstrated remarkable efficiency and SAR reduction capabilities. The designed
antenna will operate at 2.35 to 2.45 GHz frequencies respectively.
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1. INTRODUCTION

The antenna is commonly used in Bluetooth devices
such as headphones, smartwatches, and fitness trackers,
where compactness and omnidirectional radiation are
critical. In addition, PIFAs are also integrated into Wi-Fi
devices and ZigBee-based IoT systems, offering reliable
performance in short-range wireless communication.
Overall, PIFAs operating at 2.4 GHz are essential in
providing efficient and consistent wireless connectivity in
modern electronic devices [1]. The designed antenna is
proposed by Bluetooth energy communication which is
commonly used in modern devices at 2.44 GHz.
Considering it is to be used for a wearable device, it must
be small in size and resistant to mechanical and
temperature variations. An optimized planar inverted-F
antenna (PIFA) with parasitic element is used to broaden
the antenna bandwidth. The parasitic element's end is
shorted to reduce the patch size to 22 x 7.25 mm?2, making
it suitable for wearable devices such as Smartwatches
[2-3]. Also, the ground layer of antenna allows it to radiate
well externally while interfering minimum with the
internal medium behind it. As a result, the reflection
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coefficient is not affected by the changes in the internal
medium. The maximum gain of the antenna is 9.42 dBi,
and its impedance bandwidth ranges from 2.35-2.45 GHz.
Finally, the antenna can be fabricated into a wearable
electronic device. The Planar Inverted-F Antenna (PIFA)
has emerged as a highly effective solution for Bluetooth
applications in wearable devices [4]. Its compact design,
low-profile structure, and efficient performance make it
ideally suited for the space-constrained environments of
modern wearable technology. By operating effectively
within the 2.4 GHz band, PIFA antennas enable seamless
wireless communication, which is crucial for devices such
as smartwatches, fitness trackers, and wireless earbuds
[6-7]. The PIFA's ability to achieve a good balance between
size and functionality, combined with its omnidirectional
radiation pattern, ensures reliable connectivity and robust
signal quality in various orientations [8-10]. Additionally,
the incorporation of features like shorting pins and
parasitic elements further enhances the antenna's
bandwidth and gain, making it adaptable to diverse
application requirements. As Bluetooth technology
continues to evolve and expand into new domains, the
relevance of PIFA antennas in wearable devices is likely
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to increase. Their versatility, efficiency, and suitability for
miniaturization position PIFA antennas as a cornerstone
in the development of next-generation Bluetooth-enabled
wearables, enabling innovative features and enhancing
user experiences across various applications. A PIFA with
dimensions of 25 x 10.8 mm?2 and a completely covered
ground made of copper was simulated. The structure is fed
by a microstrip line feed. Because of its compact size,
improved radiation efficiency, E-field, H-field, and surface
current resonant frequency it is suitable for Bluetooth
wearables like Smart watches and various medical
applications.

2. ANTENNA DESIGN

Fig. 1 shows the ground layer design of a PIFA. The green
region represents the ground plane of the antenna, which is
a critical component in the design for proper radiation
performance and impedance matching. Fig. 2 illustrates the
substrate layer design of a PIFA. The red region represents
the dielectric substrate, which serves as a supporting
medium for the antenna structure and plays a critical role in
determining the antenna's electromagnetic properties. Fig. 3
shows the radiating patch of the PIFA and it is primarily
responsible for generating and radiating electromagnetic
waves when an RF signal is applied to it. Fig. 4 shows the
front view of overall designed antenna. It contains patch,
substrate and a parasitic element. Fig. 5 shows the overall
view of the designed PIFA. It shows the combination of all
elements present in antenna and how the patch and
substrate are connected through the connecting pin.
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Fig. 4 — Front view of the overall design

Fig. 5 — Overall view

PIFAs are valued for their compact size, low profile, and
ability to provide good radiation efficiency at 2.45 GHz,
even within the space constraints of modern devices. For
a PIFA operating at this frequency, typical dimensions
include a patch size of 20-30 mm and a substrate height of
around 4-6 mm, depending on design requirements. The
design of a PIFA also includes a shorting pin, which
connects the radiating patch to the ground plane. This
feature helps to reduce the overall size of the antenna by
lowering the resonant frequency, making PIFA highly
suitable for compact devices like smartphones, tablets,
wearables, and IoT devices. The shorting pin and the feed
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pin work together to ensure that power is efficiently
transferred to the antenna for radiation, thus maximizing
its performance within the frequency band. The shorting
pin, which connects the radiating patch to the ground,
plays a key role in reducing the antenna’s size by lowering
its resonant frequency. The antenna is commonly used in
Bluetooth devices such as headphones, smartwatches, and
fitness trackers, where compactness and omnidirectional
radiation are critical. In addition, PIFAs are also
integrated into Wi-Fi devices and ZigBee-based IoT
systems, offering reliable performance in short-range
wireless communication. Overall, PIFAs operating at
2.45 GHz are essential in providing efficient and
consistent wireless connectivity in modern electronic
devices. The designed antenna is proposed by Bluetooth
energy communication which is commonly used in modern
devices at 2.45 GHz. Considering it is to be used for a
wearable device, it must be small in size and resistant to
mechanical and temperature variations. An optimized
planar inverted-F antenna (PIFA) with parasitic element
is used to broaden the antenna bandwidth. The parasitic
element's end is shorted to reduce the patch size to 22 x
7.25 mm?2, making it suitable for wearable devices such as
Smartwatches. Also, the ground layer of antenna allows it
to radiate well externally while interfering minimum with
the internal medium behind it. As a result, the reflection
coefficient is not affected by the changes in the internal
medium. The maximum gain of the proposed antenna is
9.42 dBi, and its impedance bandwidth ranges from
2.1-2.5 GHz. Finally, the antenna can be fabricated into a
wearable electronic device.

Table 1 — Dimensions of the designed antenna

Parameter Dimension
L. Parameter .
description (in mm)
Ls 25
Ws 10.8
Substrate Wl 13
c 1.25
Lg 25
Wg 10.8
Lsl 5.95
Ground Wl 13
a 4
b 4.5
Lp 22
Wp 7.25
Lf 6
Wf 1.3
Lpe 23.6
Radiating Patch Wpe 0.5
d 0.3
e 1
f 1.7
g 1.05
h 6
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. . R 0.6
Feeding pin 1 85
. . r 0.1
Shorting pin ho 85

3. RESULTS AND DISCUSSION

The suggested antenna operates between 2.25 GHz
and 2.5 GHz. The S11 parameter ensures that the
impedance spectrum is well-matched. Radiation gain is
observed at 9.42 dBi. Theta '®' and phi '®' are spherical
coordinates for co- and cross-polarizations that range from
0 to 360 degrees in the E-plane and 0 to 90 degrees in the
H-plane. The Patch receives surface current from the
feedline. The surface current flows along the radiating
patch, ground plane, and shorting pin. Analysing current
distribution is essential for understanding how the antenna
radiates. Areas with high current densities often correspond
to the regions of strong radiation, while areas with low
current density may experience nulls in the radiation
pattern. Uniform current distribution leads to improved
radiation characteristics and gain. Fig. 6 shows the graph
of reflection coefficient vs frequency, and it can be observed
that the antenna is resonating at 2.45 GHz frequency.
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Fig. 7 — Maximum gain over frequency
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Figure. 7 illustrates a graph that shows the performance
of the proposed PIFA antenna in terms of gain and
radiation efficiency. From the graph.7, it can be noted that
a maximum of 9.42 dBi can be obtained at 2.45 GHz
frequency with a radiation efficiency of 90 %.

4. CONCLUSION

The combination of two types of inverted-F antennas —
one for low-SAR smartphone applications and one for
wearable applications — is an exciting development in
antenna design that could lead to size, efficiency, and
performance gains. The 25 x 10.8 mm? dual coupling PIFA,
which has a completely covered copper ground plane,
proved to be very efficient and capable of reducing SAR,
making it an ideal candidate for use in smartphone
applications. This antenna attained a broad bandwidth of
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PIF anrena mae psig mmepeBar, TaKuX sIK KOMIAKTHI PO3MIpH, HU3bKUY IPO(d1sb Ta 3IaTHICTE 3a0e3revdyBaTn
xopoIiry ed)eKTHBHICTH BUIIPOMIHIOBAHHS [IJIs1 0€31pOTOBUX 3acTocyBaHb. 3anpornoHoBana PIF anrena pesonye Ha
gacrorti 2,4 I'T'1t 3 kpamoo edeKTHBHICTIO BUIIPOMIHIOBAHHS Ta KoedirtienToM mocuireHHs. [Ipucrpiit mae poamip
BUIIPOMIHIOBAJIbHOI ILtacThHHU 22 X 7,25 mm? Ta Bucory minkiaanku 1,3 mm. HoBum acmexrom 3ampomoroBaHOl
KOHCTPYKIMI € INMpOKOCMYroBa INFPHHA Ta JOCATHEHHs Kparrol mpoxykrueHocti. Houcrpyrimis PIFA rtaxox
BKJIIOYAE KOPOTKWI KOHTAKT, SIKUH 3'eHye BUIIPOMIHIOBAIBHY IUIACTHHY 13 3a3eMJIEHO IuomuHoo. Ll
0COOJIMBICTD JI0IIOMATAE 3MEHIINUTH 3arajJIbHAN PO3MIp aHTEeHH, 3HIKYIOYH Pe30HAHCHY YacToTy, 110 poouts PIFA
IPUSATHUAM [JIs1 KOMIIAKTHHUX IPUCTPOIB, TAKUX SK CMApPTQOHH, IIAHIIETH, TOPTATHBHI IPUCTPOi Ta IPHUCTPOI
Tarepnery peueit. KopoTkuii KOHTAKT Ta KOHTAKT yKUBJIEHHS MPAIOIOTH Pa3oM, 106 3a0e3neuuTd edeKTUBHY
mepeady eHeprii Ha aHTeHy [JIS BUIPOMIHIOBAHHS, TAKHM YMHOM MAKCHMI3YIOUM I IPOAYKTHBHICTH y CMy3i
qacToT. KOpOTKMII KOHTAKT, AKMI 3'€IHye BHUIIPOMIHIOBAJIBHY ILIACTHHY 13 3€MJIEI0, BIIrpae KJIIOUOBY POJIb Yy
3MEHIIIEHHI PO3MIpy aHTEHHU ILIAXOM SHIKEHHA Ii pe3oHaHCHOI dacToTh. [{yisa cMapTdoHiB HOABIMHNNA 3B'I30K
PIFA 3 poamipamu 25 X 10,8 Mm2 Ta IIOBHICTIO IIOKPUTOI0 MIJTHOIO 323€MJIIOBAJILHOI0 IIOIIMHOK IIPOJEMOHCTPYBAB
4yIO0BY €(PEeKTHBHICTH Ta MOKJIMBOCTI SHIKEHHS Koe@iIlieHTa MOTJIMHAHHSA Koedirienra morsimHaHHs (SAR).
Pospobiiena anTena mparoBatuMe Ha dactorax Bif 2,35 mo 2,45 'y BigmoBigwHo.

Kmiouori ciosa: PIF aurena, SAR, Iloprarusae 3acrocyBanus,Pesonarcua gacrora.
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