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Abstract: This paper describes a metamaterial-based broadband planar inverted-F antenna (PIFA) for handheld applications that
uses a defective ground surface (DGS). The RIS (reactive impedance surface), which is made up of 3 x 3 square periodic structure
of metallic unit cells, benefits the antenna's increased bandwidth. DGS is a technique for improving the antenna's variety of
features, including size reduction and broad bandwidth. The proposed PIFA uses DGS and metamaterial to design, analyse, and
fabricate a 2.4 GHz antenna. Finally, a prototype was simulated using the HFSS 3D electromagnetic simulator. The measured-10
dB S11 impedance bandwidth design has been approximated to be 1199 MHz (2.0734-3.26921GHz), 49.95% of which at 2.4
GHz.

Keywords: PIFA, Metamaterial, RIS, Defective ground surface, Gain, Wideband. .
L INTRODUCTION

Wireless communication's antenna function and design have recently progressed, resulting in an incredible expansion in handheld
device subscribers. The service providers are paying more attention to their consumers' needs for lightweight, cost-effective
antenna configurations. More improved communication capabilities, such as a broader frequency bandwidth or several frequency
bands, became demanded by mobile users and equipment. On the other hand, these technologies need high-quality transmissions
on both the transmitter and receiver sides. The most capable alternatives to this problem are increased gain and large bandwidth.
The reduced size of a recent compact handset [1] allowed a significant number of antenna components. A basic low-profile PIFA
with a wide tuning range [2]. PIFA is a fundamentally tunable lightweight antenna device with variable isolation enhancement for
a portable phone, as shown in [3]. A printed-IFA with composite right/left-handed (CRLH) unit cells is examined in theory and
practice using electromagnetic simulators. To further minimize the size of the antenna, capacitive loads are mounted to the open
end of the L-loaded printed-1FA, and seven different printed components are merged into a compact handset [5], [6]. The linear
polarized dual-band, single-layer, U-slot-fed antenna [7].

The symmetric slotted-slit microstrip patches of the RIS structure were employed to miniaturize the antenna while expanding
bandwidth [8]. Metamaterial particles based on split-ring resonator research are used to boost the dispersion speed in a two-planar
inverted-F antenna printed on a circuit board device [9]. The metamaterial is used for broad bandwidth in [10], [11], and DGS
avoids coupling by adding currents in the reverse direction of the original characteristic modes (CM) currents described in [12]. In
[13], the spacing between the patch and the ground plane can be minimized. In [14], metallic cross-branching enhanced the
bandwidth of PIFA. PIFA is a robust and lightweight antenna with a tuneable internal antenna made of metamaterial [15]. Due to
the demand for reduction gain enhancement, wireless communication systems have smaller antenna diameters. As a result, size
reduction and bandwidth enhancement have become essential factors for PIFA mobile apps.

Two of PIFA's defining qualities are compact internal antennas for cell phones and ease of deployment. Because of its many
attractive features, the PIFA is used in a variety of scenarios. However, some of the PIFA's shortcomings, such as power handling
capacity, lower gain, polarization, and lesser bandwidth exceed the benefits. Precision analysis methodologies, superior
principles, and optimal design techniques are required for bandwidth improvement.

This work provides a lightweight, wideband PIFA antenna based on RIS and DGS suitable for mobile devices and a small size.
Because of PIFA's gain and decreased bandwidth, mobile communication is difficult. The antenna's bandwidth grows as the
increase the height of the substrate and radiating patch. It has also resulted in a decrease in the efficiency factor. A new proposed
metamaterial-based PIFA with DGS for smartphone devices is introduced to decrease the drawbacks of PIFA.
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II. ANTENNA DESIGN

2.1 Conventional PIFA

In a typical PIFA, the top surface of the antenna is a radiating patch; the bottom surface is a ground plane, shorting pin, dielectric
constant, and microstrip line feeding mechanism. An inverted-F antenna, which is structured like the letters F in English, serves as
the primary antenna. The schematic structure of the proposed antenna is shown in Fig. 1. With a total designed volume of 24.01 x
1.22 x 2 mm, the antenna is an appropriate ground plane. The ground surface of the PIFA antenna dimension is 56.4 x 51.3 mm
on average. The overall ground surface dimension of the PIFA antenna is 56.4 x 51.3 mm. The antenna is built from a dielectric
constant of 4.4 and a height of 1.59 mm of FR-4 substrate. Figures 1(a) and 1(b) depict the PIFA structure with DGS and a PIFA
cross-section with RIS and DGS, respectively. The estimated dimensions of the PIFA with DGS are shown in Table 1. In the
proposed antenna, two hl and h2 dielectric substrates with heights of h1 = 1.59 mm and h2 = 1 mm are used.

1.1 Defective Ground Surface

A defective ground surface's basic structure is a square unit cell. A metallic square unit cell of DGS is attached with a side corner
of the ground plane configuration of the antenna. As a result, the efficient inductive and capacitive components of the antenna's
electric circuit current have an effect on the dielectric constant. The current distribution of the ground surface is affected by the s
defective surfaces with its slow-wave characteristic.
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Fig. 1. Proposed PIFA using RIS and DGS
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(b) Cross-sectional view proposed antenna

Electrical interference has been caused by the ground plane changing transmission line properties such as inductance and
capacitance. In other words, a RIS and DGS-manipulated flawed or defected ground plane surface.

N\
=1

Fig. 2. Geometrical view of RIS

2.2 Reactive Impedance Surface

A PEC or PMC is used in the RIS to describe the total power while storing electric and magnetic energy. The lattice property of a
resonant antenna is utilized to tune it below its natural resonance frequency. It shows RISs can reduce antenna-to-substrate
interference, improving wideband operation and matching impedance. The performance of RIS improves the interface between
the dielectric substrate and the radiating patch of the antenna. It also has an antenna with a front-to-back ratio analogous to that of
a PEC surface. Fig. 2 shows the RIS structure as a periodic lattice of 3 x 3 array unit cells.

Table 1. Dimensions of Geometric parameters of PIFA with DGS antenna

Parameters [Size Parameters [Size Parameters [Size (mm)
(mm) (mm)

D 1.0 g1 0.5 92 0.3

ET 4.4 al 16 a2 17

Ls 3.8 W 2.1 Lf 3.8

Ws 2.1 Lp 26.5 Wp 2.88

h1l 1.0 Wg 51.3 'Wd 20.63

h2 1.59 Lg 56.4 Ld 20.63

2.3 PIFA using RIS and DGS

The antenna geometrical dimensions of PIFA utilizing RIS and DGS are obtained by using various equations derived from the
transmission line model. Optimal resonance frequency (Fr), dielectric substrate height (h), and substrate dielectric constant (r) are
the three most important criteria to identify when developing a PIFA with RIS and DGS. The impedance bandwidth is equal to
the thickness of the substrate and inversely proportional to the square root of the dielectric constant (er) of the substrate.
Calculated dimensions have been optimized using their corresponding frequency bands. The width of the patch is calculated using
eg. 1as follows.
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TM10 mode is smaller than A/4 in the fundamental mode, where A is the wavelength of the dielectric medium and A0 is the

wavelength of open space. In TM10 mode, the field just changes with the length of A/4 and is unaffected by patch distance. Where
h is the height of the substrate, which is 1.59 mm, and the dielectric constant is 4.4. The length of the patch is calculated using
eq.2 as follows

Lp = M4 (2)

The PIFA antenna is mounted on a dielectric substrate which thickness is 4.4 and height 1mm. The designed antenna RIS
structure is printed above the ground plane and a DGS square slot attached with the ground plane. A metallic slot with and length
is smaller than 0.20 A. The dimensions of DGS are 20.63 mm in length and 20.63 mm in width, which are the same as the
dimensions of the square slot. The antenna is then designed, manufactured, and tested.
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Fig. 3 Measured and simulate Results of Return Loss and VSWR of PIFA with RIS and DGS

1. EXPERIMENTAL RESULTS AND DISCUSSION

The PIFA with DGS geometry parameters are determined from the transmission line model's numerous equations. For WLAN
bands at 2.4 GHz, the S11 antenna design has a simulated-10 dB impedance bandwidth of 995 MHz (2.0734- 3.06921) 49.95 %
and a measured-10 dB impedance bandwidth of 1199 MHz (2.0734-3.26921GHz) 41.45 %. The PIFA comprehensive testing
employing RIS and DGS slightly improved in comparison to the simulated results of the performance parameters due to the air
slit between the radiation component and the ground plane constructed during processing. For a smartphone application, the
manufacturing antenna is very beneficial.
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Fig. 4. Radiation pattern of E Plane and H Plane

From the transmission line to the antenna, the proposed PIFA's measured VSWR is illustrated in Fig.3. (b). In the manufacturing
process, the VSWR value was almost 1.69 at 2.4 GHz. It should be between 1 and 2, suggesting that the antenna is more efficient
of E-Plane and H- Plane, respectively. In the XY plane, the simulated (co-polarized and cross-polarized) radiation pattern at 0°
and 90°.
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Fig. 5. Gain of proposed antenna

Fig.4 (a) and (b) illustrate the simulated radiation patterns. The simulated PIFA was simulated utilizing RIS and DGS
configurations using the High-Frequency Structure Stimulator. An antenna layout that has been optimized is referred to as "final
designs.” The feed has a connection with a grounding pin and a copper metal structure on the antenna's upper layer. The PIFA's
microstrip feed point is a single wave port in the HFSS simulation. For calculation, the constructed prototype employs a SMA
connector. SMA connections are female-type connectors.

The electrical properties of the structure are significantly influenced by the SMA connector. The EM simulation platform has
been provided as an external link for real experimental validation. An extended probe runs through a hole on the lower surface of
the antenna's substrate and attaches to the PIFA element's shorting pin to connect the PIFA element's microstrip feed location to
the opposite end of the antenna.

The simulated gain of the PIFA for wireless devices employing RIS and DGS is as shown in Fig.5, which is acceptable and
provides a superior wideband antenna gain is 4.03 dBi for 2.4 GHz.
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Iv. CONCLUSION

For WLAN applications, a Metasurface-based wideband PIFA with RIS and DGS. The proposed antenna's DGS might feature a
regulated and wideband radiation pattern. The RIS structure is a lattice of 3 x 3 arrays of the surfaces of metallic patches, which
aids in the antenna's bandwidth enhancement.

A 2.4 GHz antenna is created, analyzed, and implemented using the DGS PIFA with metamaterial. The approximated 1199 MHz
impedance bandwidth based on WLAN bands at 2.4 GHz has a -10 dB impedance bandwidth (2.0734-3.26921GHz). In both
simulated and manufactured results, PIFA using RIS and DGS produced radiation patterns, return loss, impedance bandwidth,
gain, and VSWR response in the Wireless LAN application.
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