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This paper presents the design of a reconfigurable planar inverted-F antenna
(PIFA). The proposed antenna is designed and optimized to operate in two
frequency bands. 2.4 GHz allocated to the industrial, scientific and medical
(ISM) band for the identification of a set of vehicules within a given area,
and 1.575 GHz allocated to the global positioning system (GPS) band to
locate them outside. The ISM band is used for microwave frequencies for
active radio frequency identification (RFID) tag, which is associated with
the object to be identified. This antenna consists of two radiating elements
connected by a positive-intrinsic-negative (PIN) diode to obtain the
frequency reconfigurability. The first radiating element is connected to the
ground plane by a shorting pin and excited by a 50 Q coaxial feed line. Its
total size is 30 mm x 50 mm x 7 mm. The substrate used is FR4 with
constant dielectric relativity of 4.4 and a height of 1.6 mm. Computer
simulation technology microwave studio (CST MWS) software is used to
simulate and optimize the proposed reconfigurable PIFA antenna.
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1. INTRODUCTION

Nowadays, reconfigurable antennas have attracted much attention in the fields of wireless
communications, due to the growing need to provide an antenna capable of covering several standards such
as global system for mobile communications (GSM), global positioning system (GPS), universal mobile
telecommunications system (UMTS), wireless local area network (WLAN), and radio frequency identification
(RFID) [1]. Indeed, a reconfigurable antenna is an antenna capable of dynamically modifying at least one of
its characteristics according to the needs dictated by the environment of the antenna and the need of the
application [2]. Its basic advantage is that starting from a classical antenna with fixed operation, and
integrating an internal mechanism able to extend the capabilities and improve the operation and performance
of wireless terminals, with minimal impact on the complexity and cost of these systems [3]. There are no
standard methods for designing a reconfigurable antenna. The general approach is to start from a given
antenna geometry, often chosen according to the intended application which fixes for example the
dimensions and the operating frequencies, and the addition of structures and elements to achieve the desired
reconfiguration functionalities [4]-[7]. For our application, we have chosen the planar inverted-F antenna
(PIFA) for its compactness, ease of design and integration, low manufacturing cost [8], and its suitability for
our application. It consists of a radiating element of quarter wavelength generally excited by a coaxial probe,
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and connected to the ground plane by a shorting pin of type plan, languet or wired [9].
The variation in the dimensions of the PIFA, the position of the power supply, the plane of the shorting pin,
the height of the substrate modify its performance [10]-[12]. The PIFA antenna has advantages over a
traditional antenna including a simple structure and easy to manufacture [13], [14]. It is considered to be one
of the most promising structures for mobile applications because it presents a compromise between design
simplicity, small size, low manufacturing cost and ease of deployment. However, in order to respond to the
rapid evolution of these systems which cover several standards, the antenna must have multi-band
functioning. Indeed, PIFA antennas are suitable for both single-band and multi-band applications or
reconfigurable by adding active components. Thus, most new RFID applications use the ultra high frequency
(UHF from 860 MHz to 960 MHz) and microwave (MO at 2.4 GHz and 2.45 GHz) bands. These frequency
bands provide several advantages compared to low and high frequencies (LF, HF), namely a possibility of
reading at great distance and a faster transfer of data. RFID applications are becoming very diverse and the
need to use two or more frequency bands in the same system has prompted researchers to develop
reconfigurable and multi-band antennas [15], [16]. This paper presents a new frequency reconfigurable PIFA
antenna for RFID tag and GPS. This antenna makes it possible to identify a set of cars within an area, and
locate them outside [17]. Reconfigurability is achieved by using a single positive-intrinsic-negative (PIN)
diode between two patches of different dimensions.

2.  PIFA ANTENNA THEORY

The addition of a shorting pin is still a good solution to reduce the size of an antenna. The quarter-wave
antenna has a reduced dimensions compared to the half-wave antenna. The size reduction is achieved by a
shorting pin placed along the line where the electric field between the radiating pad and the ground plane is zero
for the fundamental mode of the printed antenna [3], [18]. This method is used in particular in PIFA antenna.
It consists of a radiating metal plate which is connected to the ground plane by a shorting pin. The width of the
shorting pin can be more or less important depending on the desired properties. The radiating plate is excited by
a vertical feed at a point where the matching is best [19]. These antennas are compact and have low production
costs. The first resonant frequency of the non-slotted PIFA can be calculated using this basic formula:

_ c
" 4(Wp+Lp)

f0 1)
Where C is the speed of light, Wp and Lp are the width and length of the top plate of the PIFA, and f; is the
resonant frequency [20]-[22]. The configuration of a PIFA antenna is very simple and easy to design, and the
addition of a slots such as U slot or L slot in the radiating element bring back other resonances [4]. Figure 1
shows the basic structure of the PIFA antenna with its different composant.

Ground Plane

V
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Figure 1. The basic structure of the PIFA antenna [9], [23]

3. RESEARCH METHOD
3.1. Proposed PIFA antenna design

The geometry of the proposed PIFA antenna is shown in Figure 2(a) and Figure 2(b). The size of the
proposed antenna is chosen after a parametric study [11], [12], which includes all parameters that affect its
characteristics. The proposed PIFA antenna consists of two patches (radiating elements) printed on an FR4
substrate with a relative dielectric constant of 4.4, loss tangent of 0.025, and a height of 1.6 mm. Tt is loaded
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by a 50 Q coaxial feed line. The primary radiating element is a rectangular antenna of length Lp1 and width
Wp1. It is connected to the ground plane of dimensions (Lg x Wg) through a languet of length H and width
We. The dimensions of the antenna make it possible to obtain the first resonant frequency of 2.4 GHz, and
the second patch (radiating element) of length Lp2 and width Wp2 provides the second frequency of 1.575
GHz. The first patch is connected to the second patch by a PIN diode to have frequency reconfigurability
according to the state of the PIN diode (on and off). The PIN diode is placed in an optimized position to
achieve the desired operation. Table 1 shows the dimensions of the proposed PIFA antenna after
optimization.

Table 1. The optimum parameters of reconfigurable PIFA antenna
Parameters  Values in mm

Wg 30
Lg 50
Wp1l 11
Lpl 20
Wp2 6
Lp2 30
We 6
H 7

Lpl

(@) (b)

Figure 2. The geometry of the proposed reconfigurable PIFA antenna (a) front view (b) perspective view

In order to realize the reconfigurability, i.e. to switch the antenna between two bands industrial, scientific and
medical and global positioning system (ISM and GPS), a PIN diode is placed between the two patches
(radiating elements). The on state of the PIN diode corresponds to the antenna operating in the GPS Band
(1.575GHz), and the off state of the PIN diode corresponds to the antenna operating in the ISM Band (2.4GHz).

3.2. PIN diode modeling

The PIN diode is used in many applications ranging from UHF to microwave frequencies.
The switches based on PIN diode have a very short switching time (some tens of nanoseconds) between two
states on and off. In reverse bias, the electrical equivalent circuit of the diode is then a parallel circuit
composed of a capacitance Ct and a resistance of losses Rp in series with parasitic self Ls. And in forward
bias, the electrical equivalent circuit of the diode is a resistor Rs in series with a low inductance Ls [24].
Figure 3 shows the electrical equivalent circuit of a PIN diode polarized Figure 3(a) in reverse and
Figure 3(b) in direct. The diode chosen for this application is PIN HPND-4028 [25].

Ls MWW Ls Rs
I O VWV e\ N\ om0
1
Cr

(@) (b)

Figure 3. The electrical equivalent circuit of a PIN diode polarized () in reverse and (b) in direct (b) [24]
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4. RESULTS AND DISCUSSION
4.1. Reflection coefficient and VSWR

Computer simulation technology (CST) microwave studio software is used to simulate the proposed
reconfigurable PIFA antenna. Figure 4 shows the reflection coefficient (S11) of the initial design of PIFA
antenna with a single radiating element, and Figure 5 shows the reflection coefficient (S11) of the PIFA
antenna with two radiating elements, it corresponds to the off state of the PIN diode. During this state the
antenna operates in ISM band (2.4 GHz). It can be noted that the antenna achieved an excellent reflection
coefficient of -56.490 dB and an ultra wideband. We note that there is a slight variation in the peak of the
S11 after the addition of the second radiating elements in Figure 5. This variation is due to the influence
exerted between the two patches. Figure 6 shows the reflection coefficient of the reconfigurable PIFA
antenna with the on state of the PIN diode. The antenna has an excellent frequency response in GPS band.
We can see that the antenna operates at 1.575 GHz with peak of -62.58 dB and also with an ultra wideband.

Figure 7 illustrates the simulated voltage standing wave ration (VSWR) of the proposed
reconfigurable PIFA antenna in ISM band, and Figure 8 illustrates the simulated VSWR of the proposed
reconfigurable PIFA antenna in GPS band. Where the VSWR is a measure for how the line is matching with
the load. We have a VSWR of 1.003 for ISM band and a VSWR of 1.001 for GPS band. The proposed
antenna could meet the practical requirements of (VSWR < 2) [26], so the antenna can be described as
having a good match.

S-Parameters [Magnitude in dB]
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Figure 4. Reflection coefficient of the initial design of the PIFA antenna with a single radiating element in
ISM band
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Figure 5. Reflection coefficient of the reconfigurable PIFA antenna with the two radiating elements in ISM
band (off state)
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Figure 6. Reflection coefficient of the reconfigurable PIFA antenna in GPS band (on state)
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Figure 7. VSWR of the proposed reconfigurable PIFA antenna in ISM band (off state)
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Figure 8. VSWR of the proposed reconfigurable PIFA antenna in GPS band (on state)

4.2. Radiation pattern

Figure 9 shows the 3D radiation pattern of the reconfigurable PIFA antenna in GPS band (on state) with
a directivity of 3.48 dBi and a high gain of 17.3 dB, and Figure 10 shows the 3D radiation pattern of the
reconfigurable PIFA antenna in ISM band (off state) with a directivity of 2.75 dBi and a high gain of 17.6 dB.
We can see that the antenna directivity at the on state is better than that at the off state as the losses in the
dielectric substrate increase with the frequency. The results of the radiation patterns at both frequencies
(1.575 GHz and 2.4 GHz) of the reconfigurable PIFA antenna show that the antenna has a good performance
for establishing power efficient communication.

Table 2 provides a summary of the proposed reconfigurable PIFA antenna performance in the two
bands (ISM and GPS). Our proposed antenna is highly resistant to environmental changes thanks to its strong
connection to the ground plane. Moreover, our proposed antenna performance is characterized by an ultra
wideband and a high gain at 2.4 GHz (ISM band) and 1.575 GHz (GPS band).

Table 2. Summary of the reconfigurable PIFA antenna performance in the two bands

Characteristics GPS band  ISM band
Resonance frequency (GHz) 1575 24
Reflection coefficient (dB) -62.56 -56.71
Directivity (dBi) 3.48 2.75
VSWR 1.001 1.003
Gain (dB) 17.3 17.6
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Figure 9. 3D radiation pattern of the reconfigurable PIFA antenna in GPS band (1.575 GHz)
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Figure 10. 3D radiation pattern of the reconfigurable PIFA antenna in ISM band (2.4 GHz)

CONCLUSION
A novel compact reconfigurable PIFA antenna is presented in this work. The antenna is printed on a FR4

substrate with a dielectric constant of 4.4 and a height of 1.6 mm. Its total size is only 30 mm x 50 mm x 7 mm.
A PIN diode is used to switch the antenna between two frequencies 2.4 GHz corresponds to the ISM band
and 1.575 GHz corresponds to the GPS band. The proposed structure has a good performances due to its
compact size, planar structure and good characteristics in terms of reflection coefficient, VSWR, gain, and
directivity. The simulation is performed using CST Microwave Studio.
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