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Abstract— 5G technology is expected to be the future of Planar Inverted F Antenna (PIFA) is one of the most
wireless communication fo replace its predecessors. Some popular antenffl] to be used in mobile handset because of its

countries already did some researches to find suitable frequency
bands for the 5G. Frequency around 3.5GHz and 4.8GHz are
considered to implement SG. To support the technology, a
suitable antenna is needed. The antenna needs to work at
frequency bands and need to be as small 2% possible to be

compactness, low profile, and can be mounted to the rear of
the mobile phone [3]. It is also easy to build and fabricated
and has more economical advantages. PIFA also has low
electromagnetic radiation on its rear that faces the user’s

mounted at the rear of the mobile handset. Planar inverted F body so it is safer for the user [4]. There are “’e
Antenna is a common type of antenna for a)bilc handset techniques to achieve the multiband condition, such as by
because of its compactness and low profile. The objective of this adding a slot to the radiating patch of the antenna or by
paper is to design a p§@ar inverted F antenna that works at 5G changing the parameters of the antenna. which is called
frequency bands. Itis designed on FR4 substrate with h=1.6mm reconfigurable antenna [5)].

and dielectric constant g = 4.3. The pzal is placed Smm above
the ground plane and connected by the shorting plate at the edge
of the patch and ground plane. An extended V patch is added to
get the lower frequency band. The main patch and extended
patch is connected by a lumped element which represents the

Reconfigurable antenna has been an interesting
research topic for its application in communication,
electronic surveillance. and countermeasures. It has the
ability to change its frequency, bandwidth, polarization, and

PIN diode which will work as a switch to achieve the radiation pattern. The reconfigurable state can be achieved
reconfigurable state of the antenna. After simulated, the by using mechanic reconfiguration, material
antenna is fabricated and measured. The results show that the reconfiguration, or by using switch [6]. Switch is the
antenna works fine at both 3.5GHz and 4.8GHz while radiais) common method to achieve a reconfigurable state. In [7]. a
pattern shows a unidirectional pattern that l‘l'ldll‘ll‘\' ai at the recon ﬁgurablc multiband antenna is Lﬂncd h} add|ng
top of the patch. The antenna design, return loss, radiation slots to separate the patch into 3 parts. 2 switches are placed

pattern, and gain are presented in this paper. between the patches to control the frequency of the antenna.

The same thing also happened in [8], reconfigurable printed
monopole antenna is designed by cutting a part of the
monopole and then connect it using a switch.
I. INTRODUCTION PIN diode is a switch that known widely for its
application in reconfigurable antenna. Unlike normal diode,
PIN diode can switch between RF frequency. It is small in
size, cheaper and offers low loss operation[9], Using an
external bias circuit, the state of the diode can be controlled.
When a forward current run through the diode, the switch
will work in ON state, otherwise when a reverse current run
thrlh the diode, it will work in OFF state.

With respect to the tafl] of designing a reconfigurable
planar inverted F antenna, several works and techniques can

Keywords— planar, inverted F, multiband, reconfigurable,
return loss, gain, radiation pattern.

Nowadays, wireless technology keeps on evolving to
fulfill the demand of telecommunication users. High data
rate, flexibility. and low cost have been a demand for future
wireless technology [1]. 5G technology is expected to be
the future of wireless communication to replace its
predecessors. With the presence of 5G in near future, the
number of band services will also increase. Hence, it is
needed for the mobile handset to support the frequency
band and standard of 5G technology. Some countries i - 2 . =
already did some researches to find suitable frequency be found in the previous literatures. In [leflu'econllglu:a_ble
bands for the 5G implementation. Frequency around F.‘IFAIantenna is designed to achieve multiband con(:lltlon
3.5GHz and 4.8GHz are considered to implement 5G [2]. for wireless application by using PIN diodes and defected

To support it, an antenna is required to work at the ground structure. A similar research hasfen reported in
frequency band [11] but instead of PIN diode, they used varactor diode to

tune the frequency band of the antenna.
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The main objective of thiffJpaper is to design a
reconfigurable Planar Inverted F Antenna to operate at two
different frequencies. By adding a PIN diode on the patch
of the PIFA, it is expected to achieve the dual band mode,
which covers 5G frequencies, 3.5GHz and 4.8GHz. The
antenna is expected to have return loss less than -10dB

ch is the standard of mobile communication antenna.

1 the idea is tested through simulation and measurement
an FR4 microstrip substrate of characteristics £~4.3,
h=1.6mm and tan & = 0.02. The antenna will be simulated
i CST Microwave Studio Suite which 1s commonly used
for antenna and microwave simulation design. The design
of the reconfigurable PIFA antenna then will be fabricated
and measured. The results will be analyzed and discussed
later in this paper.

1. ANTENNA DESIGN AND STRUCTURE

A GFA Antenna Design

PIFA antenna consists of three main elements such as top
iating patch. ground plane as reflection surface, and
shor& plate. The dimension of the radiating patch is LP x
WP and the dimension of the ground plane i1s L. x W. The
rting plate with height h is used to connect the radiation
atch and the ground plane. It is also used to maintain the
cture of the antenna so the top patch won’t collapse.
tween the top patch and the ground plane, there is an air gap
with dielectric con te,= 1. A feeding point is placed below
the radiation pat rough the ground plane. The structure of

PIFA antenna is shown in fig.1.

Fig. 1. Structure of PIFA Antenna

B. Equation of PIFA Antenna

Below are the equations formula of the PIFA antenna that
can be used to determine the dimension of the radiating patch
of the PIFA structure. The length LP and width WP are
calgilated based on the equation (1)

LP+WP=)/4 (n
When WS= LP, then:

LP-+h=)/4 @
When WS is close to zero << Lp, then;

LP+WP+h=)L/4 (4] 3)

Where (LP +WP) is the total length of the patch. WS is the
width of the short plate, h is the height of the patch, and A is
lambda which is the speed of light (¢) divided by frequency
[12].

C. Design of The Proposed Reconfigurable PIFA

The reconfigurable PIFA proposed in this paper consists
of a PIFA antenna and a PIN diode on top of the patch to
control the total patch size of the antenna. When the diode is
in OFF condition, the diode will block the current to reach the
extended patch and the antenna will work in higher
frequency. Otherwise, when it is in ON condition, the diode
will allow the current to reach the extended patch thus the
tenna will work in lower frequency. The antenna is
designed on FR4 substrate with h = 1.6mm and dielectric
constant & = 4.3. The patch is placed 5Smm above the ground
plane and connected by the shorting plate at the edge of the
patch and ground plane. An extended V patch 1s added to get
the lower frequency (3.5GHz). The main patch and extended
patd@Bre connected by a lumped element which represents
the PIN diode.fle antenna is fed by 500 SMA connector.
The dimension of the antenna is shown in table 1 while figure
2 — 4 show the view of the proposed reconfigurable antenna.

Table 1. Dimension of Proposed Reconfigurable PIFA

Parameters Dimension (mm)
Ground length (L) 65
Ground width (W) 35
Patch length (LP) 14
Patch width (WP) ]
Slot 1-4 Length 25
Slot 1-4 width 1
Slot 5 length 3
Slot 5 width 1
Lumped Element L6
Short plate width (WS) 7
Short plate height (h) 5
Extended V patch length (LV) 3
Extended V patch width (WV) 1

Fig. 2. Top View of Radiating Patch
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T5.00 mm

£5.00 mm

_Fig. 3. Top View of Whole Structure

Fig. 4. Side View of Whole Structure

After passing the entire simulation, the design is
Bhricated for measurements. Measurements are carried out
using theffBJtor signal analyzer and anechoic chamber room
to obtain retum loss and radiation patterns of the ante}a. The
fabricated antenna is shown in figure 5. A PIN diode is placed
on the top of the patch to connect the main patch of the
antenna and the extended patch. An external bias circuit is
created to power the PIN diode so the diode can work as the
switch at both 3.5GHz and 4. 8GHz.

Fig. 5. Fal:ricaﬁ Antenna

III. RESULT AND ANALYSIS

In this section, all the results of thlsimulation and
measurement for the reconfigurable PIFA will be explained
and presented. This antenna is good enough to be used as 5G
mobile handset antenna application because of the return loss
value, which is lower than -10dB at both 3.5GHz and
4.8GHz. It also has wide bandwidth which is more than 1GHz
for the total bandwidth.

This reconfigurable PIFA design was simulated uffig
CST Microwave Studio. In simulation results, it is known that
the ranging frequency for lowdflband is jumping from
3.2358GHz — 3.7985GHz. while the ranging frequency for
higher band is jumping from 428G Hz - 5.5283GHz. After
that, the measurement shows that the ranging frequency for
lower band is jumping from 3.353GHz - 3.66GHz. while the

ranging frequency for high band is jumping from 4. 200GHz
— 4.986GHz. From the result, it can be said that the antenna
satisfied both frequencies for the 5G.

A. mz.rm Loss

Fig. 6 shows the simulated and meadfE8d return loss of
the proposed antenna at both frequencies. The value of retum
loss at 3.5GHz resonant frequency in simulation is -39dB at
3.52GHz while in measurement it is -18.57dB at 3 49GHz.
And at 4. 8GHz resonant frequency, the value of return loss in
simulation is -40dB at 4.867GHz, while in measurement it is
-26.4dB at 4.7GHz.
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Fig. 6. Retum Loss .
2
From the graph, we can see that the resonant frequency of
the fabricated antenna shifted to lower frequency. While the
value is also decrease compared to simulation. Nevertheless,
itis still satisfied the frequency ranf and return loss limit we
have set before. We can also see that the bandwidth of the
upper band frequency is wider than the lower band frequency
which 1s about two times. The total bandwidth of
reconfigurable multiband antenna can be calculated by using
equation (4).

B\\' = B\\'I'] + B\\'I}"’ B\\'B b B\\ In (4)
From the equation, the total bandwidth of the proposed
antenna is 1.099GHz.

It has also been found that the width of the shor‘tinn}]atc
affects the frequency, return loss, and bandwidth of the
proposed antenna. Fig. 7 shows the effect of the width of the
shorting plate to the simulation. From the graph, it is known
that 7mm width shorting plate gives the best return loss for
both lower band and upper band.
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Fig.7. Effect of The Width of The Shorting Plate

B. @d{'an'on Pattern and Gain

Fig. 8 and fig. 9 show the simulated radiation pattern of
the proposed reconfigurable PIFA at both frequencies in polar
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plot. It is shown in the figure that the radiation pattern for
both resonant frequencies is mostly unidirectional where the
main beam of the antenna is directed to the top of the patch,
while the rear of the antenna which is the ground plane has

low radiation. It fits the theory that PIFA antenna has low

radiation at the rear make it safe for mobile communication
handset.
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Fig. 8. Simulated & Measured Radiation Pattem at 3. 5GHz Frequency (a)
XZ plane (b) YZ plane (¢) XY plane

Phi /Theta

m—Measurement  s—Simulation

Phi 90/Theta

w—Measurement — =Simulation

v

(b)

Theta 0/Phi

s Measurement s Simulation

5

©

Fig. 9. Simulated & Measured Radiation Pattem at 4 8GHz Frequency (a)
XZ plane (b) YZ plane (¢) XY plane
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From simulation and measurement, the gain of the fabricated
antenna at 3.5GHz is 4.03dB compared to simulation
3.244dB. While the gain at 4. 8GHz is 2.82dB compared to
simulation 3 482, If we can see, the gain at 3.5GHz is bigger
than the simulation. It is because the radiation pattern of the
fabricated antenna at 3.5GHz is more directed than the
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simulation. From figlh and fig.8b, we can see that there is a
difference between the simulated and measured radiation
pattern at 3.5GHz. Rather than having a good unidirectional
pattern, it is more likely to direct into a certain direction.
Compared to 4.8GHz, the radiation pattern at 3.5GHz also
shows some noises that disturbing the pattern. It is the effect
of the external bias circuit when antenna works at 3.5GHz.
Because the diode needs to be powered by an indaendent
power source, it interferes the measurement of the radiation
pattern.

Fig. 10 and fig.11 show the simulated radiation pattern of
proposed reconfigurable PIFA at both frequencies in 3D
plot. From the simulated 3D pattern. it is clearly seen that the
antenna focusing its radiation at the top of the antenna. while
the backside has low radiation. It is also shown that the
efficiency of the antenna is around -0.5dB an 0.4dB for
3.5GHz and 4 8GHz which is mean that 94% of the power
presented at the antenna input is radiated.

farfield (f=3.3)[1]
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Fig. 10. Simulated Radiation Pattern in 3D at 3.5GHz
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Fig. .1 1. Simulated Radiation Pattern in 3D at 4 8GHz

IV. CONCLUSION

In this paper, the design and construction of
Reconfigurable Planar Inverted F Antenna was presented and
explained. The presented antenna is used for theflpcoming
5G technology that works at 3.5GHz and 4 8GHz frequency.
The aim of this paper is to create an antenna that can change
its parameter (reconfigurable) so the antenna can switch from
low band frequency to high band frequency and vice versa.
The antenna produces good return loss which is -18.57dB and
-26.4dB at 3.5GHz and 4.8GHz. 1§EBso has a bandwidth
which is equal to 1.099GHz. The radiation pattern of the
antenna is mainly aimed at the top of the patch and has low
radiation at the back of the ground plane which is suitable for
mobile handset.

45

The research can be expanded even further by simulate
the real situation of wireless communication involving two
identical antennas where the receiving antenna will
automatically switch to the frequency it received from the
transmitting antenna. It will show the effect of the diode and
the supporting system of the antenna.
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