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ABSTRACT

Planar inverted-F antenna (PIFA) is a most commonly used antenna especially in
mobile communication because of its simplicity and low cost, though it suffers bandwidth
limitations. In this paper, a study of Planar Inverted - F Antenna (PIFA) and its array is
presented. The arrays two by two (2 x 2), four by two (4 x 2), four by four (4 x 4), eight by
two (8 x 2) PIFA and dipole antenna array were simulated using MATLAB. The
performance of the designed antenna was discussed on the results (return-loss, bandwidth,
directivity, radiation pattern) and compared with the its array in term directivity and
radiation pattern.
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1. INTRODUCTION

Wireless communication (voice calls, video calls, internet, video conferencing etc.) has
become an important and integral part of human beings. Many improvements are taking
place to give a better and faster wireless communication system. Lots of mobile devices have
been invented. However, the miniaturized devices in wireless communication are required.
The most important and essential component/device needed for wireless communication
system is an antenna, which transmits/receives an electromagnetic wave. Modern wireless
mobile devices are demanded smaller and slimmer day by day and thus, antenna also is
needed smaller. On the other hand, these mobile devices are performing different wireless
applications and so different antennas for different applications cannot be afforded.

Therefore, these wireless mobile devices, which used at wide range of frequency,
require the antenna having smaller size and lighter weight. In the past few years, new designs
based on planar inverted-F antennas (PIFA) have been used for handheld wireless devices
because of its low-profile geometry [1-6]. The antenna is resonant at a quarter-wavelength
(thus reducing the required space needed on the phone), and also typically has good specific
absorption rate (SAR) properties. First PIFA appeared in the IEEE literature by the year
1987 [7]. Their operation can be understood by considering their development from two
well-known antennas, namely the quarter-wavelength monopole and the rectangular
microtrip patch antenna. This antenna resembles an inverted F, which explains the PIFA
name. The Planar Inverted-F Antenna is popular because it has a low profile and an
omnidirectional pattern. Additionally, the PIFA offers very high radiation efficiency and
sufficient bandwidth in a compact antenna. Gradually the performance of PIFA was studied
and compared with that of a monopole and helical antenna (as external antennas) or
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microstrip antennas (as internal antennas) as they are the other popular alternatives to be
used in a handheld device. Several PIFA structures have been developed in the past to cover
various communication frequency bands. These antennas are generally designed for various
wireless applications such as: WLAN, LTE, WiMax, mobile phone applications, wireless
applications [4-6, 8-10].

The radiation pattern of a single element is relatively wide, and each element provides
low values of directivity. In many applications, it is necessary to design antennas with very
directive characteristics to meet the demands of long distance communication, that cannot be
achieved with a single element. Antenna arrays, formed by multielements, are used to scan
the beam of an antenna system, increase the directivity, and perform various other functions
which would be difficult with any one single element. There are a plethora of antenna arrays
used for personal, commercial, and military applications utilizing different elements
including dipoles, loops, apertures, microstrips, horns, reflectors, and so on [11, 12].

This work is concerned with: (1) Design of a single PIFA for LTE2500, and (2)
Simulated results of dipole antenna arrays and the proposed PIFA arrays.

2. ANTENNA CONFIGURATION

The PIFA consists of a ground plane, radiating patch, shorting pin or wall and feed. It
exhibits high gain and omnidirectional radiation pattern. Also, it provides a wider bandwidth
which is enough for mobile phone operations.

In general, the operating frequency of a PIFA [13] is given by
c
fo= TE) (1)
where ¢ is the speed of light, W and L are the width and length of the radiating element,
and f, is the operating frequency.

Hassan Tariq Chattha et al [14] gave a new empirical equation for the prediction of the
resonant frequency, which involves all the parameters that significantly affect the resonant
frequency of the PIFA.

The modified equation is as follows:

c
Jo = 3W ¥ 561+ 3.7h — 3W, — 3.7W, — 43L, — 25L, (2)

Where Ls: distance between the shorting plate and the edge of top plateground plane
dimensions are Lg x Wg.

Ws : width of the feeding plate.

W; : width of the shorting plate.

L,: horizontal distance between the feeding plate and the edge of the top plate.
h : height of top plate.

Based on these results (1) (2), the proposed geometry of the PIFA element is shown in
Figure 1 (dimensions in mm). For the design of proposed single-band PIFA, size of ground
plane has been taken as 39 mm x 39 mm.

The dimensions of the initial patch have been calculated by using following equation
for resonant frequency of 2.625 GHz. Figure 1 shows a simple PIFA dimensions are top
plate L = 25 mm, W =20 mm, h = 3.3 mm, W= 2 mm and feed position is arranged from
the top and shorting plate junction.
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pifa antenna element

Figure 1. Geometry of the simulated PIFA

Impedance matching is very important parameter for any antenna. Max matching means
max power transfer or low return-loss. Good advantage with PIFA is that the matching of
antenna, is achieved by positioning of the single feed with in the shaped top plate. It is found
that PIFA characteristics are affected by feed position [15].

Ten different feed positions were simulated and compared. The results show when the
distance is larger, return-loss has increased. Therefore, the feed position most optimized that
was chosen, for the proposed design was 5 mm, since it produced good performance in terms
of return-loss and resonant frequencies are shown in Figure 2.
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Figure 2. Return loss for different feed positions
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3. RESULTS AND DISCUSSION

The simulations are performed in MatLab2015a to optimize the shape parameters of the
antenna and to arrange different array antenna.

3.1. Return-loss

The return-loss characteristics of the proposed antenna are shown in Figure 2 (feed
offset was in 5mm). The impedance bandwidth of antenna designs is from 2.1 GHz to
2.7 GHz covering LTE2300 (2300-2400 MHz), WLAN (2.4-2.484 GHz) and LTE2500
(2500-2690 MHz) bands. Obviously, resonance is better at 2.625 GHz frequency (LTE2500).
This is because of proper impedance matching at this frequency. For getting the impedance
bandwidth we are taking -10,84 dB as the reference return loss, which is acceptable for
mobile phone applications.
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Figure 3. Reflection coefficient for designed PIFA.

Figure 3 shows that this antenna can meet a 10 dB bandwidth at the LTE band. The
impedance bandwidth is obtained at the 10 dB return-loss, where the lower and upper
frequency is 2.607 GHz and 2.645 GHz, respectively. Therefore, the difference between the
upper and lower frequency of this proposed PIFA is equivalent to the impedance bandwidth
which is 0.038 GHz. Hence, the value of impedance bandwidth with respect to the resonance
frequency, 2.625 GHz is 1.4% [12].

3.2. Radiation pattern of a single PIFA

Figure 4 shows the simulated radiation pattern of a single PIFA with directivity of
3.4 dB. The 3D plot is showed in Figure 4a. The azimuth (y-z plane) and the elevation (x-y
plane) radiation patterns are shown in Figures 4b, 4c. It can be seen from these plots of
Figure 4 that the antenna is a good radiator with almost omnidirectional radiation which
supports multiple standards.
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Figure 4 . The simulated radiation patterns of single PIFA
(a. 3D polar plot; b. The azimuth (y-z plane) radiation pattern; c. the elevation (x-y plane) radiation pattern)

3.3. Antenna arrays

The dipole is one of the most widely used antennas for wireless mobile communication
systems [16-18]. Therefore, in this paper dipole anten arrays and the proposed PIFA arrays
have been presented. Consider a antenna array whose elements reside on a n x m rectangular
grid. To ensure that there was no grating lobe, the element spacing was chosen to be half of
the wavelength at the operating frequency. Assume that the speed of light was 3.10° m/s. The
element spacing was the same for both arrays. Figures 5-12 show the radiation pattern for
simulation of PIFA arrays and dipole antenna arrays with 2 x 2, 4 x 2, 8 x 2, 4 x 4 elements.

The results can be seen these plots are almost the same type of radiation patterns between
PIFA arrays and dipole array antenna.
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Figure 5. Radiation patterns of PIFA array antenna 2 x 2 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).
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Figure 6. Radiation patterns of dipole array antenna 2 x 2 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).
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Figure 7. Radiation pattern of PIFA array antenna 4 x 2 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).
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Figure 8. Radiation pattern of dipole antenna array 4 x 2 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).
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Figure 9. Radiation pattern of dipole array antenna 8 x 2 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).
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Figure 10. Radiation pattern of PIFA array antenna 8 x 2 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).
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Figure 11. Radiation pattern of dipole array antenna 4 x 4 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).
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Figure 12. Radiation pattern of PIFA array antenna 4 x 4 (From left to right: 3D polar plot;
the elevation (x-y plane) radiation pattern; the azimuth (y-z plane) radiation pattern).

Table 1. Comparison directivity (dB) between PIFA antenna array and dipole antenna array

Size Type PIFA array antenna | Dipole array antennas
2x2 7.06 8.318
4x2 10.2 10.9
4x4 13.41 13.42
8x2 13.18 13.47

Table 1 shows the simulated results in term directivity. As shown in the table the results

obtained from PIFA array antennas are very close to those obtained from dipole array
antennas.

It is clear from Table 1 that maximum value of directivity, for both arrays (PIFA array
antenna, dipole array antenna), is increasing as the number of elements is increased, which is
expected [11, 19].

The radiation patterns in both array designs are in broadside direction. Small side lobes
appear in 2 x 2, 4 x 2,4 x 4, 8 x 2 array types. The side lobe level is increasing as the
number of elements is increased as shown in radiation pattern Figures 6-12, which agreed in
theory of antenna array [11, 12]. Finally, the designed PIFA arrays generated more intensity
or focus (their value are written in Table 1) than single PIFA antenna (its directivity 3.4 dB).
Therefore, it can be concluded that the array design antenna can be chosen or PIFA or dipole.
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4. CONCLUSION

This paper presents the design of novel single band planar inverted-F antenna for LTE

mobile application. The PIFA antenna resonates at 2.625 GHz with -10.84 dB return loss.
The size of the antenna is 39 mm x 39 mm, and it can be easily integrated in mobile handsets.
In other hand, effect of PIFA parameter change and feed position 5 mm was chosen for
optimal PIFA. Radiation patterns of dipole array antennas and PIFA array antennas in size 2 x 2;
4 x 2; 8 x 2; 4 x 4 have been shown the same type at resonance frequency of proposed
antenna. In future, the design will be able to fabricate and take comparison with this paper’s
simulation results.
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TOM TAT

THIET KE VA MO PHONG HE THONG BUC XA ANTEN VI DAl PHANG
DANG CHU F NGUGQC UNG DUNG TRONG LTE2500

Tran Thi Bich Ngoc®”, Tran Vian Tho, Lé Thanh Téi?
'Trieong Pai hoc Giao théng Van tai TP.HCM
*Truong Pai hoc Cong nghiép Thuc pham TP.HCM
*Email: btranthi22@gmail.com

PIFA 1a mot loai anten duoc sir dung nhiéu trong théng tin di dong do né c6 nhimg wu
diém nhu ciu tric don gian, kich thudc nho, va né co han ché vé bang thong. Bai bao trinh
bay vé thiét ké anten vi dai phang dang chit F nguoc (PIFA) va cac dac tinh anten dat dugc.
Céc két qua mo phong vé gian d6 hudng va hé sb huoéng tinh cua hé thdng burc xa cua PIFA
dugc so sanh véi hé thdng birc xa cua dipole véi cach sip xép 2 x 2,4 x 2,8 x 2 va 4 x 4 cac
phan tir.

Tir khéa: Anten vi dai phing dang chit F ngugc (PIFA), hé thong birc xa cua PIFA, hé thng
btrc xa cua dipole.
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