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ABSTRACT

This paper introduces a novel high gain and wideband antenna array at 5 GHz for outdoor
applications. The proposed array consists of a 2x9 elements planar array and a reflector. This
antenna has a gain peak of 15.7 dBi and a bandwidth of 2 GHz from 4.0 GHz to 6.0 GHz. The
angle coverage of 240° in the azimuth plane with gain 2 dBi higher. The total dimension of the
antenna array is 31.5x13.4x1.2 cm® which is fabricated on RO4003C substrate. The antenna has
been fabricated and measured, the measurement and the simulation results are in good agreement.

Keywords: Planar array; Printed dipole-Yagi antenna; Fan beam; Series feed.
1. INTRODUCTION

Nowadays, Wi-Fi technology is operated based on IEEE 802n/ac standard at 5 GHz, Wireless
local area networks (WLANS), Personal area network (PAN) and Dedicated short range
communication (DSRC-) [1, 2]. Outdoor access points request integrated antenna installed on the
wall or public area for serving activities in urban area [3, 4]. Thus, it is a desirable to design a
compact, low cost, high gain and broadband antenna. In order to transmit broadcast signal,
omnidirectional antenna system is necessary. However, the gain of omnidirectional antenna is
only 2 dBi, it limits the coverage area of access points. There are several methods to improve the
coverage area of outdoor access points such as: high gain and broadband omnidirectional antenna
[5-8], MIMO array [9] and smart antenna [10, 11]. For all above presented papers, high gain and
wide-angle radiation antennas are attractive solutions for Wi-Fi outdoor access points.

In this paper, we propose a compact, high gain, broadband and wide horizontal angular
coverage antenna array is presented. The antenna elements are designed based on printed Yagi
antenna. The proposed fan-beam antenna array achieved the maximum gain of 15.7 dBi,
fractional bandwidth of 40% at 5 GHz and HPBW of 240°.

This paper consists of three sections. Section 2 describes the basic concept and design
principles of antenna element and antenna array. In addition, the simulated and measured results
are compared in this section. Some conclusions and discussions are presented on section 3.

2. DESIGN OF THE NOVEL WIDE FAN BEAM AND HIGH GAIN ANTENNA

2.1. Printed Yagi antenna element

The proposed printed Yagi (PY) antenna is inspired by dipole antenna with a balun in [12].
Based on the wire balun of W.Roberts, a printed balun is designed in this work. The structure of
the antenna element consists of a half-wavelength printed dipole antenna and two directors
presented in figure 1. Two radiated arms of dipole antenna are curved to reduce the size of
element. The distance between the directors and the radiation arms is usually (0,1 + 0,35)%, [13].
The antenna using Rogers 4003C substrate with a dielectric constant of 3.55 and thickness of 0.8
mm. A survey of the element antenna with the number of different directors (n = 0 + 9) is
simulated based on CST (Computer Simulation Technology) software. The characteristics of a
designed Yagi antenna remain unchanged the properties of a conventional Yagi antenna. As the
number of directors increases, the gain also increases. The optimal parameter set of the designed
Yagi antenna varies slightly when increasing the number of directors (i = 1, 2, 3...n). As n is
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bigger than two, the gain increases, but the size of the height of the antenna also increases.
Because of desired compact antenna, the work chosen two directors for this design called PY2.
The parameter values of the PY2 are selected based on simulation to optimize gain at 5 GHz
shown in table 1. The PY2 antenna achieves a gain of 7.64 dBi at 5 GHz, a bandwidth of 500
MHz, and a radiation efficiency of over 96.2% is obtained. The antenna element has dimensions
of 29x37x0.8 mm?®. Simulated results of S11 and the antenna's two-dimensional radiation pattern
are presented in figure 2.
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Figure 1. Printed dipole with integrated J-balun; the proposed PY2 and PYn antenna.
Table 1. Parameters of PY2 in 5 GHz; unit mm.
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Figure 2. The simulated reflection coefficient (a) and 2D radiation pattern of PY2 (b).
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2.2. Feeding network design

This work proposes an array antenna consisting of two sub-arrays, each of which consists of
nine PY2 elements arranged as a uniform linear array along the x- axis. The series feeding
network in the sub-array is shown in figure 3. The radiation pattern of the array is formed based
on the radiation pattern of the element antenna and the array factor shown in formula (1) [14]:

N
AF — Z ej(nfl)(kdcosﬂJrﬁ) 1)

n=1
where, k is the wave propagation coefficient, d =~ 0.583X is the distance between the elements and

B = 2x is the phase difference between the elements in the sub-array. N is the number of elements
in the subarray (N=9). The sub-array has a total size of 315x60x0.8 mm®.
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Figure 3. The half of feed network model with T-Junction.
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Figure 4. Geometry of the proposed array antenna.
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We consider the input impedance to the sub-array is Zj, = Zo = 50 Q. According to the
principle of a T-shaped power divider, the impedance characteristic Z; is 35.36 Q, with a length
of quarter wavelength (A/4). Base on optimization process, the transmission line widths have the
following values W; = 1.75 mm, W, = 2.9 mm and d = 35 mm. The sub-array consists of 9 x 1
elements in series to create a radiation pattern with a gain of 14.2 dBi. To improve the gain for
the sub-array, we added a reflector placed h = 12.17 mm from the array. The gain of sub-array
with reflection plane increases to 15.3 dBi. A combined two parallel sub-arrays are shown in
figure 4. The proposed antenna array with the reflecting plane has a total size of
31.5x13.4x1.217 cm®.

2.3. Comparison of the simulated and the measured results

The antenna array is fabricated and tested by VNA machine as shown in figure 5. The S11
measurement results are quite similar to the simulated results with a bandwidth of 2 GHz (-10
dB) at 5 GHz (figure 6). The two-dimensional radiation patterns of the array antenna have
simulation results presented in figure 7. The results indicate that the maximum gain of 15.7 dBi
have been acquired at 5 GHz. The width in the direction of the fan beam-width a gain greater
than 2 dBi (equal to the gain of omnidirectional antenna) has a wide coverage angle of 240°.
Measurement of the three-dimensional radiation pattern of the antenna array with efficiency is
85.8% is shown in figure 8. Both measurement and simulation results are well fit together.
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Figure 5. The antenna prototype. Figure 6. The simulated and measured reflection
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Figure 7. The simulated and measured radiation pattern of array antenna in E and H plane.
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Figure 8. 3D radiation pattern measurement results of the array antenna.

Table 2 compares the performance of the proposed array antenna and several previous works.
It is found that the realized peak gain and bandwidth of the proposed antenna are the highest.
Though my proposal has a significantly wider beam-width than the reference [15, 16] . However,
the antenna beam width of 240° is smaller than the angle of the antenna in [17]. In terms of the
antenna profile, the antenna has an unshakeable for real-world deployment.

Table 2. Comparison to the other related works.

Parameter [15] 2017 [16] 2018 [17] 2020 Proposed
Gainmax(dBi) 14.5 10 11.1 15.7
Bandwidth (%) 2.4 30.76 3 40

. o E-plane 8.3 7 - 11
Beamwidth (°) 1 jane 60 120 >256.7 240
Elements 1x10 1x8 1x8 2x9

3. CONCLUSIONS

The array antenna has been fabricated with the highlight of high gain of 15.7 dBi, 2 GHz
bandwidth and angular radiation in azimuth of 240°. The proposed array antenna is suitable for
broadcast communication and streaming video for outdoor systems. The array antenna is
designed to install into radio equipment for the wireless system. There is a good performance as
array antenna model is tested outdoors.
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TOM TAT
Anten mang bup song hinh dii quat rong, do loi cao cho cac wng dung ngoai troi

Bai bao trinh bay anten mang moi do loi cao, bang thong rong wng dung cho cac thiét
bi v6 tuyén ngoai troi ¢ tan so trung tam 5 GHz. Mang anten dwoc dé xuat gom c6 mang
phang 2x9 phan tir va mot mdt phan xa. Anten dé xuat c¢o do loi cuce dai la 15.7 dBi va do
rong bang thong la 2 GHz tir 4.0 GHz dén 6.0 GHz vmg voi S11 nho hon -10 dB. Dg rong
buip song theo phiwong dai quat la 240° img voi do loi Ion hon 2 dBi. Kich thudc tong cia
anten la 31.5%13.4x1.2 cm® va duoc che tgo tir chat nén RO4003C. Anten da dwoc che
tao va do kiém, két qua do twong dong voi két qua mo phong.

khéa: Anten mang; Anten ludng cuc din xa mach in; BUp song hinh dai quat; Mang tiép dién néi tiép.
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