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Abstract—In this paper, a miniaturized printed dipole antenna with
the V-shaped ground is proposed for radio frequency identification
(RFID) readers operating at the frequency of 2.45 GHz. The principles
of the microstrip balun and the printed dipole are analyzed and design
considerations are formulated. Through extending and shaping the
ground to reduce the coupling between the balun and the dipole,
the antenna’s impedance bandwidth is broadened and the antenna’s
radiation pattern is improved. The 3D finite difference time domain
(FDTD) Electromagnetic simulations are carried out to evaluate the
antenna’s performance. The effects of the extending angle and
the position of the ground are investigated to obtain the optimized
parameters. The antenna was fabricated and measured in a microwave
anechoic chamber. The results show that the proposed antenna
achieves a broader impedance bandwidth, a higher forward radiation
gain and a stronger suppression to backward radiation compared with
the one without such a ground.

1. INTRODUCTION

Dipole antennas are extensively utilized in varieties of applications
such as being the basic units of phased-array antennas and the feeding
sources of aperture antennas [1–3]. Compared with traditional line
antennas, printed dipole antennas have extra advantages including
planar structure, small volume, light weight and low cost, which are
significantly suitable for applications sensitive to the receiver sizes.
† The second author is also with Zhejiang University City College, Hangzhou 310025,
China. The third and fourth authors are also with The Electromagnetics Academy at
Zhejiang University, Zhejiang University, Hangzhou 310027, China.
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A standard dipole antenna has an omni-directional radiation pattern.
However, in modern wireless communication systems, directive gains
are frequently needed or required, for example, for cell phones, mobile
base stations and long range RFID readers [4]. In addition, with
the development of broadband wireless communications, a printed
antenna with broad operational bandwidth is also preferred in many
wireless applications, for example, the ultra-wideband (UWB) radios
[5]. However, a printed dipole antenna inherently operates in a narrow
frequency band, which is the shortcoming needed to be overcome before
its advantages can be used in aforementioned applications.

In this paper, based on the early researches [6, 7], we propose a
novel miniaturized printed dipole antenna for 2.45 GHz RFID readers,
which achieves simultaneously broad bandwidth and high directivity
gain through introducing a V-shaped ground to the traditional printed
dipole antenna. The paper is organized as following: firstly, the
principles of the microstrip balun and the printed dipole are analyzed
and formulated. Then, in order to broaden the impedance bandwidth,
we extend and shape the antenna’s ground to reduce the coupling
between the balun and the dipole, which also improves the radiation
patterns. A three-dimensional (3D) finite difference time domain
(FDTD) electromagnetic simulations are carried out to evaluate the
antenna performance, and to obtain the optimized design parameters
by varying the extending angle and the position of the ground in
the simulation. Finally, we fabricated the antenna and measured it
in a microwave anechoic chamber. The experimental results show
that the proposed printed antenna is indeed with broader impedance
bandwidth, higher forward radiation gain and larger suppression to
backward radiation than a traditional one without such a ground.

2. DESIGN ANALYSIS

It is well know that dipole antennas need balanced feeding such
as using parallel dual-line transmission lines. However, microstrip
lines commonly utilized in RF & microwave circuits are of the
unbalanced type. Thus, a printed unbalanced-balanced transformer,
i.e., a microstrip balun [7–9], needs to be adopted for a printed dipole
antenna. Fig. 1(a) shows the standard realization of the balun, which
is composed of the conductive patterns on the top and bottom copper-
foil layers and the middle dielectric layer. A metallized via-hole is
formed to connect the two copper-foil layers. The exciting signal is
fed into the microstrip line having a characteristic impedance of Zm

from the position of A on the top layer. Then the signal propagates
to the bottom layer through the via-hole on the position of B. On the
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bottom layer, a segment of parallel dual-line transmission line having a
characteristic impedance of Zp and a length of one-fourth wavelength,
i.e., λ0/4, is connected to the ground on the lower side and terminated
to the balanced load ZL on the upper side. We can notice that the
currents on the microstrip line and the parallel line are on the contrary
directions, which produces the odd-mode operating of the balun and
accordingly realizes the balanced exciting to the dipole. Looking into
the circuits from the position of B, we can get the equivalent circuit
of the balun as illustrated in Fig. 1(b). Then, its input impedance can
be given by [6]

Zin =
jZLZp tan
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)
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2
f

f0
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where f and f0 denote the operation frequency and the resonant
frequency, respectively. Here, let Zm = ZL and then we get that
while Zp → ∞, Zin = Zm for any f . Thus, if the terminated load
takes a purely resistive impedance that is equal to the characteristic
impedance of the microstrip line and the parallel dual-line transmission
line is designed to have a very high characteristic impedance, we will be
able to achieve good matching at the feeding position of A. However,
it is well known that a dipole performs as a purely resistor only
at the resonant frequency. Fortunately, we can optimize the design
parameters to reduce its impedance varying slope and consequently
broaden its operational bandwidth, which will be discussed in detail
below.
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Figure 1. Printed microstrip balun. (a) Structure. (b) Equivalent
circuit.
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Figure 2. Standard realization of a printed dipole.

The standard realization of a printed dipole is illustrated in
Fig. 2. For certain dielectric material, the length of the radiation arm
dominates the resonant frequency and the width has a big effect on the
impedance varying slope. It is well known that a printed dipole can be
analyzed through treating it as an equivalent cylinder-type one that
has a radius of r = w/4 [10, 11]. Then, based on the formula presented
in [6, 12], we can express its input impedance as

Zdipole =
120(ln 8l − lnw − 1)
cosh(2αl) − cos(2βl)

{[
sinh(2αl) − α

β
sin(2βl)

]

− j

[
α

β
sinh(2αl) + sin(2βl)

]}
(2)

where α and β denote the attenuation and phase-shifting coefficient of
the dipole surface current. We can observe that while w is increased,
the magnitude of the input impedance decreases and its slope also
becomes flatter, which is advantageous to expanding the operating
bandwidth. Thus, w should take as large a value as possible. Here,
we design an dipole having the arm length of l ≈ λ0/4, the arm
width of w ≈ l/3 and the resonant frequency of f0 = 2.45 GHz.
The magnitude of its input impedance takes a value of 50Ω, which
produces broad bandwidth and also facilitates to interconnecting with
50Ω coaxial cable and microstrip line popularly utilized in RF and
microwave circuits. However, we must point out that while such a
dipole is connected to the balun and the cable, the couplings between
them will reduce the accuracy of (1) and (2). Since it is not easy
to analyze these effects, we will make use of numerical simulations to
optimize the practical design as shown in the later section.

Based on the research in [6], we also adopt a V-shaped ground
plane to improve the antenna performance further. The ground at
the feeding position of the microstrip line is extended and shaped as
illustrated in Fig. 3. A sub-miniaturized A-type (SMA) connector
is used to connect the feeding coaxial cable to the feeding point.
The signal propagates towards the radiation arms via the microstrip
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Figure 3. Structure of the printed dipole antenna with the V-shaped
ground. (a) Top view. (b) Side view.

balun to realize the balanced exciting. The ground extends in
the form of V shape towards the radiation arms, which efficiently
reflects the electromagnetic waves towards the feeding direction to
reduce the coupling between the dipole and the feeding cable and
consequently improve the input voltage standing wave ratio (VSWR).
If the extending angle θ and position d of the ground have appropriate
values, the reflected waves add up to the radiated waves, which gives
rise to directive gain. The V-shaped structure also helps to broaden
the operational bandwidth because the phase relations between the
reflected and radiated waves do not change too much while the
operational frequency is off the resonant frequency. Then, we utilize
the FR-4 laminated board to design the antenna. The thickness of the
copper layer is 18µm, the thickness of the dielectric layer is 1.6 mm,
the dielectric constant εr is 4.6, and the tangent of the loss angle tan δ
is 0.018. Referring to Fig. 3, the antenna’s dimensions are chosen as
follows: l = 19 mm, lp = 16 mm, lg = 10 mm, w = 6 mm, wp = 5 mm
and wg = 15 mm.

3. DESIGN OPTIMIZATIONS

We utilize the finite difference time domain (FDTD) 3D Electromag-
netic simulations to characterize the antenna performance. The effects
of the extending angle θ and position d of the ground are investigated
in order to obtain optimized design parameters.

Firstly, fixing d = 5 mm, we vary θ to study the variance of the
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Figure 4. Input return loss (S11) of the antenna for different values
of θ.
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Figure 5. Input return loss (S11) of the antenna for different values
of d.

input return loss S11. The simulation results are shown in Fig. 4. It is
observed that while θ is equal to 45◦, the antenna has good matching
within a wide frequency band. Thus, we chose θ = 45◦. Then, we fix
θ = 45◦ and vary d to study the variance of the S11. The simulation
results are shown in Fig. 5. It is observed that while the ground is
far away from the radiation arms, the matching becomes better due
to the smaller capacitive loading on the dipole and simultaneously the
resonant frequency becomes higher, which need to be mended through
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lengthening the arm length l. To make a compromise between the
matching and the size, we chose d = 5 mm and then adjust l = 19.3 mm
to make the antenna operate at the center frequency of 2.45 GHz. A
fabricated antenna based on the above design is illustrated in Fig. 6.

(a) (b)

Figure 6. Photos of the fabricated antenna. (a) Top view. (b) Bottom
view.

4. MEASURED RESULTS

We measured the proposed antenna in a microwave anechoic chamber.
The measured S11 and the voltage standing wave ratio (VSWR) are
shown together in Fig. 7. Compared with the results presented in Fig. 4
of [7], we can observe that the operational bandwidth is improved
by 5% and the matching also becomes better. Fig. 8 show the
measured radiation patterns in H and E planes of the antenna at
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Figure 7. Measured input return loss (S11) and voltage standing wave
ratio (VSWR) of the proposed antenna.
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the frequencies of 2.1 GHz, 2.45 GHz and 2.6 GHz. Compared with
the results presented in Fig. 6 of [7], we can see that the proposed
antenna achieves certain directivity gain and accordingly suppresses
the backward radiation by more than 7 dB. In addition, the radiation
patterns keep similar properties in the operational frequency band,
which is an advantage for broad bandwidth applications.
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Figure 8. Measured radiation patterns of the propose antenna at
three frequencies. (a) H-plane. (b) E-plane.
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5. CONCLUSION

In this paper, a miniaturized printed dipole antenna with the V-
shaped ground is proposed for radio frequency identification (RFID)
readers operating at the frequency of 2.45 GHz. The principles of
the microstrip balun and printed dipole are analyzed and design
considerations are formulated. Through extending and shaping the
ground to reduce the coupling between the balun and the dipole,
the antenna’s impedance bandwidth is broadened and the antenna’s
radiation pattern is improved. The 3D FDTD simulations are carried
out to evaluate the antenna’s performance. The effects of the extending
angle and position of the ground are investigated to obtain the
optimized parameters. The antenna was fabricated and measured in
a microwave anechoic chamber. The results show that the proposed
antenna achieves a broader impedance bandwidth, a higher forward
radiation gain and a stronger suppression to backward radiation
compared with the one without such a ground.
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