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A novel wideband monopole antenna employing periodically loaded parallel-plate lines is presented in this paper. The proposed
antenna consists of a main square patch, a rectangular ground plane, and a periodical structure which is printed on both sides
of substrate. A strong electromagnetic coupling technique is used to design the element that enhances impedance bandwidth and
decreases the side-lobe level throughout the effective bandwidth.The antenna achieves a wide impedance bandwidth of about 61.1%
or ranging from 2.16 to 4.06GHz, an omnidirectional far-field pattern, and a peak radiation gain of 2.37 dBi. Finally, the proposed
antenna is analyzed and measured. The measured results show satisfactory performance and good agreement with the simulated
results.

1. Introduction

Recently, the size of mobile devices has become smaller
due to the development of modern wireless communication
systems, and compact antennas with wide bandwidth and
good omnidirectional radiation characteristics are needed
[1] to satisfy the various demands for wireless services, such
as simple feeding, low profile, and low manufacturing cost.
The currently popular designs, which are suitable for the
wireless local area network (WLAN: 2.4–2.484GHz), mobile
worldwide interoperability for microwave access (WiMAX:
2.5–2.69GHz, and 3.4–3.69GHz), and 𝑆-band satellite com-
munication service (2–4GHz), have been widely researched
and used. Planar monopole antenna is a good candidate
for wireless communication services because of its wide
impedance bandwidth, omnidirectional radiation pattern,
compact circuit structure, easy fabrication, and low cost [2].
In addition, printed monopole antennas are fabricated from
a conventional monopole easily.

Most previous monopole antennas suffer from the pro-
truded structure and the bulky size [3–10]. For instance,
in [6], a circular disc monopole antenna has been pro-
posed. The antenna presents a wide impedance bandwidth
(1.17–12GHz). But this configuration is not entirely planar

because of the large ground plane (30 × 30 cm2). It cannot be
integrated to the printed circuit board of the communication
device. In [8], a planarmonopole antennawith two plates that
results in more than 5 : 1 bandwidth ratio is reported. Besides,
studies on extending the bandwidth of monopole antennas
have been widely investigated [11–17]. It has been reported
that, by using different ground plane sizes, bandwidth can
be increased to a substantial level [11]. For the 50 × 50mm2
ground plane, the measured bandwidth was 1.5 GHz, which
represented a fractional impedance bandwidth of 58%. In
a circularly polarized printed monopole antenna using a
lumped capacitor [12], the measured return loss bandwidth
is raised to 60.5% (3.75–7GHz). The antenna presented in
[13] uses a truncated optimum ground plane for achieving
wide bandwidth. In [16], ameandered-microstrip fed circular
shaped monopole antenna is designed. Due to meandered-
microstrip structure, the impedance bandwidth is extended.
However, these design solutions are generally bulky, which
may be not compatible with the new generation of wireless
communication systems.

What is more, a novel approach to enhance the im-
pedance bandwidth is reported by loading a trapezoid
conductor-backed plane in [17]. The parasitic element is
usually placed vertically under the upper radiating patch
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Figure 1: Antenna geometry evolution for the proposed design.

so as to improve the impedance bandwidth. According to
the principle, the original broadband antenna is achieved by
loading a gap and a rectangular conductor-backed plane.

In this paper, a novel printed broadband monopole
antenna is proposed and designed for wireless communi-
cation systems that can support the WLAN/WiMAX appli-
cations. The proposed structure consists of a main square
patch, a rectangular ground plane, and a periodical structure
which is printed on both sides of substrate. The wideband
monopole antenna (2.16–4.06GHz) can be achieved, and the
impedance performance has been largely improved due to the
strong electromagnetic coupling between the monopole and
the periodical structure. Simulation and experimental results
of the prototyped antenna are presented and discussed.

2. Design and Analysis

2.1. Novel Broadband Monopole Antenna I. In this part, we
present a miniaturized broadband monopole antenna with
a gap and a parasitic planar square element. We know
that planar printed monopole antennas are good candidates

for use in different wireless communications because of
their wide impedance bandwidth. The printed rectangular
monopole has radiation pattern similar to that of a dipole
antenna. Besides, it also possesses simple structure, planar
configuration, and easy fabrication.

The antenna design evolution process to achieve broad-
band operation is shown in Figure 1. The proposed antenna
(Ant. 4) is fabricated on the TLF-35A dielectric substrate of
thickness 1.0mm, relative permittivity of 3.5, and dielectric
loss tangent of 0.0022. The overall size of the proposed
antenna is only 12.0mm × 39.5mmor about 0.12 𝜆0×0.39 𝜆0,
where 𝜆0 is the free-space wavelength at the first resonant
frequency 2.93GHz.

The antenna design starts by a conventional rectangular
monopole (Ant. 1). From Figure 2(a), it can be observed that,
in this case, two resonant modes seem to form at about
2.86GHz and 6.15GHz. However, the return loss is less than
10 dB at the first resonant frequency. More importantly, a
wide operating frequency band (4.14–6.67GHz or 46.8%)
is obtained. In Figure 2(a), the antenna (Ant. 2) with a gap
has a wide bandwidth from 4.46 to 6.64GHz (39.3%) for
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Figure 2: Simulated reflection coefficients of the proposed antenna.

VSWR < 2. The gap can be seen when adding a series
capacitance, but impedance matching is not good and the
bandwidth does not increase relatively to Ant. 1. In [18], a
broadband monopole antenna with a parasitic planar square
element has been proposed. By adding a planar square
conducting element, the impedance performance has been
largely improved due to the strong electromagnetic coupling
between the monopole and the parasitic element. So, triple-
band characteristics of Ant. 3 are designed. However, this
is not what we expect to be broadband. Finally, we present
a miniaturized broadband monopole antenna (Ant. 4) with
a gap and a parasitic planar rectangular element. As shown
in Figure 2(b), a simulated VSWR of less than 2 has been
realized across the 2.66–5.90GHz band (75.7%).

Figure 3 shows the simulated radiation patterns at 2.88,
3.55, and 5.43GHz in the 𝐸-plane (𝑋𝑂𝑌-plane) and the 𝐻-
plane (𝑋𝑂𝑍-plane), respectively. The 𝐻-plane patterns are
almost omnidirectional in this operation frequency band.
Radiation pattern for 𝐸-plane gives the bidirectional pattern
at 3.55GHz frequency but appears more directional at 2.88
and 5.43GHz.

2.2. Novel Broadband Monopole Antenna II. From Figure 3,
it can be observed that the 𝐸-plane copolarization radiation
patterns produce some side lobes due to current direction
change. In order to obtain stable radiation patterns, a novel
broadband printed square monopole antenna loaded with
periodic parallel-plate lines is properly designed. The evolu-
tion of the proposed broadband antenna is shown in Figure 4,
with the corresponding simulated reflection coefficients pre-
sented in Figure 5. As the number of parasitic planar square
elements increases, the higher resonant frequency decreases,
since the path of the antenna is increased. However, the lower
resonant frequency has a little change.

Furthermore, it can be seen that when two unit cells
(Ant. 5) are loaded to the monopole antenna, two resonances
are separated from each other, giving two narrow bands.

While three unit cells were loaded, an enhanced impedance
bandwidth of 61.1% ranging from 2.16 to 4.06GHz for 𝑆11
< −10 dB is achieved, and the size is 62.5 × 12.0 × 1.0mm3.
When four unit cells were loaded, a novel printed monopole
antenna (Ant. 6) with dual wideband is presented. But the
size of the antenna increased to 75.0 × 12.0 × 1.0mm3. From
the comparison, the three pluralities of periodically loaded
parallel-plate lines achieve both broadband operation and
compact size at the same time.

As a result of electromagnetic coupling, the plurality
of periodically loaded aligned microstrip patches plays an
important role in the broadband characteristics of this planar
monopole. By adding the loading parallel-plate lines, the
broadband monopole antenna is achieved.

3. Antenna Geometry

The configuration of the proposed antenna is shown in
Figure 6(a), which is printed on a TLF-35A substrate with
a relative dielectric constant of 3.5, dielectric loss tangent
of 0.0022, and thickness of 1.0mm. The whole substrate
occupies an area of 62.5 × 12.0 × 1.0mm3, when the antenna
and the ground plane are printed on different sides. The
antenna can be treated as a printed square monopole with
a periodical structure. It can be seen from Figure 6(b) that
four square patches and microstrip feed line are printed on
the top side of substrate. As shown in Figure 6(b), the feed
line with a length of 𝑙1 is connected to the coaxial cable
through a 50Ω SMA connector.The square conducting plane
on the top side of the substrate has a length of 𝑑, and 𝑔 is the
gap between the square conducting planes on the same side
of the substrate. In Figure 6(c), a rectangular ground plane
and four square conducting planes under the microstrip
line fed monopole antenna and three square conducting
planes, respectively, are printed on the bottom side of the
substrate. The antenna elements are simulated in ANSYS
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Figure 3: Simulated patterns (left:𝑋𝑂𝑌-plane; right:𝑋𝑂𝑍-plane.) of the proposed Ant. 4 at (a) 2.88GHz; (b) 3.55GHz; (c) 5.43GHz.
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Ant. 5
 Proposed Ant.
Ant. 6

S1
1

(d
B)

−35

−30

−25

−20

−15

−10

−5

0

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.02.0
Frequency (GHz)

Figure 5: Simulated reflection coefficients of the different antenna.



6 International Journal of Antennas and Propagation

Periodical structure
Monopole antenna

(a)

Substrate Patch

Port

l1

w1

g

x

z

lg

wg

(b)

x

zl2 l3
g

Ground Patch

d
d

(c)

Figure 6: Geometry of monopole antenna. (a) 3D view; (b) top view; (c) bottom view.

Table 1: Values of key parameters.

Parameter Value (mm)
𝑤𝑔 12
𝑙𝑔 62.5
𝑙1 16
𝑙2 8
𝑙3 13.25
𝑙4 5.25
𝑑 10
ℎ 1
𝑤1 1
𝑔 0.5

HFSS full-wave simulator [19]. The optimized parameters of
the antennas are given in Table 1.

4. Simulation and Experimental Results

Figure 7 shows different views of the fabricated prototype.
The physical size of the wideband monopole antenna is

(a) (b)

Figure 7: Photograph of the fabricated antenna. (a) Top view; (b)
bottom view.

62.5 × 12.0 × 1.0mm3. Figure 8 shows the simulated and
measured reflection coefficients of the proposed antenna.
The simulated and measured results were obtained using
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Figure 8: Simulated and measured reflection coefficients of the proposed antenna.
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Figure 9: Simulated surface currents distribution versus frequency. (a) 𝑓 = 2.4GHz; (b) 𝑓 = 3.5GHz.

ANSYS HFSS full-wave simulator [19] and Rohde & Schwarz
ZVA8 vector network analyzer, respectively. Also, it is evident
that the impedance matching is excellent in intermediate
frequencies as the matching bandwidth with VSWR < 2 is
roughly 61.1% within frequency range of 2.16–4.06GHz. The
higher resonance frequency is almost no offset. Compatible
with the fabrication tolerance, the lower resonance frequency
has a slight frequency shift as shown in Figure 8.

The surface current distributions on the proposed anten-
na at 2.4GHz and 3.5GHz are shown in Figure 9. It is clear
that the currents of the proposed monopole antenna remain
almost in phase in Figures 9(a) and 9(b), respectively. Thus,
good radiation patterns at 2.4GHz and 3.5GHz are achieved.

The measured radiation patterns in the 𝐻-plane (𝑥-𝑦
plane) and 𝐸-plane (𝑥-𝑧 plane) at 2.4, 3.0, and 3.5GHz are
plotted in Figure 10. A good radiation pattern is obtained
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Figure 10: Measured copolarization and cross-polarization of proposed antenna at different frequencies: (a) 2.4GHz; (b) 3.0GHz; and (c)
3.5 GHz (left:𝑋𝑂𝑍-plane; right:𝑋𝑂𝑌-plane).
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Table 2: The performance of proposed antenna compared with other published antenna.

Reference |𝑆11| < −10 dB Relative bandwidth Antenna size Relative dielectric constant
[12] 3.75–7GHz 60.5% 52 × 55 × 1.52mm3 2.2
[14] 5.1–6.05GHz 17% 24 × 36 × 1.6mm3 4.4
[20] 1.85–3.40GHz 59% 150 × 18 × 1mm3 2.65
Proposed antenna 2.16–4.06GHz 61.1% 62.5 × 12 × 1mm3 3.5
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Figure 11: Measured peak gain and radiation efficiency of the
proposed antenna.

in the 𝐸-plane and 𝐻-plane. From an overall view of these
patterns, the antenna behaves quite similarly to the typical
dipole antenna in the lower and higher frequency bands.The
radiation patterns are stable throughout the wideband.

The measured peak gain of the proposed antenna is
plotted in Figure 11 along with measured radiation efficiency
of the proposed antenna. The measured peak gain of the
proposed antenna varies from −0.86 to 2.37 dBi within the
effective bandwidth. The measured efficiency of the broad-
band antenna is above 46.5% at the operating band and about
75% peak efficiency at 3.5 GHz.

Table 2 shows the performance of proposed antenna
compared with other published antenna. It can be seen that
the proposed antenna occupies a small volume (62.5 × 12.0 ×
1.0mm3) and obtains wide operating bandwidth (61.1%).
Finally, this table demonstrates the validity and practicability
of the proposed method.

5. Conclusion

In this paper, a novel printed square wideband monopole
antenna loaded with periodic parallel-plate lines is presented.
The wideband enhancement of the antenna can be obtained
by coupling between the monopole and the periodical
structure. The measured −10 dB impedance bandwidth is
1.90GHz from 2.16 to 4.06GHz (61.1%), which coversWLAN
(2.4–2.484GHz), mobile WiMAX (2.5–2.69GHz), WiMAX

(3.4–3.69GHz), and 𝑆-band (2–4GHz) satellite communica-
tion service. The measured efficiency is higher than 46.5%
within frequency bands. Good omnidirectional radiation
performances are also obtained at the effective bandwidth.
The structure of the proposed antenna is simple and easy to
fabricate. The proposed antenna is suitable for the modern
wireless communication systems.
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