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A compact and low-profile log-periodic meandered dipole array (LPMDA) antenna with an artificial magnetic conductor (AMC) is
proposed. For compactness, a meander line configuration is implemented with dipole elements and optimized using a genetic
algorithm (GA) to realize the LPMDA antenna. As a result, a size reduction of approximately 30% is achieved as compared to
a conventional log-periodic dipole array antenna. To enhance the gain characteristics, the AMC ground plane configuration is
realized with 9× 9 unit cells for the LPMDA antenna. Two prototypes of the proposed LPMDA antennas with and without an
AMC are fabricated and measured to verify its performance. The measured −10 dB reflection ratio bandwidths are 2.56 : 1
(0.85–2.18GHz) and 2.34 : 1 (0.92–2.16GHz) for the proposed LPMDA antennas with and without the AMC, respectively. The
gain at the main beam direction within the operating frequency bandwidth is significantly improved from 3.94–7.17 dBi to
7.86–10.01 dBi by applying the AMC.

1. Introduction

Since Isbell proposed the log-periodic dipole array (LPDA)
antenna in the 1960s [1], this antenna has been utilized
in various communication systems due to its broadband
impedance bandwidth, high gain, and simple design. The
length of the longest dipole element of a typical LPDA
antenna should be equal to half of the wavelength at the
lowest operating frequency. Due to this property, it is
not suitable for applications which have area limitations,
such as aircraft and vehicle platforms. To apply the LPDA
antenna to these platforms, the antenna should be minia-
turized. For miniaturization of the LPDA antenna, several
techniques have been introduced [2–5]. A fractal tree LPDA
antenna was suggested byWang et al. [2], and a Koch-shaped
fractal was applied to an LPDA antenna by Anagnostou et al.
[3]. In other studies, a T-shaped top-loaded LPDA antenna
[4] and a compact dielectric-loaded LPDA antenna [5] were
introduced by Chen et al. and Chang et al., respectively.
These antennas are more compact than typical LPDA

antennas, but they have lower gain characteristics. To
improve the gain characteristics, additional components
were applied to a miniaturized LPDA antenna [6, 7]. Hsu
and Huang applied parasitic elements as a director to a
Koch-shaped LPDA antenna [6]. However, their gain charac-
teristics remained lower than those of a typical LPDA
antenna. In another study by Haraz et al. [7], an LPDA
antenna with dielectric lenses was introduced. The gain of
this antenna is higher than that of a typical antenna, but it
is bulky and difficult to fabricate.

Metamaterials, which have properties that do not exist in
nature, are widely applied in antenna engineering [8, 9].
Specifically, one type of metamaterial, known as an artificial
magnetic conductor (AMC, also referred to as a reactive-
impedance surface or a high-impedance surface), which has
a periodic structure, was proposed by Sievenpiper et al.
[10]. An AMC is frequently used to miniaturize antennas
and to achieve a gain enhancement [11–13]. Similar to a
perfect magnetic conductor (PMC), the image current is
formed in-phase on the surface of the AMC, and only the
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surface impedance of the AMC is reactive. With these two
properties of the AMC, the antenna can be miniaturized
[14]. The gain of the antenna can be improved by the
AMC, which has in-phase reflection phase characteristics
within a specific frequency band. Owing to this character-
istic, the AMC can operate as a reflector when located
closer to the antenna than a general PEC reflector would
be [15].

Previously, the log-periodic microstrip patch antenna,
which consists of square patch elements, was investigated
[16]. The log-periodic antenna was miniaturized and the
operating bandwidth was enhanced by applying the AMC.
Despite the fact that the AMC was applied, the gain charac-
teristics of the proposed antenna were decreased as com-
pared to those of an antenna without an AMC.

In this paper, a compact and low-profile log-periodic
meandered dipole array (LPMDA) antenna with an AMC is
proposed. First, the longest element of the LPMDA was
designed based on the meander line configuration and was
optimized using a binary genetic algorithm (GA). Second,
based on the designed longest meandered element, the
LPMDA was formed and its performance was compared to
that of a typical LPDA antenna. Finally, the AMC, which
has a reflection phase bandwidth covering the operating
bandwidth of the LPMDA antenna, was applied as the
reflector of the LPMDA to enhance the gain. ANSYS high-
frequency structure simulator (HFSS) software was used to
conduct all of the simulations in this study. The proposed
antennas, with and without an AMC, were experimentally
verified. The design of the antenna with the AMC is intro-
duced in Section 2. Section 3 presents a comparison between
the measured and simulated results. Finally, the conclusion is
given in Section 4.

2. Antenna Design

The design process of an LPDA can start with the use of the
formula by Carrel [17]:

τ = ln
ln−1

= wn

wn−1
= dn
dn−1

,

σ = dn
2ln−1

,
1

where ln and wn are the length and width of the nth dipole
element, respectively; dn−1 is the distance between nth and

n − 1 th dipole elements; and n is the number of dipole ele-
ments of LPDA antenna. The extension factor (τ), spacing
factor (σ), and the number of dipole elements (n) are set to
0.85, 0.15, and 7, respectively.

Figure 1 depicts the design concept for the meandered
dipole element of the longest element of the LPMDA. This
design concept was recently developed by Bayraktar et al.
[18]. A fixed grid of a reduced length is introduced, and
each dipole arm is divided into ten segments. Each seg-
ment lies on one column of the grid, and two adjacent
segments are connected through a vertical line. The binary
GA is then used to determine the optimal position of each
segment in the columns to form a meander line configura-
tion that can exhibit performance comparable to that of its
conventional full-size counterpart. During the implementa-
tion of the binary GA, the position of each segment is
encoded into three bits. Therefore, there are 30 bits used
to realize the meandered dipole element. Subsequently,
using (1), a seven-element LPMDA is formed based on the
longest meandered dipole element, as shown in Figure 2.
The spacing between two adjacent dipole elements is also
optimized by the binary GA, during which each spacing
distance is encoded into eight bits. The total number of
bits to be used for the optimization is 78 bits. The binary
GA is developed with MATLAB programming linked to
HFSS through an HFSS scripting interface. One hundred
iterations, a population of 20, and a mutation rate of
0.1 with the single-point crossover scheme is used. Dur-
ing the simulation with HFSS, each segment of the lon-
gest dipole element is modeled by a rectangular patch
3.5× 7.8mm2 in size. The LPMDA is designed on a Taconic
RF-35 substrate with a dielectric constant of 3.5, a thick-
ness of 1.52mm, and a loss tangent of 0.0018. The dipole
elements of the LPMDA antenna located on the upper and
lower side of the substrate are indicated here in gray and
white, respectively. The designed antenna is fed at one
end of the parallel transmission strip line near the shortest
dipole element. The other end of the parallel transmission
strip line is in an open state. Here, L, W, and wf indicate
the length and width of the substrate of the LPMDA
antenna and the parallel transmission stripline width,
respectively. Table 1 summarizes the optimized design
parameters of the LPMDA.

For a comparison of the LPMDA antenna, a typical
LPDA antenna with an identical operating bandwidth of
2 : 1 (1-2GHz) and with an 8dBi gain was designed using
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Figure 1: Design concept for a meandered dipole element with a fixed grid structure.
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the formula devised by Carrel on Taconic RF-35. The length
of the longest dipole element of the typical LPDA antenna is
set to 118mm. Moreover, the extension factor (τ), spacing
factor (σ), and the number of dipole elements (n) are
identical to those of the LPMDA antenna. The reflection
coefficients of the LPDA antenna and the LPMDA antenna
are shown in Figure 3. The simulated −10 dB reflection ratio
bandwidths are 1.95 : 1 (0.99–1.94GHz) and 2.31 : 1 (0.93–
2.15GHz), respectively. It could be confirmed that the
antenna is miniaturized by 30% from 0.49× 0.66 λ2L to
0.37× 0.62 λ2L by applying a meander line to the dipole

element (λL indicates the wavelength of the lowest operating
frequency of the antenna). In addition, the LPMDA antenna
has a wider operating ratio bandwidth than the LPDA
antenna. Comparisons of the far-fields and the gains of
the LPMDA and LPDA antennas are conducted. The
radiation patterns of the LPDA and LPMDA antennas on
the yz-plane at 1GHz, 1.3GHz, and 1.8GHz are illustrated
in Figure 4. It is evident that both antennas exhibit a
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Figure 2: Geometry of the log-periodic meandered dipole array (LPMDA) antenna.

Table 1: Optimal parameters of log-periodic meandered dipole
array (LPMDA) antenna.

Parameters
Values
(mm)

Parameters
Values
(mm)

Parameters
Values
(mm)

W 120 L 203 d1 45.96

w1 3.5 l1 96.0 d2 35.46

w2 3.01 l2 82.11 d3 25.64

w3 2.56 l3 70.24 d4 22.39

w4 2.18 l4 60.16 d5 25.63

w5 1.85 l5 51.58 d6 20.29

w6 1.57 l6 44.29

w7 1.33 l7 38.10

wf 3.0

1 1.2 1.4 1.6 1.8 2 2.20.8
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Figure 3: Simulated reflection coefficients of a typical log-periodic
dipole array (LPDA) antenna and of the LPMDA antenna.
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directional radiation pattern at all three frequencies. It is
also noted the main beam points toward the feed location.
Figure 5 shows the simulated gains of the LPDA and
LPMDA antennas. As observed, when applying the mean-
der line to achieve a compact size, the gain of the LPMDA
antenna is lower than that of the LPDA antenna.

Figures 6(a) and 6(b) illustrate the geometry of the unit
cell of the proposed AMC and the boundary condition of

the AMC when it was simulated, respectively. The unit
structure is composed of two 1.52mm thick RF-35 substrates
with a side length of W =30mm and a distance ha=40mm.
On the upper surface of the above-placed substrate, a
square conductor with a side length of α=18mm is
located. The ground plane is located on the lower side of
the lower substrate. In order to implement the periodic
boundary condition, the walls perpendicular to the x-
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Figure 4: Simulated radiation patterns of the LPDA antenna and LPMDA antenna on the yz-plane at (a) 1GHz, (b) 1.3GHz, and (c) 1.8GHz.
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and y-axes are defined as PMC and PEC, respectively. To
compute the reflection phase on the AMC surface, the
waveport, which is located along the z-axis, propagates
the uniform wave.

Figure 7 shows the reflection phase of the proposed unit
cell of the AMC. The ±90° reflection phase ratio bandwidth,
which exhibits in-phase reflection phase characteristics, is
2.88 : 1 (0.71–2.05GHz). Referring to Figure 3, it can be
confirmed that the reflection phase bandwidth of the unit cell
of the AMC covers the operating frequency bandwidth of the
LPMDA antenna.

In the design process of the AMC, several major
parameters are investigated. These are the distance
between two dielectric substrates ha, the width of AMC
patch a, and the width of AMC cell W. The simulated
results of the refection phases are illustrated in Figure 8.
It is found that the reflection phase bandwidth is shifted
down to a lower frequency range when each of the param-
eters (ha, a, or W) is increased. In order to apply the
AMC to the LPMDA antenna, the reflection phase band-
width of the AMC should fit the operating frequency band
of the antenna. Therefore, the parameters ha, a, and W are
finally set to 40mm, 18mm, and 30mm, respectively, so
that the optimized AMC exhibits a reflection phase band-
width of 0.71–2.05GHz.

In order to demonstrate the effectiveness of the proposed
AMC structure, a comparison is conducted of the reflection
phases of the proposed AMC structure, a conventional AMC
structure with one substrate (configuration 1) and a conven-
tional AMC structure with two stacked substrates (configu-
ration 2). The configurations of these AMC structures and
the simulated reflection phases are shown in Figure 9. Note
that the parameters W, a, and h of these AMC structures
are identical for a fair comparison and they are set to
40mm, 18mm, and 1.52mm, respectively. It is observed that
the conventional AMC structure (configuration 1) exhibits a
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Figure 5: Simulated gains of the LPDA antenna and LPMDA
antenna in the main beam direction.
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Figure 6: Geometry of the unit cell of the proposed artificial
magnetic conductor (AMC): (a) perspective view and (b) boundary
condition of the AMC in the simulation.
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Figure 7: Simulated reflection phase of the unit cell of the
proposed AMC.
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narrow ±90° reflection phase ratio bandwidth of 1.05 : 1
(4.05–4.27GHz). By using two stacked substrates, the reflec-
tion phase bandwidth is slightly shifted down to 3.64–
4.13GHz (1.13 : 1). These bands are very high as compared
to the operating frequency bandwidth of the antenna, which
is 0.93–2.15GHz. To operate in lower frequency band, we
can increase the size h of the AMC unit cell. However, as
the reflection phase bandwidth of the conventional AMC is
quite narrow, it is difficult to match the operating frequency
band of the LPMDA antenna (0.93–2.15GHz, 2.31 : 1). In
contrast, the proposed AMC structure, which is designed
on two different substrates separated by an air gap, has a wide
reflection phase ratio bandwidth of 2.73 : 1(0.75–2.05GHz).
This frequency band nearly matches the operating frequency
band of the LPMDA antenna.

The LPMDA antenna with the AMC is shown in
Figure 10. This antenna is fed by a coaxial cable, as
shown in Figure 10. The AMC applied to the LPMDA
antenna is composed of 9× 9 unit cells. The designed
AMC is located below the antenna at a distance Gap
equal to 5mm.

3. Experimental Results and Discussion

Based on the design parameters presented in the previous
section, a prototype of the proposed antenna with the AMC
was fabricated, as shown in Figure 11. Nylon posts with a
dielectric constant of 3.2 are used to support the LPMDA
antenna above the AMC and to form an air gap between
the two dielectric substrates that constitute the AMC struc-
ture. The proposed antenna was excited by a coaxial cable,
as shown in Figure 11.

An Agilent 8510C network analyzer was used to measure
the reflection coefficients of the fabricated antennas.
Figure 12 presents the simulated and measured reflection
coefficients of the LPMDA antennas with and without the
AMC. The simulated and measured results are in good
agreement. The simulated and measured reflection ratio
bandwidths of the LPMDA antenna without the AMC are
2.31 : 1 (0.93–2.15GHz) and 2.34 : 1 (0.92–2.16GHz), respec-
tively. On the other hand, the corresponding simulated
and measured reflection ratio bandwidths of the LPMDA
antenna with the AMC are 2.54 : 1 (0.85–2.16GHz) and
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Figure 8: Simulated reflection phases of AMC with changes in (a) a, (b) W, and (c) ha.
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Figure 9: (a) Geometry of the unit cells of the AMC structures and (b) simulated reflection phases.
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Figure 10: Geometry of the proposed antenna with the AMC: (a) top view and (b) side view.
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2.56 : 1 (0.85–2.18GHz), respectively. The lowest operating
frequency of the antenna is lowered from 0.92 to 0.85GHz
by applying the AMC. Furthermore, the operating fre-
quency bandwidth of the antenna is increased.

The simulated and measured radiation patterns on the
yz-plane are shown in Figure 13. The main beam direc-
tion of the LPMDA antenna without the AMC is formed
at θ=−90°. However, the main beam direction of the
LPMDA antenna with the AMC is tilted. Owing to its
in-phase reflection characteristics, the AMC serves as
the reflector even if it is positioned closer to the antenna
than a general conductor reflector, which usually requires
a distance of at least 0.25λL. In the proposed LPMDA

antenna with the AMC structure, this distance is only
in the region of 0.14λL. This is also confirmed by the
enhanced gain characteristics of the main beam direction of
the antenna, as shown in Figure 14. The gain of the LPMDA
antenna without the AMC varies from 3.94 to 7.17 dBi within
the operating frequency bandwidth. In contrast, in the main
beam direction, the gain of the LPMDA antenna with the
AMC varies from 7.86 to 10.01 dBi within the operating fre-
quency band. As the AMC structure is applied, a gain
enhancement is achieved but the total size of the proposed
antenna is also increased. However, from an application
standpoint, the proposed antenna is designed for applica-
tions such as mobile vehicles and aircrafts, in which the
antenna is implemented into a platform with a very large
conductor. Due to its in-phase reflection characteristics, the
AMC structure, which is considered as a part of the platform,
can reduce the distance between the antenna and the plat-
form conductor, therefore realizing a low-profile antenna
without deteriorating the performance capabilities.

4. Conclusion

A compact and low-profile LPMDA antenna with an AMC
was proposed and verified in this paper. The meander line
was applied to the dipole elements of the LPMDA antenna.
The AMC was designed to have a reflection phase bandwidth
that covers the operating bandwidth of the LPMDA antenna.
As a result, the measured −10dB reflection ratio bandwidth
of the proposed antenna with the AMC is 2.56 : 1 (0.85–
2.18GHz). The gain in the main beam direction ranges from
7.86 to 10.01 dBi within the operating frequency bandwidth.
Compared to a typical LPDA antenna, the antenna is 30%
miniaturized from 0.49× 0.66 λ2L to 0.42× 0.57 λ2L, and high
gain characteristics and a low profile are realized due to
the use of the AMC. Because the proposed antenna with
the AMC is successfully miniaturized, has a high gain,
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Figure 11: Photograph of the fabricated antenna with the AMC: (a) top view and (b) side view.
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and has a low profile, this antenna is suitable for appli-
cations such as aircraft and cars, where the antenna
used can affect the aerodynamic performance outcomes.

In addition, although the main beam direction of the
LPMDA antenna with the AMC is tilted, it will not
influence communications.
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Figure 13: Simulated and measured radiation patterns on the yz-plane at (a) 1GHz, (b) 1.3 GHz, and (c) 1.8GHz.
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Figure 14: Measured gains of the proposed antennas in the main
beam direction.
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