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SUMMARY  This paper proposes a low-profile unidirectional supergain
antenna applicable to wireless communication devices such as mobile ter-
minals, the Internet of Things and so on. The antennas used for such systems
are required to be not only electrically low-profile but also unsusceptible to
surrounding objects such as human body and/or electrical equipment. The
proposed antenna achieves both requirements due to its supergain property
using planar elements and a closely placed planar reflector. The primary
antenna is an asymmetric dipole type, and consists of a monopole element
mounted on an edge of a rectangular conducting plane. Both elements are
placed on a dielectric substrate backed by the planar reflector. It is nu-
merically and experimentally shown that the supergain property is achieved
by optimizing the geometrical parameters of the antenna. It is also shown
that the impedance characteristics can be successfully adjusted by changing
the lengths of the ground plane element and the monopole element. Thus,
no additional impedance matching circuit is necessary. Furthermore, it is
shown that surrounding objects have insignificant impact on the antenna
performance.

key words: supergain, low-profile, unidirectional, asymmetric dipole an-
tenna, planar reflector, IoT

1. Introduction

In recent years, the Internet of Things (IoT) is remarkably
expected as a new wireless communication service, and has
been studied in various fields including antennas, microwave
components and radio wave communication systems [1]—
[3]. The physical size of antennas used for the IoT are
highly required to be miniaturized for easily mounting on the
things and to become unsusceptible to surrounding objects
including the human body, as well as ensuring the stable
communications as well. Thus, the antennas for the IoT are
needed to be small, low-profile and to have the unidirectional
property.

Several antennas have been proposed for the IoT ap-
plications [4]-[7], however, the antenna properties change
quite sensitively when the antennas are placed near the hu-
man body or metallic objects when the unidirectional prop-
erty has not been realized. The purpose of this paper is to
develop a low-profile antenna having unidirectional property
which is applicable to the mobile terminals, the IoT and so
on.

Although various means are introduced in order to re-
duce the influence of surrounding objects on the antenna
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properties [8]-[10], blocking the electromagnetic fields re-
flected back towards the antenna is essential in most investi-
gations. For example, a conducting reflector is naturally used
for this purpose, but a quarter wavelength (1/4) spacing be-
tween the antenna and the reflector is required. Another
option is to use an Artificial Magnetic Conductor (AMC).
Though the spacing can be reduced remarkably [11], the
AMC completed by a mushroom-like electromagnetic band
gap structure is heavy in weight and enlarges the total size
of the antenna including the AMC. A relatively small and
light AMC inspired antenna has been proposed [12], but a
complicated substrate is required to realize the AMC behav-
ior. Alternatively, a low-profile dipole antenna placed on a
conducting plane has been investigated in which the dipole
element consists of the coaxial cable itself and its unsheathed
inner wire [13]. Since a 3 dB coupler and a 90-degree phase
shifter must be used for feeding the antenna, this antenna is
not suitable for the mobile terminals and/or the IoT devices.
Other antennas such as a microstrip antenna [14] and/or a
planar inverted-F antenna [15] are known to be inherently
low-profile antennas with the unidirectional property, how-
ever the feed structure is complicated in general.

Since the simple structure including feed portion and
parasitic elements if needed is strongly desirable for our pur-
pose, this paper investigated the fundamental dipole antenna
backed by the conducting reflector. Although a front to back
ratio (F/B) can be enhanced by optimizing the size of the re-
flector when the distance between the half-wavelength dipole
antenna and the reflector is maintained at 1/4 [16], [17], the
radiation resistance reduces to an extremely small value and
then the Voltage Standing Wave Ratio (VSWR) becomes re-
markably worse in general for shorter distance between the
antenna and the reflector [18]. In order to overcome these
difficulties, several techniques of adding a new parasitic el-
ement have been investigated [19]-[22]. In these studies,
the parasitic elements are always placed in front of the feed
element so that the low-profile feature is not obtained. In
addition, the size of the reflector is relatively large in most
cases.

Even though the above difficulties have not been re-
solved yet, the dipole antenna backed by the reflector re-
mains a fundamental structure. As a consequence, this
paper attempts to obtain these properties using the super-
gain characteristics. The antenna investigated in this paper
consists of a thin planar monopole element mounted at the
edge of rectangular ground plane element. This asymmet-
ric dipole antenna is placed on a thin dielectric substrate
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backed by the planar reflector at a small distance. It is nu-
merically and experimentally shown that the unidirectional
property is achieved by optimizing the antenna geometries.
It is also shown that the impedance matching can be success-
fully adjusted by changing the lengths of the ground plane
element and/or the monopole element. Then, any additional
impedance matching circuit is not necessary.

In Sect. 2, the antenna properties in free space are nu-
merically investigated and their results are confirmed by ex-
periments. In Sect. 3, the operating principle of the proposed
antenna is clarified using the current distribution. Finally,
the influences on the antenna properties from surrounding
objects are investigated in Sect. 4. All of the numerical simu-
lations were performed using a commercially provided soft-
ware based on the Finite-Difference Time-Domain (FDTD)
method [23].

2. Parameter Studies and Experimental Confirmation
for Proposed Antenna

2.1 Antenna Configuration

Figure 1 shows the geometry of the proposed antenna. The
thin monopole element is mounted on the edge of the rectan-
gular conducting plane and fed at the base of the monopole
element. Both elements make up the asymmetric dipole an-
tenna and are placed on the 1 mm dielectric substrate that
is backed by the same width and slightly long conducting
reflector at the distance D. This asymmetric dipole element
is considered to form a primary radiation element, therefore
this paper refers it is the primary radiation element or a pri-
mary radiator simply, in order to discuss its function and the
one of the reflector separately.

L3 x W2 monopole element and L2 X W1 ground plane
element were made by a copper foil. L1 X W1 parasitic ele-
ment (reflector) was made by a thin copper plate. The total
length of the reflector, L1 is slightly longer than the length
of the primary radiator L2 + L3. Then, L4 is the distance
between the edges of the dielectric substrate and the ground
plane element. The relative permittivity of the substrate
is 4.3 and the loss tangent (tan §) is 0.018 at 2 GHz. All

Ground plane Monopole

Feed point

0 Parasitic element
(Reflector)

Fig.1  Geometry of the proposed antenna.
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antenna conductors are made by pure copper whose conduc-
tivity is approximately 5.8 x 107 S/m, however in numerical
calculations, they are assumed as a PEC (Perfect Electric
Conductor) for simplicity. The relative permittivity and ef-
fective conductivity corresponding to the loss tangent of the
substrate are assumed to be constant over a frequency range
under consideration as well. The gap between the ground
plane element and the monopole element is set to 1 mm.

2.2 Parameter Studies on Input Impedance

In this subsection, the input impedance is numerically calcu-
lated for various parameters contained in the antenna geome-
try. In all calculations, the frequency range is from 1.8 GHz
to 2.2 GHz, and the total length of the reflector L1 is set
to 85 mm which is slightly longer than 0.5 A at the center
frequency 2 GHz.

First of all, the effect of the spacing D between the
primary radiator and the reflector onto the input impedance
was investigated because D is an essential parameter for
the low-profile property. The calculated results in which
D was changed from 3 mm to 8 mm which correspond to
0.02 A t0 0.05 A at 2 GHz in vacuum respectively, are shown
in Fig.2(a). The input impedance without reflector also
shown in the same Smith chart. In these calculations, the
other parameters were set as L2 = 54mm (0.36 1), L3 =
18 mm (0.12 1), L4 =25 mm (0.17 1), W1 = 50 mm (0.33 1)
and W2 = 1 mm, respectively. The input impedance of the
antenna without reflector remains in a small region over
the frequency range, however it moves toward the center of
the Smith chart and a large circle was drawn by adding the
reflector. It is found from these results that the reflector
plays an important role in the impedance matching, and that

< — — ~Without reflector
1.8GHz

Finite reflector

Infinite reflector

Fig.2  Input impedance as a function of spacing D.
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the antenna tends to become broadband when D becomes
large within the calculated interval. Figure 2(b) shows the
input impedance characteristics of an infinite reflector. The
same results of Fig.2(a) are also shown for comparison.
Both frequency characteristics of the input impedances are
relatively similar, but their values are considerably different
from each other, especially when D is small. This indicates
that the spacing D must be carefully chosen for an excellent
impedance matching.

Figure 3(a) shows the effects of the width W1 which
is one of the important parameters related directly to the
compactness of the antenna. The calculation has been per-
formed in the interval from 30 mm to 50 mm. In this case,
we set D = 5mm which correspond to 0.03 1 at 2 GHz for
simultaneously satisfying the possible low-profile property
and the conclusions of Fig.2(a) and (b). Other geometrical
parameters are the same as the above case. It is found that
the input impedance tends to become broadband when W1
increases within the calculated range.

It has been known that the radius of the dipole an-
tenna affects the input impedance in no small quantities.
Accordingly, we check the effect of the width of monopole
element W2 using the same parameters as Fig. 3(a) and W1
=50 mm. The calculated results are shown in Fig. 3(b) when
W2 changes from 1 mm to 3mm. It is found that the reac-
tance component of the input impedance is reduced within
the bandwidth of 280 MHz when W1 decreases. Consider-
ing this result, we have decided to use W1 = 1 mm monopole
element hereafter.

The total length of the antenna L2 + L3 is also one
of the most important parameters for deciding the matching
frequency. Therefore, let us separately investigate the effects
of L2 and L3 on the input impedance. Figure 3(c) shows the
input impedance when the length of ground plane element
L2 is changed from 52 mm to 56 mm which corresponds
to 0.35 2 to 0.37 A at 2 GHz under the condition that L3 is
18 mm and other parameters are the same as the above case
as well. It is found that the resistance and the reactance shift
to the higher frequency by decreasing L2, thus the resonance
frequency is able to change. Finally, the dependence of
the length of monopole element L3 on the input impedance
are investigated. From the above discussions, we set L1 =
85mm, L2 = 54mm, L4 = 25mm, W1 = 50mm, W2 =
1mm, and D = 5mm. The calculated results are shown
in Fig.3(d). It is found that the reactance shifts from the
capacitive region towards the inductive region in a lower
frequency range by increasing L3, but the resistance hardly
changes in the same frequency range. Thus, the impedance
matching can be successfully determined by L2 and L3. The
resonance frequency is mainly determined by L2 and its
reactance value is determined by L3.

2.3 Experimental Confirmation
In order to confirm the validity of the numerical calculations

shown above, we measured the frequency characteristics of
the input impedance. The radiation patterns at the center
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Fig.3  Input impedance as a function of width and length.

frequency of 2GHz are also calculated and measured in
order to demonstrate that the unidirectional property can be
obtained by selecting the parameters indicated above, that is,
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Fig.4 Input impedance and VSWR.

L1 =8mm, W1 =50mm, D=5mm, L2 =54mm, L3 =
18 mm, L4 =25 mm and W3 = 1 mm.

The calculated and measured frequency characteristics
of the input impedance are shown in Fig. 4(a). It is shown
that the measured result agrees fairly well with the calculated
one. Figure 4(b) is the VSWR. It is found that the bandwidth
in which the VSWR is less than 2 is about 5%.

Figure 5 shows the measured and calculated radiation
patterns at 2 GHz in z-x plane, z-y plane and x-y plane,
respectively. Both patterns considerably agree with each
other in all planes and this indicates that the unidirectional
property is achieved theoretically and experimentally. It is
estimated that the front to back ratio (F/B) is 20 dB and the
half-value angle is about 100 degrees. The calculated gain
was 7.3 dBi and the measured gain was 6.8 dBi.

3. Operating Principle

As numerically and experimentally demonstrated in the pre-
ceding section, the proposed antenna has the adequate uni-
directional property even though the spacing between the
primary radiator and the reflector is extremely small com-
pared to the wavelength. This property predicted that the
antenna may turn into the state of supergain. In order to con-
firm this prospection and to clarify the operation principle,
we calculated the current distribution along a center line of
the antenna indicated in Fig. 6(a).

Figure 6(b) shows the amplitude of a surface current
density on the line which is normalized by the maximum
value. The current density on the monopole element is def-
initely large, but almost the same degree of current can be
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Fig.5 Radiation patterns.

observed both on the ground plane element and the reflector
in the interval of less than d = 60 mm. On the other hand,
Fig. 6(c) shows the phase of the current. It is found that the
phase difference between the primary radiator and the re-
flector is approximately 180 degrees for all intervals. Thus,
since the currents on the extremely closely placed conductors
(0.03 1) are almost the same and the phase difference of these
currents is about 180 degrees, the primary radiator turns into
the state of supergain with the reflector [25], [26]. Conse-
quently, it is considered that the unidirectional radiation is
realized.

4. Effects of Surrounding Objects

The antenna for the IoT will be used in various situations,
for example, near the human body, attached on the wireless
equipment and so on. Therefore, the antenna is affected
by the surrounding objects and thereby its properties may
considerably change in general. However, the antenna for
the IoT would be required a certain insusceptibility for stable
communications. Although the proposed antenna has the
unidirectional property, its property was valid in the far-field,
and not demonstrated in near-field. This section investigates
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Fig.6  Current distribution on the center line of the proposed antenna.

the effects of a nearby human head and a conducting plate
on the input impedance of the proposed antenna.

4.1 Human Head

Figure 7(a) shows a geometrical arrangement of the proposed
antenna placed on the temporal of human head model. The
geometrical parameters of the antenna are all the same as
indicated in the above section, that is, L1 = 85 mm, W1 =
50mm, D =5mm, L2 = 54mm, L3 = 18 mm, L4 = 25 mm
and W3 = I mm. We assumed that the human head is filled
only with the brain tissue whose relative permittivity and
the conductivity are &, = 43.2 and o = 1.26S/m [24],
respectively.

Figure 7(b) shows the input impedance with and with-
out the human head. A slight difference between them is
observed, but both values agree considerably well with each
other. This indicates that the unidirectional property indi-
cated in Fig.5 is maintained in the near-filed, and demon-
strates that interaction between the antenna and the human
head is remarkably small in spite of extremely small spacing.

4.2 Conducting Plate

The influences on the antenna characteristics of the con-
ducting object are also investigated with the assumption that

IEICE TRANS. COMMUN., VOL.E102-B, NO.4 APRIL 2019
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Fig.7 Proposed antenna on the human head model.
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Fig.8 Proposed antenna on the conducting plate.

the antenna is attached on the wall of electrical equipment.
The geometry considered here is illustrated in Fig. 8(a) in
which the antenna is placed on the surface of the 200 mm X
200 mm conducting plate. Both centers are coincident with
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each other in the x-y plane.

Figure 8(b) shows the input impedances with and with-
out the conducting plate. It is found that the influence of
the closely near conducting plate on the antenna property is
considerably small. Thus, the proposed antenna is hardly
affected by the surrounding objects.

5. Conclusion

This paper has proposed a low-profile unidirectional super-
gain antenna mainly intended for the IoT communications.
The antenna developed here is fundamentally an asymmetric
planar dipole antenna backed by the reflector, and the pri-
mary part consists of the monopole element attached on the
edge of the coplanar ground plane element. It has been nu-
merically and experimentally been demonstrated that both
the unidirectional property and good impedance matching
performance can simultaneously be obtained by optimiz-
ing the antenna geometry even if the spacing between the
primary radiation element and the reflector is very small
compared to the wavelength. It has been shown by using the
human head model and the large conducting plate that the an-
tenna is hardly affected by the surrounding objects. Hence,
it is expected that the proposed antenna can be successfully
applied to the IoT.
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