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Square rod antenna covered by mantle cloak with rejection band at lower

frequency side of operating frequency
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Abstract Mutual coupling reduction is required to miniaturize wireless
devices in many applications. The mantle cloak technique has been studied
to reduce mutual coupling. This paper proposes a square rod mantle cloak
antenna with a low-frequency rejection band. The rejection band is 720
MHz and the operation band is 750 MHz. The proposed antenna structure
contains a copper rod-covered dielectric substrate with strip conductors at
the center of each face. The proposed antenna was validated by comparing
the simulation and measurement results.
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1. Introduction

Antennas are densely mounted inside smartphones and In-
ternet of Things (IoT) devices for miniaturization, system di-
versification, high functionality, and designability. In base
station antennas for mobile communication, many anten-
nas operating at different frequency bands are installed in
limited spaces. Moreover, many car-roof-mounted anten-
nas are placed in small spaces to support multiple bands.
In such wireless applications, adjacent frequency bands are
used efficiently. Therefore, interference with adjacent sys-
tems must be suppressed. To suppress the interference,
adjacent systems that use a close operating frequency band
require a high-isolation filter. A filter is required to sup-
press the mutual coupling of the frequency used by adjacent
systems while maintaining the antenna characteristics at the
operating frequency. Several methods have been proposed
to suppress the mutual coupling of antennas. Examples in-
clude orthogonal polarization [1], loading a lumped constant
circuit between antennas [2], loading a parasitic element
between antennas [3], and mushroom-shaped EBG struc-
ture [4]. However, most of these methods are difficult to
use inside electronic devices because of their narrow space.
Additionally, these techniques enable the suppression of the
mutual coupling between antennas operating at the same fre-
quency. However, it is difficult to suppress the mutual cou-
pling between antennas that operate at different frequencies.
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Mantle cloak has been gaining attention for reducing mutual
coupling operating at different frequencies. A mantle cloak
covers an object to suppress scattering, and incident waves
pass through backward objects [5, 6]. A mantle cloak was
created by adjusting the surface reactance. Mantle cloak an-
tennas with adjusted surface reactances of dielectric-loaded
dipole antennas have been proposed [7, 8, 9, 10, 11]. Ref-
erence [7] reported that mutual coupling can be suppressed
by covering a cylindrical mantle cloak for dipole antennas
operating at 3.33 GHz and 3.07 GHz, respectively. How-
ever, the operating frequency interval was 300 MHz. In [8]
and [9], mutual coupling suppression was achieved in the
700 MHz band with a 30 MHz interval between the oper-
ating frequency and the rejection frequency. These mantle
cloak antennas can suppress mutual coupling by applying
a cylindrical coating of a high-dielectric material with a
surface reactance or strip conductors to the dipole antenna.
However, it is difficult to bend high-dielectric materials. In
[10], a square rod mantle cloak antenna with an adjusted
surface reactance was proposed to facilitate the fabrication.
The cloaking effect of the proposed antenna was confirmed
through simulation. However, an actual structure with the
desired surface reactance is difficult to fabricate owing to
its limited size and fabrication accuracy. In [11], a man-
tle cloak antenna with strip conductors mounted at the four
corners of a square rod was proposed. However, it has not
been demonstrated yet. In this study, a square rod mantle
cloak antenna with strip structures is proposed for its simple
structure and ease of fabrication.

2. Proposed structure

In [11], the structure of a square rod mantle cloak antenna
with a rejection frequency of 720 MHz and an operating
frequency of 750 MHz is presented. The simulation model
is illustrated in Fig. 1. Figure 1(a) shows a 750 MHz dipole
antenna composed of a copper rod with 10 mm sides. Fig-
ure 1(b) shows a square rod dipole antenna with sides of 10
mm and a length of / [mm]. This antenna is covered with
a high dielectric material of 1.65 mm thickness with strip
conductors of width w [mm] at the center of each face. A 5
mm matching section on each side was placed at the center
of the antenna with a gap g [mm]. The power feed is a gap
feed with a spacing of 2 mm. The finite element method was
used for the simulation, and the parameters were optimized
to design the frequency band.
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Fig.1 Simulation model. (a) Dipole antenna, and (b) mantle cloak an-
tenna.

3. Simulation and Measurement result

Figure 2 presents the simulation results of the reflection char-
acteristics with a total length [ = 177 mm, strip width w =
4.8 mm, and spacing g = 39 mm. The reflection coeflicient
of the rejection band at 720 MHz is —0.9 dB. At 750 MHz,
the reflection coeflicient was less than —10 dB. The radiation
patterns of the designed antenna at the operating frequency
and the rejection band are shown in Fig. 3. The radiation
pattern in the zx-plane is a figure of eight, whereas that in
the xy-plane was omnidirectional. This radiation pattern is
consistent with that of dipole antennas. The results show
that the mantle cloak antenna maintains the characteristics
of a dipole antenna at the operating frequencies. The actual
gain in the rejection band is greatly reduced owing to mis-
match loss. The impedance characteristics of the designed
antenna are shown in Fig. 4. The designed antenna has a
parallel resonance added to the impedance characteristics
of the dipole antenna. Therefore, the rejection band was
obtained by a parallel resonance with the strip conductor.
Figure 5 displays a photograph of the fabricated antenna.
The antenna was fed by a parallel plate and coaxial cable
with a Spertopf balun to suppress leakage currents. Figure 6
shows a comparison of the measurements and simulations
of the reflection characteristics. An operating frequency of
750 MHz and rejection band at 720 MHz were obtained, as
shown in Fig. 6. The measurement results agreed well with
the simulation results. Figure 7 presents the measurement
results of the radiation pattern at 750 MHz. Radiation pat-
terns of figure of eight and omnidirectional were obtained
in the zx-plane, xy-plane, respectively. The measurement
results are in good agreement with the simulation results.
The simulation model used to confirm the mutual cou-
pling suppression is shown in Fig. 8. The distance between
the antennas is d [mm]. In addition, under the same simu-
lation conditions, the mantle cloak antenna was changed in
to a dipole antenna operating at 750 MHz. Figure 9 illus-
trates the radiation patterns. Figure 9(a) shows the radiation
pattern of zx-plane, and Fig. 9(b) shows the radiation pat-
tern of the xy-planes at 720 MHz. The radiation patterns
are disturbed by the mutual coupling between the dipole an-
tennas. However, the dipole antenna maintains its antenna
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Fig.2 Comparison between dipole antenna and mantle cloak antenna of
simulated reflection characteristics.
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Fig.3 Comparison between dipole antenna and mantle cloak antenna of
simulated radiation patterns. (a) zx-plane, (b) xy-plane.
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Fig.4 Comparison between dipole antenna and mantle cloak antenna of
simulated input impedance characteristics.
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Fig. 5 Prototype antenna structure.

characteristics by closely placing the designed mantle cloak
antenna. Figure 10 shows the electric field distribution in
the zx-plane. The electric field distribution is disturbed by
the mutual coupling between the dipole antennas. However,
the electric field distribution in undisturbed, owing to the
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Fig. 6 Comparison between simulated and measured results of reflection
characteristics.

(@)

Fig.7 Comparison between simulated and measured results of radiation
patterns at 750 MHz. (a) zx-plane, (b) xy-plane.
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Fig. 8 Simulation model of mutual coupling suppression.
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Fig.9 Comparison of mutual coupling suppression between dipole an-
tenna and mantle cloak antenna in simulated radiation patterns. (a) zx-
plane, (b) xy-plane.
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cloaking effect of the mantle cloak antenna. Therefore, the
square rod mantle cloak antenna suppresses mutual coupling
by the cloaking effect. The measurement conditions for the
transmission characteristics are illustrated in Fig. 11. A jig
was placed on top of the mantle cloak antenna to maintain
the distance between the antennas. A dipole antenna was
installed in the jig. After measurement, the mantle cloak

E Field
[V/m]

l]OO

Fig. 10 Comparison of mutual coupling suppression in electric field dis-
tributions at 720 MHz. (a) Dipole antenna, (b) mantle cloak antenna.
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Fig. 11 Measurement setup of transmission characteristics.
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Fig. 12 Comparison of mutual coupling suppression in (a) simulated and
(b) measured transmission characteristics by closely placing mantle cloak
antenna (solid line) and dipole antenna (dashed line).

192



antenna was changed to a dipole antenna operating at 750
MHz. Figure 12 shows the transmission characteristics with
varying distances d [mm]. The transmission coefficient de-
creased by approximately 20 dB at 720 MHz. The mutual
coupling can be suppressed at 720 MHz even at the distance
of 0.1 between the antennas.

The measurement conditions for the radiation patterns
are illustrated in Fig. 13. A dipole antenna operating at
720 MHz and a mantle cloak antenna terminated in 50 Q
is placed close together on a rotating table. After radiation
pattern measurement, the mantle cloak antenna is changed
to a dipole antenna under the same conditions. The mea-
surement results for the radiation patterns at 720 MHz when
d =0.14 are shown in Fig. 14. Figure 14(a) shows the radia-
tion pattern of the zx-plane, and Fig 14(b) shows that of the
xy-plane. The radiation pattern is disturbed because of the
mutual coupling caused by the close placement of the dipole
antenna. However, the radiation pattern was maintained
owing to the cloaking effect of the mantle cloak antenna.
These results are in good agreement with the simulation re-

(b)

Fig. 13 Measurement set up of radiation patterns at 720 MHz when d =
0.14. (a) zx-plane, (b) xy-plane.
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Fig. 14 Comparison of mutual coupling suppression between dipole an-
tenna and mantle cloak antenna in simulated and measured radiation pat-
terns. (a) zx-plane, (b) xy-plane.
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sults. Therefore, the validity of the simulation results was
confirmed.

4. Conclusion

A square rod mantle cloak antenna with a rejection band on
the low-frequency side of the operating frequency was pro-
posed and demonstrated to suppress mutual coupling with
closely placed antennas. The square rod dipole antenna was
covered with a high-dielectric substrate, and strip conduc-
tors were placed at the center of each side of the antenna.
Additionally, a copper rod was placed in space to match
the antenna feeding point. Similar to the cylindrical mantle
cloak antenna in previous studies [8, 9], the designed an-
tenna exhibits a rejection band at 720 MHz and an operating
frequency of 750 MHz. The designed antenna was fabri-
cated and measured, and the results were consistent with the
simulation results. The designed square rod mantle cloak
antenna was found to suppress the mutual coupling owing
to the cloaking effect of the transmission characteristics and
electric field distribution.
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