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Abstract - Metamaterials are strongly expected to be useful
for antenna miniaturization and high functionality. The
composite right/left-handed transmission line theory has been
proposed to expand to the left handed region. As a result, the
degree of freedom of antenna design is enhanced and novel
antenna can be achieved. In this paper, the metamaterial
technologies are explained as three fields of the application. In
addition, the research and development in future are shown in
each application.

Index Terms — Metamaterials, Small antennas, Leaky wave
antennas, Artificial magnetic conductors, Multi-layer ceramic
capacitors.

1. Introduction

Electromagnetic field in a material, in which both the
permittivity and permeability simultaneously becomes
negative, has been theoretically considered in 1968 [1]. After
that, an artificial material was called as metamaterial, and the
phenomenon of negative refractive index using a left-handed
material has been demonstrated in 2000 [2]. Metamaterials
are strongly expected to be useful for antenna miniaturization
and high functionality. The composite right/left-handed
(CRLH) transmission line theory has been proposed to
expand to the left handed region [3]. As a result, the degree
of freedom of antenna design is enhanced and novel antenna
can be achieved. In recent years, novel possibilities have
been shown such as transformation electromagnetics, non-
foster element, non-reciprocal circuit [4].

To consider the future of the antenna, the application,
simulation, and material are important points [5]. To develop
the antennas for various applications at high frequency band
in future, the metamaterial will become an essential
technology in order to meet required specifications. To do
that, a systematic antenna design method becomes effective
such as the characteristic mode analysis [6]. An increased
role of metamaterials is expected as the antenna element or
the antenna surrounding medium. In this paper, the
metamaterial technologies are explained as three fields of the
application. In addition, the research and development in
future are shown in each application.

2. Classification of metamaterial antennas

Metamaterial antennas can be classified as shown in Table
I. The antenna element means the application of
metamateirals to the transmission line composing the
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antenna. This application can be divided into resonant and
non-resonant types. The antenna surrounding medium can
improve the antenna characteristics by arranging the
metamaterial surrounding the conventional antennas. The
antenna material means uses the metamaterial as a base
material for the conventional antennas.

TABLE I
Classification of metamaterial antennas
Application Type Features
Antenna Resonant Radiation Small
element element
Parasitic Mutual coupling
element reduction
Non-resonant Broadband
Antenna Electromagnetic bandgap Coupling reduction
surrounding structure
medium Artificial magnetic conductor | Low-profile
Negative refractive index lens | Thin and small

3. Application to antenna element

Since the dispersion characteristics can be designed
through the metamaterial technology, the resonant-type
metamaterial antenna can achieve the miniaturization of the
antenna size. This is because the resonance in the left-handed
band occurs at low frequency band. To obtain the left-handed
branch, the series capacitance and shunt inductance are
implemented. The transmission lines actually used are
coaxial line, parallel line, microstrip line, coplanar
waveguide, parallel plate waveguide, and waveguide.

A resonant phenomenon at the frequency of § = 0 is called
as the zeroth order resonance in particular [7]. The
wavelength becomes infinite due to constant phase over the
whole resonator. Therefore, the zeroth order resonator is
promising as a miniaturization technique of the antenna. In
addition, the antenna with no phase variation can allow the
installation space of the antenna becomes very thin and large
area, or slender area.

The leaky wave antenna composed of the CRLH
transmission line has the feature of broadband and the beam
scanning capability by varying the operational frequency.
To achieve high gain in the case of the handset antennas, two
unit cell composed of the mushroom structure has been
proposed as shown in Fig. 1 [8]. The antenna characteristic is
varied by terminal conditions. In the case of the shunt
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condition, the bandwidth becomes 106%, and the realized
gain becomes more than 2.1 dBi within the operating
frequency band.

Fig. 1. Small broadband handset antenna.

4. Application to antenna surrounding medium

The electromagnetic bandgap (EBG) structures have been
employed for realizing low profile antenna, mutual coupling
reduction, gain enhancement, bandstop filter, and so on.
Since the EBG structure can be fabricated with antenna
element by the manufacturing method of print circuit board,
the improvement of the antenna characteristic can be easily
achieved. Another feature of the EBG structure is the in-
phase reflection, and is called as artificial magnetic
conductor (AMC). When the AMC reflector is used as the
antenna reflector, low profile and high gain can be achieved.
In addition, very thin wave absorber composed of the
mushroom structure on the FR-4 substrate has been
investigated [9]. The metasurface can achieve a stable
operation for absorbing frequency at oblique incident angles
more than 30 degrees.

5. Application to antenna material

To achieve low loss metamaterial at high frequency band,
the dielectric resonator-based metamaterial has been
proposed [10]. Furthermore, a new level set-based topology
optimization method has been also proposed for designing
the dielectric resonator-based metamaterial [11]. In the
proposed method, the shape and topology of the dielectric
resonators are represented by the level set function, and
topology optimization problems are formulated on the basis
of the level set-based representation. When the dielectric
metamaterial is used as a lens antenna, the negative
refractive index lens with thin, small, and wide angle
scanning can be achieved. However, the three dimensional
and simple metamaterial structure needs to be developed for
a limited dimension in the case of small antennas.

A small antenna covered with epsilon negative shell can
exceed an antenna miniaturization limit through
electromagnetic simulation [12]. To realize that, the
homogeneous and non-dispersive metamaterial should be
developed. On the other hand, the left-handed metamaterial
structure composed of multi layer ceramic capacitor has been
proposed in order to realize the small unit cell configuration
[13]. The various metamaterial antennas such as slender and

low profile configuration has been shown. However, the
appropriate feeding method, the increase of radiation
resistance, or optimum cell arrangement should be
investigated in future.

6. Conclusion

This paper presents the metamaterial technologies for
antenna applications with the research and development in
the past, the present, and the future. The metamaterial study
shifted from the discovery of a novel electromagnetic
phenomenon to the suggestion of the practical use antenna.
The recent progress of terahertz or optical metamaterial
studies is also remarkable. In addition, the multi-physics
analysis with heat transfer, a fluid, structure, or the acoustic
metamaterials will shift to the next stage. Metamaterials are
strongly expected to be useful for the future of the antenna.
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