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the height of the stacked configuration, the higher is the gain.
This is an additional benefit of stacking of the
patch antennas apart from its broadband impedance bandwidth.
However multiple coupled patch antennas can increase both the
input impedance bandwidth and the gain significantly [2-6].
Recently, the interest has been growing in the theoretical and
experimental study of metamaterials. Metamaterials are
artificial materials synthesized by embedding specific
inclusions like periodic structures in the host media. Some of
these materials exhibit either negative permittivity or negative
permeability. If both permittivity and permeability of such
materials are negative at the same frequency, then the
composite possesses an effective negative index of refraction
for isotropic medium. It is referred as a left handed
metamaterial [7-10]. This is because the electric field, the
magnetic field and the wave vector together form a left-handed
system. Due to this extraordinary behavior of metamaterials,
they are called as double negative (DNG) or single negative
(SNG) materials[11-14]. Metamaterials are sometimes
significantly referred as mu negative (MNG) or epsilon
negative (ENG)[15-17]. These metamaterials are typically
realized artificially as composite structures that are composed
of periodic metallic patterns printed on dielectric substrates.
The novel characteristics of metamaterials lead to design new
devices like planar antennas, frequency selective surfaces,
filters and resonators[18-22].

Abstract: In this review paper, antenna miniaturization and
bandwidth enhancement are discussed. We presented a detailed
survey upon the most recent research efforts associated with
those metamaterial based antennas. It is found that RIS (reactive
impedance surface) substrate can be used for both the
antenna miniaturization as well as band width enhancement;
however periodic magneto- dielectric is basically to maximize
the bandwidth of the miniaturized antenna. In this review we
have focused on the results found in the literatures on
practically realizable artificial magnetic media operating in
microwave regime only.
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1. INTRODUCTION
Microstrip patch antennas have found extensive application in
wireless communication and military systems owing to their
advantages such as low-profile, conformability, low- cost
fabrication and ease of integration with feed networks.
However, the microstrip antennas inherently have a narrow
bandwidth and low gain. With the ever-increasing need for
mobile communication it is a major challenge to design
miniaturized/compact broadband antennas because they
hav% mutually conflicting propertie3 and improvement of one
of the characteristics normally results in degradation of the
other. In order to design a miniaturized patch antenna, high
permittivity substrate can be preferred, but the excitation of
surface waves lead to pattern degradation causing poor
radiation efficiency as well as narrow impedance bandwidth.
To overcome the inherent limitation of narrow impedance
bandwidth and to increase the radiation efficiency of patch
antennas, the coupled patch antennas have been suggested [13].

2. METAMATERIAL ANTENNAS
The performance of metamaterial antennas is admired by the
antenna and microwave researchers due to their astonishing
and extraordinary electromagnetic properties. The applications
of metamaterial have improved the performance and novel
functionalities of the conventional microwave devices.
Antenna has become one of the most exciting applications of
metamaterials due to the possibility of significant improvement
in their performance. The emergence of new artificial
materials such as high impedance surfaces (HIS), reactive
impedance
surfaces
(RIS),
magneto-dielectrics
and
metamaterials provide new ways to achieve higher levels of

The coupled patch antennas can be made of using two or
multiple patch antennas. Gain of coupled patch antennas
will be slightly larger than that of a single-layered patch,
due to its increased height above the ground plane. The larger
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miniaturization than more conventional techniques. Major
advantages of metamaterial antennas are miniaturization, high
gain, high directivity and highly efficient [23-27].
In 1990, Pendry reported that an array of split ring
resonator caters negative effective magnetic permeability over
its resonant frequency range [28]. Further in 2000, Smith et
al. performed the experimentation on metamaterials by
periodically arranging thin conducting wires and split ring
resonator (SRRs) [29]. R.W. Ziolkowski et al. reported
that the radiation power of small antennas increase due to
metamaterial characteristics [30].

numerical technique are developed for designing and
characterizing reactive impedance surfaces. A miniaturized
patch antenna over an RIS substrate was fabricated and
tested. It was shown that the antenna over RIS exhibits
superior characteristics compared to the conventional patch
antenna. The measured relative bandwidth, antenna gain, and
radiation efficiency of the RIS patch antenna are respectively
BW = 6.7%, G = 4.5dBi and er = 90%. This constitutes the
highest bandwidth, gain and efficiency reported for such a
small size thin planar antenna [31]
.4.MAGNETO-DIELECTRICMETAMATERIAL

3. REACTIVE IMPEDANCE SURFACE (RIS)

The applications of magneto-dielectric metamaterials are for
improving the performance and miniaturization of antenna.
The magneto-dielectrics have the dual benefit of improving
band-gap rejection levels along with size reduction. This was
demonstrated using a magneto- dielectric woodpile structure
and its performance was compared with a dielectric woodpile.
The magneto- dielectric meta-substrates are also shown to
provide a great advantage in the design of miniaturized
planar antennas with superior radiation and bandwidth
characteristics. Both the dielectric and magnetic materials
allow simultaneous ease of antenna impedance matching and
miniaturization. A periodic arrangement of dielectric and
magneto- dielectric materials is effectively obtained as an
engineered substrate. This substrate is utilised for designing a
miniaturized patch antenna, which demonstrates a relatively
high bandwidth and efficiency [32-33].

The concept of a novel reactive impedance surface (RIS) as a
substrate for planar antennas is proposed by Hossein
Mosallaei is shown in fig 1. This can miniaturize the size
and significantly enhance the bandwidth along with the
radiation characteristics of an antenna.
Pure reactive
impedance plane with a specific surface reactance can
minimize the int%raction between the elementar9 source
and its image in the RIS substrate. An RIS can be tuned
anywhere between perfectly electric (PEC) and magnetic
conductor (PMC) surfaces offering a property to achieve
the optimal bandwidth and miniaturization factor. It is
demonstrated that RIS can provide performance superior to
PMC when used as substrate for antennas [31].

The effect of artificial magneto dielectric substrates is
systematically studied on the impedance bandwidth properties
of microstrip antennas. It has been shown that with artificial
magneto dielectric substrates obeying the modified Lorentzian
type dispersion for µeff, frequency dispersion cannot be
neglected in the analysis. A relation has been derived for
the ratio between radiation quality factors of ideally shaped
antennas loaded with dispersive magneto dielectrics and
dispersion-free reference dielectrics. The result shows
that artificial magneto dielectric substrates lead always to
larger radiation quality factor if static Re{µ eff} = 1. The
effect of frequency dispersion has a very fundamental nature,
yet this effect is often neglected when studying the impedance
bandwidth properties. A common belief is that by selecting
the operational frequency of the antenna closer to the substrate
resonance, the bandwidth is more effectively retained since
Re{µ eff} is larger. However, the closer one lies to the
substrate resonance, the steeper is the gradient of the
dispersion curve, and the stronger is the effect of frequency
dispersion to the stored energy. To explain the effect of
static permeability and frequency dispersion, it is assume that
the antenna is filled with a magneto dielectric material obeying
the modified Lorentzian (low-frequency approximation for the
Lorentzian model) type dispersion in

Fig. 1: RIS is a 6X6 finite array of square patches
printed on the PEC-backed dielectric material [31]
An approximate circuit model and a full-wave FDTD
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Where µ s is the static permeability, 0 is the amplitude
factor ωo is the undamped angular frequency of the zeroth
pole pair (the resonant frequency of the medium), and 1 is the
loss factor [34-36].
An artificial magneto-dielectric material composed of stacks
of split ring resonator under the patch has been studied by pekka
ikonen. In this work, the effect of size, shape, orientation and
the packing density of the rings on the S11 characteristics were
examined [37].
The novel printed resonator antenna is mainly composed of
three parts: 1) the two radiation patches on the top of substrate,
2) the metal vias integrated in the midlayer of the substrate as
the metal walls and 3) CPW feed line in the ground plane. The
configuration of the SRR-based printed antenna is given in Fig.
2.

Fig. 3: Simulated and measured S11 parameters of the
improved SRR-based Antenna structure [38].
The current distribution in one unit cell is inhomogeneous as
shown in Fig. 4. For each unit cell, the electric and
magnetic dipoles are simultaneously excited. However, the
magnetic dipoles are more effective than the electric ones. At
first, magnetic dipole fields do not cancel in the far field
because of in plane electrical coupling among the cells on the
front and back side as in the case of same direction imaging of
the horizontal magnetic dipole on perfect electric plane [39].

Fig. 4: Surface Eigen current distribution on the (a)
front and (b) back side of One unit cell [39].

Fig. 2: Geometry of the SRR-based antenna. (a) Top
surface. (b) Midlayer. (c) Bottom surface. (d) The overall
topology of the antenna (unit: mm) [38]

The antenna is composed of six unit cells of left-handed
metamaterial (LHM) and a dipole element. The dipole is
directly connected to three of six LHM unit cells, which are
arranged in a 2 2 3 antenna array forms as in fig. 5. In this
aspect, the proposed antenna is regarded as LHM loaded dipole
antenna. The antenna is matched with a stepped impedance
transformer and rectangular slot in the truncated ground plane.
The coupled LH resonances and simultaneous excitation of
different sections of unit cells and dipole result into broad
bandwidth [39].

The SRR-based antenna structures can be considered as a
magnetic dipole at the resonance according to the loop- current
distributions. The simulated and measured parameters of the
SRR-based antenna are shown in Fig. 3. The SRR-based
antenna has a reduced electrical size due to the increased
capacitance caused by the additional metal vias along the
gap. This improvement is similar to increasing the arm
length of the conventional SRR so as to reduce the resonant
frequency [38].
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5. MNG METAMATERIAL
A novel compact single-fed patch antenna loaded with the
RIS and the mushroom-like CRLH resonators has been
studied and presented for the CP radiation. It is realized by
exciting two orthogonal modes with a 90o phase
difference. Based on the similar principle and structure, a
dual-band microstrip antenna with different polarizations
has also been designed. It is shown that a good CP
radiation can be obtained by changing the patch size, the
configuration and the position of the embedded mushroom
structures [43].

The radiation properties of electrically small elliptical
patch antennas loaded by MNG metamaterials, have
reported some fascinate designs. These designs may
enhance the bandwidth of operation and tailor their
radiation and polarization properties by combining the two
orthogonal sub wavelength modes, contemporarily
supported by this geometry despite of its small size. Fig. 6
illustrates the geometry of the elliptical patch antenna
under consideration, where the orthogonal elliptical
coordinates and the coaxial feed location are defined. The
antenna consists of a metallic patch loaded by a grounded
inhomogeneous substrate with thickness, consisting of a
regular DPS dielectric shell with permittivity and
permeability and a magnetic metamaterial core with
permittivity and permeability, varying with frequency. The
semi major and semi minor axes are denoted by and for the
MNG material core, and by and for the surrounding DPS
dielectric layer. It follows that the eccentricity of the metallic
patch. The filling ratio is defined as the volume of the
metamaterial core divided by the total volume underneath the
patch [40-42].

Fig. 5: A broadband planar antenna is proposed by
loading a narrowband dipole antenna with six LHM unit
cells [39].

Fig. 7: Configurations of the proposed CP patch antenna
loaded with the mushroom- like structure and the RIS.
[43]
A magneto-dielectric substrate that can be embedded in the
host dielectric substrate is realized. The structure can influence
the constitutive parameters of the host dielectric substrate. In
this way, the magnetic permeability can be increased to
compensate for bandwidth reduction while miniaturizing the
antenna. Furthermore, the proposed substrate structure is
compatible with planar circuitry. Using the magnetodielectric substrate, a miniaturized microstrip rectangular patch
antenna is realized. The size of the miniaturized antenna is
reduced up to about 65% compared to a conventional
microstrip antenna. The microstrip antenna is then fabricated,
tested, and measured. The measurement results agree well with
those obtained from simulations [44].

Fig. 6: Geometry of an elliptical patch antenna partially
loaded with an MNG metamaterial in the elliptical
coordinate reference system. [41]

25

KIET IJCE

KIET International Journal of Communications & Electronics
Volume. No. 1, Issue No. 2, Mar – Jun 2013, ISSN: 2320 - 8996
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[7].

Fig. 8: Geometry of the miniaturized patch antenna
[45].
A new design methodology is introduced to produce highly
miniaturized patch antennas that are thin, low cost, and
easy to fabricate. Importantly, miniaturization is accompanied
by a very good impedance match, with a return loss of
more than 20 dB in all cases, and without significantly
compromising the radiation pattern. At least a
4.5 dB front-to-back ratio is maintained for a 75% size
reduction, with excellent isolation between the co- and
cross-polarized fields in both the E- and H-planes. There is a
tradeoff, however, since increased levels of miniaturization
result in a reduction of the bandwidth and radiation efficiency
of the antenna. But even with a miniaturization to 1/16 the area
of a traditional patch, the reductions in bandwidth and
radiation efficiency remain acceptable. Miniaturization is
achieved by loading the patch cavity using complementary
SRRs (CSRR). By duality with SRRs, these are excited by
the vertical electric field of the patch cavity mode, and thus
may be oriented horizontally between the patch and the ground
plane. The geometry of the CSRR is optimized in place to
produce appropriate antenna characteristics at frequencies
much lower than the resonant frequency of the unloaded patch
cavity. Applications of single negative (SNG) and double
negative (DNG) metamaterials have been extensively studied
in the miniaturization of sub-wavelength cavity and patch
antennas [43-46].
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