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ABSTRACT

Microstrip antennas are widely employed in communication system and seekers. Printed antennas provided

attractive features such as low profile, low weight and low production cost. These small printed antennas

suffers due to narrow bandwidth and low gain. To overcome the drawback, metamaterial technology comes

into picture. Metamaterial is used to design a small printed antenna with high gain and wider bandwidth. A

survey of various techniques used in Metamaterial based print antennas are presented in this paper.
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I. INTRODUCTION

which

exhibits unique properties which cannot be achieved

Metamaterials are artificial materials
by conventional material. Simply Metamaterials are
man-made twisted and composite structures with the
assemblies of multiple (metal- Plastic) elements. The
properties of the material is not from the base
material, it depends on the designed structure. The
shape, geometry, size and orientation of the
metamaterial will manipulate the Electromagnetic

waves.[1]

1.1 Basics of Metamaterial
Recently, there has been growing interest in the study
both

experimentally. Metamaterials (MTM) are artificial

of  metamaterials theoretically  and

materials engineered to have properties that may not
be found in nature. The invention of metamaterial
was started in 1960s. In 1967, Victor Georgievich
Veselago [2] the

studied electrodynamics of
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substances with simultaneously negative values of
dielectric permittivity (¢) and magnetic permeability
(u). Positive permeability and permittivity are the
basic properties of conventional materials available in
nature called as Double Positive (DPS) materials.
Metamaterials are termed as Double Negative (DNG)
materials due to the property of negative dielectric
permittivity (¢) and magnetic permeability (p).
Metamaterials consist of two concentric metallic rings
with a split on each ring .this structure represent a LC
resonator, which exhibits magnetic resonance. G.
Veselago found that the Poynting vector of the plane
wave (group velocity) is antiparallel to the direction
of the phase velocity, which is contrary to the
conventional case of plane wave propagation in
natural media. So he mention the term "left-handed
substance," that this term is equivalent to "substance
with negative group velocity”. Although metamaterial
does not present in nature, interesting properties
were theoretically predicted for these substances,

such as the reversal of the Snell Law, Doppler Effects,
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and Cherenkov radiation etc. Metamaterials are
sometimes referred to as Negative Index Materials

(NIM) as they exhibit negative index of refraction. .

Metamaterial structure consists of Split Ring
Resonators (SRRs) to produce negative permeability
and thin wire elements to generate negative
permittivity. SRR is a novel design consisting of two
concentric rings with a split on each ring. The
structure is called resonator since it exhibits a certain
magnetic resonance at a certain frequency. Split ring
resonators can result in an effective negative
permeability over a particular frequency region. The
SRR structure is formed by two concentric metallic
rings with a split on opposite sides. This behaves as an
LC
capacitance that can be excited by a time-varying

field

resonator with distributed inductance and

external magnetic component of normal

direction

II. Structure of Metamaterial
There are mainly 4 types of metamaterial

structures as antenna substrate:

« 1-D Split Ring structure

+  Symmetrical Ring structure

*  Omega structure

*  Sstructure
All the metamaterial antennas are designed based on
any one of these substrate structures. 1-D structures
are easier to fabricate and construct. Symmetrical
Ring structure tends to yield clean retrieval response
as there is less ringing effect from time-domain
simulation. Also there is less coupling between the £
field and the A field. Omega-shaped structure is a
new metamaterial structure. But the increased
complexity in the structure. There are no rings or rod
parts are present in S structure and hence the results
are relatively better. In comparison with other three
structures, the Symmetrical-Ring structure provides a
better directional beam and is easier to tune its

permeability because of its rings are symmetrical.[3]

I1I. Properties of Metamaterial
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Consider the Maxwell's first order differential

equations,

VxE=-jouH (1)
V x H = jweE (2)

Where w is an angular frequency.
For a plane-wave electric & magnetic fields like
E = Eo(—jk .r+jwt) 3)
H = Ho(—jk .r+jwt) (4)

where k is a wave vector, the equations (1) and (2)

will become
k x E =wuH (5)
k x H=-weE (6)

For simultaneous positive values of & and p, the
vectors E, H and k make a right handed orthogonal
system and wave will propagate in forward direction.

For simultaneous negative values of € and p, equations

(5) and (6) can be rewritten as

kxE =w|u|/H (7)
kxH=wle|E (8)
Energy flow is determined by the real part of the
Poynting Vector
S=% (ExH)

For simultaneous change of sign of permittivity and
permeability, the direction of energy flow is not
affected, therefore, the group velocity will be positive
for both left-handed and right-handed system.

Refractive index is given as

n= e

And phase velocity is given as

where c is the velocity of light in vacuum.

For right handed system, n is positive, thus the phase
velocity will be positive. Therefore, energy and wave
will travel in same direction resulting in forward

wave propagation.
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For left-handed system, n is negative, thus the phase
velocity is negative. Hence the direction of energy
flow and the wave will be opposite resulting in
backward wave propagation. Backward waves may
commonly in non-uniform waveguides.

[4],(5,[6].

appear

IV. Metamaterials in Patch Antenna
There are various issues while we design a patch
antenna such as - compactness in size, high gain,
directivity enhancement, increased bandwidth, and
suppressed sidelobes. Metamaterials are being used for
improving the performance of patch antennas.

4.1 Directivity and Gain Enhancement

Effective permittivity can be expressed as
where wp and w are the plasma frequency and the
frequency of the electromagnetic wave.
When resonant frequency is equal to plasma
frequency, the effective permittivity will be zero.
If w=w, then €_,.=0
= e 7 =
N =y Capr beps = 0

Thus when operating at the plasma frequency, there
will be zero index of refraction. Directivity and gain
can be increased by using metamaterial as antenna
substrate.

If a source is embedded in a substrate with zero index
of refraction, then according to Snell's law, the
exiting ray from substrate will be close normal to the
surface. Then, all the refracted rays will be in almost
the same direction around the normal. Therefore, if
the operating frequency is closer to the plasma
frequency, directivity can be improved.

a) A metamaterial for directive emission

Enoch er al, had used metamaterial as substrate [7].
The layers of copper grids separated by foam were
used as metamaterial. This metamaterial possessed the
plasma frequency at about 14.5 GHz. Monopole
antenna fed by a coaxial cable was used as a source of
excitation and the emitting part of the monopole was
the the

metamaterial substrate. And also a ground plane was

approximately centered at center of

added to substrate. It had the best directivity at 14.65
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GHz. Since the metamaterial has a plasma frequency
at about 14.5 GHz, the index of refraction is close to
zero at this frequency. According to Snell's law, the
refracted ray from the metamaterial will be very close
to the normal of it. Hence he obtained the best
directivity at 14.65 GHz.

LWu. et al, used the same technique for obtaining
high directivity [8] as used in [7]. He used the dipole
antenna as source of emission instead of monopole
antenna. The dipole antenna was embedded in
metamaterial substrates. The periodic structures of
rods, or of both rods and rings were used as
metamaterial. Ground planes were not used there. He
used the different methodology and the process of
analysis. He placed method for farfield radiation was
used.

b) Emitting antenna fabricated by anisotropic
metamaterial

Y. G. Ma er al, represented that the directivity of an
EM emission could be more improved by embedding
the source in an anisotropic metamaterial with either
effective permittivity or effective permeability nearly
zero [9].

The difference between this [7] and the technique of
Enoch er al, The first one lies in the problem of
impedance mismatch between the e-near-zero (ENZ)
matrix and surrounding air. The metamaterial used
was anisotropic with effective permittivity near zero,
allowing it to match the surrounding media at the
proper polarizations. By using the anisotropic slab,
the emitted wave received in surrounding air exhibits
the characteristics of plane wave same as the straight
wavefront parallel to the interface shows when it is
propagating along + x axis [10]. It was shown that the
high directivity can be supported by this anisotropic
matrix.

C) Improvement of Characteristics of Microstrip
Antenna Using of two Metamaterial Superstrate

R. Khajeh Mohammad Lou et al, used two types of
metamaterial superstrates [11] to increase directivity,
gain and bandwidth. Directivity enhancement was
based on zero index refraction phenomenon. The

radiation energy of patch antenna is concentrated
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near zero index refraction. The S coupled and Double
split rings were used as metamaterial superstrates.
Using 5x7 array of the coupled S-shaped structures,
the near zero refractive index was observed in the
frequency range of 13.5-17.5 GHz. Hence the radiated
energy will be concentrated in this frequency range
and directivity will be maximum. A 6x7 array of
Double split ring structures near zero refractive index
was also used.

The metamaterial superstrate layer was placed about
one third of the operating wavelength, ie., \/3 above

ground plane to increase the gain.

D) Microstrip Patch Antenna with Pentagonal Rings

Bimal Garg, et al, presented a "Pentagonal Rings"
shaped metamaterial cover [12] to enhance the gain
and directivity of microstrip patch antenna. The
designed metamaterial has negative values for both
The

metamaterial cover was placed at a height of 3.2 mm

effective  permittivity and permeability.
from the ground plane. As left handed metamaterial
has the property of focusing radiations of antenna [14],
the directivity had been increased about 2.019 dB and

the gain had improved.

E) Gain Enhancement using Patterned Structures

Le-Wei Li, et al, used the completely different
approach [18] to enhance the bandwidth and gain of a
conventional patch antenna. He applied the planer
metamaterial patterned structures directly on the
upper patch and bottom ground of the substrate.
Periodically distributed isolated micro triangles gaps
the

periodically distributed cross strip gaps were designed

were designed on the upper patch and
on the bottom ground plane. A capacitive-inductive
equivalent circuit was formed by the coupling of
upper patch and bottom ground plane. Thus, a
backward wave was induced which travelled along
the plane of patch. Therefore, the radiation along the
patch direction was enhanced which in turn
increased the bandwidth and gain.

F) Left-handed Metamaterial Structure in Antenna

Cover
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Zhongqging Wang, er al, designed a left-handed
metamaterial cover [20] to enhance the gain and
directivity of antenna. This left handed metamaterial
cover was designed with a microstrip line, two
symmetrical triangular split ring resonators printed
on the substrate. There were also two gaps cut on the
metal ground plane which made it DGS. This left
handed metamaterial cover has negative permittivity
and permeability in various frequency bands. When
the left-handed metamaterial cover was placed above
the antenna, the gain and directivity of antenna was
increased and resonant frequencies were shifted
towards lower side.

V. Bandwidth Enhancement
a) Broadband Dual-Mode Monopole Antenna
Marco A. Antoniades, et al, presented a printed
monopole antenna loaded with metamaterial to
achieve broadband dual mode operation [21]. The
metamaterial used was negative refractive index
transmission line. The metamaterial loading was
adjusted to support even mode current at 5.5 GHz
which transforms the antenna into short folded
monopole. At 3.55 GHz, the ground plane radiates
due to in phase current along its top edges. The
ground plane radiates a dipole mode orthogonal to
folded monopole mode, thus resulting a wideband of
4.06 GHz.

b) Broadband Microstrip Antenna with Left-Handed
Metamaterials

Merih Palandoken, et al, presented a compact
broadband microstrip antenna [22] loaded with left-
handed metamaterial and dipole. The proposed
antenna consists of six unit cells of negative refractive
index metamaterials fashioned in 2x3 antenna array,
and a dipole. The impedance of antenna was matched
with a stepped impedance transformer. It was also
matched with rectangular slot cut in the truncated
ground plane. The phase compensation and the
coupled LH resonance properties resulted into its
broad bandwidth (63 %) over the band 1.3-2.5 GHz.
C) Series-Fed Metamaterial Microstrip Antenna Array
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Lang Wang, et al, presented a series fed array of
rectangular microstrip metamaterial patches [23].
This

enhanced the bandwidth and gain of the antenna.

series fed array of metamaterial patches
The feedline connecting the metamaterial patches
was off-centered. The shunt fed array was also used

for providing bandwidth but it has large dimensions.

d) Broadband and High gain Metamaterial Microstrip
Antenna

Lang Wang, et al, Presented that by applying the
planar metamaterial patterned structures directly on
the upper patch and bottom ground of the dielectric
substrate, so the patch antenna can have an excellent
performance.[24] Normally in  conventional
microstrip antenna, patch is mounted on a substrate
and backed by a conducting ground plane. The paper
proposed that a planar LHM pattern on the
rectangular patch antenna mounted on the substrate
is designed to enhance its horizontal radiation as well
as to broaden its working bandwidth via its coupling
with the conducting ground backed to the substrate
and patterned in a different way. On the upper patch,
the periodic gaps are designed in the form of isolated
micro triangles while on the bottom ground plane.
Periodically distributed cross strip-line gaps are
designed. To maintain the transmission consistency of
input energy, the metal in and around the feed-line
area is, however, not etched.

The proposed antenna is designed to have the 0.4 mm
gap at the bottom, and the 10 dB bandwidth which is
standardly defined for engineering applications falls
within 53 and 85 GHz which is 3.2 GHz in
bandwidth and is 16 the

conventional antenna. He also analyzed that When

times wider than
the gap at the bottom becomes 0.3 mm, the 10 dB
bandwidth turns within 5.7 and 8.6 GHz which is 2.9
GHz in bandwidth, and is 14.5 times wider than the
conventional antenna.

e) Bandwidth enhanced printed dipole antenna

M.A. W. Noordin er al, presented that the dipole is
built on top a ceramic based substrate. In order for
matching the ground plane was truncated and made

partial.[27] By loading the end of the dipole, means
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for uniform current distribution. The metamaterial
elements were loaded on the shape of triangle, which
loading. This

loading was placed on top of the dipole antenna. The

provides capacitive metamaterial
designed antenna works on 1.3 to 2.2 GHz. The
antenna has a total bandwidth of 56 % at the lowest
resonant frequency.

VI. CONCLUSION
With the rapid

communication Microstrip patch antennas are crucial.

development of wireless
But these microstrip antennas have some limitations

amongst its numerous advantages. Several
investigations are going on to improve the gain and
bandwidth of patch antenna. The studies have come
up with a concept of metamaterial substrates. This
survey various Metamaterials techniques were
summarized to enhance the gain and bandwidth of
printed antennas.
VII. REFERENCES

[1] J. B. Pendry, A. J. Holden, D. J. Robbins and W.
J. Stewart, ‘‘Magnetism from Conductors and
Enhanced Non- Linear Phenomena”, IEEE Trans.
Microwave Theory Tech., vol. 47, (1969), pp.
207584.

[2] V. G. Veselago, “The Electrodynamics of
substances with simultaneously negative value
of epsilon and mu”, Soviet Phys. Usp., vol. 10, no.
4, (1968), pp. 509-514.

[3] W Wang, B.-I. Wu, J. Pacheco, X. Chen, T.
Grzegorczyk and J. A. Kong, “A study of using
metamaterials as antenna substrate to enhance
gain”, PIER 51 (2005), pp. 295-328.

[4] C. Caloz, H. Okabe, H. Iwai and T. Itoh,
“Transmission line approach of left-handed
metamaterials”, Proc. USNC/URSI Nat. Radio Sci.
Meeting, (2002), pp. 39, San Antonio, TX.

[5] P. A. Belov, R. Marque’s, S. I. Maslowski, I. S.
Nefedov, M. Silveirinha, C. R. Simovski and S. A.
Tretyakov, “Strong spatial dispersion in wire
media in the very large wavelength limit”, Phys.

Rev. Lett., vol. 67, paper 113103, (2003).

314 L



[6] L. D. Landau, E. M. Lifshitz and L. P. Pitaevskii,

“Electrodynamics of Continuous Media
Pergamon”, New York, (1984).

[7] S. Enoch, G. Tayeb, P. Sabouroux, N. Guerin and
P. Vincent, “An metamaterial for directive
emission”, Phys. Rev. Lett., vol. 89, no. 21, no.
213902, (2002).

[8] . Wu, W. Wang, J. Pacheco, X. Chen, T.
Grzegorczyk and ]. A. Kong, “An study of using
metamaterials as antenna substrate to enhance
gain”, Progress In Electromagnetics Research,
PIER, vol. 51, (2005), pp. 295-328.

[9] Y. G. Ma, P. Wang, X. Chen and C. K. Ong,
“Near-field plane-wave-like beam emitting
antenna fabricated by anisotropic metamaterial”,
Applied Phys. Lett., vol. 94, no. 044107, (2009).

[10] J. B. Pendry, D. Schurig and D. R. Smith,
“Controlling Electromagnetic Fields”, Science,
vol. 312, no. 1780, (2006).

[11] R. K. M. Lou, T. Aribi and C. Ghobadi,
“Improvement of Characteristics of Microstrip
Antenna Using of Metamaterial Superstrate”,
International Conference on Communication
Engineering, (2010), pp. 126129.

[12] B. Garg, N. Agrawal, V. Sharma, A. Tomar
and P. Dubey, “Rectangular Microstrip Patch

Shaped

Metamaterial Cover”, International Conference

Antenna with ‘‘Pentagonal Rings”
on Communication System and Network
Technologies IEEE, (2012), pp. 40-44.

[13] D. R. Smith, W. J. Padilla, D. C. Vier, er al,
“Composite medium with simultaneously
negative permeability and permittivity”, Phys.
Rev. Lett., vol. 84, (2000), pp. 4184-4187.

[14] N. and R. W. Ziolkowski,
“Metamaterial ~ Physics &  Engineering
Explorations”, (2006).

[15] H. Attia, O. Siddiqui and O. M. Ramabhi,

“Artificial Magneto-superstrates for Gain and

Engheta

Efficiency Improvement of Microstrip Antenna
Arrays”, PIERS Online, vol. 6, (2010).
[16] H. Attia and O. M. Ramahi, “EBG superstrate

for gain and bandwidth enhancement of

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com)

microstrip array antennas’, Proceeding of IEEE
Antennas and Propag. Society International
Symposium, (2008), pp. 1-4.

[17] Y.]J. Lee, J. Yeo, R. Mittra and W. S. Park,
“Application of electromagnetic bandgap (EBG)
superstrates with controllable defects for a class
of patch antennas as spatial angular filters”, IEEE
Trans. Antennas Propagation, vol. 53, no. 1,
(2005), pp. 224-235.

[18] L.-W. Li, Y.-N. Li, T. S. Yeo, J. R. Mosig and
O. J. F. Martin, “An broadband and high-gain
metamaterial microstrip antenna”, Applied Phys.
Lett., vol. 96, no. 164101, (2010).

[19] O. M. Haraz and A.-R. Sebak, “Gain

in Ultra-Wideband Antennas

backed by a suspended ground or covered with

enhancement

metamaterial superstrates”, IEEE Conference,
(2012).

[20] Z. Wang, B. Li and L. Peng, “Application of
Novel Left-handed Metamaterial Structure in
Antenna Cover”, iWEM Proceedings, IEEE,
(2012).

[21] M. A. Antoniades and G. V. Eleftheriades,
“An Broadband Dual-Mode Moopole Antenna
using NRI-TL Metamaterial Loading”, Antennas
and Wireless Propagation Letters, IEEE, vol. 8§,
(2009), pp. 258-261.

[22] M. Palandoken, A. Grede and H. Henke,
“Broadband Microstrip Antenna with Left-
Handed Metamaterials”, IEEE Transactions on
Antennas and Propagation, vol. 57, no. 2, (2009),
pp. 331-338.

[23] L. Wang, L. Wang and J. L.-W. Li, “An Series-
Fed Metamaterial Microstrip Antenna Array of
Broadband and High-Gain”, iWEM Proceedings,
IEEE, (2012).

[24] L.-W.Li, Y.-N. Li, T.-S. Yeo, J. R. Mosig and
O. J. F. Martin, “Addendum: 'A Broadband and
High gain Metamaterial Microstrip Antenna'
[Appl. Phys. Lett. 96, 164101,2010]”, Appl. Phys.
Lett., vol. 99, (2011),

[25] L.-W.Li, Y.-N. Li and J. R. Mosig, “Design of

a Novel Rectangular Patch Antenna with Planar

a5 L



Metamaterial Patterned Substrate”, (Invited
Paper), Proc. of 2008 Intl Workshop on
Antennas Technology, Chiba, Japan, (2008), pp.
123-126.

[26] L.-W. Li and K. Xiao, “Braodband and High-
Gain Metamaterial Microstrip Arrays”, (Invited
Paper), Proc. of 2010 European Conference on
Antennas and Propagation (EuCAP2010),
Barcelona, (2010).

[27] M.A. W. Nordin and M.T. Islam, “A

Bandwidth enhanced printed dipole antenna
with metamaterial — inspired loading”, IEEE

International conference, Malaysia (2013).

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 316



