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Miniaturization of a Rectangular Microstrip
Patch Antenna Loaded with Metamaterial
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Abstract—In this paper a novel structure of metamaterial is
proposed in order to miniaturize a rectangular microstrip patch
antenna. The metamaterial is composed of two nested split octagons
which are located on a 10 mmX 10 mm Rogers RT/duroid 5880 with
0.7874 mm thickness and dielectric constant of 2.2. A 3x5 array of
such metamaterials is placed on the patch antenna substrate. By using
this metamaterial in the antenna structure, the dimension of this
proposed antenna is reduced compared to a simple microstrip patch
antenna. Simulation results for return loss and radiation pattern of
both proposed and conventional antenna are shown and compared.
The size of the proposed patch antenna is considerably smaller than
the wavelength of the operation frequency compared with the
conventional patch antenna.

Keywords—Metamaterial, miniaturization, patch antenna, sub-
wavelength resonance.

[. INTRODUCTION

NTENNAS are structures to send and receive

electromagnetic waves. Microstrip antennas are one type
antenna which are low-profile, low weight, low cost, easy to
fabricate and installation, and integrable with other microwave
devices [1]. Due to these advantages, they are used in mobile
radio and wireless communication systems, radars, missile
applications, etc. Nowadays, the need for smaller size
communication systems and small size antennas in radio
sensors and radars are continuously getting increased.
Therefore, antenna miniaturization is an important aspect in
wireless communication systems.

Although microstrip antennas are of small thickness, their
transverse dimension is in the order of half wavelength. So,
they are not small enough in their transverse dimension. By
now, a large number of different techniques have been used
for miniaturization of microstrip antennas. Slotting the patch
[2] and using shorting posts [3] are some of these techniques
which are not able to miniaturize the antenna to an acceptable
extent for the mentioned applications.

Another technique that is used to reduce the size of the
patch antenna is the employment of high permittivity
dielectric substrate [4]. Although this method well
miniaturizes the antenna, it brings about some side effects.
Using a substrate with a high dielectric constant increases the
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flow of surface waves, which results in the gain reduction and
deterioration of the radiation efficiency. Additionally, it
causes the impedance bandwidth of this structure to be
decreased. In order to not dealing with these problems,
nowadays, metamaterial  structures are used for
miniaturization of the antenna.

Metamaterials are artificial  structures, and their
electromagnetic properties don’t exist in nature. Employing
metamaterials in microstrip antenna substrate will result in the
improvement of the antenna parameters like bandwidth, gain,
efficiency, etc. Additionally, it is possible to miniaturize the
antenna as much as desired with these structures, without
dealing with surface waves problems. To date, many different
techniques have been proposed, based on the use of
metamaterials. Applications of double negative (DNG) and
single negative (SNG) metamaterials have been widely
studied by some research groups in miniaturization of sub-
wavelength cavities [5], waveguides [6], and antennas [7]-[9].

Recently, a CSRR! structure is used in miniaturization of
microstrip antennas [10]. In this research the results of using
CSRR and high permittivity substrate are compared with each
other. In [11], the combination of only three p-negative
metamaterial unit cells with air is used as a substrate of
microstrip patch antenna. The resonance frequency of this
antenna decreased to the resonance frequency of the unit cell,
so a sub-wavelength resonance occurred and the size of the
antenna reduced by 77%. Another research that is done to
miniaturize patch antenna, reduced its dimensions by about
58% [12]. Many other researches have been done on
miniaturizing the patch antenna [13], [14].

In this paper, we present the possibility of miniaturization
of a rectangular microstrip patch antenna by using a novel
structure of metamaterial, which is placed on the substrate.
First of all, the resonance structure of the metamaterial is
investigated and analyzed. Then the antenna structure at the
presence of this metamaterial in the substrate is investigated
and the return loss and radiation pattern of the proposed
antenna is compared with the conventional patch antenna with
the same dimension. Incorporating this proposed metamaterial
in the patch antenna reduces its resonance frequency, which
means that for this resonance frequency, the antenna with
proposed metamaterial would have smaller dimension
compared to a conventional patch antenna. However, as a
result of this miniaturization, the sub-wavelength mode of the
rectangular patch antenna is narrow in bandwidth and low
radiation efficiency.

! Complementary Split Ring Resonator
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II. METAMATERIAL AND ANTENNA DESIGN
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4.0 mm, 3.5 mm, 2.8 mm and 2.3 mm respectively. Both of 0
the gaps, g, in the octagons are 0.3 mm and the distance — _ ——Im ()
between octagons, d, is 0.845 mm. To analyze this structure, it §
is embedded at the middle of a TEM waveguide, which has \éﬂ
proper magnetic and electric boundary conditions on walls. 5 E———————
This is shown in Fig. 2. /3
The results of the return loss and relative constitutive = -
parameters of the unit cell (permittivity and permeability) are &

shown in Fig. 3 and Fig. 4 respectively. The constitutive
parameters are calculated from S-parameters by using retrieval
method introduced in [15]. As it is seen from Fig. 4, both of
the permittivity and permeability parameters are negative in a

specific frequency band. So this structure shows double
negative property and it can be used as a DNG medium. z
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Fig. 4 Constitutive parameters of the unit cell (a) permeability (b)
permittivity
The resonance frequency of this structure depends on the

gap dimension (g). By increasing the gap, the capacitance in
LC circuit model of the unit cell decreases. The decrement of
the capacitance, results the increment of the resonance
frequency of the structure.

Fig. 1 The unit cell structure and its dimensions:
L=W=10 mm, S;=4 mm, S,=3.5 mm, S3=2.8 mm, S;=2.3 mm,
g=0.3 mm, d=0.845 mm

B. Antenna Design

Fig. 5 shows the geometry of the proposed antenna. A 3X5
array of metamaterial which was described in section A is
placed in the substrate of a patch antenna. The substrate width
(Wg) is 50 mm and its length (Lg) is 30 mm. The patch
dimensions of this structure, wx |, are 18.4 mmx15.9 mm.
This antenna is fed by a microstrip line inset feed. The width
of the feed line (Wp) and the depth of the inset (d) have been
adjusted to match the antenna impedance to 50 Q. The size of
Wy is 4.08 mm and d is 5 mm. The distance between inset line
and the patch (y) is 1.8 mm.

Fig. 2 The metamaterial structure embedded in a TEM waveguide

355



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:7, No:4, 2013

When the patch antenna is loaded with this metamaterial, its
resonance frequency depends on the metamaterial constitutive
parameters. It means that the antenna resonates when the
constitutive parameters become negative. Therefore the
antennas resonance frequency shifts to the metamaterials
resonance frequency. In the proposed antenna, it is shown that
by loading a conventional rectangular patch antennas substrate
with a DNG metamaterial, a sub-wavelength resonant mode
on the patch will be excited.

ﬁ)@w&@ _

Fig. 5 The patch antenna structure in the presence of metamaterial
Wg=50 mm, Lg=30 mm, Wy=4.08 mm, d=5 mm, w=18.4 mm,
I=15.9 mm, y=1.8 mm

III. SIMULATION RESULTS AND COMPARISONS

Simulation result for return loss of the proposed antenna is
shown in Fig. 6. These simulations are obtained by using
Ansoft HFSS software.

As it is seen in Fig. 6, the resonance frequency of the
proposed antenna is 3.0 GHz. By this patch dimension, the
conventional antenna resonates at 6.0 GHz. When the
metamaterial is incorporated, the antenna resonates at a
frequency where the permittivity and permeability are
negative (Fig. 4). This reduces the resonance frequency of the
antenna from 6.0 GHz to 3.0 GHz. By reducing the resonance
frequency of the antenna, miniaturization happens, because,
the dimensions of the proposed antenna is smaller than a
conventional antenna which resonates at 3 GHz. This
miniaturization brings about 50 % size reduction. The
dimensions of the proposed patch antenna are as small as
0.273Ax0.236A.

Because these metamaterial structures are narrowband, the
bandwidth of the proposed antenna is smaller than the
conventional antenna. The -10dB return loss Bandwidth of the
proposed antenna, which is standard define for antenna
engineering applications, is 0.01 GHz, while the bandwidth of
the conventional antenna is 0.18 GHz.

The radiation pattern of the proposed antenna and the
conventional antenna at frequencies 6.0 GHz and 3.0 GHz are
shown in Fig 7. The gain of the antenna at frequencies
6.0GHz and 3.0 GHz are 6.53 dB and -4.72 dB, respectively.

It shows that by reducing the size of the antenna, its gain
decreases. So there is a tradeoff between gain and size of the
antenna. The comparison between the resonance frequency
and gain of the conventional antenna and proposed antenna
are depicted in Table I.
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Fig. 6 Return loss of the proposed patch antenna
TABLE 1
COMPARISON OF TWO ANTENNAS
Resonance
Options Patch dimensions frequency Gain (dB)
(GHz)
Conventional = 5055 %048 % 6 6.53
antenna
Proposed 0.273 2x0.236 1 3 -4.72
antenna

IV. CONCLUSION

A miniaturized microstrip patch antenna loaded with a
DNG metamaterial was investigated. The overall dimension of
the proposed antenna reduced about 50%. The location of the
operating frequency is tuned effectively by the resonance of
the metamaterial; therefore a sub-wavelength resonance was
produced by the help of metamaterials. The radiation pattern
and gain of the proposed antenna was deteriorated by size
reduction. So there is a tradeoff between size reduction and
gain of the antenna.

-180

(2)

356



(1
[2]

B3]
(4]

[

(6]

[10]

(]

[12]

[13]

[14]

International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438
Vol:7, No:4, 2013

-180

(b
Fig. 7 The radiation pattern (a) proposed antenna
(b) conventional antenna
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