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Abstract-Using metamaterial based 3 x 4 array split ring
resonators on to a stepped rectangular patch antenna with
defective ground plane is proposed for energy harvesting at
downlink radio frequency range of GSM 1800 band. The
study is focused on investigation for improvement in the
performance of antenna over the conventional patch antenna
by shaping the meta-material structure of superstrate layer.
The results showed an improvement of 17.25% (109MHz)
impedance bandwidth and gain of 61.16% (1.907). Also the
effects of position, the distance of superstrate layer (air gap)
and the dimensions of antenna are analysed. The results of
the simulation without and with metamaterial structure on the
performance of the antenna were discussed in this article.
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I. Introduction

RF energy harvesting uses the idea of capturing the transmitted
RF energy at ambient, either using it directly to power a low-
power circuit or storing it for later use. The concept needs an
efficient antenna along with a circuit which is capable of
converting ambient RF signals to DC voltage and the
conceptual block diagram of energy harvesting system is shown
in Fig. 1.
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Fig. 1. Conceptual block diagram of RF energy harvesting
system

Planar patch antennas offer many attractive features for
wireless applications. However, the major  disadvantages are
low gain and narrow bandwidth. Amongst various techniques,
one of the advanced approaches is to introduce the
metamaterial structure on to antenna’s superstrate. The
properties of metamaterial structure-based antennas have been
considered for high-gain applications (Wang et al. 2006,
Feresidis et al. 2005, Kim et al. 2009). Left handed material
(LHM) is a substance with negative values of permittivity and
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permeability and can be obtained by using combination of
split ring resonator and metallic wired based structure. In
microstrip patch antenna design, used the split ring structure
improved its bandwidth and gain (Buroker et al. 2005,
Eleftheriades et al. 2002, Sanada et al. 2004); applying
metamaterial based electromagnetic band gap structure had
enhanced its efficiency, return loss values, directivity and
radiation patterns (Kumar et al.2011); implementing mu-
negative (MNG) metamaterial structure achieved maximum
gain values at 3.1dBi at 0.47 GHz and 6.3 dBi at 2.44 GHz
(Bilotti et al. 2011); designing with a metamaterial
reflecting surface at 2.45 GHz for WLAN and achieving
gain improvement of 6.91dBi (Chaimool et al. 2009);
applying LHM characteristics of metamaterial achieved
bandwidth of 44% and gain of 5 dB at the operating
frequency range of 1.61 GHz - 2.52 GHz by simulation
(Gou, et al.2011); LH metamaterial characteristics by
simulation showed the return loss of -34.4 dB at 1.5 GHz
(Garg and Gautam 2011); with metamaterial ground plane
structure contributed the return loss of more than -22 dB and
386 MHz wider bandwidth at 3.188 GHz (Garg, et al. 2011).
In this article, the proposed antenna with defective ground
plane utilized the LHM characteristics of metamaterial as
superstrate, which operates at the impedance bandwidth
range of 1532 MHz to 2333 MHz (741 MHz) and gain of
5.025dB. This fulfilled the requirement of wideband antenna
for RF energy harvesting at downlink radio frequency range
of GSM-1800 band. The special features of this proposed
antenna is on the use of metamaterial, its design structure,
ground plane technique and the frequency of operation
which are all differed from the previous works described.
Il. Antenna Design

The proposed antenna geometry and configuration is shown
in Fig. 2 and the 2D side view is shown in Fig. 3. The design
structure consists of three layers: a planar stepped
rectangular patch with defective ground plane, air gap, and
metamaterial superstrate layer. The FR4 substrate with 1.6
mm thickness and dielectric constant (g,) of 4.3 was used for
both the patch antenna and metal layer structure. The
structure of the stepped patch antenna was printed on one
side of the substrate with the partial ground plane on the
other side. The partial ground plane width and length are
denoted by G, and Gy, the two steps on the patch antenna
are denoted by S; and S, and the feed line is denoted by F.
The existence of these steps provides the different resonant
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frequencies in the specified frequency band. The change in the
resonant frequency is due to the role played by various factors
such as step dimension, position, feed line and the partial
ground plane. This causes a change in electric and magnetic
field distributions near the discontinuities. The altered electric
field distribution exhibits a change in the capacitance and the
change in magnetic field distribution presents in terms of
equivalent inductance. When these steps are cascaded, the
resulting bandwidth of antenna structure will be increased. The
basic width and length of a patch antenna are denoted by W and
L, formalized by the equations (1), (2) and the effective
dielectric constant &,.¢ is determined from the equation (3)
which was obtained from (Balanis 2005, Stutzman et al. 1997).

ForW/h>1
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Fig. 2. Configuration of rectangular stepped patch antenna with
defective ground and superstrate layer
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Superstrate layer

Substrate

Fig. 3. 2D side view of rectangular stepped patch antenna
with defective ground and superstrate layer

The proposed patch antenna dimensions were optimized to
obtain the better gain and wide impedance bandwidth; the
patch is excited by a 50 Q feed line. The optimized
dimensions of the antenna structure are shown in Table 1.

Table 1. Dimensions of stepped patch antenna geometry

Basic
Configuration Patch antenna Fe_ed Ground
ST 3 Line Plane
Variable w L

w L W L w L W | L

Dimensions |74.5 |40 | 38 45 105 | 55 3.14 45 80 (13.7
(mm)

The superstrate structure was designed on FR4 substrate
with the same characteristics as patch antenna and was
supported by foams so that it keeps an air-gap above the
patch, which provides the improvement of impedance
bandwidth and gain in this study. The resonant condition can
be satisfied by adjusting the metamaterial structure,
including dimensions of unit-cell and strip conductor sizes.
There is a compromise amongst the gain improvement,
impedance matching and the overall height of the antenna.
The superstrate structure consisted of an array of (3x4) unit
cells. The unit-cell was a single squared split-ring resonator
with a side length of 12.3 mm. Each cell had a spacing of 1
mm in x-direction and 1 mm to the adjacent ones and its
equivalent circuit is shown in as shown in Fig. 4 and Fig. 5.
The gap and metallic of SRR represents the capacitance and
inductance respectively. In this article, the unit cell consists
of a combination of paired ring and single resonators, with a
strip conductor behind aligned to the center of ring
resonators. The PRRs possess both pronounced magnetic
and electric responses.

The superstrate structure of split rings resonator (SRR)
array was on the top of FR4 and four strip conductors were
at the bottom of superstrate layer and were aligned to the
each column center of squared split rings, which was
suspended over a transmission line fed patch antenna. The
geometry and dimension details of squared split ring and
strip conductor are shown in Fig. 4. The thickness of the air-
gap, which was sandwiched between the patch and the
superstrate layer, was adjusted to obtain good impedance
matching and best performance at the down link radio

frequency range of GSM1800 band.
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The effect of ground plane is the vital factor in the present
design of antenna for the required application. This result was
made by selecting the partial ground plane with the dimension
of 80 mm x 13.7 mm which is about 3.4 times less than the size
of the patch antenna used by the technique developed in (Garg
et al. 2001).
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Fig. 4. Geometry and dimensions of (a) Single squared split
ring structure (b) Strip conductor

Fig. 5. Equivalent circuit of single SRR’s

I Methodology
On the properties of the antenna designed without and with
metamaterial superstrate, all of the full wave analysis was
performed, simulated and had been optimized through
Technology (CST) microwave studio, version 14, using
electromagnetic transient solver. First, the patch antenna
designed was simulated and optimized the dimensions at down
link radio frequency range of GSM1800 band and the results of
simulation were recorded. Next the metamaterial structure was
introduced above the patch antenna with an air gap (gh) and
parametric optimization was carried out in CST environment to
obtain better gain, and impedance bandwidth for the desired
frequency band.
Also a Nicolson-Ross-Weir (NRW) method (Ziolkowski, 2003)
was used to verify the double negative properties of 3 x 4
array metamaterrial structure resonator for the desired
frequency band.
Permittivity & permeability for NRW approach was obtained
(Garg et al. 2012) using equations (4) and (5).
Metamaterial superstrate structure was placed (Hrabar, S. and
Bartolic, J. 2003, Hrabar et al. 2005) between the two
waveguide ports at the left and right hand side of the X axis.

IJER@2014

ISSN:2319-6890)(online),2347-5013(print)
01 Oct. 2014

Y-Plane and Z-Plane are defined as Perfect Electric and
Magnetic Boundaries (PEB and PMB) respectively as shown
in Fig.5 to create internal environment of waveguide. The
simulated S-Parameters S;; and S,; are then exported to
Microsoft Excel Program for verifying the Double-Negative
properties of the proposed metamaterial structure.

LI

Fig. 6 Proposed metamaterial structure between the two
waveguide ports at the left and right of the X-axis

_ Z2xc(l —wy) 4
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where,

V2 =521-511,

e = Frequency in Radians,

h = Thickness of the substrate,
¢ = Speed of light,

177 = Voltage Minima,

ur = Relative permeability,

er = Relative permittivity.

IV. Results and Discussion
The simulation results of return loss versus frequency for the
proposed antenna with superstrate structure at different
heights (gh) of patch are shown in Fig. 7and its performance
was shown in Table 2. The results from the graph indicates
the better return loss of -30.3 dB for the air gap (gh) of 40
mm, and a return loss of -26.89 dB for the air gap (gh) of 38
mm at 1841/42 MHz, the center frequency of the desired
radio frequency band (1805 MHz -1880 MHz). Decrease in
air gap still lowering the return loss and the frequency is
slightly shifted away from the desired center frequency,
hence chosen to use the best one as 38 mm air thickness for

implementation.
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Table 2. Performance of proposed antenna for variation in
air thickness

Air gap Resonant Return Impedance
(gh)(mm) | Frequency(MHz) | Loss(dB) | Bandwidth(MHz)
36 1848 -24.6 739
37 1846 -25.6 740
38 1842 -26.89 741
39 1841 -28.44 741
40 1841 -30.3 741
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Fig. 7. Comparison of return loss results for the proposed
antenna with variation in height (gh) from patch to superstrate
layer

The results of return loss versus frequency for the proposed
patch antenna without and with the metamaterial structure are
shown in Fig. 8. At the desired operating frequency1842 MHz
(the center down link radio frequency band of GSM 1800)
without superstrate layer the return loss and impedance
bandwidth are -43.14dB, 632 MHz and with superstrate are -
26.89dB, 741 MHz respectively. The bandwidth of proposed
antenna is increased by 109 MHz (17.25 %) compared with
conventional patch antenna. This clearly indicates good
impedance matching, and this was also supported by the height

(thickness) of the air gap, which was close to the value of A/4.
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Fig. 8. Simulated results of return loss for the proposed patch
antenna with and without the superstrate structure

The results of gain obtained without and with metamaterial
superstrate structure is shown in Fig. 9 and Fig. 10. The gains
of the antenna without and with superstrate are 3.118 dB 5.025
dB at the center radio frequency (1842 MHz) of desired
frequency band. This shows that the proposed metamaterial
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structure has a positive effect in focusing energy within a
narrow beam width. The work involved basically to harvest
energy from ambient at GSM1800, antennas having
reciprocal characteristic, this antenna with superstrate
structure provided very good harvesting characteristics, and
is highly directional, comparing with without superstrate
layer patch antenna.

Type Farfield
Approximation  enabled (kR >> 1)
Monitor farfield (f=1.842) (1)
Component Abs
Output Gain
Freguency 1.642
Rad. effic. -0.1008 dB
Tot. effic. -0.1010dB
Gain 3.118d8
([}
3.12
2.34
1.56
8.779
[
-9.22
-18.%4
=211
-36.9

Fig. 9. Computed results of gain for the proposed patch
antenna without superstrate structure

Type Farfield
Approximation  enabled (kR »» 1)
Monitor farfiekd (f=1.842) (1]
Component Abs
Output Gain
Frequency 1842
Rad. effic. -0.1128d8
Tot, effic. -0.1217 dB
Gain 5.025d8
(i}
5.8
3.1
2.5
1.2
[}
-§.74
-17.5
-26.2

Fig. 10. Computed results of gain for the proposed
patch antenna with superstrate structure
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Fig. 11 shows the comparison of gain for the proposed antenna
without and with meta-material structure. The results indicate
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that the gain was improved by 61.16 % in the desired range of
frequency band over the conventional patch antenna.

-

Gain(dB)
IS o o
/

w
\

(X}

~—Simulation(Patch antenna
without metamaterial

——Simulation(Patch antenna
with metamaterial)

0
12 14 L6 L8 2 22 24
Frequency(GHz)

Fig 11 Comparison of gain for the proposed patch antenna
without and with superstrate structure

Fig.12 and Fig. 13 shows the result of double negative (DNG)
characteristics i.e. permeability (u,) and permittivity (er) of the
proposed antenna for desired frequency range of GSM 1800
band.
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Fig. 12 Permeability versus Frequency
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Fig. 13 Permittivity versus Frequency

Table 3. Summary performance of metamaterial based stepped
rectangular patch antenna with defective ground plane
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; ; At-10 dB Impedance
Sihulation fiand f, Bandwidth et | cain(as)
frequency(MH?z) (MH2) (dB)
i -43.14
(without 632
metamatorial) | 1555 A0 2187 | 3y 000k o (1842)MH2 3118
(with 741 -26.89
metamaterial) | 1928192333 | 40 2000@1842) | (1842 MHz) | 597
V. Conclusion

The 3x4 array of metamaterial based squared split ring
resonator on to a rectangular stepped patch antenna with
defective ground plane has been proposed in this article.
From the achieved results, it can be inferred that with the
use of metamaterial structure in antenna increases Gain and
Bandwidth over the conventional patch antenna. This also
shows the focusing effect on properties of metamaterial for
the performance improvement. Therefore, from the results
and analysis, the designed antenna is well suited and can be
employed for the energy harvesting at the downlink radio
frequency range of GSM-1800 band.
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