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1. INTRODUCTION

The antenna is an irreplaceable component of the wireless communication system and is a matching
component between sources of electromagnetic energy and free space [1]. It is possible to integrate several
wireless systems into a single platform with the use of multiband antennas, which means the reduction of cost
and ease of use, especially in WLAN and WiMAX applications. So Antennas with multiband characteristics
have gained extensive attention. Some limitations accompanying antennas are limited gain, the directivity of
their radiation pattern, their physical size, their efficiency and operation at a single frequency.
Many researchers reported a variety of antennas for improving the above drawbacks. Due to the advantages
of low profile, low cost, broadband operating bandwidths, and simple structure, the application of printed
monopole antennas are increased for the past few years [2-4].

The optimum performance of the antenna is determined by feeding methods. CPW-fed antennas are
preferred because of their outstanding features, including the simple configuration of a single metallic layer,
the elimination of the complex interconnection with via and solder pads, less coupling with nearby RF
components and ease of integration with active MMIC devices. In 1969, Cheng P. We invented Coplanar
Waveguide (CPW) which is an alternative to Microstrip and Stripline that place both the signal and ground
currents on the same layer. The planar transmission line structure with ground and radiation patch on
the same layer is called a coplanar waveguide structure. Various types of coplanar waveguide antennas are
reported with goals of multiband, broadband miniaturization [5, 6]. Asymmetric CPW grounds
(rectangular and inverted L-shaped) with the slot monopole antenna for achieving the triple-band
characteristics were reported. Researchers have explored a lot of antennas based on CPW fed monopole
antenna with SRR structures for multiband and broadband applications.
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Split Ring Resonator (SRR) is composed of two coupled conducting rings with splits in opposite
sides printed on a dielectric slab having a relatively larger loss and narrower bandwidth. SRR replaced other
methods like loading of series capacitors and shunt inductors for the realization of planar metamaterials with
negative permeability. Broadside coupled split ring resonators have smaller electrical size compared to edge
coupled SRR [7-11]. Different SRR based monopole antennas are reported by modifying parameters of SRR
with the miniaturization of the antenna [12-14]. The equivalent inductance of the SRR is increased with
tapering the SRR and the equivalent capacitance of the SRR is decreased with an increase in the gap and
inter-ring spacing. Thus, the tapered SRR can be designed with the same resonant frequency as the uniform
SRR. However, the tapered SRR has wider bandwidth compared to the uniform SRR [15, 16].

The same radiation pattern in the region above the ground as a half-wave dipole in free space can be
achieved with the help of the A/4 monopole antenna [17]. The radiated power of monopole is only half as
much power as the dipole. Planar monopole antenna exhibits many attractive features, such as simple
structure, inexpensive easy integration with monolithic microwave integrated circuits (MMIC), low-profile,
comfortable to planar and non-planar surfaces. Linearly polarized (LP) and Circularly Polarized (CP)
operations were achieved by a multi-band coplanar monopole antenna with various structures [18].
Planar monopole antennas can be optimized to provide extremely wide impedance BW with acceptable
radiation performance.

The radio frequency identification (RFID) system in the Ultra High Frequency (UHF) band of
860-960 MHz range has gained importance as it provides a longer read range and fast reading speed.UHF
tags have good non-line-of-sight communication capability and a higher data rate and a typical read range of
up to 5m [19-20]. Different multi-band antennas have recently been proposed for WLAN (Wireless Local
Area Network) that meets the standards of 2.4GHz/5.2GHz/5.8GHz and the World Interoperability for
Microwave Access (WiMax) operating at 3.5GHz WiMAX IEEE 802.16 (3.4-3.6 GHz) [21-25].

In this paper, the CPW fed SRR loaded monopole antenna is presented which is useful for triple-
band operations. The lower band is applicable to the UHF RFID range and the higher two bands are suitable
for WLAN and WiIMAX applications. It has been observed that by adjusting the width of the SRR, resonant
frequency and bandwidth of the proposed antenna can be controlled.

2. ANTENNA DESIGN

A CPW fed planar monopole antenna with tapered SRR which uses inexpensive FR4 substrate with
1.6 mm thickness and relative permittivity of 4.4. is presented. Here the SRR structures are used to enhance
the radiating properties of monopole antenna due to the effect of coupling between SRR and radiating
element. The antenna excitation is through a CPW feed line. The center strip made of a conductor is
separated by a narrow gap from two ground planes on either side as in Figure 1(a). Monopole antenna is
coupled with the same SRR on the left side and right side with a gap between the monopole antenna.
Here the splits in the rings are placed opposite to each other which makes the SRR resonant at wavelengths
much larger than the dimensions of the rings due to the large capacitance in the gap between them.
The multi-band operation can be achieved by the combination of the monopole antenna and the SRR.
As no additional matching network is required, a significant improvement in the antenna characteristics can
be done by using coplanar waveguide instead of microstrip feeds. The reason for choosing a rectangular SRR
over a similar circular one is its lower magnetic resonant frequency and easier fabrication. Split ring
resonators (SRRs) are placed on both sides of the center strip as in Figurel(b) which are coupled to
the monopole antenna. Due to the coupling, the electric and magnetic fields of the monopole interact with
the SRR by exciting both the inner and outer split rings. The schematic diagram of the proposed monopole
antenna is shown in Figure 2(a). Figure 2(b) represents the fabricated antenna structure and measurement
setup. The dimensions of proposed CPW Fed SRR loaded monopole antennas are given in Table 1.
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Figure 1. Structures CPW-Fed planar monopole antenna, (a) basic monopole antenna,
(b) monopole antenna with uniform SRR, (¢) monopole antenna with tapered SRR
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Figure 2. (a) Schematic diagram of the proposed monopole antenna,
(b) Physical view of fabricated antenna and measurement set up

Table 1. Optimal dimensions of the proposed antenna

Parameters Unit(mm) Parameters Unit(mm)
L 154 W5 3
w 100 W6 12
L1 74 W7 8.3
L2 66 w8 55
L3 67 Gl 8
L4 48 G2 8
L5 325 G3 7
W1 52 G4 2.8
W2 5 G5 2
W3 3 G6 5
W4 2.7 G7 1.9

The unit SRR cell is modeled as a series resonator with inductance Lr, capacitance Cr, and
resistance Rr. The resonant frequency is given by:

1
VLr Cr

o o=27tfo= (1)

The resonant frequency can be varied by changing the SRR’s equivalent capacitance and inductance.
The effective inductance depends on metal rings of SRR and Effective capacitance is determined by the gaps
and slits in the rings. But when the equivalent inductance is increased by widely spaced narrow rings,
the equivalent capacitance will be reduced and vice versa. SRR with tapered edges is suitable for increasing
the equivalent inductance and capacitance of an SRR structure simultaneously. This type of increase will
provide a high level of miniaturization and better radiation characteristics.

The bandwidth for the structure:

_ [ _(@®?
BW. = \/; 2/(220) )
The relative bandwidth of SRR loaded in the system is increased by enlarging the fraction F, the fraction,

the cell volume occupied by the split ring and the ratio of g So by increasing this ratio, the bandwidth of
SRR can be controlled [16]. The tapered antenna is shown in Figure 1(c) with non-uniform edges of SRR.

CPW fed SRR loaded monopole antenna for triple band operations (Smitha K. M.)
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3. RESULTS AND ANALYSIS

The structure was presented for making bandwidth enhancement with the non-uniformity in
the width of edges of SRR. Bandwidth improvement and shifting of resonant frequency to higher frequency
occur at all frequency bands with gain improvement. Figure 3 (a) shows the simulated reflection coefficients
of the base and proposed monopole antennas. As predicted by the theory, Figure 3 shows that by adapting
the segment width of the SRRs, the resonant frequency is increased by about 7% from 0.8152 GHz for
the uniform SRRs to 0.8941 GHz in the case of tapered SRRs for the first band, 38% from 1.4088 GHz for
the uniform SRRs to 2.271 GHz in the case of tapered SRRs for second band and 2% from 3.629 GHz for the
uniform SRRs to 3.701 GHz in the case of tapered SRRs for the third band, Furthermore, the fractional
bandwidth is increased from 5.7% to 10.6% for first band, 9.9% to 10.1 % for second band and 3.8% to 8.1%
for third band. Table 2 compared all the results of CPW Fed SRR loaded monopole antenna.

Table 2. Comparison of simulated and measured results
Parameters Monopole with SRR(Simulated) Monopole with tapered Monopole with tapered
SRR(Simulated) SRR (Measured)

Frequency band (GHz) 0.7944-  1.3156- 3.5627- 0.86135- 2.1822- 3.5959- 0.85- 2.14- 3.56-
0.8412  1.4548 3.7019 0.90821 2.3955  3.8054 0.9452 237 3.86

Resonant frequency (GHz) 0.8152  1.4088 3.629 0.88412 2.278 3.6952 0.8941 2271 3.7011
Gain (dBi) 3 5.84 5.71 2.99 5.68 8.19 2.98 5.66 8.1
Bandwidth (MHz) 46.815 139.21 139.21 54.264 213.35  209.43 95 230 300
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Figure 3. Variations of reflection coefficients with frequency for CPW fed tapered SRR loaded
monopole antenna, (a) Simulated reflection coefficients of proposed monopole antenna (S11),
(b) Measured reflection coefficients of proposed monopole antenna (S11)

The measured results of CPW fed SRR loaded monopole antenna based on split ring resonator show
that frequency bands of S11<-10 dB are as follows: 0.85-0.9452 GHz,2.14-2.37GHz and 3.56-3.86 GHz,
which will cover UHF RFID (860-960MHz), WLAN (2.4 GHz) and WiMAX (2.3/2.5/3.5/ GHz) frequency
bands. Figure 3(b) compares simulated and measured Si1 in dB. The radiation patterns showing co and cross
polarization of E-plane and H-plane at resonant frequencies 0.88414GHz, 2.787GHz and 3.6987 GHz are in
Figures 4, 5 and 6 respectively.

Table 3 shows a comparison of proposed work with recently published papers for triple-band
operations achieved using CPW fed monopole antenna. Even though the size of the antenna is large
compared to the other two papers, the proposed work gives a band for RFID applications along with the other
two bands useful for WLAN/WiIMAX applications. Gain is also improved in the proposed antenna.
Bandwidth improvement and shifting of resonant frequency to higher frequency region at three frequency
bands are observed, but gain improvement occurred at third frequency band. The 860-960MHz ISM band is
utilized for passive UHF RFID in different countries. So first band 0.86135-0.90821 with center frequency
0.88412GHz is suitable for RFID application. The two higher bands 2.1822-2.3955 with center frequency
2.278GHz and 3.5959-3.8054 with center frequency 3.6952 GHz are suitable for WLAN/WIMAX
applications.
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Figure 6. Radiation patterns in different planes at f=3.6987GHz
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Table 3. Comparison chart of the proposed antenna and recently published paper for triple band operations
Parameter Ref.[24] Ref.[25] Proposed Work
Resonant frequency(GHz) 2.45,3.5and 5.5 2.45,3.5and 5.5 0.8941, 2.27 and 3.701
Gain( dBi) 3.73,32and42  2.1,2and 2.98 2.98,5.66 and 8.91
Size(mm?) 25x18 40x36 154x100

4,

CONCLUSION
This work has presented a CPW fed SRR loaded planar monopole antenna with tapered SRR.

Tapering has been developed with edges of non-uniform dimensions based on the current and voltage

distri

bution in the SRR structure. By this modification, the bandwidth is improved and the resonant

frequencies are shifted towards a higher frequency side. This strong and wideband resonance is required in
many applications—the lower band can be used for UHF RFID applications and higher bands are applicable
to WLAN/WIMAX applications. Further modifications will lead to an increase in bandwidth and
multiband characteristics.
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