Printed Double-T Monopole Antennas for Triband Applications
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Abstract: -In this paper, we have investigated printed double-T monopole antennas for tri-band applications. A close form formula for calculating the antenna resonance frequency is reported. Such printed monopole antennas are compact, less fragile, planar and easy for design and fabrication.
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1
Introduction

An antenna is a transducer designed to transmit or receive electromagnetic waves. It converts electromagnetic waves into electric current and vice versa [1]. Antenna is a very important part of any wireless systems. It is the device from which any signal is radiated into free space. Most antennas usually work in single frequency band. Antennas, which can work properly in more than one frequency regions, are termed as Multi-band antennas [2-3]. 
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Fig. 1  Geometry of the double-T printed monopole antenna 

Triband antennas as the name suggests could properly function in three frequency bands. The frequency regions, where antennas works as an effective radiator of electromagnetic waves are the frequency regions, where the antenna reflection coefficient, s11 is below -10 dB. Multi-band antennas are generally much more complex than the single band antennas in their design, structures and operations. In this paper, we will investigate printed double-T monopole antenna whose geometry is depicted in Fig. 1 which are very simple in design and fabrication but has excellent performance for tri-band applications.
2
Printed Double-T Monopole Antennas: Experimental & Simulation Results
The length of the resonator I is h2-w1/2+w3/2+l2, resonator II is h2 and resonator III is h1-w2/2+w3/2+l4 (refer to Fig. 1). All the resonators were resonating approximately at 
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where l is the length of each resonator. The dimensions of the printed monopole antenna using FR4 substrate (εr=4.4, thickness=1.6mm) were chosen as W=75mm, L=50mm, w1=w4=3.2mm, w2=w3=3.5mm, h2=14.5mm, h1=5mm, l1=l2=5.3mm, l3=l4=7.3mm. The calculated values for the three resonances are 2.96GHz, 4.23GHz and 5.01GHz respectively which is quite close to the experimentally obtained resonance frequencies (refer to Fig. 2). Note that this formula has been verified for various dimensions and substrate parameters of the printed double-T monopole antenna using IE3D simulation [4] results which has not be reproduced here for the sake of brevity. So this formula can be used for designing printed double-T monopole antenna for triband applications. Author has not come across any close form formula for calculating resonance of such antennas in the literature. Note that l1=l2 and l3=l4 thereby there is one additional resonance for resonator I and resonator III from the left branch of the antenna and this enhance the resonance and bandwidth (BW) at the same frequency of operation we have calculated and measured experimentally.
The s11 versus frequency for the fabricated printed monopole antenna is obtained using Network Analyzer (Fig. 2). Note that this printed monopole antenna can work well for tri-band applications, viz. 2.95 GHz (s11: -24.5dB, BW: 0.52GHz), 4.18GHz (s11: -35.2dB, BW: 0.68GHz), 5.05GHz (s11: -15.3dB, BW: 0.26GHz). The other antenna parameters were quite similar to other printed monopole antennas reported in [5-8] for various application like wireless local area network (WLAN), ultra wideband (UWB), etc will not be discussed in detail. Readers could always refer to the above mentioned papers for similar other antenna parameters.
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Fig. 2  S11 vs frequency of fabricated printed double-T monopole antenna
It has been observed that the E-Plane radiation pattern from the IE3D simulation is like a doughnut or ‘8’ shaped at 2.95GHz as depicted in Fig. 3(a) and similar patterns were observed at 4.18GHz and 5.05GHz frequency bands which will not be reproduced here. Due to unavailability of the antenna pattern measurement facilities as of now, we have used the IE3D simulation software to generate the antenna radiation patterns. We believe that the Method of Moments (MoM) based IE3D software gives radiation pattern of antennas fairly accurate [4]. 
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Fig. 3 (a) E-plane and (b) H-plane radiation patterns at 2.95 GHz 
The antenna radiation patterns at the two higher frequencies were slightly tilted slightly (main beam direction was respectively at 00, 50 and 100 for radiation pattern at 2.95GHz, 4.18GHz and 5.05GHz). It is observed that the H-plane radiation patterns are constant for all angles and looks like a circle giving omni directional radiation pattern of the antenna at 2.95GHz as shown in Fig. 3(b) and also at 4.18GHz but little distortion is observed at 5.05GHz. 
The cross-polarization at the higher frequency was observed to be higher than at the antenna lower operating frequency (The maximum cross-polarization at 2.95GHz was less than -20dB whereas at 5.05GHz it was less than -10dB). With proper impedance matching, the antenna radiating power and radiation intensity were found to be quite good. The efficiency of the antenna was found to be above 80%.
3
Conclusion

Today’s world is the world of wireless communications. All communications are becoming wireless. Antenna is the device which sends out signals into free space for wireless communications. By application of reciprocity theorem, the same antenna could be used either as receiving or transmitting antennas. In general, most of the antennas work in single frequency band. But for multiband antennas, a single can work properly for multiple frequency bands. For that matter, Triband antennas can radiate and receive electromagnetic energy in three frequency bands. In this paper, we have investigated printed double-T monopole antennas with the etched ground plane for triband wireless applications. The main contribution of this paper is that we have come up with a close form formula for calculating the antenna resonance frequencies in all the three frequency bands which is verified experimentally as well as using IE3D simulation results. Using this close form formula, antenna engineers could design the frequency band of interest directly simplifying their design process to a great extent.  Such printed antennas are compact and has simple fabrication process, low-cost and indeed a very versatile candidate for multiband applications. 
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