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Single-Feed Double U-Shaped Micro strip Antenna with Co-Axial
Feed for Multi-Bands Applications
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Abstract : In this paper, a compact double (back to back) U-shaped monopole microstrip patch antenna is
presented. The proposed antenna comprises a plane U-shaped rectangular patch element with another inverted
U-shaped patch which offers quad band. The overall size of the antenna is 40mmx15.6mmx3.2mm including
finite ground feeding mechanism. The antenna operates in four bands which are 3.2-3.6 GHz, 5.8-6.8 GHz, 7.5-
9.8GHz, and 10.2-11.9 GHz. Stable Omni-directional radiation patterns in the desired frequency band have
been obtained. The proposed geometry was practically realised and tested its parameters. Measured data fairly
agree with the simulated results.
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I. Introduction

With rapid development of microstrip antenna it has been found that, study of microstrip antenna with
symmetrical feed line technique are good candidates for multi-bands applications. A patch antenna with return
loss up to -33dB in the frequency range of 2.4 GHz to 2.5GHz (ISM band) and VSWR less than 1.5 was
reported in [1-3].

It is well known that slot antennas are used for enhancing the impedance bandwidth as well as exciting
the multi-bands operations [1-14]. Authors of [1-3,5] have demonstrated the excitation of dual and triple bands
with high gain by embedding U-slots. On the other hand [4] concentrated on the enhancement of impedance
bandwidth of their proposed antenna. In another work reported by Behara and Choukikar [6] used particle
swarm optimization technique (SOT) to optimize the antenna geometry. Whereas [7-9] have used L shaped slots
to improve the impedance bandwidth and exciting 2, 3, and multiple bands.

In this paper we proposed a U-shaped microstrip antenna fed co-axial feed with two U-shaped slots
printed on dielectric substrate (pl. ref. Figure 1). The proposed antenna offers multi-bands (four) operations.
Basic geometry is presented in Section Il. Design and optimization procedure of the proposed antenna is
presented in Section I11-V. Section VI presents the validation of the fabricated prototype and discussions on the
measured results are also presented there. Finally, conclusions of this study are presented in Section VII.

Il.  Antenna Geometry

Figure 1(a) shows the top view of the basic geometry of proposed U-shape monopole antenna for quad
bands operation and its ground plane (bottom view) is shown in Figure 1(b).The antenna is symmetrical with
respect to the longitudinal direction. Substrate used for the design is FR4 with dielectric constant of 4.4, and
thickness of 3.2mm. A quad-band U-shaped antenna with two U-shaped patch resonator (Figure 1(a)), where a
pair of u-shaped microstrip patches placed inverted to each other that facing opposite to each other fed by a co-
axial feed. The microstrip patch antenna has a length of L, = 20mm and width W, = 26mm. The feed line radius
is 0.5mm. The circular ground plane with radius 16mm, the U-shaped slot printed on circular ground plane with
dimension L, and W, U-shaped patch with rectangular base is fed by signal conductor. The detailed
optimization procedure of the proposed antenna and its optimum dimensions, and characteristics are presented
in Section I11. All the parameters of the geometryAare indicated in Figure 1 (a).
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Figure 1: Geometry of proposed CPW-fed monopole antenna.
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I1l.  Geometry Optimization And Discussions
In this section parametric study is conducted to optimize the proposed antenna. The key design
parameters used for the optimization are dimension of U-shape, gap between to U-shape patch and dimension of
ground plane (length and width of U-slot. The detailed analysis of these parameters is investigated in the
following paragraphs of this section.

1. Effect Of Ground VARIATION ON ANTENNA PERFORMANCE

As showed in Figure 2, ground plane of the geometry is varied to see its effect on the performance of
antenna. For this, ground plane is changed to different shape. Initially, the ground plane is kept for entire plane
that is without U-slot (type-1). After simulation it found that, only first band is available for type-1. We
consistently changed ground plane radius, for this we obtained second, and third band (type-2). Further we
introduced u-slot into ground plane to get forth band as presented in Figure 2(type-3). So, the finalized ground
planes shape to get four bands.

As showed in Figure 2, ground plane of the geometry is varied to see its effect on the performance of
antenna. For this, upper and lower ground plane is changed. The ground plane is located on the reverse side of
the substrate in the shape of a circle, covering the entire back. Return loss characteristics of this study are
presented in Figure 3.

a) Type 1l b) Type 2 c) Type 3
Figure 2: Variation in number of steps in the staircase profile of ground.

From Figure 2(c) it may be noted that ground plane dimensions are finalized to get quad bands. Further
we changed width of U-shape (dp), length of U-shape(s) and gap between U-shape patch(d). Figures (3), (4)
and (5) show return loss characteristics plots of this study. From these figures it may be noted that the quad
bands can be obtained for W= 20mm, L;=20mm, and Lg,=12mm.The finalized dimensions obtained from these
parametric studies are presented in Table 1.

Table 1: Optimized dimensions of the proposed geometry.
Parameter | L, | Wy, | Gy dp | S|d Ly | Wq | Ds | Gs
Unit(mm) | 20 | 26 [ 104 [78 |3 ]05[20[20 |5 [10

——d=0.3mm
~——d=0.4mm
——d=0.5mm

d=0.6mm

155 1dB

——d=0.7mm
——d=0.8mm
d=0.9mm

d=1.0mm
d=1.1mm
d=1.2mm

Frequency (GHz)

Figure 3: Return loss vs. frequency plot for variation in gap between U-shape patch (d).
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Figure 4: Return loss vs. frequency plot for variation in width of U-shaped patch (Dp).
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Figure 5: Return loss vs. frequency plot for variation in length of U-shaped patch (s).

V. Effect Of U-Shape Dimensions

To study the effect of U-shape dimensions on the antenna performance, its dimension values i.e., d, , S
and d are varied. Initially, distance between two U-shape (d) is varied from 0.3 mm to 1.2 mm in steps of 0.1
mm keeping dimension of ground plane constant. The effects of variation of this study are presented in Figure 3.
From Figure 3, it may be noted that the quad bands with return loss less than -30dB are (2-3.6 GHz), (5.8-6.8
GHz), (7.5-9.8GHz), and (10.2-11.9 GHz). Further we simulated for different dimension of U-shape patch that is
D, keeping S and d constant that is d,= 0.5mm. In this range having return loss less than -35dBm for all quad
bands with lower cut-off frequency remains nearly constant whereas upper cut-off frequency varies slightly i.e.,
impedance bandwidth varies with respect to this parameter.

VI. Experimental Validation Of Simulation Results

The geometry shown in Figure 1 with its optimized dimensions presented in Table 1 was fabricated and
tested. The substrate used for the fabrication is the FR4 glass epoxy with dielectric constant of 4.4, and thickness
of 3.2mm. A photograph of the fabricated prototype and S;; measurement setup is shown in Figure 4(a) and its
S1; measurement graph shown in Figure 4(b).

From Figure 5 it may be noted that the proposed antenna is having operating frequency range from
1GHz to 12 GHz with four operating bands located at (2-3.6 GHz), (5.8-6.8 GHz), (7.5-9.8GHz), and (10.2-11.9
GHz). Radiation patterns of the geometry are presented at various frequencies in the band of operation (Figure
6) to demonstrate that the patterns are nearly stable across the bands of operations.
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(a) S;ymeasurement setup ) (b) S;; measurement
Figure 6: Photographs of the S;;measurement
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Figure 7: Return loss characteristic comparison.

E-plane and H-plane radiation Pattern of proposed antenna is presented in Figures 6(a)-(d) at 3.4 GHz, 6.0GHz,
8.0 GHz and 9.0 GHz respectively

VII. Conclusions
The design optimization of a U-shape patch with finite ground plane antenna has been presented. It has been
shown that, with correct selection U-shape dimensions on patch and shape of ground plane, a quad band
frequency response can be achieved. With this antenna, we obtained quad bands at (2-3.6 GHz), (5.8-6.8 GHz),
(7.5-9.8GHz), and (10.2-11.9 GHz).The proposed antenna was been analyzed using a HFSS simulator and tested
with network analyzer. This U-shaped microstrip antenna is practical solution for quad band application.

===y

& o

- -

o o

S S
———— T

—

SN

-180

(a) E-and H-plane patterns at 3.4 GHz
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(d) E-and H-plane patterns at 9.0 GHz
Figure 8: E-and H-plane radiation patterns at various frequencies throughout the band of operation.

References
Kaushik Mandal and Partha Prtim Sarkar “High Gain Wide-Band U-Shaped Patch Antennas With Modified Ground Planes” IEEE

(11
transactions on antennas and propagation, vol. 61, no. 4, April 2013
[2]. K.-F. Lee, S. Lung, S. Yang, and A. A. Kishk, “Dual-and multiband U-slot patch antennas,” IEEE Antennas Wireless Propag. Lett.,

[3].
[41.

vol. 7, pp. 645-647, 2008.

K. L. Wong and W. S. Hsu, “Broadband triangular microstrip antenna with U-shaped slot,” Electron. Lett., vol. 33, pp. 2085-2087,
1997.

J.-Y. Sze and K.-L. Wong, “Slotted rectangular microstrip antenna for bandwidth enhancement,” IEEE Trans. Antennas Propag.,
vol. 48, no.8, pp. 1149-1152, 2000.
DOI: 10.9790/2834-1106041419 www.iosrjournals.org 18 | Page




Single-Feed Double U-Shaped Microstrip Antenna With Co-Axial Feed For Multi-Bands Applications

[5].
[6].

[71.
[8].

9.

[10].
[11].
[12].
[13].

[14].

W. X. Zhang, C. S. Pyo, S. L Jeon, S. P. Lee, and N. H. Myung, “A new type of wideband slot-fed U-slotted patch antenna,”
Microwave Opt. Technol. Lett., vol. 22, pp. 378-381, 1999.

Sahntanu Kumar Behera and Y. Choukiker, ”Design and Optimization of Dual Band Micro Strip Antenna Using Practicle Swarm
Optimization Technique,” Springer Science Business Media, LLC, pp. 1346-1354, 2010

M. A. Alkanhal, ”Compact composite triple band antenna”, Progress in Electromagnetics Research, PIER 93, 221-236, 2009

A. A. Deshmukh and G. Kumar, “Compact broadband gap-coupled shorted L-shaped microstrip antennas,” |IEEE Antennas and
Propagation International Symposium, vol 1, (Baltimore, Maryland), pp. 106-109, IEEE, July 2001.

Z. M. Chen and Y. W. M. Chial, “Broadband probe-fed L-shaped plate antenna,” Microwave and Optical Technology Letters, vol.
26, pp. 204-206, 1985.

K. F. Lee, K. M. Luk, K. F. Tong, Y. L. Yung, and T. Huynh, “Experimental study of the rectangular patch with a U-shaped slot,”
IEEE Antennas and Propagation International Symposium, vol.1, (Baltimore, Maryland), pp. 10-13, IEEE, July 1996.

S. C. Gao, L. W. Li, M. S. Leong, and T. S. Yeo, “Design and analysis of a novel wideband microstrip antenna,” IEEE Antennas
and Propagation International Symposium,vol.1, (Boston, Massachusetts), pp. 90-93, IEEE, July 2001.

M. Khodier and C. Christodoulou, “A technique to further increase the bandwidth of stacked microstrip antennas, ” IEEE Antennas
and Propagation International Symposium, vol. 3, pp. 1394-1397, IEEE, July 2000.

N. Jain, A. Khare, Rajesh Nema, “E-Shape Micro strip Patch Antenna on Different Thickness for pervasive Wireless
Communication”, International Journal of Advanced Computer Science and Applications, vol. 2, no. 4, 2011

K. Song, Y.-Z. Yin, S.-T. Fan, and B. Chen,” compact open ended L-shaped slot antenna with asymmetrical rectangle patch for
UWRB application”, Progress In Electromagnetics Research C, vol. 19, pp. 235-243, 2011

DOI: 10.9790/2834-1106041419 www.iosrjournals.org 19 | Page



