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Abstract

This paper presents a new compact broadband
coplanar slot antenna for multiple wireless
communication  applications  which include
WIMAX, RFID, WLAN and ISM bands. The
antenna structure is based on the CPW-fed
combined with a slot technique and a modified
geometry antenna in order to enlarge the
bandwidth. The antenna parameters have been
investigated and optimized by using Momentum
software integrated into ADS” Advanced Design
System”  from Agilent Technologies with a
comparison of the results using another simulator
CST Microwave Studio. The measured input
impedance bandwidth, ranging from 2.15GHz to
4.4GHz, is obtained with a return loss less than -
10dB, corresponding to 66.7% at 3.27GHz as a
center frequency. The design considerations for
achieving  broadband antenna and  both
experimental, simulated results are presented.

1. Introduction

Patch antennas suffer from narrow bandwidth
which can limit their uses in some modern wireless
applications [1-6]. Therefore, there has been a great
demand of broadband antennas designing for
supporting wideband applications such as Wireless
Local Area Network, World Interoperability for
Microwave Access Radio Frequency Identification
Data, and Industrial, Scientific and Medical bands
in order to meet the specifications of the WLAN at
(2.4GHz-2.483GHz), the WIMAX at (3.4GHz-
3.7GHz), the RFID at 2.45GHz and ISM bands at
(2.4GHz-2.5GHz). Many research studies have
come up with techniques to achieve wideband
operation for printed antennas [7-13]. In this paper,
a novel compact CPW-fed slot printed antenna
structure is presented. The development of this
broadband planar antenna has been achieved by the
combination of a new geometry, slot technique and
modified dimensions of the CPW transmission line
to match and to wide input impedance of the
antenna, to achieve a simple structure with a single

metallic layer and to have an easy integration with
microwave integrated circuit. The proposed
antenna was miniaturized and the dimensions were
optimized by using the ADS and CST Microwave
Studio. Details for simulation and measurement
results of the proposed antenna are presented and
discussed.

2. Antenna Design

The geometry of the proposed broadband
antenna slot structure is shown in Figure.l. It is
implemented on a low cost FR4 substrate with an
area of 40x50 mm2, a dielectric constant er = 4.4,
a thickness h=1.58mm , a loss tangent tand=0.001
and the copper thickness of 35um. The antenna is
fed by a 50Q CPW transmission line with the fixed
strip W=3.2 mm and the gap distance S=0.4mm
between the feeding line and the ground. The
antenna and feeding structure are implemented on
the simple plane; therefore only one layer single-
sided metallization is used. The optimization
parameters design is done by using Momentum
electromagnetic software integrated into ADS,
which contains different techniques and calculation
methods [14]. For comparison, we have conducted
another study by using CST Microwave Studio in
frequency domain where the numerical analysis is
based on FIT [15]. After many optimizations and
miniaturizations, the dimensions of the final
optimized design structure are listed in Table.1.
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Figure 1- Geometry of the proposed antenna
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Table 1- The optimized dimensions (unit: mm)
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Figure 2- Return loss Vs frequency ”ADS results”

Table 2- The bandwidths of the proposed antenna
for different cases

Parameters | Value Parameters | Value
A 8.1 M 0.6
B 3 N 19
C 3.3 O 0.5
D 0.5 P 0.7
E 0.5 Q 1.2
F 1.1 R 0.5
| 10 R1 1.2
J 8 R2 1.4
K 2.9 R3 4
L 0.5

Bandwidth Frequency | Impedance
Center Bandwidth
Z | 223766Hz |, 00 | 50 8an
= | BW=158GHz | < T
> | 2.3-4GHz
> 0,
2 | Bwerson | 3196Hz | 5396%
Z | 2154.4GH: 3.275GHz | 68.7%
w | BW=2.25GHz | ~ 0
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To design the broadband antenna, we have studied
some important parameters which can influence the
input impedance bandwidth of the antenna.
Therefore, as shown in Figure.2, we have found
some important parameters such as geometric
antenna shape, slot technique, the feed line width
and the dimension of the ground plane that can
enlarge the bandwidth of the antenna. The return
loss for successive cases by using the optimization
and miniaturization techniques integrated into ADS
is presented in Figure.2. The final circuit is
operating in a large frequency band between 2.15
GHz and 4.4 GHz. It is clear that the improvement
of the input impedance bandwidth is due to the slot
technique. The simulated values are given in
Table.2.

For the comparison of the following results we
have conducted another simulation by using CST

Microwave Studio. After

the simulation, the

following results are shown in Figure.3 and Table.3
respectively. We conclude that we have nearly the

same results with ADS.

Figure 3- The final 3D antenna structure
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Figure 4- Return loss vs frequency”CST results”

Table 3- The bandwidths of the proposed antenna
for different cases

Bandwidth Frequency | Impedance
Center Bandwidth

> | 2.32-3.9GHz
Z 32-3. .
2 | Bw=158GHz 3.11GHz 50.8%
E | 236410H2 | o6, | sa.98%
S | BW=17GHz | ~ FER
> | 2.2-45GHz
= o .36GH 7.9%
2 | BW=23GHz 3.36GHz 67.9%

Figure.5. illustrates the simulated Voltage Standing
Wave Ratio (VSWR) versus frequency of the final
proposed antenna structure. Based on the simulated
result, for a VSWR less than 2 the frequency range
is 2.15GHz -4.4GHz.

voltage Standing Wave Ratio (WSWR)
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Figure 5- VSWR vs frequency
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Figure 6- Gain vs frequency

The peak gain of the antenna for various
frequencies is plotted in Figure.6. The simulated
radiation pattern of the antenna at 2.4GHz, 3 GHz
and 5.8 GHz are illustrated in Figure.7:
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Figure 8- Anechoic chamber
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The measurement results, compared with the
simulation of the planar broadband antenna
configuration are presented in Figure.10. It is
clearly observed that the simulation results are in
agreement with measurement. This allows the

et D180 e validation of a novel broadband antenna structure

Froa ey Sl S Ve operating from 2.15GHz to 4.4GHz. A comparison

Main lobe magnitude = 3.9 db between measured and simulated input impedance
Main lobe direction = 165.0 deg. . . .

Angular width (3 dB) = 68.5 deg. bandwidth is shown in Table.4, we can conclude

()] that the proposed antenna simulated gives a slightly

Figure 7- Simulated radiation pattern for the lower frequency band in comparison with the

proposed antennas in ®=0 and in ®=90 @ 2.4 measured one.

GHz, 3 GHz and 3.8 GHz

0

3. Experimental Results and Discussion 5
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After the conception, optimization of the E.w .................
broadband antenna by using ADS and CST, the s
prototype of the investigated antenna was achieved £
and measured to verify the performance of the &
results obtained from simulation. The return loss 20
was measured by using Vectorial Network = Simulation-ADS-
Analyzer (VNA) R&S@ZVB20 from Rohde& 25| = Simulation-CST-
Schwarz, and the radiation patterns were measured = Messurement i
in Anechoic chamber as shown in Figure.8. The B 25 3 35 4 45 5
photograph of the fabricated broadband antenna is Frequency -GHz-
given in figure.9. Figure10- Simulated and measured return loss
vs frequency
Table 4- Comparison between simulated and
measured bandwidth
The bandwidth/ Percentage
ADS (4.38-2.15GHz) / 68.4 %
IJERTV 215120064 wwwijertorg | ©ST (4.56-2.3GHz) / 66.2% 446
VNA (4.4-2.15GHz) / 66.7%




International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 2 Issue 12, December - 2013

The measured radiation patterns at 2.2GHz,
2.6GHz, 3.1GHz, 3.6GHz and 4.1GHz as shown in
Figure.11. All these results allow the validation of
the antenna structure with a large frequency band
ranging from 2.15GHz to 4.4GHz and a bandwidth 44 GHz
of 2.25GHz. (d)

Figure 11- Measured radiation pattern at 2.6GHz,
3.1GHz, 3.6GHz and 4.1GHz

4. Conclusion

This work has presented a study of a new
broadband antenna structure with a large input
impedance bandwidth and gain enhancement. The
different results are obtained by using an optimized
CPW-fed transmission line combined with a new
antenna geometry integrating slot technique. The
measured results permit to validate a new wideband
antenna structure from 2.15GHz to 4.4GHz. The
final circuit can be integrated easily with passive
(@) and active components for wireless applications.

Acknowledgement

180

' We thank Mr. Angel Mediavilla Sanchez
Director of DICOM Laboratory in University of
Cantabria, located in Santander in Spain, Mr.
Abdelmalk Tribak Professor in the National
Institute of the Posts and Telecommunications of
Rabat in Morocco and Mr. Mohamed Latrach
Professor in ESEO France, for providing support
and assistance to perform simulations by using
softwares and measurements on the VNA and
Anechoic chamber.

References

[1] A.B. Smith, C.D. Jones, and E.F. Roberts, “Article
Title”, Journal, Publisher, Location, Date, pp. 1-10.
e [2] Jones, C.D., A.B. Smith, and E.F. Roberts, Book
2407 gt " " Title, Publisher, Location, Date.
R M . [1] A.B. Smith, C.D. Jones, and E.F. Roberts, “Article
Title”, Journal, Publisher, Location, Date, pp. 1-10.
[2] Jones, C.D., A.B. Smith, and E.F. Roberts, Book
I R ] Title, Publisher, Location, Date.
o A et [1] Lancaster, M. J., J. Zhou, M. Ke, Y. Wang, and K.
- ; Jiang, “Design and high performance of a
micromachined  K-band rectangular coaxial cable,”
IEEE  Transactions on Microwave Theory and
Techniques, Vol. 55, No. 7, 1548-1553, Jul. 2007.
[2] Makarov, S. N. and V. Iyer, “A narrowband patch
(c) antenna with a dielectric patch,” Antennas and

270f---1

1JERTV 215120064 www.ijert.org 447



International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 2 Issue 12, December - 2013

Propagation Society International Symposium, 1-4,
2008.

[3] Majid, H. A., M. K. A. Rahim, M. R. Hamid, and
M. F. Ismail, “A compact Frequency-reconfigurable
narrowband microstrip slot antenna,” IEEE Antennas
and Wireless Propagation Letters, Vol. 11, 616-619,
2012.

[4] Shynu, S. and M. Amman, “A printed CPW-fed
slot-loop antenna with  narrowband omnidirectional
features,” IET Microwaves, Antennas and Propagation,
Vol. 3, 673-680, 2009.

[51 A. Jaimes-Vera and |. Llamas-Garro “Coaxilal
Narrowband Filters using A Versatile Suspended
Resonator ” Progress In Electromagnetics Research, Vol.
115, 79-94, 2011.

[6] J. Jia-Yi Sze, Chung-I. G. Hsu, zZhi-Wei Chen, and
Chi-Chaan Chang ,”Broadband CPW-Fed Circularly
Polarized Square Slot Antenna With Lightening-Shaped
Feedline and Inverted-LGrounded Strips”, vol. 58 , no.3,
March,2010.

[7] RongLin Li,Bo Pan, Joy Laskar, and Manos M.
Tentzeris “A Novel Low-Profile Broadband Dual-
Frequency Planar Antenna for Wireless Handsets”,vol.
56, no. 4, April, 2008.

[8] Amit A. Deshmukh and K. P. Ray, “Broadband
Reactively coupled E-shaped Microstrip Antennas”,
Proceedings of NCC, IIT Madras, India, Jan. 29 —
31,2010.

[9] A. F. Sun, Y. Z. Yin, S. H. Jing, and M. Abri,
“BroadBand CPW-Fed Antenna with Band-Rejected
Characteristic for Wlan-Wimax Operation,” Progress in
Electromagnetics Research C China, vol. 22, pp. 47-54,
2011.

[10] W. Liao and Q. W. Chu, “CPW-Fed square slot
antenna with lightening-shaped feedline for broadband
circulary polarized radiation,” China, vol. 18, pp. 61-69,
2010.

[11] Q. Chen, H. L.Zengh, T. Quan, and X. Li,
“Broadband CPX-Feed circulary polarized antenna with
equiangular tapered-shaped feedline for ultra-wideband
applications,” vol. 26, pp. 83-95, 2012.

[12] P. J. Soh and A. E. Guy, “Evaluation of flexible
CPW-Fed ultra wide-band textile antennas,” in Proc.
2011 IEEE International FR and Microwave Conference
(RFM 2011), Malaysia, vol. 60, pp. 58-62.

[13] K. P. Ray, V. Sevani and Amit A. Deshmukh,
"Compact Gap-Coupled Microstrip Antennas for
Broadband and Dual Frequency  Operations,”
International Journal of Microwave and Optical
Technology, 2, 2, pp. 1 93-202, July,2007.

[14] Advanced Design System (ADS)
http://www.home.agilent.com/agilent/home.jsp

[15] Computer Simulation System
http:/Aww.cst.com/Content/Products/DS/Overview.aspx

1JERTV 215120064 www.ijert.org 448



