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ABSTRACT

In current telecommunication situation, the antenna with wideband or multi-band effect are important for cater
many users’ demands. In this research, the works explores the effect of additional rectangular shaped on the above of the
dual layer microstrip patch antenna. Firstly, a basic microstrip patch antenna with a single layer of substrate (Design A) had
been simulated using the CST Microwave Studio software. After that, the addition of another layer of substrate with
parasitic element is shown as Design B. This proposed microstrip patch antenna resonates at two different frequencies of
2.396 GHz and at 2.543 GHz of frequency with - 36.8 dB and - 35.644 dB of return loss, respectively. The gain
performance for both resonant frequencies at 2.396 GHz and at 2.543 is 5.035 dB and 4.814 dB, respectively. The
bandwidth of the Design B antenna is 0.097 GHz (2.354 GHz - 2.451 GHz), had been increase compare with Design A
performance of 0.039 GHz (2.380 GHz - 2.419 GHz). The second resonant frequency for Design B is only 0.028 GHz.
(2.526 GHz - 2.554 GHz).

Keywords: dual band frequencies, dual layer, microstrip patch antenna, wireless LAN, antenna gain, resonant frequency, return loss,

antenna bandwidth.

INTRODUCTION

Future telecommunication systems would be
accomplished of accommodating higher data rates than the
recent systems because of the various user demands from
different segments. There is several of antenna design that
had been investigating and fabricated earlier. The
categories of antenna basically depend on the frequency
range or band, the location and the application that the
user desires to apply. One of the favorite types is the
microstrip patch. Microstrip patch antenna is used in many
applications such as handphone, Wi-Fi connection, and
satellite communication due to their light weight & low
profile.

In the previous design, there are many techniques
to create the dual-band or multi-band frequency effect to
the microstrip patch antenna. For examples, in [1] using
fractal-like geometrical structure and in [2], the researcher
using modified fractal slot antenna that fed by coplanar
waveguide (CPW) technique. In [3], the author used the
U-shaped slot and also two mitered corners to achieve dual
frequency bands. In [4], dual band L-shaped had been
apply in microstrip patch antenna. Lastly, T-shaped
parasitic elements effects a dual-band frequency for the
microstrip antenna [5], shorted parasitic element for dual-
band monopole antenna [6], novel parasitic-element at
printed antenna [7], and parasitic element at WLAN Yagi-
Uda antennas [8]. There are other antenna designs that
apply of parasitic element at their design such as in these
several papers [9-17].

The multi-band range antenna is highly in
demand by users because of multi frequency or multiband
application in one device. For example, the common dual
applications that using a single antenna is the combination
of the Wireless Local Area Network (WLAN) at 2.4/5.2
GHz and Worldwide Interoperability for Microwave
Access (WIMAX) at 3.6/5.8 GHz [18-24]. The WLAN

application is the common communication band that used
currently, especially in the mobile phone, smart television
and also personal computer, ipad and laptop. This
technology is easy to use and fabricated in the printed
microstrip patch antenna design.

Multilayer or dual-layer substrate in microstrip
patch antenna design is another technique to improve the
performance of the antenna. For example, in [25], it stated
that the dual layer stacked is effect to exist the ultra-
wideband to the rectangular microstrip patch antenna. This
technique gives a wider bandwidth of 56.8% in the
between 3.06 GHz and 5.49 GHz of the resonant
frequencies to the antenna performance. In [26], the two-
layer substrate and loop antenna with air gap had been
effect two different frequencies of the antenna at 1.5 GHz
and 2.0 GHz

There are many examples of microstrip patch
antenna design with parasitic element had been research
before. For example, in [27], the simple single shaped of
parasitic element with two orthogonal bowties had been
increase the bandwidth of the circular polarized cross
dipole antenna in between 1.9 GHz and 3.9 GHz. It also
effects to enhance a 3-dB axial ratio of the antenna. In the
other paper [28], the parasitic element had been increasing
the gain of the antenna. The design is using parasitic
element for dual feed microstrip array antenna. In this
case, the parasitic element had been effect to increase 2 dB
(from 12.9 dB to 14.9 dB) of gain to the antenna design.

In [29], the parasitic element effects the triband
frequencies to the patch antenna. The band effect is for
Universal Mobile Telecommunications System (UMTS)
band (1.9 GHz to1.979GHz), ISM band (2.4 GHz to
2.4835GHz) and the Long-Term Evolution band (LTE)
(2.5 GHz to 2.57 GHz). This parasitic element also effect
to improve the bandwidth of the patch antenna. In [30], the
author successfully shows the improvement of the
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bandwidth of the compact transverse bilateral helical
antenna using parasitic element. It stated that the antenna
achieves 105% wider bandwidth in a 50-Q reference
system.

Beside multiband effect, the parasitic element
also can effect to miniaturize the size of the printed
microstrip patch antenna. In [30], the microstrip patch
antenna with compact size designed by using two
rectangular U-shaped parasitic elements. This antenna size
is 40.0 mm x 30.0 mm and resonates at the three different
frequencies of 2.6 GHz, 6.0 GHz, and 8.5 GHz with
bandwidth of 50 MHz, 22.8 MHz and 30 MHz,
respectively.

In this paper, a dual frequency band microstrip
patch antenna had been design using parasitic elements
and dual layer of FR-4 substrate. The performance of the
resonant frequencies return loss, bandwidth, gain and
radiation pattern are the parameters that consider in this

paper.

ANTENNA DESIGN

This section illustrates the dimension and
configuration structure of the proposed microstrip patch
antenna. Figure-1 represents the design of the dual layer
microstrip patch with additional rectangular shaped
element. This design contains two main layers of
substrates with dimension of 56.0 mm width x 50.2 mm
length. The first layer consists a basic patch antenna (38
mm width x 27.8 mm length) and feedline (3.1 mm width
x 17.7 mm length).

For the second layer (above layer), the substrate
is consisting with an additional rectangular shaped element
(33 mm width x 21.6 mm length) and a cut-off substrate
(5.1 mm width x 25.1 mm length). This proposed antenna
was designed using FR-4 substrates with permittivity, er =
4.3.

The design started with the basic rectangular
patch antenna, shown by Design A. This basic rectangular
patch is located in the antenna with single layer of FR-4
substrate with 0.035 mm thickness of copper at the ground
plane, shown as Figure-1(a).

The Design B is combination of the Figure-1(a)
and Figure-1(b) with the patch antenna and additional
rectangular shaped elements. The additional rectangular
shaped element is located at the upper layer and did not
connect with the patch antenna in the bottom layer. This
additional rectangular shaped element is effect to improve
the bandwidth of the antenna and also to create another
resonant frequency.

Figure-1(c) shows the perspective view of the
proposed antenna with dual layer of FR-4 substrate that
consist a patch antenna and additional rectangular shaped
element. The full dimension copper ground is located at
the back of the first layer of the substrate, same in the
Design A.
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Figure-1. Dual layer microstrip patch antenna with
additional rectangular shaped element, (a) first layer of
patch antenna and feedline - represent Design A, (b)
Above layer with additional rectangular shaped element
and cut-off substrate - the combination of two layer
represent Design B, (c) Perspective view of the antenna
with dual layer of FR-4 substrate.

RESULTS AND DISCUSSIONS

This section represents the result of the proposed
microstrip patch antenna. The significant parameters that
are considered in this research are resonant frequency (in
GHz), return loss (in dB), bandwidth (in GHz), and
antenna gain (in dB). Figure-2 shows return loss
performance of the proposed antenna. It shows that, the
resonant frequency of Design A antenna is at 2.4 GHz with
a return loss of - 27.051 dB. With the addition of the
second layer with additional rectangular shaped elements
(Design B), it creates a new resonant frequency at 2.543
GHz with - 35.644 dB. The second resonant frequency is
narrower compared with the first resonant frequency.

It also remains the first resonant frequency at
2.396 GHz (shifted 0.004 GHz from 2.4 GHz) with return
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loss of - 35.644 dB. So, the addition of the additional
rectangular shaped element had been effect to increase the
bandwidth from 0.039 GHz to 0.097 GHz while effects to
enhance the return losses at the resonance frequencies
while create new resonant frequencies for the antenna.
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Figure-2. Return loss performance of the basic microstrip
patch antenna for design A and proposed microstrip
patch antenna with additional rectangular shaped
element, design B.

Table-1. Resonant frequency, return loss and bandwidth
of the microstrip patch antenna for design A and design B.

Resonant Bandwidth
i Return (GHz),
Design | frequency
(GHz) loss (dB) Frequency
range (GHz)
0.039
! 240 “27051 1 5 380 - 2.419)
0.097
20 “36800 ) 0354 —2.451)
5 0.028
2 “33644 1 0526 2.554)

Table-1 shows the resonant frequency, return loss
performance of the proposed antenna. It shows that the
Design B had been enhanced its bandwidth at the first
resonant frequency compare with Design A, from 39 MHz
to 97 MHz. The bandwidth of the second resonant
frequency at 2.543GHz for Design B is only 28 MHz.

Figure-3 shows the radiation pattern effect for the
resonant frequencies of 2.396 GHz and 2.543 GHz of
Design B antenna at phi = 90°. It shows that both resonant
frequencies show the circular shape of the radiation
pattern towards to the above part of the graph.
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Figure-3. Radiation pattern effect for the resonant
frequencies at phi = 90° of (a) first resonant frequency of
2.396 GHz and (b) second resonant frequency of 2.543
GHz of design B antenna.

Figure-4 shows the 3D radiation pattern and gain
performance effect of 2.396 GHz and 2.543 GHz of
Design B antenna with 5.035 dB and 4.814 dB of antenna
gain, respectively. Compare with the gain performance of
Design A at 2.4 GHz, it shows the result of 5.014 dB,
nearly the gain performance of Design B at 2.396 GHz.
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Figure-4. 3D radiation pattern and gain performance
effect at the resonant frequencies of (a) 2.396 GHz and (b)
2.543 GHz of Design B dual-band microstrip patch
antenna with additional rectangular shaped elements.

Figure-5 shows the surface current distribution
(for 0° and 90% of the dual-band antenna with additional
rectangular shaped element two different resonant
frequencies at 2.396 GHz and 2.543 GHz. The figure
represent that the surface current is computed a large
number at patch antenna and at the additional rectangular
shaped element, while a little number of amount the
feedline. This antenna is successfully to radiate at these
two different frequencies, based on the surface current
distribution.

The current is pump in from the power source via
SMA connector to the feedline at the bottom of the patch
antenna. Then from feedline, the current is distributed to
the other place of the patch antenna.

ol » hiy :
S b i sHrey :-.'w‘ T } 12'“”
L i ks ] i 1, 5

Ui o4
Jo i tofLgl ; o
‘.\.#‘ : L H f,\ni'f_,?f‘-l,{[ "'l\‘k’.{ ¥
R AR S

r
i "Y_'.' d 'J} {v‘l

Wil H ’l rn,-'t"
r il L i '
: ~.:M-.,;, IRe W g

(a) (b)

Figure-5. The surface current distribution of the dual-band
antenna with the additional rectangular shaped element.
Two different resonant frequencies at (a) 2.396 GHz (for
0° and 90°) and (b) 2.543 GHz (for 0° and 90°).

CONCLUSIONS

After simulation work of dual-band antenna with
the additional rectangular shaped element done in this
research, the author founded that the addition of the
additional  rectangular shaped element structure
successfully to enhance the performance of the return loss
of the first resonant frequency of 2.4 GHz (Design B). The
addition of additional rectangular shaped elements to the
patch antenna also successfully creates a new resonant
frequency at 2.543 GHz. It also shows the increasing the
bandwidth from 39 MHz for Design A to 97 MHz to
Design B. For the gain antenna, this addition structure did
not give the significant effect, with only the increment of
21 MHz at the first resonant frequency.

ACKNOWLEDGEMENTS

The authors would like to thank Centre for
Telecommunication Research and Innovation (CeTRI),
Universiti Teknikal Malaysia Melaka (UTeM), CRIM-
UTeM for sponsoring this work under PJP grant.

REFERENCES

[1] Aziz R.S., Alkanhal M.A.S. And Sheta A.F.A. 2011.
Multiband  Fractal-like  Antennas. Progress in
Electromagnetics Research B. 29L.: 339-354.

4666



VOL. 13, NO. 16, AUGUST 2018

ISSN 1819-6608

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;ax.

www.arpnjournals.com

[2] Mabhatthanajatuphat C., Akkaraekthalin P., Saleekaw
S., Krairiksh M. 2009. A Bidirectional Multiband
Antenna with Modified Fractal Slot Fed by CPW.
Progress in Electromagnetics Research, PIER 95, pp.
59-72.

[3] Zhuo Y., Yan L., Zhao X., Huang K.-M. 2011. A
Compact Dual-Band Patch Antenna for WLAN
Applications. Progress in Electromagnetics Research
Letters, Vol. 26, pp. 153-160.

[4] Kelothu B., Subhashini K. R., Lalitha Manohar G.
2012. A Compact High-Gain Microstrip Patch
Antenna for Dual Band WLAN Applications. 2012
Students Conference on Engineering and Systems
(SCES). pp. 1-5.

[5] Kim J.-W., Ham H.-J., Woo J.-M., Lee D.-K. 2014. A
Dual-band Microstrip Antenna using a T-shaped
Parasitic Element. 2014 20™ International Conference
on Microwaves, Radar, and Wireless Communication
(MIKON). pp. 1-3.

[6] Huang C. -Y., Chiu P. -Y. 2005. Dual-band Monopole
Antenna with Shorted Parasitic Element, Electronics
Letters. 41(21): 1154-1155.

[7] Lin K.-C., Lin C.-H., Lin Y.-C. 2012. Simple Printed
Multiband Antenna with Novel Parasitic-Element
Design for Multistandard Mobile Phone Applications.
IEEE Transactions on Antennas and Propagation.
61(1): 488-491.

[8] Fezai F., Menudier C., Thevenot M., Monediere T.
2013. Systematic Design of Parasitic Element
Antennas-Application to a WLAN Yagi Design- IEEE
Antennas and Wireless Propagation Letters. 12: 413-
416.

[9] Wong, K.-L., Chou, L.-C., Su, C.-M. 2005. Dual-band
Flat-Plate Antenna with a Shorted Parasitic Element
for Laptop Applications. IEEE Transactions on
Antennas and Propagation. 53(1): 539-544.

[10]Wood C. 1980. Improved Bandwidth of Microstrip
Antennas using Parasitic Elements. IEE Proceedings
H - Microwaves, Optics and Antennas. 127(4): 231-
234.

[11]Bao J., Huang Q., Wang X., Shi X. 2014. Compact
Multiband ~ Slot WLAN/WiMAX
Operations. International Journal of Antennas and
Propagation. 2014 (Article ID 806875): 1-7.

Antenna for

[12]Huang C.-Y., Chiu P.-Y. 2005. Dual-band Monopole
Antenna with Shorted Parasitic Element, Electronics
Letters. 41(21): 1154-1155.

[13]Menudier C., Thevenot M., Arnaud E., Oueslati A.,
Fezai F., Monediere T., Chevalier N., Reynaud S.
2016. Synthesis of 2D Reconfigurable Parasitic
Element Antenna. 2016 46" European Microwave
Conference (EuMC), 16603645.

[14]Luo Y., Chu Q.-X. 2015. A Yagi—Uda Antenna with a
Stepped-Width Reflector Shorter Than the Driven
Element. IEEE Antennas and Wireless Propagation
Letters. 15: 564-567.

[15]Buckley J. L., Mccarthy K. G., Loizou L., O'flynn B.,
O'mathuna C. 2015. A Dual-ISM-Band Antenna of
Small Size Using a Spiral Structure with Parasitic
Element. IEEE Antennas and Wireless Propagation
Letters. 15: 630-633.

[16]Peng L., Qiu Y.-J., L.-Y. Luo, Jiang, X. 2016.
Bandwidth Enhanced L-Shaped Patch Antenna with
Parasitic Element for 5.8-GHz Wireless Local Area
Network Applications. Wireless Personal
Communications. 91(3): 1163-1170.

[17]1yer V., Kulkarni S., Zucchelli G., Makarov S. N.
2016. Increasing the Impedance Bandwidth of Dipole
and Monopole Antennas with Parasitic Elements.
2016 10™ European Conference on Antennas and
Propagation (EuCAP), 16037787.

[18]Zhai H., Ma Z., Han Y., Liang C. 2013. A Compact
Printed Antenna for Triple-Band WLAN/WiMAX
Applications. IEEE  Antennas and  Wireless
Propagation Letters. 12: 65-68.

[19]Rajkumar R., Kiran K. U. 2016. A Compact

Metamaterial Multiband Antenna for
WLAN/WiMAX/ITU Band Applications.
International Journal of Electronics and

Communications. 70(5): 559-604.

[20]Jusoh M., Aboufoul T., Sabapathy T., Alomainy A.,
Kamarudin M. R. 2014. Pattern-Reconfigurable
Microstrip Patch Antenna with Multidirectional Beam
for WiMAX Application. IEEE Antennas and
Wireless Propagation Letters. 13: 860-863.

[21]Hazila O., Aljunid S. A., Malek F., Sahadah A. 2010.
Performance Comparison between Rectangular and
Circular Patch Antenna Array. 2010 IEEE Student

4667



VOL. 13, NO. 16, AUGUST 2018

ISSN 1819-6608

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;a\.

www.arpnjournals.com

Conference on Research and
(SCOReD). pp. 47-51.

Development

[22] Zulkefli M. S., Malek F., Jamlos M. F., Mat M. H.,
Ronald S. H. 2011. Novel Small Peanut-Shape Printed
Antenna Design for WLAN-band Application. 2011
Loughborough Antennas & Propagation Conference.

pp. 1-4.

[23]Paramayudha K., Wahyu Y., Taryana Y., Adipurnama
A. B., Wijanto H. 2016. Four Port Diversity Patch
Antennas for MIMO WLAN Application. 2016
International Seminar on Intelligent Technology and
Its Applications (ISITIA). pp. 363-368.

[24]Rojanasaroch K., Laohapensaeng T. 2016.
Bidirectional Circular Patch Antenna for WLAN
Applications. 2016 International Symposium on
Intelligent Signal Processing and Communication
Systems (ISPACS). pp. 1-4.

[25]Matin M.A., Sharif B.S. and Tsimenidis C.C. 2007.
Dual layer Stacked Rectangular Microstrip Patch
Antenna for Ultra Wideband Applications. IET
Microwaves, Antennas & Propagation. 1(6): 1192-
1196.

[26]Rikuta Y., Arai H., Ebine Y. 2000. A Two-Layered
Patch and Loop Antenna with Dual Frequency.
Proceedings, = 2000  Asia-Pacific =~ Microwave
Conference. pp. 1493-1496.

[27] Tran H. H., Park 1., Nguyen T.-K. 2017. Circularly
Polarized Bandwidth-Enhanced Crossed Dipole
Antenna with a Simple Single Parasitic Element. pp.
1-4.

[28]Satow H., Nishiyama E., Toyoda I. 2015. Gain
Enhancement of a Dual Feed Microstrip Array
Antenna using Parasitic Elements. 2015 International
Symposium on Antennas and Propagation (ISAP). pp.
1-4.

[29]Faradi T., Diallo A., Thuc P. L., Daragon P., Staraj R.
2015. Design Methods for Efficient Multiband
Antennas with Parasitic Elements, 2015 9" European
Conference on Antennas and Propagation (EuCAP).
63(3): 937-945.

[30]Celebi A., Kenkel M., Wong T. T. Y. Bandwidth
Enhancement of a Compact Transverse Bilateral
Helical Antenna with Parasitic Element for Mobile
Device Applications. IEEE Transactions on Antennas
and Propagation.

[31] Asif S. S., Iftikhar A., Rafiq M. N., Braaten B. D.,
Khan M. S., Anagnostou D. E., Teeslink T. S. 2015.
A Compact Multi band Microstrip Patch Antenna
with U-Shaped Parasitic Elements. 2015 IEEE
International ~ Symposium on  Antennas and
Propagation & USNC/URSI National Radio Science
Meeting. pp. 617-618.

4668



