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Abstract: Wireless local area network (WLAN) and Worldwide Interoperability for Microwave
Access(WiMAX) has been widely applied in mobile devices such as intelligent phones and handheld computers.
For miniaturizing the wireless communication system the antenna which is being used must also be small
enough to be placed inside the system. So microstrip antennas are becoming very popular in the field of
mobile,radar, WiMAX,WiFi,LTE system, satellite, UWB etc .This paper presents a comparative study of
microstrip patch antenna for WLAN and WiMAX application with changes in length and width of the patch,
variety of substrates, feed techniques and slots. Here we also discuss the basics of microstrip antenna, antenna
parameters,design models, various feeding techniques, with their advantages and disadvantages. A microstrip
antenna is characterized by its length, width, gain, input impedance, and radiation pattern .The slot structure on
the printed antenna that satisfies the requirements of the mobile WLAN and WiMAX applications such as the
impedance bandwidth ,radiation pattern and gain is also presented. This paper in overall provides recent
development, technologies and designs in the field of printed antennas for WLAN and WiMAX applications.
Index Terms: WLAN and WiMAX, microstrip patch, substrate, feeding techniques, bandwidth

I.  Introduction

As the communication devices are becoming smaller due to greater integration of electronics, the
antenna becomes a significantly larger part of the overall package volume. This results in a demand for similar
reductions in antenna size. When designed at lower microwave frequency spectrum,the size of a conventional
microstrip antenna is somewhat large. Sometimes the size of the antenna even exceeds the dimension of the
repeater or receiver system and thus is unsuitable for mounting conformably on the existing repeater/receiver
system. For many antenna applications, such as handheld transceivers and handheld computers, small size is
extremely important. For fixed wireless applications also, the small sized antennas plays an important role. The
new trends in antenna design mainly focuses on the compactness of antenna,its robustness and integration with
the existing RF circuit components. Antennas are basic components of any electric system and they are the
connecting links between the transmitter and free space or free space and the receiver. Thus antennas play very
important role in finding the characteristics of the system in which antennas are employed. Antennas are
employed in different systems in different forms. That is, in some systems the high gain of the antenna is
considered,or the directional properties,or the omnidirectional radiation pattern ,or the high beam width is
considered.That is the selection of the antenna depends on its application.

1. Microstrip Antennas
A. Structure

A microstrip antenna in its simplest form consists of a radiating patch,which may be square or circular
or rectangular in shape, on one side of a dielectric substrate and a ground plane on the other side. The radiating
elements and the feed lines are usually photoetched on the dielectric substrate. The microstrip antenna radiates
relatively broad beam broadside to the plane of substrate. Thus the microstrip antenna has a very low profile and
can be fabricated using printed circuit technology. The radiating patch may be square, rectangular, thin strip
(dipole), elliptical, triangular, circular,or any other configuration.

B. Feeding Techniques

A feedline is used to excite the antenna by direct or indirect contact. There are different techniques of
feeding and four most popular techniques are coaxial probe feed, microstrip line, aperture coupling and
proximity coupling. In microstrip feed technique, a conducting strip is connected directly to the edge of the
microstrip patch. The conducting strip is smaller in width as compared to the patch .This type of feed
arrangement has the advantage that the feed can be etched on the same substrate,so that it provides simple a
planar structure.Microstrip line feed is one of the easier methods to fabricate because, it is a just conducting strip
connecting to the patch and therefore can be considered as an extension of patch. The coaxial feed or probe feed
is a very common technique used for feeding microstrip patch antennas. Coaxial feeding is feeding method in
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which the inner conductor of the coaxial is attached to the radiating patch of the antenna while the outer
conductor is connected to the ground plane. Aperture coupling consist of two different substrates separated by a
ground plane. On the bottom side of lower substrate there is a microstrip feed line whose energy is coupled to
the patch through a slot on the ground plane separating these two substrates. This arrangement allows
independent optimization of the feed mechanism and the radiating element. Normally top substrate is thick,and
which is having a low dielectric constant while for the bottom substrate it is the high dielectric substrate.
Proximity coupled type of feed technique is also called as the electromagnetic coupling scheme. The main
advantage of this feed technique is that it eliminates spurious feed radiation and also it provides very high
bandwidth (as high as 13%), due to overall increase in the thickness of the microstrip patch antenna.

C. Advantages of microstrip antenna

The antenna is broadly classified in two categories — unidirectional antenna and directional antenna.
Most of the conventional antennas like yagi uda, helical, horn, parabolic etc are directional. They are quite good
in terms of their bandwidth and gain. In spite of all these advantages they have some disadvantages.The
disadvantages includes their large volume, very bulky structure, complex 3d structure etc. Microwave
applications require small sized antennas so all these antennas are not well suited for microwave applications.
Microstrip antenna is the one which is well suited for wireless and microwave applications. Compared with
conventional antennas, microstrip patch antennas have more advantages and better performance. They are
lighter in weight, low cost, low volume,low profile, smaller in dimension and ease of fabrication, simplified 2d
structure and conformity. Moreover, the microstrip patch antennas can provide dual and circular polarizations,
dual-frequency operation, broad band-width, feedline flexibility, beam scanning omnidirectional patterning and
also high gain.

Microstrip antennas are extremely compatible for embedded antennas in handheld wireless devices
such as pagers,cellular phones, etc. These low profile antennas are also useful in satellite,aircraft, and missile
applications, where size, weight, cost, performance, ease of installation are considered. However, one of the
major drawbacks of this microstrip patch antenna is the low bandwidth. Narrow bandwidth and gain are main
disadvantages of this patch antenna. To overcome these disadvantages various techniques are used like varying
the substrate thickness, changing the dielectric value of substrate, using the various patch configurations, using
stacked configuration etc.

D. Disadvantages

Although patch antenna has numerous advantages, it has also some drawbacks such as narrow
bandwidth, low gain, excitation of surface waves and a potential decrease in radiation pattern. Various
techniques like using Frequency Selective Surface, Employing stacked configuration, using thicker profile for
folded shorted patch antennas, slotted antennas like U-slot patch antennas together with shorted patch, double
U-slot patch antenna, L-slot patch antenna, annular slot antenna, double C shaped patch antenna, E-shaped patch
antenna, and feeding techniques like circular coaxial probe feed,L probe feed, proximity coupled feed are used
to enhance bandwidth of patch antennas. The substrate height and dielectric constant of the substrate are very
important factors that influence the changes of bandwidth as well as the surface waves. The substrates of
dielectric constants are usually in the range of 2.2 to 12.The antennas with thick substrates whose dielectric
constants are in the lower end of the range,provide better efficiency, larger bandwidth, loosely bound fields for
radiation in the space and also it provides high gain.

I11. Methods For Improving Bandwidth

The bandwidth of a dual patch antenna can be improved by etching dummy EBG pattern on the
feedline. In spite of many advantages, these antennas suffer from some disadvantages which include their low
efficiency, low power, poor polarization purity, spurious feed radiation and very narrow bandwidth . A possible
way for increasing the bandwidth is to either increase the height of the dielectric or decrease the dielectric
constant. However, the first approach would make it unsuitable for low profile structures while the latter
approach will make the matching circuit to the patch difficult due to excessively wide feeding lines. Bandwidth
of small size microstrip antennas has been improved by the use of U slot and L probe . By using compound
techniques a new type of stacked microstrip patch antenna that increases the frequency bandwidth has also been
studied. the bandwidth of an aperture coupled microstrip patch antenna has been improved by using an
appropriate impedance-matching network using filter design techniques. The use of two triangular structures for
microstrip patch antennas to improve the bandwidth has been studied. Unbalanced structures have also been
used to design patch antennas to improve bandwidth. Performance parameters especially bandwidth, of patch
antennas which are usually considered as narrowband antennas can be improved using metamaterial.
Metamaterials are also the basis of further miniaturization of microwave antennas. The main interest behind
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using metamaterial substrate is :Increase bandwidth and gain of a patch antenna and Miniaturization of
microstrip patch antenna.

IVV. Comparison Table

Antenna Anthor Name Antenng Gain/BW Structure Sire
pArameter
gactangular microstrip Hu-bao Bun, Mas-vong Cap, Jian- B.T/duroid SR80 | 36% fractional squara :lot and Ll1=T64mm L1=4§
zlot antenma jun Hap, Yinjing Guo e =121h1.6mm impadanca a rectangular mm, Dl =30mm DIl=
bandwidth, zlot & mm,
c=ntrs Wi=10mm Wl=1
fi=quancy of 2.4 mm.
GHz
dual-bend patch antenna A. Amadlia Fogalina, K. Malathi FE4, 1LB2.4 GHz slottad 60 mm =60 mm =3.27
e=44h=31mm ractangular mm
radisting
clamemt, zpiral-
like EEG.
high gain microstrip applicarion:Eanzhik WMandsl Partha Elazz-PTFE, b= Gain 7.2 dBi Six trismeular gizaf) mm x 50 mm.
antanna Pratim Sartar L& mm e=214. slots
Compact Printad Bamm hMarpmdars Ujjal =44 b=1.58735 bandwidth of Two L zlotz 15mm x 12 mm
Antenna Chakraboaty mm. 15.58 MHz,
r=tuem loss —
16.15 dB and
bandwidth of
80.32 MHz,
1=tim loas -
15.05 dB
Broadband antenna T.5hanmuzsmentham 5. Fashavan =44 thows TU-chaped patch l4mm in width
b=1.6mm bandwidth
impaove- mant
1o 9.25%
CPW-fad antenna ML MNarer-hloghadasi, F. BCE L.60-1.85 and Slotted patch 17mm=20mm
Sadeghzadsh =44 4.95-5.80 GHz
b=1 mm
Do Triangls Shapsd Stuti Srivastavas Vined Humsar =44 1.745- 1=ctangls 4316 mm=35. 51lmm
amtanna Singha b=1.6mm 1.884GHz and with cut
21.129-3. 126 oofmars-zhapad
GHz Eroumnd
cisoular microstrip P.V.Lokhanda, E.T.5alokhs FR4 145 GH= Dafactad
patch antenna =44 Ground
b=50 micron Structure (DHES)
compact singls probs- Vivak Kvmar Agsrwala Ansmd FR4zr=4.4 3.1 GHz and 5.5 ractanular 16 mm x 12 mm
faad Euvmar Shawa b=1.6 mm GHz mictostip patch
Wlicrostrip Antenna for Faazhid A Sased and Sabira Ehatun =44 B0 MHE slottad -
WLAN h=lmm bandwidth
Ermadband antenna Jubua Lin =131 bandwidth of r=ctangular 82 4mm=30 4mm
b=1.57 12.48% patch antenma,
columns of
shorting-vias
WLAN antenna M. Z. A Abd Aziz 7. Fakaria FR4er=4.4, 1.46dEi gain with dual -
b=1.6 mm masndar zlot
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Antenna Anthor Name Antenna Gain/BW Structure Size
pArameter
microstrip antennas Falguni Faval, I Y P Eosta durodd substrats & dazign at hlstamatorisl az 2. 5mmx 3mm
=22 feguancy 10 Diafactad
b= 1.6mm GHz eround plans
ractangular patch Achmad NMumir, Gunter Patms FR-4 cantar multipla zlots 55mm x 30mm
amtamma =44 faguancy atchad on the
b=1.6mm amund 1.6GHEz patch
aTEY antenna Chandan Ewmar Ghosh] and E.T/duwroid e = beamdwidth of slottad 128 mmx 24 4mm
Suzanta Kvmar Pamdil 11 1300 H=
b= 1.588 mm
rectanzular Mouloud Challall 2, Assh Azrsr] RO4003C E8in dafacted ground -
microstrip b=1.524 mm improvemant of strocture {DGE)
0.8 dB
16mm=21mm
microstrip patch Jaswindar Eawr*, Fgjech Khanna - Bandwidth= oo-axial fad
218.2 MH= zingla layar
microstrip patch
Fimmx4dmm
Microstrip patch Amit Kemar, Fogar: BT/ - T shapad patch
Prof P.F.Chadha duoid SBR0
microstrip u-chaps Samjesv dwivadi, BN, Yadav BT/durosB8) e = 2.5 GHz T zhapa patch 47.43 mmx 30.85mm
patch 11
rectangular tri-band (Gehan Sami a, Mabmond Mohsnna Fogerz 5. 1% impedance slottad L=34635cm W=
patch antenna FTiduodd, er= matching band 4041 cm, H=0.1588
11 width at 2.4 om
GHz
h=1.6 mm, 115 mmx
Wil amtema Sukhbir Kumsarl, Hitendar Gupta o=mtrad at T-shapad zlot 16 mm
=44 faguancy
. 5.25GH=
patch antenna amray F.. Jothi Chitra O, V. Nagarsjan FR4, e= 4.4, 145258 GHe doubla L-zlot 5. TmmxT7. 5mm
microstrip
widshand Cagandesp Eaur, FF.4 substrata, bandwidth of DEE L=18.76mm,
microstrip patch Cestamjali Singla 7= 3.5 GH= W=1T.24mm
4.4,
b=].6mm

When rectangular slot is cut in the ground plane and the microstrip line is made perpendicular to it,then
there occurs an increase in the bandwidth of the antenna.High bandwidth is obtained on the thin substrate,and
this occurs because of the presence of the resonant modes created.RT duroid 5880 substrate with dielectric
constant of 2.2 is used here.The duo triangular shaped patch antenna also provides high bandwidth.It makes use
of the FR4 substrate with dielectric constant of 4.4 and thickness of 1.6mm.The circular microstrip antenna with
DGS provides high bandwidth,in which the the shape defected in the ground structure will disturb the current
distribution,and thus the excitation is effected and also the propagation of EM waves through the substrate
layer.In the U slot patch antenna ,RT duroid 5880 with dielectric constant of 2.2 is used.In this ,the height of the
substrate is varied and changes occurring in the bandwidth is observed.In the circular microstrip array antenna ,3
different substrate height and 3 different dielectric constants are considered.The change in the bandwidth is
observed.High bandwidth is obtained for the thicker substrate.

Wireless communications have progressed very rapidly in recent years, and many mobile units are
becoming smaller and smaller. To meet the miniaturization requirement, compact antennas are required in this
field. Planar printed antennas have the attractive features of low profile, small size ,low volume and
conformability to mounting hosts. The dielectric constant of the substrate is closely related to the size of the
antenna and also the bandwidth. Low dielectric constant of the substrate produces larger bandwidth, while the
high dielectric constant of the substrate results in smaller size of antenna. A trade-off relationship exists between
antenna size and bandwidth.

substrate Dielectric_constant Loss tangent
Bakelite 4.78 0.03045
FR4 Glass Epoxy 4.36 0.013
R0O4003 34 0.002
Taconic TLC 3.2 0.002
RT Duroid 2.2 0.0004

V. Conclusion
The choice of an antenna for a particular frequency depends on following factors like radiation
efficiency, antenna gain, radiation pattern,knowledge of antenna impendence for efficient matching of the
feeder,frequency characteristics, bandwidth, and the structural considerations too. A theoretical survey on
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microstrip patch antenna is presented in this paper. After the study of various research papers, it is concluded
that the bandwidth can be improved by various methods like changing the substrate thickness , by changing the
dielectric constant of the substrate,by allowing slots in the patch,by using EBG structures and DGS etc.
Microstrip patch antennas are well suited for wireless LAN application systems due to their low profile,
conformability, low cost and low sensitivity to manufacturing tolerances. From the reference papers which are
considered here,we could understand one thing that,the substrate thickness has influence on the bandwidth of the
antenna.The aim of this project is to design efficient and reliable microstrip patch antennas showing high gain
and wider bandwidth and which shows signs of directivity leading to adequate area coverage and sufficient
bandwidth usage.
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