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Abstract-In this paper small suspended rectangular patcbnaat geometry is proposed. The antenna is
designed to perform efficiently from 3.28 GHz. t&d8 GHz, at the resonant frequency of 3.49 GHzrpei
return loss of -45.54dB. The given range is suiabr median band of IEEE 802.16 Wi-MAX (Worldwide
Interoperability for Microwave Access) applicatiohhe proposed antenna is designed on simple gfassye
FR4 dielectric material and fed by simple 50W cabgiobe feed. Finite ground truncation technicuadapted

to achieve the best result in bandwidth, impedanegéching and directivity. After introduction of aitcin a
conventional rectangular patch the antenna is tipgrat a gain of 3.45dB which is quite acceptahlsuch
application. Effects of the truncation of groundm on bandwidth, gain, efficiency and radiatioarekteristics
are discussed in this paper.

Index Terms- microstrip patch antenna (MSA), surface wave mo@®¥/Ms), Wi-MAX (Worldwide
Interoperability for Microwave Access), finite gia

length in the rectangle patch resulting a wide
bandwidth and good gain which can be acceptable in
1. INTRODUCTION modern Wi-MAX application. Effects of the
Now days in modern communication systems we nedtlincation of ground plane on bandwidth, gain
to develop small size, lightweight, low profile,oad efficiency and radiation characteristics are also
band antenna design for compact communicatiotiscussed in this paper. The proposed design is
equipments.  Worldwide Interoperability ~ for simulated on 1.59 mm thick FR4 substrate.

Microwave Access (Wi-MAX) is the most advanced

Wl_reless_ communication having a hlgh_ data_ ratez_ ANTENNA DESIGN

Microstrip patch antennas are used in various e&l

applications. These antennas have many desirabitee geometrical representation of the proposedydesi
features such as: low profile, lightweight, and args shown in Figure 1. The basic parameters are also

easily fabricated by lithographic etching processo shown in Figure 1. The antenna is mounted on FR4

mechanical milling process. But the narrow ; . )
bandwidth, low gain, polarization impurity andsubstrate with a thickness of 1.59 mm. The antésna

impedance mismatching are become main drawbacf&d Py & simple coaxial transmission line. Synthesi
in the application of communication system. Manynd analysis of this proposed design was performed
methods, such as addition of slots, parasitic efésne using IE3D v 15.1 commercial software [4]. The
to the basic structure, ground truncation are athft simulated resonance frequency corresponding to
improve those drawbacks [1-3]. In previous studyominant mode (TM mode) of conventional
AK. Bhattacharyya shows that the groundedeciangular patch antenna without any ground

dielectric_supports a finite number of surfaceve reducing and addition of cut in the patch is 4.29zG

modes (SWMs) which propagate in adirectior&) ously di d that li larizati
parallel to the air-dielectric interface. The reviously - discusse at linear polarization can

magnitude of a SWM, in general, increases with thgasily be obtained by exciting a simple rectangular
electrical thickness of the substrate. For a dated Patch. For achieving purely linear polarizationcua
ground plane, these surface wave fields paytiallof 4.95 mm length at 45 degree elevation has been
reflect back and react with the main radialdiis introduced in the rectangular patch. After intradgc
effect alters the input impedance and the radiatiofie cut of 4.95 mm the proposed antenna gain has

patterns of a patch antenna considerably. increased to 3.45 dB which is quite acceptable. For

In this communication rectangular patch is chosej. . - _
for better response and ease of analysis rather th@l1IS design a finite ground of % 100 mm and =

any other shapes. The ground plane truncation ar?(? mm is taken. The dimension of the prOPosed patch
addition of a cut at 45 degree elevation with iitéin 1S W= 30 mm, .= 20 mm. After selection of a
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suitable feed location the finite ground has triega cut makes the patch defected one. The ground

gradually. When the ground area reduced 54% tfeuncation along the width of proposed design makes
antenna efficiently perform with a gain of 3.45 dgiln® Patch suspended type. The resulted geometry of
and 2:1 VSWR the proposed antenna is shown in Figure 2 where

W=46 mm and L=50 mm. Suspended type patch
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Fig. 1. Antenna geometrical configuration. Thegpaeters are the finite ground of W1=100mm,
L1=50mm, and the patch of W= 30 mm, L= 20 mm, h=tré.

L
L=

Fig. 2. Antenna geometrical representation afietting the patch and truncating the ground.

improves the radiation property as it acts as tlhém
3. RESULT ANALYSIS radiator as well as it also reduces the parasiteces
of the antenna.

a . . Simulated input impedance matching data of the
and L;= 50 mm without any cut in the paich. At thatdesign is shown in Figure 3(a). The concentricleirc

time it's resonating with a narrow bandwidth (2'4%)Which passes through the centre of the smith chart

In order to get proper impedance band width and ga|mp|ies a wide impedance bandwidth. The antenna

a cut of 4.95 mm has introduced and re_ducing and width is extending from 3276 MHz t03744 MHz
finite ground need to be adjusted accordingly. Th'ar 13.4% bandwidth with 2:1 VSWR. The return loss

Initially started with a finite ground of W1= 10Gnm
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of the proposed design is -44.04 dB at 3.498 GHz maximum power from the radiator radiates at the
shown in Figure 3(b). Computed current distribusionresonant frequency 3.498 GHz. and the patch des li

are concentrated at the edge of the slot. The ge@k the main radiator. The wide bandwidth of 13.4% with
is about to 3.45dB at the resonant frequency 3.498 good impedance matching is achieved by ground
GHz is shown in Figure 4. truncation. The current distribution pattern on the
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Fig. 3. (a) Smith chart shows the input impedamegching, (b) Reflection coefficient vs. frequency.
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Fig. 4. Total gain with respect to Frequency.

Figure 2 shows that the finite ground truncatiompatch concentrates at the edge for this to excite
makes the antenna suspended type and reduce ¢he sizother mode and enhance the bandwidth we
W= 46mm and L= 50mm, gives it's the compactneswtroduced a cut and also it makes the patch actbafe
for miniature application. one.

In Figure3 (a), the smith chart, the concentricleir Figure 4 gain (dB) vs. frequency (GHz) shows that
shows the perfectly input impedance match with ththe gain is 3.45 dB at 3.498 GHz. It is also obsdrv
co-axial transmission line. In Figure3 (b), reflent that all over the frequency range the proposedydesi
coefficient vs. frequency (GHz.) shows that therovides average 3 dB gain. The gain of the proghose
proposed design perfectly resonating at 3.498 GHiesign is achieved by ground truncating.
with a excellent return loss of -44.04 dB i.e.
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Figure 5 (a) shows that how bandwidth of theahe ground plane will significantly affect the resmt
proposed design varies with ground truncation. Thigequency, the input resistance and directivity aof
ground of the antenna is reduced along width, whenectangular microstrip antenna. Figure 5 (c) shthes
the width W=46 mm then the proposed desigincreasing manner of efficiency during the changfes
bandwidth is extending from 3276 MHz to3744 MHzground area.
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Fig. 5. (a) Ground area (nfjnvs. bandwidth (%), (b) Ground area (Ryws. Gain (dB), (c) Ground area (f)m
vs. Efficiency.

i.e. 13.4% bandwidth. Figure 5 (b) shows the change
in gain due to ground truncation. In previous stuay
found, there are strong effects on antenna parasnete
by the ground plane of traditional patch antenn&][4
Tavakkol-Hamcdani etc [4] has shown that the size o
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4. CONCLUSIONS

In this communication a novel design of a wide band
rectangular microstrip antenna has reported where t
design provides the frequency range suitable for
median band of IEEE 802.16 Wi-MAX (Worldwide
Interoperability for Microwave Access) application.
In this paper two techniques are described to erghan
bandwidth and reduce the antenna size. The
techniques are depending on exciting the mode
(TMO1) with close resonant frequency. The first
technique depends on the cut at 45 degree eleviation
the patch to meander the current path whereas the
second technique is truncating the finite groundce W
could reach size reduction along the width and toub
the bandwidth by using the first technique. Alsteiaf
truncating the ground the resonant frequency also
shifted back from 4.34 GHz to 3.498 GHz. By using
the second technique, the size of the antenna was
reduced by 54% and enhances the bandwidth by three
times its value as compare to the conventional
rectangular patch antenna. (A1)

REFERENCES

[1] A.K. Bhattacharyya, “Effects of ground plane
truncation on the impedance of a patch antenna”
IEEE Proceedings-H, Val. 138, No. 6, pp. 560-
564, December 1991. J. Breckling, Edhe
Analysis of Directional Time Series: Applications
to Wind Speed and Directipsger. Lecture Notes
in Statistics. Berlin, Germany: Springer, 1989,
vol. 61.

[2] T. Huynh and K.-F. Lee “Single-layer single-
patch wideband Microstrip antenna” IEEE
ELECTRONICS LETTERS 3rd August 1995
Vol. 31 No. 16.

[3] Mohammed Al-Husseini, Ali El-Hajj, and Karim
Y. Kabalan “A 1.913.5 GHz Low-Cost
Microstrip Antenna”, 978-1-4244-2202-
9/08/$25.00 © 2008 IEEE.

[4 S. Noghanian. L. Shafai, 'Control of Microstrip
Antenna Radiation Characteristics by Ground
Plane Size and Shape,” IEE Proc.-Microw.
Antennas Propag. Vol. 145, No. 3, pp. 207-212,
June 1998.

[5] E Tavakkol-Hamedani, L. Shafai and &.Rafi,
"The Effects of Substrate and Ground Plane Size
on The Performance of Finite Rectangular
Microstrip Antennas," 2002 IEEE Antcnnar and ,
Propagation Sociew International Symposium
and USNCNRSI National Radio Science
Meeting. Vol.l, pp. 778-781, San Antonia. June
13-16, 2002.

71



