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Design and Simulation of a U-Shaped Microstrip
Patch Antenna for WiMAX Application
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Abstract: The design of a microstrip patch antenna based on u-shaped patch
for wiMAX application is presented. The proposed antenna is simulatecl by
Electronrugnetic sirnulator, YFDTD (Finite Dffirence Tinte Domain Method).
Tlrc sinulation result shows the antenna system resonates at 2.5GHz frequency
this is suitable for wiMAX application. The parameters are calculated for outer
dimensions of the u-shaped microstrip patch antenna on the basis of line width
to substrate thickness (wh) ratio by considering loss less dielectric material
(FR-4.8 Duroid material). The characterisric line impedance (Z) and effective
dielectric constant (e"n) are calculated by considering dffirent values of wh
ratio like 2. 3, 4, 5. 6, 7, 8 and 9. The comparative statement among
characteristic line impedance (Zd and ffictive dielectric constant (er6) with wh
ratio are presented. This research work also presents how to choose the
dinrcnsions of the patch for desigrt a microstrip patch antenna at specific
frequency band by a certain dielectric rnaterial.
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1. Introduction

The demand for wireless mobile communication services are growing at an
explosive rate, with the anticipation that communication to a mobile device Any
where on the globe at all times will be available in the near future. An array of
antennas may be used in a variety of ways to improve the performance of
communication systems. A very popular type of antenna arrays is the circular
array which has several advantages over other schemes such as all-azimuth scan
capability and the beam pattern can be kept invariant. Concentric circular array
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(CCA) that contains many concentric circular rings of different radii and number
of elements have several advantages including the flexibility in array pattern
synthesis arrd design both in narrowband and broadband beamforming
applications [1 2]. WiMAX (Worldwide Interoperability for Microwave Access)
is a telecomrnunication technology that provides wireless transmission of data
using a variety of transmission modes from point to multi point links. The
technology is based on IEEE, 802.16 standard. The WiMAX standard specifies 2
to 1l GHz as usabie operating liequer.rcy range for modulation and channel
access etc., WiMAX base station antenna requires a minimum gain of 18dBi
with a beam width of 10 degrees [3]. This paper focuses on the concentric and
modified concentric microstrip Patch array antennas for WiMAX applications.
Microstrip patch antennas are popular, because they have a very 1ow profile,
mechanically rugged and can be conformable; they are often mounted on the
exterior of aircraft and spacecraft, or are incorporated into mobile radio
communications devices. Microstrip Antennas are also relatively inexpensive to
manufacture and design because of the simple 2D physical geometry [4-5]. In
this work, the microstrip array is simulated at 2.5 GHz with substrate element as
glass epoxy having dielectric constant e.:4.8 for all discussed array
configr"rrations.

There are several classes of antennas like uarrowband antemas, fractal or
liequency independent antennas and wideband antennas. Broadband or
wideband antennas are termed as those which can cover an octave or two around
the designated centre frequerrcy [2]. Present broadband communications involve
IEEE 802.i1 based Wireless Local Area Nerworks (WLANs) [3] and IEEE
802.16 based World'r,ide Interoperability for Microwave Access (WiMAX)
networks [4]. WiMAX serves as a solution for Wireless Metropolitan Area
Networks and hence, can accofilmodate several WLANs for backhaul purposes
[5]. The most rvidely employed spectral band for WLANs is 2.5GHz [3].
However, depending upon the allocation authorities olthe realm, 2.5GHz is also
employed for operation of WiMAX networks [6]. Microstrip antennas are low
profile antennas which can be easily rnounted on surfaces due to their planar
geometrical designs [7]. These antennas are manufactured by etching the
designed prototype on a dielectric substrate with dielectric constants ranging as 2

= €. ( 12 U). Designs with greater substrate thickness and lesser value of
dielectric constants can increase efficiency of the antenna but introduce
application constraints as wel1. Smaller and cheaper designs are required for
implementation in practical systems to support wideband communications and
offer low reflection losses [8].

2. Antenna Design

For design ol the substrate for the U-shaped microstrip patch antenna we have
used duroid material of dielectric constant e,. - 4.8 [10]. The l]equency of
operation or resonant frequency (f,) is considered as 2 GHz. The proposed
antenna geometry parameters like height (h) of the substrate, wave length ()"),
effective dielectric constant (e.rd, characteristic line impedance (26), width (W),
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effective length (L"$, length extension (AL) and length (L) are calcuiated on the

basis of the line width to dielectric thickness (wh) ratio [9]. The fbllowing three

major equations by which we have calculated the parameters for design of the

new patch antenna geometry.

2.1. Calculation of Width (W)

c 2
llridth e,+l)f

With the substituting values of c:3X10r0 cm/s, i: 2'5 GHz and e,:4'8' W:
3.52cmby using 

"qrrutio., 
1 [3]. For Wlh:2,3.4, 5,6, 7, 8 and 9 (W'h ratio will

be greater: thanl due to the wide line consideration), the coresponding values of
h 17.76cm, 1.i cm, 0.88cn,, 0.704cm, 0.58cm, 0.502cm, 0'44cm, 0'39cm and

aiso the corresponding values of r"ir ofe calculated (using equation 2 [7]). By

nsing different values of e"6 and the values of ). are 7.89cm, 7 .146cm,7 .644 cttt',

7.58cm, 7.5icm, 7.45cm,7.41cm. l.37cm the corresponding values of Lenare

calculated respectivelY.

2.2. Cals:ILatl.on of effective dielectric constant (tu1):
1

o 
"/1

€, +7 e, -1
22

I tznl 1l1+_ |I ,,.1

For above mentioned values of Wh, h and e"6, the corresponding values of AL:
l.i cm, 0.41cm,5.95cm, 0.733cm, 0.255cm, 0.5371cm, 0'1948cm, 0'364'lcm'

By using above mentioned values of L"11 and AL u'e have calculated the

.or."tporrdi,rg values of L: 1'154 cm, 2.1cm, 8.85cm, 1'6crn. 2'4crn, 1'9lcm'

2.5cm, 2.lTcr:r: respectively. Where 21376.8 fl is the wave impedance in free

space.

2.3. Calculation of characteristic line impedance (Zfiz

Zo- tt' 1 lw
1.3e3+1+1tn[7+t +++ (3)

For different values of Wh, and e"16 the cor:responding values of Zs:46.983f),
36.12 f.,29.452f2,24.9550,21.591Q,i9.0730,17.089Qand1s525f2
respectively by usrng equation 3 [8].
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Table l: Dimensions in cm of the patch for different wh ratio and resonant

frequency in GHz.

The Structure of the designed U-shaped Patch Antenna as shown in figure I

t
+ !-

Figure 1: Proposed E-shaped dual-band microstrip Patch Antenna

wh W(cm) h(cm) t*ff ),(cm) L"rdcm) AL(cm) L(cm) z,(a)

2 3.52 1.16 3.61 8 6.3 3.15 1.1 1.154
46.98

J

J 3.52 i.1 3.149 6. 19 3.09 0.4'7 2.1 36.12

4 3.s2 0.88 3.85 6.1 3.05 5.95 8.85
29.45

2

5 -1.Jt 0.101 3.930 6.0 3.0 0.733 1.6
24.95

5

6 3.s2 0.58 3.996 6.0 3.0 0.255 2.4
21.59

1

7 3.52 0.502
4.059

-l
s.96 2.98 0.5371 1.91

19.01
.,

8 3.52 0.44 4.101 5.92 2.96 0.1 948 2.5
17.08

9

9 3.52 0.39 4.144 5.8 2.9 0.3644 2.17
15.52

5

wh ,

w 3.52 cm

L 1.154 cm

h 1.76 cm

Ys 2.56 cm

Ls 0.6 cm

Wr. 0.48 cm
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wlh:2 with dimensions.

Z.4.YanaliLonof 26 and eu11with Wh ratio for 2.5 GHz:

Since for a wide line, Wh > 1, then the values of Wh - 2,3, 1, 5, 6,7 ' 8 and 9

are considered here for a specific relative permittivity (e,) of duroid material is

4.8. By using equation no. (2) and (3) the values of effective dielectric constant

(e"$ and characteristic line impedance (Zi have been calculated which are

iho*" i" the table-1. The characteristic line impedance (ft) plotted as a function

of line width to substrate thickness (Wh) ratio as shown in figure-2 [12]. This

plot represents the variatiot of Zowith W/h for a fixed value of e.' The values of
211 gradually decreasing with the increase of Wh ratio.

Zo Ys Wh Ratio

fluo
t- 40

ET 30

Elq 20

ff10
8o

*

o246a10
Line vvith to dielectric thickness ratio

w/h

Figure 2: Characteristic line impedance as a function of Wh.

Eeff Vs Wh Rati<>

4_2
4.1

4
3"9
3.4
3.7
3.6
3.5

o 2 4 6 a 10

Line with to dielectric thickness ratio
w/h

Figure 3: Effective dielectric constant as a function of Wh.
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The effbctive dieleotric constant (e"1) plotteci as a function of line u,idth to
substrate thickness (wh) ratio as shorvn in figure 3. This plot represents the
variation of s.s with wa fbr a fixed value .,f e,.. The vaiues of e"n, gradually
increasing with the increase olwir ratio. l'he characteristic tine impealnce (.74)
plotted as a function of effective dielectric constant (e"4) as shown in figure 4.
This plot represents the r,'ariation of e"6 with za for a fireJ value ole,. The values
of e"n gradually increasing ."vith the increase olZr.

UITS Journal Volume:3 tssue:2

Zo Vs Eeff Ratio

p
.E

I
"=lHF
pla
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o
3.4 4.2

Figure 4: characteristics line impedance verslls effective dieiectric constallt
curve.

3. SIMULATION AND RSULTS:

The_proposed U-shaped patch antenna is designed using a, EM simulator which
works on principle of Pinite Difference Time Domain Method. A feed line is to
be installed to the antenna in order to get

Feed

Li ne
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Figure 5: 3D mesh mode geometry with Feed Line

the RF power to the patch and the feed line and a port number is assigned in

order to have a ,"fer".t". *t'ile calculating the S-parameter: 
-1111' 1" antenna is

[J;;-* 1 (xf, Yf, ig: 1z s,2'0, 0)fand at pornt2 t(Kf If' zfS.: (2'5'2'0'

1.76)1. The feeding fr4i.-tttlp lineii a46'9e:O hne and the impedance of the

antenna is matched to 46.9SjO by the inset feed. Now the stage has come to

;;;;il .;;itation. The 3D Solii mode geometrv with the simple microstrip

antenna feed line, 3D vector field display on ZXpiane and 3D field display on

XY plane are shown in figure 5,6 and7 '

Figure 6: ZXPlane 3D vector disPlaY
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Figure 7: XY plane 3D field display

On the basis of the design, simulation was performed by XFDTD. The voltage

versus time plot for Gaussian and Sinusoid input as shown in figure-S and 9

respectively.

ryd8*,4nmgd

2

L

t

1 ;l

Figure 8: Time domain results for Gaussian wave

:1 4r

Figure 9: Time domain results for sine wave
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'itil+ ,: trr,rrrir.j iilr

irq&lir:t

Figure l0: Frequency domain results for sine wave

The surface cLlment distributions of the conesponding liequencies are plotred as
shown in figure-10. It is seen that. the maximum crurent ciistributed ai I 5 GHz
frequenoy band.

4. Conclusions

In this research v'ork U-shaped rnicrostrip patch antenna for the liequenc' oll.5
GHz has been proposed. The antenna designed by considering line u.idth to
substrate thickness (Wh) ratio at certain relative dielectric constallt. The
proposed antenrla is simujated by XFDTD software. After simulation it is >een
that. the time-domain and fi'equency domain analysis and voltage r..s frequencr
result shows the proposed U-shaped patch antenna system resonates at l._iGHz
lgguency This frecprency is good agreement with the freq,encl. band of
WiMAX applications.
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