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Abstract: A novel wideband printed monopole antenna is proposed covering frequency
spectrum of wireless local area network (WLAN) and the Worldwide Interoperability
for Microwave Access (WiMAX). The total antenna size is 30 x 48 x 1.6 mm?® in which
it consists of a G-shaped slotted printed antenna and a defected ground plane.
Theoretical and experimental characteristics are presented and compared. The antenna
yields an achieved impedance bandwidth of 95.1% between 2.374 GHz and 6.682 GHz
at a reflection coefficient |S;;| < -10 dB.The results including S-parameters, surface
current distribution, VSWR, radiation patterns and antenna gains; in addition to a
reasonable and stable radiation pattern and power gain.
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1. Introduction

Recently, the trends and demands towards wireless communications such as WLAN and
WiMAX have been widely increased and leads to an antenna that has a compact size, light
weight, ease of fabrication and large bandwidth. Therefore, various types of antenna have been
reported in literature to operate along the WLAN and WiMAX frequency bands [1-9].
Different techniques have been proposed providing dual, triple or four band performances such
as parasitic inverted U-shaped [1], paw shaped [2], C- and L- shaped [3], split ring slot [4], T-
shaped [5] and umbrella printed dipole [6]. Furthermore, a coplanar waveguide (CPW) fed
monopole antenna [1], coupling fed plate [7] and defected ground plane [5, 8] are other
methods have been used to improve the impedance bandwidth of the antenna and
simultaneously improved the antenna performance. In this article, a wideband G-shaped slotted
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Figure 1. Geometry of the proposed antenna (in mm); (a) Top View, (b) Bottom view.
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printed monopole antenna covering the operating band from 2.37 GHz up to 6.68 GHz is
introduced for possible use to satisfy the requirement of WLAN and WiMAX applications. The
total dimensions of the proposed antenna are 30 x 48 x 1.6 mm”. It should be noted that the
dimension of the proposed antenna smaller than the previous published work in [9] about 15.68
% improved size. The proposed work has the dimension of 1440 mm?, compare to previous
work in [9] which has the dimension of 1685 mm?®. It is confirmed that new development of G-
shaped slotted printed radiator and etching of a defected area on the ground plane, two resonant
frequencies and broad impedance bandwidth can be achieved. Details of the proposed antenna
design; both experimental and simulated results of the fabricated prototype are presented and
discussed in the following sections.

2. Antenna Design

The configuration of the proposed antenna is illustrated in Fig.1. The antenna comprises the
G-shaped slotted monopole that is quite similar to the published data in [2].The previous
published data in [10] provide dual wideband frequencies which have fluctuation at 4.528
GHz. In this antenna design, an improvement have been made by changing the size of the
defected areathat resulted wideband performances.The proposed antenna deployed on an FR4
substrate material with relative permittivity, g = 4.4, thickness, h = 1.6 mm. The radiator is
printed on the top side of FR4substrate coveringthe dimension area of 10 x 16 mm’. Figure
1(a) shows that G-shaped slotted is etched on rectangular patch radiator that is fed by a 26 X
2.96 mm” 50 Q micros trip line. Through the simulated results, it is found that the operating
frequencies of WLAN and WiMAX obtained after G-slot introduced. The upper arm, W and
lower arm, L of G-shaped slotted are found responsible to resonate the upper and lower
frequencies of WLAN and WiMAX respectively. In order to improve the impedance
bandwidth of the proposed antenna, the defected area with the size of 4 x 4 mm’ was etched on
the top of the ground plane. The impedance bandwidth of the proposed antenna achieved about
95.1 % from 2.374 — 6.682 GHz compared to previous publish work in [5] which not fully
covered the WLAN/WIMAX frequency range. To verify the simulated results, the proposed
antenna was fabricated and tested. The physical prototype of the proposed antenna shows in
Figure 2.

Figure 2. Practical prototype of proposed antenna

3. Parametric Study
A. Effect of the Width, W and Length, Lsof G-slot

In order to quantify the effects of theW; (upper arm) and Ly(lower arm- as shown in Fig. 1)
on the proposed antenna, the parametric studies were carried out by using CST Microwave
Studio. Figure 3 and Figure 4 exhibit the return losses of various dimensions of Wy and L
without the existing of the defected area respectively. From Figure 3, it can be seen that by
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slightly increased the width of W, the upper frequency of the proposed antenna will be slightly
shifted. It showed that the width of W, can control the resonant frequency at the upper band.
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Figure 3. Simulated return loss with various W (upper arm)
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Figure 4. Simulated return loss with various Lg (lower arm)

Meanwhile, Figure 4 depicted the simulated return losses of various dimension of L, From
the figure, it can be observed that when the length of L, starts to increase from 4.5 mm, the
proposed antenna tends to resonate at lower frequency band. This indicates that the lower
frequency of the proposed antenna depends on the length of L, The effect of the Wy and L can
be observed through the surface current distribution as shown in Figure 9. It can been seen that
at the lower frequencies band; 2.4, 2.5, 3.5 GHz and for the upper frequencies band; 5.2/5.5/5.8
GHz, the current has high concentration at L and W part respectively. It can be concluded,
that the upper arm (W) of G-slot control the higher frequencies band meanwhile the lower
frequencies band was controlled by lower arm(L;)of G-slot.

B. Effect of the Width, Wyand Length, L4 of Defected Area on Ground Plane

The width and the length of the defected ground plane areother important design parameters
that influenced the performance of the proposed antenna characteristic. These parameters are
denoted with “Wy” and “L,”.

Through figure 5 and figure 6, it can be seen that by gradually increased the Wy and Ly, it
will affect the impedance bandwidth of the proposed antenna, respectively. Through these
parametric studies, it can be observed that by gradually increased the L, it will affect the
impedance bandwidth. The optimal dimension of Ly was set to 4 mm which gave a relative
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Figure 5. Simulated return loss with various W (width of defected ground plane)

bandwidth of 95.1% compared to others value that resulted dual band and decreased the
relative bandwidth performances. Meanwhile, the width of defected area W4 was remain intent
as in [10] because there is no significant differences in impedance bandwidth for over 4 mm.
From these observations, it proves that the defected ground plane is one of the techniques to
improve resonant frequency and impedance bandwidth of the antennaas mentioned in [11].To
verify the performance of the defected ground plane, the comparison of the simulated return
loss, S;; with and without defected ground plane of the proposed antenna is shown in Figure 7.
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Figure 6. Simulated return loss with various Ly (length of defected ground plane)
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Figure 7. Comparison of return loss, S;; with and without defected ground plane.
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Table 1. Optimized values of the prototype

Parameter Values (mm)
W 30
L 48
L¢ 26
Ws 2.96
[ 24
W, 5.7
L 4.5
Ly 4
Wy 4
W, 10
L, 16

It is noticed that, when the defected area deployed on the ground plane, it will improve the
impedance bandwidth of the proposed antenna. The impedance bandwidth of the proposed
antenna increased from 57.4% (over 2.434-4.42 GHz) and 4.2% (over 4.786-4.996%) to 95.1%
(over 2.374-6.682 GHz). In summary, the operating frequency band of the proposed antenna
were determined by the width, W, and the length, L, of the G-shaped slotted. Meanwhile, the
width, W4 and length, Ly of defected area on the ground plane were the others parameters that
influenced the impedance bandwidth of the proposed antenna. The final optimized dimensions
of the antenna parameter are summarized in Table 1.

4. Results And Discussion
A. S-Parameters

The simulated and measured return loss of the proposed antenna is plotted in Figure 8. As
can be seen, the result reasonably agrees between simulation and measurement. The measured
return loss slightly shifted compared to the simulated ones. This frequency shift is probably
caused by the effect of SMA connector and fabrication tolerance. This figure reveals that the
measurement result for return loss, Sy, is less than -10 dB over a bandwidth range of 2.37 up to
7 GHz covering WLAN 2.4/5.2/5.8 and WiIMAX 2.5/3.5/5.5 bands.
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Figure 8. Simulated and measured return loss of the proposed antenna

B. Surface Current Distribution

The surface current distribution of the proposed antenna over different frequencies at 2.4,
2.5, 3.5,5.2, 5.5 and 5.8 GHz shows in Figure 9. It can be observed that the surface current
distributed close to the feed line. At these resonant modes the current started to distribute

uniformly to the rectangular patch.
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Figure 9. Surface current distribution at (a) 2.4 GHz, (b)2.5 GHz, (¢)3.5 GHz, (d)5.2 GHz,
(€)5.5 GHz and (f) 5.8 GHz

C. Voltage Standing Wave Ratio (VSWR)
The measured and simulated voltage standing wave ratios (VSWR) for the proposed

antenna are shows in Figure 10. There exists a good agreement between simulated and
measured results. It can be seen that, lower VSWR which is smaller than 2 achieved over the

entire frequency band from 2.4 to 5.8 GHz.
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Figurel0. Simulated and measured voltage standing wave ratio (VSWR) of the proposed
antenna.
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D. Radiation Patterns

The simulated far-field radiation pattern on the E-plane (x-z plane) and H-plane (y-z plane)
at frequencies of 2.4, 2.5, 3.5, 5.2, 5.5 and 5.8 GHz are plotted in Figure 11. The antenna
shows a stable omnidirectional pattern in the E-plane and H-plane, respectively over the Wi-Fi,
WLAN and WiMAX spectrum bands.

2.4 GHz 2.5 GHz 3.5 GHz
0 0 :

30 au -3030

%
(ge‘ra‘n

-90) b o 9 = 0 -30) P A e 0
i g AAN R 2 Ko
£ /e % §</ 1% RQANd:
_120 120 \\;\,ﬁa"/\y 20 1 '..%E"‘l
4550 1a 50

(b)

Figure 11. Simulated radiation pattern of the proposed antenna at 2.4, 2.5, 3.5, 5.2, 5.5 and 5.8
GHz in the (a) X-Z plane and (b) Y-Z plane. “xxxx” simulated co-polarization, “0000”
simulated cross-polarization.
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E. Antenna Gains
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Figure 12. The gain of the proposed antenna.

Figure 12 depictsthe simulated gain of the proposed antenna over the interval frequency
band from 2.4 to 5.8 GHz. The antenna gain levels obtained are about 2.6 -3.3 dBi in the range
0f2.4-3.5 GHz and 3.3 — 0.48 dBi at 3.5 — 5.8 GHz. It can been seen that, the gain at the upper
frequencies are lower that the antenna gain at the lower frequencies.This is due to the cross-
polarization of upper frequencies in E-plane (x-z plane) as shown in Figure 11 (a)is larger than
those of the lower frequencies. Additionally, the radiation efficiency of this proposed antenna
is approximately above 90%.

5. Conclusion

A novel wideband G-slotted and defected ground plane printed monopole antenna has been
presented as possible candidate for WLAN and WiMAX wireless applications. The optimum
dimensions of proposed antenna were found 48 x 30 x 1.6 mm?®. The proposed radiating
element has achieved stable radiation pattern overall 95.1% operating frequency band extended
over 2.374-6.682 GHz. Measurement result showed good agreement with simulated one.
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