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A compact simple structure modified Swastika shape multiband patch antenna is designed and investigated. The antenna, which
occupies an overall dimension of 0.305𝜆× 0.305𝜆× 0.012𝜆 at lower frequency, has a simple structure which comprises of a planar
wide square slot in the ground with four slits and Swastika shape radiation patch with a rectangular slot. The proposed Swastika
shape antenna was designed and analyzed by using a finite element method based high frequency structural simulator HFSS.
The experimental and numerical results exhibit that the antenna operates over the frequency ranges 950MHz (2.28–3.23GHz),
660MHz (3.28–3.94GHz), and 1120MHz (5.05–6.17 GHz) suitable for WLAN (2.4/5.2/5.8 GHz) and WiMAX 2.5/3.5/5.5 GHz
applications. It has a good omnidirectional radiation pattern and reaches 3.97 dBi at 2.44GHz, 4.04 dBi at 3.5 GHz, and 3.25 dBi at
the band of 5.98GHz. A prototype is fabricated and thenmeasured.The experimental and simulation results show good impedance
bandwidth, radiation pattern, and stable gain across the operating bands.

1. Introduction

Recently, wireless communications have been developed
widely and rapidly, which leads to a great demand in design-
ing low-profile andmultiband antennas formobile terminals,
especially the WLAN and WiMAX applications. In order to
meet the wireless local area network (WLAN: 2.4–2.48, 5.15–
5.35, and 5.72–5.85GHz) and worldwide interoperability for
microwave access (WiMAX: 2.5–2.69, 3.40–3.69, and 5.25–
5.85GHz) standards simultaneously, multiband antennas
which are integrating these two communication standards
into a single device are required with good performance [1].

Many types of antennas have been proposed recently to
achievemultiband andwide band functions and applications,
such as [2–7]. The Double-T shaped monopole antenna was
presented for only WLAN-band applications [2]. A coupled
dual-U-shaped antenna was presented for only WiMAX
triple-band operation [6]. Although the above antennas have
many advantages, there are still some performances to be
improved. For example, only two bands were involved in
[2, 6], which limited the numbers of working modes in

portable devices. The designs of the antenna may increase
the cost or complexity of practical terminal design in [4]
which possibly limits the integration level of the future
wireless communication system. On the other hand, various
types of antenna [8–14] which can both cover WLAN and
WiMAX bands have attracted more and more attention in
recent years: A double coupled C-shaped strips antenna [8],
a circular ring and a Y-shaped strip antenna [10], L-shaped
microstrip feed line and open-ended slot on the ground plane
triple frequency antenna [11], a symmetrical door-shaped
circular ring patch antenna [13], and triple-band microstrip-
fed planar monopole antenna with defected ground structure
[14] which have disadvantageous to some level such as incom-
petent well match for the whole WLAN/WiMAX bands and
relatively complex structure. But they are all complicated in
configuration to reduce the antenna applications.

In this study, a compact monopole patch antenna consist-
ing of a Swastika shape patch with extra slot and wide slotted
ground with four extra slots is presented in detail. The five
rectangular slots in the patch radiator change the patch of the
surface current. Furthermore, the slots and slits in the ground
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Figure 1: Proposed antenna geometry. (a) Front view. (b) Cross-
sectional view.

plane are also expanding the surface current. Thus, three
resonant modes are excited and the dimensions of the slots
and slits have an important role on matching performance
of the proposed antenna. The patch radiator with microstrip
line feed is printed on one side of the substrate and slotted
ground plane with slits is printed on the other side of the
same substrate. It can be clearly observed that the proposed
patch design has a strong coupling effect with ground plane
slots and slits. The simulated and measured results on the
reflection coefficient and radiation pattern are also analyzed
in this paper.

2. Antenna Design Architecture

As shown in Figure 1, the geometric configuration of the
proposed antenna is designed, optimized, and fabricated
on a 1.6mm thick FR4 substrate with permittivity of 4.6
and a loss tangent of 0.02. The overall size of the antenna
is 40 × 40 × 1.6mm3. The antenna length and width are
primarily calculated from standard equation (1) [1].Themain
resonator element of the proposed antenna is a Swastika
shapedmonopole element designed to approximately operate
at centre frequency of 3.5 GHz. The wide square slot in the
middle is responsible for lower band only. The other four
rectangles slit with length 𝐿

2
and width 𝐿

1
, respectively,

which are attached in the slotted ground plane. This slit is
also responsible for creating both lower and upper operating
bands. An extra slit in Swastika patch is needed to achieve
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Figure 2: Smith chart of the proposed antenna.

the desired lower resonance. The antenna is located in 𝑥-
𝑦 plane, and the normal direction is along the 𝑍-axis. To
match the patch radiator to 50Ohm input impedance, the
width and height of the feed-line are fixed at 𝐹

𝑤
and 𝐹

𝑙
,

respectively. The extra four-slit position in the ground plays
a vital role to achieve the broadband characteristics of the
antenna. Because the slit position is just under the patch
slots, it helps match the patch radiator with the ground slits
by creating a capacitive load which neutralizes the inductive
nature of the patch to produce nearly pure resistive input
impedance.The antenna dimensions are optimized using the
commercially available simulation software of HFSS 15.0.The
optimal antenna parameters are set as follows: 𝐿 = 40mm,
𝐿
1
= 2.5mm, 𝐿

2
= 6.5mm, 𝐿

3
= 5mm, 𝐿

4
= 10mm,

𝐿
5
= 6.75mm, 𝐿

6
= 2mm, GSL = 30mm, 𝐹𝑤 = 4,

𝐹𝑙 = 5.5mm, and ℎ = 1.6mm. Consider

𝑓
𝑟
=
𝑐

2𝑤eff√𝜀𝑒
,

𝜀
𝑒
=
𝜀
𝑟
+ 1

2
+
𝜀
𝑟
− 1

2
(1 + 10

ℎ

𝑤
)

−1/2

,

𝑤eff = 𝑤[1 + 0.824
ℎ

𝑤

(𝜀
𝑒
+ 0.3) (𝑤/ℎ + 0.262)

(𝜀
𝑒
− 0.258) (𝑤/ℎ + 0.262)

] ,

(1)
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Figure 3: Effect of reflection coefficient for the different length of
patch slot 𝐿
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Figure 4: Effect of reflection coefficient for the different width of
patch slot 𝐿

3
.

where 𝑤 is the side length of the square radiation patch; 𝑤eff
is effective length; 𝜀

𝑒
is effective dielectric constant; and ℎ is

dielectric height.
The input impedance and the voltage standing wave ratio

are validated in Smith chart which is shown in Figure 2. It
can be understood that three of the resonances are in the 2 : 1
VSWR circle and input impedance are close to the standard
50 Ohm. The RX values in the Smith chart table represent
the input impedance. Since the curve has a tight resonant
loop close to the centre of the Smith chart, which means
that the proposed antenna provides a great enhancement for
the impedance bandwidth. The markers 𝑓

𝑐1
and 𝑓

𝑐2
and 𝑓

𝑐3

represent the start and ending frequencies of the operating
lower and upper operating band.
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Figure 5: Effect of reflection coefficient for the different length of
ground slit 𝐿
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.

Figures 3–8 depict the simulated reflection coefficient
effect for different values of 𝐿

3
, 𝐿
4
, 𝐿
5
, 𝐿
6
, 𝐿
1
, and 𝐿

2
. From

Figure 3, it is observed that the lowest resonant mode is
shifted to higher frequency when 𝐿

4
increased from 9mm to

11mm. From Figure 4, as 𝐿
3
increased from 4mm to 6mm,

the highest resonantmode return loss value is shifted to lower
frequency while the other two resonant modes are barely
affected. Besides, the performance of the highest resonant
mode is obviously improved when 𝐿

3
increase. From Figures

5 and 6, it can be concluded that the medial resonant mode
and the highest resonant mode are not so affected.Therefore,
from Figure 4, it can be stated that the three resonant modes
can be obtained and tuned independently by adjusting the
length and position of the three branches. Figures 7 and 8 also
are responsible for achieving the desired resonance.

Figure 9 shows the reflection coefficient effect of the dif-
ferent feedwidth𝐹

𝑤
.By increasing or decreasing the length of
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2
.

the 𝐹
𝑤
from its optimum value 4mm, the desired operating

band is shifted. The full ground plane and wide square slot
have no responsibility to create resonance frequency in the
target operating band which is shown in Figure 10. By using
a slit in the left and a slit in the upper, first and second
resonances have created with small impedance bandwidth.
But impedance bandwidth is increasing with using the right
side slit. Finally, the upper resonance was created with good
impedance bandwidth in both lower and upper bands using
down slit with other three slits.

For better understanding the excitation behaviour of the
proposed antenna, surface current distributions in 2.50, 3.48,
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Figure 10: Effect of reflection coefficient for ground plane modifi-
cation.

and 5.30GHz are studied and displayed in Figure 11. It can be
clearly seen from the figure that the current distribution at
three resonant frequencies is different. For the first resonant
mode, a large surface current density is observed along the
whole rectangular Swastika patch slot and the ground plane
slit whereas, for the second resonant mode, the current
distribution becomes more concentrated along the left side
and upper side patch. For the third resonant mode, the
current distribution becomes more concentrated along the
right side strip and the bottom of Swastika patch. However,
they have a common feature that a large surface current
density is concentrated along the microstrip feed line.
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Figure 11: Simulated surface current distribution of the proposed antenna at (a) 2.50GHz, (b) 3.48GHz, and (c) 5.30GHz.
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Figure 12: Fabricated prototype. (a) Top view. (b) Bottom view.
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Table 1: Simulated and measured impedance bandwidths of the proposed antenna.

First resonant mode Second resonant mode Third resonant mode
𝑓
𝑐1
(GHz) Bandwidth (GHz) 𝑓

𝑐2
(GHz) Bandwidth (GHz) 𝑓

𝑐3
(GHz) Bandwidth (GHz)

Simulated 2.50 2.0–2.83 3.48 2.92–3.89 5.30 5.08–6.10
Measured 2.44 2.28–3.23 3.40 3.28–3.94 5.98 5.05–6.17

Table 2: Comparison between proposed and some existing antennas.

Author Dimension (mm) Bandwidth (MHz) Applications Average peak gain (dB)

Proposed 40 × 40
950 (2280–3230)
1120 (5050–6170)

WLAN 2.4/5.2/5.8 GHz
WiMAX 2.5/3.5/5.5 GHz 3.55 and 3.23

[2] 70 × 70
540 (2205–2745)
200 (5150–5350) 2.4/5.2 WLAN 1.5, 1.1

[15] 20 × 27

150 (2370–2520)
330 (3390–3720)
230 (5130–5360)

WLAN 2.4/5.2 GHz 2.4, 3.5, and 1.5

[16] 30 × 27

150 (2.39–2.54)
360 (3.37–3.73)
1170 (5.02–6.19)

WLAN (2.4/5.2/5.8 GHz)
WiMAX (3.5/5.5 GHz). 1.35, 1.98, and 2.6
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Figure 13: Comparison between simulated andmeasured reflection
coefficient of the proposed antenna.

3. Experimental Results and Discussion

A prototype of the Swastika shaped patch antenna is
fabricated and experimentally investigated based on the
optimal dimensions listed in Table 1. Figure 12 shows the
photograph of the fabricated antenna. The measured results
are performed by using a vector network analyzer and an
anechoic chamber. Figure 13 describes the simulated and
experimental 𝑆

11
against the frequency of the antenna,

where fairly good agreements between them have been
achieved. For better comparison, the measured and
simulated results are plotted in Figure 13 and listed in
Table 1.

The far field radiation properties of the proposed Swastika
shape patch antenna are also investigated. Figure 14 depicts

the simulated and measured radiation patterns including
the vertical and horizontal polarization patterns in the 𝑋-
𝑍 and 𝑌-𝑍 planes of the proposed antenna at 2.44, 3.40,
and 5.98GHz bands, respectively. It can be clearly seen that
the proposed antenna shows nearly typical omnidirectional
radiation characteristics in the azimuth plane (the𝑋-𝑍plane)
for all frequencies and bidirectional radiation pattern in the
elevation plane (the 𝑋-𝑍 plane), which depict a monopole
like radiation characteristics. This feature is attractive for
better transmission capabilities for wireless communication
systems in a multipath environment. Moreover, the radiation
patterns at other operating frequencies across the bandwidth
of each band are very similar to those plotted here; that is,
stable radiation patterns have been obtained for the proposed
antenna.

The peak antenna gains for frequencies through the
matching bands for the proposed antenna are measured and
shown in Figure 15. The resonant frequency peak gain of
the proposed antenna is 3.97 dBi at 2.44GHz, 4.04 dBi at
3.40GHz, and 3.25 dBi at 5.98GHz.This type of antenna gain
is good for WLAN/WiMAX applications.

Comparison between proposed and some existing
antennas are tabulated in Table 2. From the table it is
observed that the proposed antenna has been achieved
with wider bandwidth and higher gain with smaller
size compared to the reported antennas, although
some of the reported antennas have obtained a wide
bandwidth and higher gain compromising the overall
size.

4. Conclusion

A new compact Swastika shaped patch antenna, fed by
a microstrip line, is demonstrated for WLAN/WiMAX
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Figure 14: Radiation pattern of the proposed antenna at (a) 2.44GHz, (b) 3.40GHz, and (c) 5.98GHz.

applications. In the design, by adding an extra slot
in the Swastika shape patch and a wide square slot
in the ground plane with four extra slits just under
the Swastika patch, three resonant modes with good
impedance performance are achieved. The measured −10 dB
impedance bandwidth of the proposed antenna covers 2.28–
3.23GHz, 3.28–3.94GHz, and 4.76–6.55GHz, which meets

the specifications of WLAN2.4/5.2/5.8 GHz and WiMAX
2.5/3.5/5.5 GHz bands. Also, the nearly omnidirectional
radiation patterns in the azimuth plane and peak gain of
the proposed antenna of 3.97 dBi at 2.44GHz, 4.04 dBi
at 3.40GHz, and 3.25 dBi at 5.98GHz are also measured.
The proposed antenna would be a good candidate for
WLAN/WiMAX wireless communication systems.
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