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A coplanar waveguide (CPW) fed printing and wide circular slotted, dual band antenna for Wi-Fi/WiMAX applications are
presented. The antenna mainly encompasses a ground with a wide circular slot in the centre, a rectangular feeding strip, and two
pairs of symmetric planar inverted L (SPIL) strips connecting with the slotted ground. The tuning effects of the rectangular patch,
ground size, and SPIL strips to the resonance and matching condition are examined by HFSS and the prototype is fabricated and
measured. The simulation and experimental results show that the antenna has an impedance bandwidth with −10 dB reflection
coefficients 600MHz (3.26–3.86GHz, lower band) and 1040MHz (5.02–6.26GHz, upper band), which can cover both the Wi-Fi
5.2/5.5/5.8 GHz and WiMAX 3.3/3.5/3.7/5.8 GHz bands. Moreover, a stable omnidirectional radiation pattern and average peak
gain for lower band 3.23 dB and upper band 5.93 dB have been achieved, respectively.

1. Introduction

Due to the snowballing demand for high speed internet
access in the world where wireless local area networks
(WLAN) cannot reach, Wireless Fidelity (Wi-Fi) and the
worldwide interoperability for microwave access (WiMAX)
technology have therefore been established as a substitute to
provide better and long rangewireless broadband services. By
incorporating both these (Wi-Fi and WiMAX) technology,
service providers can provide high speed internet. On the
other hand, the present research activity of the multiple
or broadband operation and miniaturized size for current
antenna has become one of a highly competitive topic
and is mounting superbly, because of rapid development
of modern wireless communication system technique. Now
the microstrip patch antennas have been one of the most
popular antennas in modern wireless communication sys-
tems as they have several desirable attributes, such as a low-
profile planar configuration, a light weight, a simple design
principle, and a low fabrication cost [1–4]. Various anten-
nas that integrate both Wi-Fi (2.4/5.2/5.5/5.8) and WiMAX
(2.3/2.5/3.3/3.5/3.7/5.8) have been studied. Among them,

planar slot antenna [5–15] and monopole antenna [16–21],
in which the latter has been subject of many recent studies
of wideband and multiband designs.

Microstrip-fed slot antenna [6] with dimension of 30mm
× 35mm composed of a rectangular and a trapezoid slot was
studied. To induce triple-resonant mode operation at 2.4, 3.5,
and 5.5GHz, a pair of symmetrical horizontal stripes was
loaded into a rectangular slot antenna; however, this compact
design was unable to cover the lower full WiMAX band.
Therefore to cover fully the entireWLAN/WiMAX operating
bands [7], a slot-ring antenna with a capacitive coupled patch
that exhibited quadruple resonant modes was considered.
To generate pentaresonant modes, a triangular split-ring
resonator slot antenna [5] and a rectangular slot antenna
that was loaded with two slits [8] have been developed.
Integration of the lowest three resonant modes yields lower
operating band, within the bands of interest with a wide 10 dB
bandwidth of up to 75%, supportingWiMAX 2.3/2.5/3.5 GHz
and WLAN 2.4GHz operations. In addition to that, the
corresponding upper operating band also exhibited a broad
10 dB bandwidth between 18 and 35%, suitable for WiMAX
5.7GHz and WLAN 5.2/5.8GHz applications. However, the
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Table 1: Optimized antenna parameter (mm).

𝐿 𝑊 𝑅 𝐿1 𝑊1 𝐿2 𝐿3 𝐿4 𝐿5

40 30 14 17 4 6.12 12 5 4.67
𝐿6 𝐿7 𝐿8 𝐿9 𝑊2 𝑊3 CPW𝑔
10.39 6.99 9 2 1 5.5 0.8

dimensions of these three CPW fed slot antenna shapes as
reported in [5, 7, 8]were between 35mm× 40mmand 50mm
× 50mm. A dimension of 61mm × 51.5mm antenna has
been reported [9] where a pair of parasitic strips introduced
to achieve an operating bandwidth of 108.7%. A parasitic
U shaped open stub [10] and a trapezoidal ground [22] are
also used in the design of the antenna for WLAN/WiMAX
applications. A CPW fed dual wideband antenna formed
by a triangular monopole and a U-shaped monopolies are
acquired [20]. A conducting triangular section for dual
band operation and a multiband inverted 𝐿 monopolies
with zigzag wire [19] has been mentioned to deliver dual
band characteristics to cover the 2.4/5.2 and 5.8GHzWLAN
bands. A dual broadband slot antenna is narrated, in which
the two wide resonant frequencies were achieved by using
a U-shaped strip inset in the centre of the slot antenna
of dimensions 75mm × 75mm on a substrate of relative
permittivity 4.7 and thickness 0.8mm.Thedual-bandWLAN
dipole antenna [13] is reported that fabricated on an FR4
substrate with dimensions 12mm × 45mm and uses an
internal matching circuit to cover the three WLAN bands
properly. A new wideband circularly polarized square slot
antenna with a CPW feed composed of two arc-shaped
and inverted 𝐿 grounded strips around opposite and mirror
corners of the square slot [23]. But they are all complicated in
configuration to reduce the antenna applications.

In this paper, a dual band resonant antenna for Wi-
Fi/WiMAX applications is proposed, which is fed by a CPW.
The antenna mainly comprises a ground with a big circular
slot in the centre, rectangular feeding strip as radiating patch,
and introducing two pair of symmetrical planar inverted L-
shaped strips connecting the ground. Compared to those
designs shown in the literature, not only the antenna has
better performance of interference suppression but also com-
pact size, large bandwidth, and high gain. An experimental
prototype of the proposed antenna design was fabricated and
measured, validating the design concept. The measurements
show agreement between the simulated andmeasured results,
all of which make the designed antenna appropriate for Wi-
Fi/WiMAX application.

2. Antenna Design Structure

Figure 1 shows the geometrical layout of the proposed CPW
fed dual band planar slot antenna with symmetric inverted
two pair of 𝐿 strips. The basic antenna structure is a rect-
angular patch with a dimension of LXW fabricated on one
side of a single layer low cost and easy-acquirement epoxy
resin fibre FR4 substrate with relative permittivity (𝜀

𝑟
) 4.55,

substrate thickness (ℎ) 1.6mm, and loss tangent 0.02. The
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Figure 1: Proposed antenna geometric layout.

antenna structure is based on a wide-circular-slotted ground,
two pairs of SPIL’s in the circular slot with the shorter end
connecting with the ground, and it is excited by a 50Ω CPW
feeding line with a signal strip width of𝑊1 and a gap distance
g between the strip and the coplanar ground. The SPILs
are applied to achieve the three band performances with
sufficient −10 dB impedance bandwidths. A rectangle is taken
as overall design and then cutting a circular slot in themiddle
of the rectangle. In the lower portion a CPW fed a rectangular
transmission line is inserted for excitation. Moreover, for
generating resonance for Wi-Fi/WiMAX application, two
pairs of symmetrical strips are inserted into the slotted area.
The optimal geometrical parameters of the proposed antenna
are obtained by using finite elementmethod based simulation
software HFSS. The optimal dimensions are given in Table 1.
Photograph of the fabricated proposed antenna is shown in
Figure 2.

3. Design Procedure and Parametric Studies
Based on Simulation

The design evolution and parametric studies of the proposed
antenna were dependent on the finite element method based
electromagnetic high frequency structure simulator HFSS.
This simulator can envisage the initial characteristics of the
antenna without the need for real prototype and measure-
ment.

3.1. Design Evolution. The basic structure of the proposed
antenna was modified from a simple CPW-feed planar
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Figure 2: Antenna prototype.
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Figure 3: Design evolution procedure of the proposed antenna.

antenna (Antenna 1) which is shown in Figure 3. The moti-
vation for using the strips in the slotted area was to create
resonance and widen the impedance bandwidth [24].

Base on its corresponding return loss which is shown in
Figure 4 Antenna 1 initially excited no resonance. Antennas
2 and 3 excite 𝑓2 and 𝑓3 resonance. Antenna 4 excites
upper big resonance (𝑓2, 𝑓3), demonstrating a wide 10 dB
bandwidth at ∼3.5 GHz. Antenna 4 excites 𝑓1 resonance.
Combining the two techniques that were used in antennas
4 and 5 caused the proposed antenna to exhibit a dual band
with two wide bandwidths, FL (lower band) and FU (upper
band), operating from 3.19 to 3.88GHz and 4.93–6.06GHz,
respectively.

3.2. Parametric Studies. Figures 5(a) and 5(b) depicts the
simulated return loss of parameters 𝐿2 and 𝐿4, respectively,
of the symmetrical pair of strips that was loaded onto the
ground plane. Here a diminishing 𝑓1 is observed when
decreasing 𝐿2 or 𝐿4, whereas an increasing 𝐿2 or 𝐿4 adverse
effect on the impedance matching of 𝑓2 and 𝑓3. Optimum
impedance matching can be achieved by setting 𝐿2 = 14mm
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Figure 4: Simulated return loss of all prototype antennas and
proposed antenna.

and 𝐿4 = 5.5mm. Figure 6(a) shows the return loss variation
of parameter𝑊3 on the below side of the ground plane. By
increasing this 𝑊3, it can be observed that resonance 𝑓1
is increasing and 𝑓2 and 𝑓3 are diminishing. On the other
hand by decreasing 𝑊3 both frequencies (𝑓1, 𝑓2, and 𝑓3)
are decreasing.

Figure 6(b) shows the reflection coefficient variation of
CPW gap 𝑔. When the value of 𝑔 is increasing, the resonance
𝑓1, 𝑓2, and 𝑓3 are decreasing. On the other hand, by
decreasing the gap, resonance𝑓1 is shifted and𝑓2 and𝑓3 are
decreasing. Optimum impedance matching can be achieved
by setting𝑊3 = 4.5mm and 𝑔 = 0.8mm. Figure 7 states that
the return loss variation of parameter 𝐿1 of the protruding
stub and that of both 𝑓2 and 𝑓3 are highly sensitive to
tuning of 𝐿1, such that a slight deviation resulted in an
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Figure 5: Parametric studies of symmetric slit long (a) 𝐿1 (b) 𝐿4.

0

5

10

15

20

25

30

Re
tu

rn
 lo

ss
 (d

B)

3 4 5 6 7

Frequency (GHz)

W3 = 4.5mm
W3 = 5mm

W3 = 5.5mm
W3 = 6mm

(a)

0

5

10

15

20

25

30

Re
tu

rn
 lo

ss
 (d

B)

3 4 5 6 7 8

Frequency (GHz)

g = 0.4mm
g = 0.5mm
g = 0.6mm

g = 0.8mm
g = 1.0mm

(b)

Figure 6: Parametric studies of (a) ground plane slot𝑊3 and (b) CPW gap 𝑔.

impedance mismatch between the two resonant modes. The
best optimized value of this parameter is 𝐿1 = 15mm.

3.3. Current Distribution. Figure 8 illustrates the current
distribution for 𝑓1, 𝑓2, and 𝑓3 resonant modes to validate
the above-mentioned results. Notably, the electric current
distribution was chosen because it facilitated identifying
the distribution characteristics of all the three modes. As
shown in Figure 8(a), the excitation of 𝑓1 was created by
the half wave length current distribution along both pairs of
symmetric strips and CPW fed a line with below side wall. A
similar distribution was also observed for 𝑓2 = 5.20GHz as
shown in Figure 8(b), except that the two (1/2) wave length
currents patch were distributed along both upper slits and

null point located there. Figure 8(c) indicated that the right
hand side pair of strips is excited better that other side.

3.4. Radiation Efficiency and Axial Ratio. The radiation
efficiency variation of the proposed antenna is shown in
Figure 9. As shown in Figure 9, steady radiation efficiency
at 96 to 87.4% was achieved between 3.19 and 3.88GHz. On
the other hand, in upper band section (4.93 to 6.06GHz),
the proposed antenna persuaded efficiency between 86.02
and 96.94%. Figure 10 depicts the axial ratio of the proposed
antenna. Generally, the axial ratio is considered to determine
antenna polarization. If the value of the antenna in the
achieved band is less than 3 dB, then the antenna is called
circular polarized. From the figure, it can be clearly stated
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Figure 8: Simulated surface current distribution of proposed antenna at (a) 3.70GHz, (b) 5.2 GHz, and (c) 5.8 GHz (d) Scale.

that the value of the axial ratio is greater than 3 dB in the
achieved band, whichmeans the proposed antenna is linearly
polarized.

3.5. Input Impedance. The input impedance and the volt-
age standing wave ratio are validated in Smith chart and
input impedance which is shown in Figure 11. It can be
understood that three of the resonances are in the 2 : 1

VSWR circle and input impedance is 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 provide a great enhancement
for the impedance bandwidth, the markers 𝑓𝑐1, 𝑓𝑐2, and
𝑓𝑐3 represent the desired frequencies of the operating
band.
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Table 2: Comparison between proposed and some existing antennas.

Author Dimension (mm) Bandwidth (MHz) Average peak gain (dB)
Proposed 30 × 40 600, 1040 3.23, 5.93
[6] 30 × 35 600, 430, 1300 3.86, 3.52, 4.32
[16] 29.5 × 32 500, 1070, 1010 2.95, 3.26, 3.06
[24] 40 × 40 300, 280, 790 3.2, 2.2, 4.1
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Figure 9: Radiation efficiency of the proposed antenna.

4. Experimental Results and Discussion

The simulated and measured return losses of the proposed
antenna are presented in Figure 12, and a good agreement was
established between the two results. In this figure, the −10 dB
impedance of both FL (lower band) and FU (upper band),
centred at 3.67GHz, 5.22GHz, respectively, were measured
to be 16.34 and 23.18%, respectively, confirming that the pro-
posed antenna covers the Wi-Fi/WiMAX operating bands.

The radiation pattern of the proposed antenna was
measured in a rectangular shape 5.5m × 5m × 3.5m in an
anechoic chamber. A double ridge guide horn antenna was
used as reference antenna.Themeasuring antennawas placed
face to face with the reference antenna. The photograph
of the anechoic measurement chamber has been shown in
Figure 13. Pyramidal shape electrically thick foam absorber
has been used on the wall, ceiling, and floor with less than
−60 dB reflectivity at normal incidence. A turn table of 1.2m
diameter has been used to rotate the measuring antenna
with specification, 1 RPM rotation speed, 360∘ rotation
angle connected with 10 meter cable between controllers.
Agilent vector network analyzers ranges up to 20GHz have
been used for measurement procedure. Figure 14 shows the
measured far field radiation pattern of the proposed antenna
at 3.67GHz, 5.22GHz, and 5.8GHz, respectively, in the 𝑌-
𝑍 (𝐸 plane) and 𝑋-𝑍 (𝐻 plane) which cover most of the
major operating bands for Wi-Fi/WiMAX applications. The
normalize copolarized (copolar) patterns of all three frequen-
cies in the 𝑋-𝑍 plane show near typical omnidirectional
radiations [25], and their corresponding cross-polarization
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Figure 10: Axial ratio of the proposed antenna.

(𝑋-𝑍) plane patterns expose unidirectional patterns with low
back lobe.

Finally, Figure 15 shows the achieved gains of the pro-
posed antenna at various frequencies across the twooperating
bands. A standard three-antenna system with two identical
horn antennas was used for gain measurement. The gains
of the two identical horn antennas are known, and a gain
measurement system that follows well-known equations was
used for three antennas. From the following equations, the
gain of the three antennas (under test) can be calculated
because the gains of two horn antennas are known: 𝑅 is the
distance between the two antennas and 𝑃

𝑟
is the radiated

power. Antenna 1 (horn) and Antenna 2 (horn):

𝐺
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+ 𝐺

2
= 2 log

10
(

4𝜋𝑅
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Antenna 2 (horn) and Antenna 3 (under test):
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For directivity𝐷, the following equation [26] is used in which
𝑈 is the radiation intensity and 𝑃rad is the total radiated
power:

𝐷 = (

4𝜋𝑅

𝜆

) .
(4)
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For the lower operating band of 3.26–3.86GHz, the
antenna gain is stable which varies from 3.19 to 3.22 dB.
The measured gain in the upper operating band of 5.02–
6.26GHz varies from 3.20 to 6.45 dB. The obtained average
gains are about 3.23 and 5.93 dB for the lower and upper
band, respectively. Hence, the radiation characteristics reveal
that the proposed antenna is well suited to be embedded
in the portable device for application in Wi-Fi/WiMAX
applications.

Comparison between proposed and some existing anten-
nas 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

Proposed 
antenna

Reference antenna

Turn table

Absorbers

Figure 13: Anechoic chamber.

antennas have obtained a wide bandwidth and higher gain
compromising the overall size.

5. Conclusion

A simple novel compact size (0.24𝜆× 0.32𝜆× 0.128𝜆 at lower
resonance frequency) CPW fed circular-slotted antenna
with two symmetric pairs of planar inverted 𝐿 strips has
been successfully designed and implemented. By using a
rectangular patch and a symmetric pair of inverted 𝐿
strips (SPIL) the proposed antenna effectively excites three
resonances and achieves a good input impedance match-
ing which is suitable for the Wi-Fi 5.2/5.5/5.8GHz and
WiMAX 3.3/3.5/3.7/5.8 GHz operations. The design process
and means of achieving the three resonant modes that
moulded the lower (FL) and upper (FU) operating bands are
studied in detail through the simulation software. Finally, the
proposed antenna reveals wide impedance bandwidth for the
two operating bands, good performance of gain, excellent
resonance character, nice radiation pattern, and compact in
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Figure 14: Radiation pattern of the proposed antenna at (a) 3.67GHz, (b) 5.22GHz, and (c) 5.8 GHz.
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size. Moreover, this antenna is fabricated on an inexpensive
FR4; therefore, it is suitable for mass productions.
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