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A Novel Miniaturized Dual Band Slotted Monopole Antenna
for WLAN and WiMAX Applications
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Abstract—This study presents a novel design for a dual-band antenna that is compact, efficient, and
suitable for both WLAN and WiMAX applications. The antenna features a circular patch with a Hilbert
fractal structure and a coplanar waveguide feed line, resulting in a compact size of 24 x 34 x 1.6 mm3. By
utilizing a Hilbert fractal slot and defected ground structure, the antenna can operate in two frequency
bands, 2.39-2.47 GHz and 3-6.32 GHz, providing coverage for the desired WiMAX and WLAN bands.
The experimental results demonstrate acceptable gains and high efficiency at the resonant frequencies,
along with omnidirectional radiation patterns in the H-plane and bidirectional patterns in the F-plane.
Notably, this design offers a nearly 50% reduction in size compared to comparable antennas and higher
gain, representing a significant contribution to the field of dual-band antenna design.

1. INTRODUCTION

With the advancement of wireless communication technology, microstrip patch antennas have aroused
significant interest because of their reduced size, low weight, simplicity of manufacturing, and
integration. It also offers an effective strategy to reach multiband performance on a single device,
which helps access a variety of wireless services such as WLAN, WiMAX, and others that are generally
used in wireless communication systems [1-5].

In the literature, numerous approaches exist for developing multiband and wideband antennas
for WLAN and WiMAX bands. Among them is the use of slots in radiators, fractal structure, and
metamaterial. In [6], a monopole antenna powered by coplanar waveguide (CPW) fed with a rectangular
slot carved into the ground was developed to generate three bands at 2.4, 3.5, and 5.5 GHz. The authors
in [3] reported a slotted monopole antenna with two E and inverted T-stubs for quad-band applications.
However, it had a large surface area of 44 x 56 x 1.6 mm?®. The authors in [7] developed a slotted CPW-fed
Cantor fractal antenna with an overall size 42 x 50 x 1.6 mm?, and the designed antenna is operational at
the frequencies 2.6, 5.3, 8, and 10 GHz. However, it did not resonate around 3.5 and 3.6 GHz. In [8], an
A-shaped antenna powered by a coaxial probe fed was designed, and it achieved broadband of 4 GHz.
In [9], a fork-shaped monopole antenna was designed to achieve dual-band operations. In [10], an
F-shaped monopole antenna powered by an asymmetric coplanar strip was suggested to achieve four
bands. After that, an asymmetric quad-band monopole antenna was introduced in [11]. A circular slot
monopole antenna was presented in [12] to generate two bands operating at 3.5 and 5.8 GHz. However,
it did not cover the WLAN and WiMAX bands around 2.4 GHz. A fractal antenna with CSSR for
multiband applications was presented in [13]; however, it occupied a large size of 60 x 60 x 1.6 mm?. A
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monopole antenna with defected ground structure was designed in [14]. However, the designed antenna
had an overall size of 50 x 50 x 1.6 mm?, and it did not cover the WLAN and WiMAX bands around
3.6 GHz. According to [15], a meander line antenna was designed to achieve four bands; however, it did
not shield the band around 3.5 GHz. A monopole-fed double folded dipole antenna is proposed in [16].
It provides a quad-band. However, it had a large size of 110 x 68 x 1.6 mm?, and it did not cover the
bands around 5.5 and 5.8 GHz. In [17], a W-shaped antenna with a defected ground structure (DGS)
was designed to resonate around 0.9 and 2.45 GHz. However, it had a large size 40 x 78 x 0.254 mm?.
In [18], a monopole antenna inspired from Chinese window was presented to achieve four bands around
1.6, 2.35, 3.8, and 5.85 GHz. However, it had a large surface area of 85 x 70 x 1.6 mm?®. In [19], a planar
antenna with two F-shaped resonators powered by coaxial probe feed was introduced to generate three
bands at 1.8, 3.5, and 5.8 GHz. However, it had a large size, and it did not shield the band around
2.4 GHz. In [20], a complementary stacked microstrip antenna with a modified Minkowski fractal shaped
defect achieved a wide bandwidth.

References [21-25] present antennas based on metamaterial techniques for WLAN and WiMAX
applications. The authors in [21] developed a CPW-fed metamaterial antenna to generate three bands
at 2.4, 3.5, and 5.5 GHz. [22] reported a circular shape split ring resonator (SRR) fed by CPW technique
for WLAN and WiMAX bands. According to [23], a triangular antenna with a triangular SRR was
proposed. In [24], an SRR antenna was developed for resonating around 2.45, 4.5, 6, and 9 GHz. In [25],
a slotted rectangular antenna with an SRR array was developed for resonating at 2.4, 3.5, and 5.5 GHz
frequencies.

This work designs a novel dual-band circular antenna consisting of a Hilbert fractal slot and DGS
for WLAN and WiMAX applications. The designed antenna provides two bands, the first band from
2.39 to 2.47 GHz with a resonant frequency of 2.45 GHz and the second band from 3 to 6.32 GHz with
two operating frequencies of 3.6 and 5.7 GHz. The first band is achieved by etching the second iteration
into the circular radiator. Moreover, the second band is realized using a CPW feed line and DGS. The
proposed antenna provides an acceptable gain and high radiation efficiency about 1.7/2.7/4.02 dBi and
97/95/96%, respectively, at the operating frequencies 2.45/3.6/5.7 GHz. Additionally, the E- and H-
planes radiation patterns are omnidirectional. The remainder of this paper is as follows. The antenna
geometry and design evolution process are detailed in the first section of this paper. Section 2 presents
a parametric investigation of antenna dimensions. In section 3, the results acquired by the simulation
and measurement are discussed. The work’s conclusion is presented in the final section.

2. ANTENNA DESIGN METHODOLOGY

2.1. Geometry of the Miniaturized Dual-Band Antenna

Figure 1 exhibits the geometry of the designed antenna. Its construction comprises a circular radiating
element loaded with the iteration number two of Hilbert fractal slot. As illustrated in Fig. 1, the
suggested antenna is excited by a CPW technique. A microstrip line of width W f makes up the
transmission line (TL), and the gap g separates the TL. The ground plane is set to achieve a 502 in
the input impedance. The developed antenna is mounted on a 1.6-mm-FR-4 epoxy substrate with a
relative permittivity e, of 4.4 and a loss tangent of 0.025. The substrate length and width define the
antenna’s overall size, Lg,; and Wy, which are 34 mm and 24 mm, respectively.

It should be highlighted that the designed antenna has a miniaturized size for the use in compact
devices. A parametric investigation and the evolution process of the proposed antenna were utilized
to evaluate its performance and identify its optimal parameters, as shown in Table 1. The suggested
antenna was developed and performed using CST MWS software.

2.2. Design Process of the Miniaturized Dual-Band Antenna

To have a better comprehension of the suggested antenna evolution, Fig. 2 depicts its evolution steps
from the basic circular antenna to the structure of the investigated antenna. A CPW-feed powers a
circular radiator at the beginning of the antenna evolution process. To create the final geometry, the
iterations one and two of Hilbert fractal slots are loaded into the patch. Furthermore, two similar slots
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Figure 1. (a) Proposed antenna geometry; (b) Manufactured antenna prototype 1.
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Figure 2. Design evolution process of the investigated antenna. (a) the basic antenna; (b) the first
iteration; (c) the second iteration; and (d) the proposed antenna.

Table 1. Optimized parameters of the suggested antenna.

parameters | Dimensions (mm) | Parameters | Dimensions (mm)
Weup 24 D 10.5
Lsup 34 d 3.5
h 1.6 S 0.9
a 10.5 Wi 3.5
Wy 3 Ly 1
Ly 12.5 Lo 1.5
g 0.5 W, 45
L, 10 Ly 3
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are engraved at the ground plane. The geometry evolution of the designed antenna is presented in the
following subsections.

Figure 2(a) depicts the first phase in the design process of the proposed antenna. A circular radiator
powered by a CPW feed line was used as a reference antenna. Using the cavity model, the circular
radiator radius was calculated by employing Equations (1)—(4) [26]. The resonant frequency of circular
microstrip patch antenna can be determined by:

X
p =gl (1)
2T e \/Er
c: The light speed in free space, €,: The relative permittivity, X,,: The zeros of the derivative of the

Bessel function Jn(x) of order n. For the mode TM11, X;; = 1.84118.
acpr: The effective radius of the patch, given by:

1
2h ma 2
—all (1 (—) 1.7726) 2

Gelf a[—l—wa«a " \an * @
Since the patch’s effective and physical radii are nearly equal, Equation (2) may be used to calculate
the real radius, which is provided by Equation (3):

a= r 3)

oh F 1/2

where h is the height of the substrate and presented in centimeters, and F' is expressed by Equation (4):
9
e 8.791 x 10 (@)
NG
The basic circular microstrip antenna provides a single resonant frequency at 4.5 GHz with a —10dB
bandwidth from 3.89 GHz to 5.09 GHz.

Antenna 2 (Fig. 2(b)) structure is achieved by inserting an inverted U in the circular radiator slot
as Hilbert fractal’s first iteration.

David Hilbert, a German mathematician, described the Hilbert curve in 1891 [27]. The construction
procedure of the Hilbert fractal structure is given in Fig. 3. The width of the Hilbert fractal segments
and the line width are represented by S and D, respectively. The Hilbert fractal segment length is
expressed by Equation (5):

Dn—l

D, = 5
. 6

The Hausdorff dimension is given by Equation (6) [27]:

In (n)

d= =2 6
In (R) (6)
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S
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Figure 3. The first and second Hilbert fractal structure iterations.
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where n and R denote the number of copies and the reduction factor, respectively.

The antenna provides two bandwidths, the first band from 3 to 3.35 GHz centered around 3.25 GHz
and the second band from 3.7 to 6.92 GHz resonating at 4.4 GHz and 6.23 GHz.

In order to shift the operating bands to a lower frequency while maintaining a compact size, the
second iteration of the Hilbert fractal slot is loaded into the circular radiator, and a rectangular slot of
size W1 x L is loaded in the ground plane as presented in Fig. 2(c). It provides two bands, 2.39-2.47 GHz
and 3-6.15 GHz.

The designed antenna’s final geometry is depicted in Fig. 2(d). It is obtained by inserting slots in
the ground plane. This structure allows to ameliorate the antenna’s impedance matching and increase
the bandwidth of the second band. Moreover, the simulated S7; of the several steps of the developed
antenna’s design process is depicted in Fig. 4. The designed antenna can successfully provide two bands,
2.39-2.47 GHz and 3-6.4 GHz.

S11 (dB)

-30 = = = Basic antenna
p= = = First iteration

=35 4= = =Second iteration
e proposed antenna

-40

2 3 4 5 6

Frequency (GHz)

Figure 4. Variation of the reflection coefficient Si; for the stepwise evolution of the designed dual
band antenna.

3. PARAMETRIC INVESTIGATION

The effects of several dimensional parameters on resonant frequencies, bandwidth, and impedance
matching properties were studied in this section through a detailed parametric investigation. Since
the Hilbert slot is mainly responsible for generating dual-band modes to obtain the requisite operating
band, its dimension significantly influences antenna performance and is examined. Simultaneously, the
influence of feed line, ground plane size, and DGS slots is evaluated.

The simulated Sp1; with varied values of Hilbert slot length D is shown in Fig. 5(a). The
increase in the length D enhances the second bandwidth from 3-5.55 to 3-6.43 GHz, with two resonant
frequencies, 3.6 and 5.8 GHz, while the first operating frequency increases from 2.2 to 2.7 GHz. It can
be demonstrated that a length of 10.5 mm can provide a greater S1; value.

Figure 5(b) depicts the effect of S on the S1;. It can be claimed from the plot that the value
of S highly influences the first operating frequency. And the increment of the value of S shifts the
first resonant frequency from 2.25 to 2.8 GHz. On the other hand, the decrement of the value of §
decreases the impedance bandwidth of the second band from 3-6.45 GHz to 3-5.7 GHz. The value of S
is taken as 0.9 mm to prove the greater performances in terms of resonant frequency, operating bands,
and reflection coefficient impedance matching.
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Figure 5. The effects of (a) D; (b) S; (c) Wy; (d) Lg; (e) Wi & Ly; (f) Wa & Lg & Ly on the
reflection coefficient St;.
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Figure 5(c) illustrates the simulated S1; with several values of feed line width Wy. By varying Wy
from 2.6 to 3.2 mm, the second band is increased from 3.4-6.4 GHz to 3-6.43 GHz, while the first band
is unchanged with the variation of the feedline width. It can be claimed from the figure that the value
W; = 3mm exhibits the best performances in terms of bandwidth and impedance matching.

Figure 5(d) displays the variation of the Si; with different values of the ground plane length L,
(9, 9.5, 10, 10.5, and 11mm). It can be revealed from the plot that the first resonant frequency is
unaffected by the value of L,. On the other hand, the increase in L, increases the bandwidth of the
second band from 3-5.7 GHz to 3-6.4 GHz. Furthermore, it can be noticed from the figure that the
value L, = 10 mm provides a good impedance matching in the operating frequencies 3.6 and 5.8 GHz.

The effect of the ground slot width and length, W; and Lj, on the impedance bandwidth is seen
in Fig. 5(e). The increase in the width W) from 1 to 3mm and the decrease in the length L; from
6 to 4.5mm improve the impedance bandwidth of the second band from 3.05 to 3.4 GHz, and the
third resonant frequency shifts from 5.6 to 5.8 GHz. The slot’s optimum width and length are 4.5 mm
and 3 mm, respectively, and the antenna attains the desired bands while maintaining good impedance
matching.

The DGS slots are introduced in the ground plane. A simple parametric investigation of the DGS
slot width and lengths, W1, Lg1, and Lo, respectively, has returned us to the results shown in Fig. 5(f).
The increment of Wy, Ls, and Lgo, from 2.5 to 3.5 mm, from 0.5 to 1 mm, and from 1 to 1.5 mm, shifts
the upper band from 3.5-6.62 GHz to 3-6.4 GHz. In contrast, the lower band is unchanged. The DGS
slots with Wg; = 3.5mm, Lg; = 1mm, and Lg = 1.5 mm are optimal for achieving the requisite band
of WLAN and WiMAX applications.

4. RESULTS AND DISCUSSIONS

4.1. Reflection Coefficient Results

The structure of the developed miniaturized monopole antenna is manufactured, and the S71 is measured
using E5071C VNA to validate the simulated results experimentally. Fig. 6 illustrates the variation of
the reflection coefficients S1; acquired by simulation and measurement versus frequency. According to
measurement results, the designed antenna presents two bands of 2.39-2.47 GHz and 3-6.32 GHz, with
resonance frequencies of 2.45, 3.6, and 5.7 GHz, respectively. The suggested antenna offers two bands,
which shield WiMAX and WLAN bands. The simulation and measurement results are in greater

S11 (dB)

=== Simulated (CST)
-35 | mem= Simulated (CADFEKO)

1= = 'Measured
-40 T T T T T T T T

2 3 4 5 6
Frequency (GHz)

Figure 6. Measured and simulated reflection coefficient S.
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agreement. The bands are slightly shifted in the measured results, possibly due to various factors,
including manufacturing tolerance and the influence of SMA connector soldering.

4.2. The Surface Current Distribution

To better comprehend and evaluate the proposed antenna’s resonant modes, the current distribution
surface of the developed antenna is displayed in this section. At 2.45 GHz, the current density is highly
concentrated on the feed line and surrounding the Hilbert slot, as shown in Fig. 7(a). As a result, the
Hilbert fractal slot is responsible for the band around 2.45 GHz. As depicted in Fig. 7(b), the current
density is higher in the feed line and ground plane at 3.6 GHz which signifies that the coupling between
the feed line and ground plane produces the second band. The highest surface current is concentrated
on the circular radiator, feed line, ground plane, and around the DGS slots as the frequency increases
at 5.8 GHz in Fig. 7(c). The DGS slots extend the second frequency band.

9,89

L T T T S Y, B SN . Y.

Figure 7. Current distribution of the designed antenna at (a) 2.45 GHz; (b) 3.6 GHz; (c) 5.8 GHz.

Figure 8. Setup for measuring radiation pattern and gain.
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4.3. Radiation Pattern Results

Figure 8 depicts the radiation pattern and gain measurement setup. The radiation pattern is evaluated
in an anechoic chamber operating in the frequency range of 0.5 to 40 GHz which is used to measure the
radiation pattern. We have a suggested manufactured antenna in the far field evaluation chamber, and
radiofrequency (RF) absorbers are employed to absorb RF signals from the antenna inside the chamber.
Fig. 9 depicts the measurement results of the radiation pattern along with the simulation results acquired
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Figure 9. Measured and simulated normalized radiation patterns and 3D radiation patterns at (a)
2.45 GHz; (b) 3.6 GHz; (c) 5.8 GHz.
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by CST MWS and CADFEKO solvers and the 3D radiation pattern at the operating frequencies
2.45, 3.6, and 5.8 GHz. The figures show that the obtained F- and H-planes radiation patterns are
omnidirectional. Fig. 10(a) illustrates measured and simulated gains of the designed antenna, while the
measured and simulated radiation efficiencies acquired by CST MWS are illustrated in Fig. 10(b). It
is worth mentioning that this antenna performs well with regard to the gain and radiation efficiency.
The designed antenna’s gain increased to 1.8 dBi for the first band, and the radiation efficiency reached
its most significant value of 96%. The gain then climbs to 4.2 dBi in the upper band, with a maximum
radiation efficiency of 97%. At the operational frequencies of 2.45/3.6/5.3 GHz, the antenna provides
significant gains and radiation efficiencies of 1.7/2.7/4.02 dBi and 97/95/96%, respectively. The different
simulated and experimental results are illustrated in Table 2.
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Figure 10. Measured and simulated (a) gain; (b) radiation efficiency.

Table 2. Summary of the designed antenna’s simulation and experimental results.

Frequency Impedance Gain
fr (GHz) | S11 (dB) range bandwidth | d‘;i)
(GHz) (GHz)

Simulation 2?;465 :;g 2.4-2.47 0.07 ;i
(CST) 5.8 ~36.5 364 34 4.15
Simulation 23'385 :?2 2.312-2.38 0.068 11'958
(CADFEKO) 59 984 3.17-6.42 3.25 305
245 20 2.4-2.47 0.07 L7

Measurement 3.6 -27 3.6.32 3.39 2.1
5.7 -32.5 ' ' 4.02

To illuminate the features of the designed antenna, Table 3 compares the size and performance of
this antenna to those reported in the literature. The developed antenna is smaller than those presented
in [13-24]. Moreover, these antennas did not shield all the WLAN and WiMAX bands. The antennas
reported in [13] and [16], and [19] provided a higher gain, but they had a narrow bandwidth and did
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Table 3. Comparison with previous studies.
) Resonant Key
REF Size (mm?3) Type of | Bandwidth frequency | Gain (dBi) Design
substrate (GHz)
(GHz) Features
Circular
0.108, 3.18, 3.18, SRR
[13] 60x60x1.6 FR-4 0.108, 4.31, 4.31, Loaded
0.142 6.42 6.42 Fractal
Geometry
0.012, 1.2, Defected
[14] 50x50x1.5 FR-4 0.0529, 2.4, NA ground
0.0529 5.6 structure
0.14, 1.7, 2.22, Two
[19] 60x50x1.6 FR-4 0.18, 3.39, 5.18, F-shaped
0.20 5.38 1.38 resonator
0.3, 2.45, 1.19, asgnégitgc
[21] 57x31.2x1.6 FR-4 0.9, 3.5, 1.59, 'umt
0.85 5.5 2.39
cells,
0.22, 3.9, 1.24, Triangular
[23] 30x50x1.6 FR-4 0.13, 4.1, 0.62, SRR
0.17 5.6 0.69 resonator
dual-spectrum
[24] 30x54x1.6 FR-4 0.1, 3 2.45, 6 NA split-ring
resonator
ilber
Proposed 0.07 2.45, L7, I;'algfaf
24x34x1.6 FR-4 ’ 3.6, 2.1,
antenna 3.32 57 4.02 slot and
DGS

not cover the band around 2.4 GHz and 3.5 GHz, respectively. The antennas introduced in [14, 23] had
a large size, and they provided a narrow bandwidth and did not shield all the WLAN and WiMAX
bands. The antennas introduced in [20] and [22] had a low gain in comparison to the developed antenna.
Hence, the suggested antenna’s significant advantages are reduced size, manufacturing simplicity, dual-
band characteristic with three resonant frequencies, and high gain. As a result the designed antenna is
an appropriate structure for WLAN and WiMAX applications.

5. CONCLUSION

A novel compact dual-band monopole antenna with Hilbert fractal slot and DGS is introduced in this
work. The proposed antenna is constructed on an FR-4 epoxy substrate of size 24 x 34 x 1.6 mm?.
Because of its planar structure, it is simple to fabricate at low cost. Additionally, the experimental
results show that the designed antenna provides two bands, the lower band 2.39-2.47 GHz centered
at 2.45 GHz and the upper band 3-6.32 GHz with two operating frequencies 3.6 and 5.7 GHz. These
bands are suitable for WiMAX bands (2.3/2.5/3.3/3.5/5/5.5 GHz) and WLAN bands (2.4-2.5/3.6/4.9—
5.9 GHz). At the resonant frequencies 2.45/3.6/5.7 GHz, the investigated antenna achieves acceptable
peak gains of 1.7/2.1/4.02 dBi, as well as radiation efficiencies of 97/95/96%. Hence, the H- and E-
planes radiation patterns of the suggested antenna are omnidirectional.
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