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Abstract: This paper presents a novel design approach of
a compact dual-band monopole antenna with an overall
size of 18.9x13x1.6mm>. The proposed antenna is com-
posed of a fractal ring shaped patch fed by a Y-shaped
transmission line on the top side of the substrate and a
second fractal ring along with a U-shaped ground plane
on the bottom side. The second fractal ring, identical to
the radiating ring, is loaded and a rectangular slot is
etched at the top side of the ground plane respectively,
to achieve dual-band characteristic and improve the
impedance matching. The effect of standard ground-
plane (SGP) of a laptop computer is incorporated in the
design; the antenna is mounted on a SGP in order to
investigate its performance. The antenna covers widely
the frequency bands of the WLAN 2.4 GHz (2.2-2.52 GHz)
and WiMAX 3.5GHz (3.32-4.35GHz), and exhibits an
omnidirectional radiation pattern in the H-plane and a
monopole like radiation pattern in the E-plane. A good
agreement between the simulated and measured results
indicates that the proposed dual-band antenna design is
suitable for WLAN/WiMAX applications.
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1 Introduction

With the rapid development of modern wireless commu-
nication systems, the demand for antennas with compact
size, lightweight, multi-band operation and high effi-
ciency, capable to be embedded in diverse devices, has
increased considerably. To achieve that, many research
works have been conducted to design compact antennas
which can operate in multiple bands and hence cover
different communication applications [1, 2]. Therefore,
numerous antenna size reduction techniques have been
reported and investigated in the literature. These include
loading the patch with a shorting post [3], introducing of
defected microstrip structure (DMS) [4], using defected
ground structure (DGS) [5, 6], Asymmetric Coplanar
Strip (ACS) feeding [7] and metamaterial structure [8].
However, the resulted structures have demonstrated a
relatively large size for the requirement of nowadays
wireless applications.

Using fractal approach to design convoluted geome-
tries that result in reduced size antennas is very attractive
solution to achieve compact size with multiband and
broadband performances [9-12]. This is due to two com-
mon properties of fractal geometries: self-similarity and
space filling [13, 14]. Self-similarity generates multiband
and broadband behavior while space filling leads to
antenna size reduction. Since fractal patterns can add
more electrical length in less volume and area.
Consequently, they are considered as powerful design
technique of compact multiband antennas. In [14], an
ultra-wideband (UWB) fractal antenna in monopole con-
figuration has been proposed. Wide band behavior and
miniaturization have been achieved using concentric
heptagonal array structure. A Sierpinski carpet fractal
antenna printed on a flexible substrate that operates in
universal mobile telecommunication system (UMTS) band
has been presented in [15]. The proposed structure was
compact with overall dimensions of 70 x31x0.075mm>
and the obtained results have shown that the proposed
fractal antenna is more tolerant to folding than the con-
ventional patch and exhibits relatively stable radiation
patterns even when folded in complex manners. A design
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approach for dual-band coplanar waveguide (CPW)-fed
pentagonal ring fractal patch antenna which operates at
two wide resonant frequency bands, covering worldwide
interoperability for microwave access (WiMAX: 3.3-
3.69GHz) and wireless local area networks (WLAN:
5.150-5.825 GHz), simultaneously, has been proposed in
[16].

In this paper, a novel compact dual-band monopole
antenna with omnidirectional radiation pattern is
designed, fabricated and tested. By an appropriate com-
bination of two coupled first-order hexagonal fractal
rings, one printed on the top side of the substrate
whereas the second one embedded in the ground plane,
along with Y-shaped feeding line, a dual-band operation
as well as size reduction are achieved. The fractal rings
perimeter and the dimensions of the feeding line are
varied to obtain the desired resonant frequency bands
which widely cover the bands allocated to WLAN at
24GHz and WIiMAX at 3.5GHz, simultaneously.
Furthermore, an investigation is performed in order to
study the effects of mounting the proposed antenna on
the side of a standard ground-plane (SGP) of laptop
computer, on the antenna performance. The design and
simulation were carried out using CST microwave stu-
dio®. The simulated and measured return losses and
radiation patterns of the proposed antenna are presented
and discussed. The measured antenna provides satisfac-
tory results in terms of good reflection coefficient and
radiation patterns, demonstrating that it is well-suited
for WLAN/WiMAX applications.

2 Antenna structure and design
procedure

Figure 1 shows the geometry of the proposed dual-band
monopole antenna along with its details. The proposed
structure consists of two first-iterative hexagonal fractal
rings, a Y-shaped transmission line and a U-shaped
ground plane. On the top side of the substrate, is a fractal
radiating ring fed with a Y-shaped transmission line
while in the other side of the substrate is a second fractal
ring, electromagnetically coupled with the first one, and
a U-shaped ground plane. The process of generation of
the fractal ring is illustrated in Figurel (c). The proposed
structure is designed on a 1.6mm thick FR-4 substrate
with permittivity and loss tangent of 4.3 and 0.017,
respectively. The antenna dimensions are optimized by
varying one variable at a time and keeping the others as
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constants. The proposed design dimensions are listed in
Table 1.

The design process involves three different evolution
stages as depicted in Figure 2. Initially, a simple hexago-
nal ring fed with a Y-shaped transmission line along with
a U-shaped ground plane is designed, denoted as
Antenna 1. To downsize the antenna dimensions, instead
of using a simple hexagonal shape, a first-iterative fractal
hexagonal ring is introduced to derive Antenna 2.
Moreover, to achieve dual-band operation and to further
reduce the antenna dimensions, a second fractal ring,
with same dimensions as the radiating ring, is embedded
in the ground plane to design the proposed antenna,
denoted as Antenna 3.

3 Results and discussion

Figure 3 shows a comparison of the simulated reflection
coefficients of Antenna 1, Antenna 2 and Antenna 3. It
can be seen from the results that Antenna 1 resonates at
4.19 GHz while Antenna 2 resonates at 3.03 GHz. Thus, it
can be concluded that by introducing the fractal radiating
ring a shift of the resonant frequency from 4.19 to
3.03 GHz is observed. Accordingly, an antenna size reduc-
tion is achieved. Furthermore, by loading Antenna 2 with
a second fractal ring in the ground plane (Antenna 3), an
electromagnetic coupling between the two fractal rings is
created leading to dual-band operation (2.45/3.5 GHz) and
further reduction in antenna size in terms of the first
resonant frequency value.

To further investigate the operating mechanism of
the proposed antenna namely Antenna 3, the current
distributions are simulated at the two resonant frequen-
cies of 2.45 and 3.48 GHz as depicted in Figure 4. It can be
observed that, at the first resonant frequency, the current
is mostly concentrated on the two opposite sides of the
fractal radiating ring as well as at the two opposite sides
of the parasitic fractal ring embedded in the ground
plane. This confirms the fact that this first band is the
result of the EM coupling between the two fractal rings.
Consequently, the first resonant frequency can be con-
trolled by changing the circumference of the fractal rings.
Concerning the current at the second resonant frequency,
it is mainly concentrated in the Y-shaped feed line as well
as in the two fractal rings. Therefore, this second reso-
nance can be tuned by changing the dimensions of the
feeding line and the perimeter of the radiating fractal
rings.
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Figure 1: Geometry of the proposed dual-band antenna, (a) Top view, (b) Bottom view, (c) Detail of the hexagonal fractal ring and, (c) The

generation procedure of the hexagonal fractal ring.

Table 1: Geometrical dimensions of the proposed antenna.

Parameter L L1 Lf wf w1

Wg d t

Value (mm) 18.9 5.2 4.1 3.5 6.2

1.65 6.5 13

30° 4 13 2 0.3

Figure 5(a) shows the results obtained through simula-
tion of the return loss characteristic according to the
change of S1 while all other parameters are kept con-
stants. As the value of S1 increases, both resonant fre-
quencies shift toward the lower frequencies. Thus, by
increasing S1, the electric current gets lengthened on the
fractal radiating rings which causes the resonant

frequency to decrease. It is clear that the two resonances
are centered at the desired bands, 2.45 GHz and 3.5 GHz,
with a good impedance matching when S1 equals to
1.65 mm.

Figure 5(b) shows the effect of varying the feed line
width (Wf) on the return loss. It is found that by
increasing the width Wf, the lower cut off frequency
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Figure 2: Geometry of different antennas involved in the design development.
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Figure 3: Return losses versus frequency for different antenna structures.

of the second band deceases with improvement of the
impedance matching for the second band. For Wf
equals to 3.5mm, good impedance matching at both
resonant frequencies is obtained.

The effect of varying the fractal rings width (t) on the
return loss is shown in Figure 5(c). It is observed that by
increasing the parameter t, the two resonant frequencies
shift to the higher frequencies. This is due to the decrease
of the fractal ring inductance. For t equals to 0.3 mm, the
two resonant frequencies are tuned to the desired bands.

The effect of varying the open slot depth etched in
the ground plane (d) on the return loss is shown in Figure
5(d). It can be seen that better impedance matching is

achieved for the second band, without affecting the first
one, by changing the parameter d. This good impedance
matching is obtained for d equals to 2mm.

Figure 5(e) shows the effect of varying the ground plane
length (Lg) on the return loss. It is noticed from the results
that the lower cut off frequency of the second resonant
frequency shifts towards lower frequencies as the value of
Lg decreases. Consequently, the second band broadens and
the impedance matching improves. It can be concluded that
for Lg equals 4 mm optimum results are obtained in terms of
bandwidth and impedance matching for the second band.

Figure 5(f) illustrates the effect of changing the angle
0 on the return loss. By increasing the value of the angle
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Figure 4: Current distributions for the proposed antenna (a) at 2.45 and, (b) at 3.5 GHz.

0, the first resonant frequency shifts to the lower frequen-
cies while the second one kept roughly constant. This
shift is resulted from the change in the EM coupling
between the fractal radiating rings. It is clear that the
first operating band is centered at around 2.45 GHz for 6
of 30°.

4 Fabrication and measurement

To validate the technical proposal, the proposed dual-
band monopole antenna was fabricated and tested.
Figure 6 shows the photograph of the fabricated prototype

of the proposed dual-band antenna. The fabricated struc-
ture performances were measured using a Rohde &
Schwarz R&S®ZNB vector network analyzer (VNA) operat-
ing in the frequency band 100 KHz - 20 GHz. The mea-
sured and simulated return losses are depicted in Figure 7.
It can be observed that the measured and simulated
results are in good agreement with measured 10-dB impe-
dance bandwidths of 300 MHz (2220-2520 MHz, 12.6 %)
and 1030MHz (3320-4350 MHz, 26.8%) covering the
2.4GHz WLAN and 3.5GHz WiMax bands, respectively.
The slight deviation in the measured results is basically
due to the manufacturing tolerances, the uncertainty on
the thickness and dielectric relative constant of the sub-
strate added to the SMA connectors quality.
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Figure 5: Return losses of the proposed antenna for different values of (a) S1, (b) Wf, (c) t, (d) d,(e) Lg and, (f) 6.
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Figure 7: Simulated and measured return losses of the proposed antenna.

The radiation efficiency n of the proposed antenna was where Z;, is the input impedance on the antenna and Z,,,
measured using the Wheeler cap method [17, 18] (see is the input impedance of the proposed antenna enclosed

Figure 8): in a metallic sphere. At 2.45GHz and 3.5 GHz, the mea-
sured radiation efficiencies are 91% and 97 %, respec-

_ Real{Zy,} - Real{Z,} 1 tively. Therefore, these good radiation efficiencies at both

Real{Z,} operating bands make the proposed antenna suitable for

the intended application.
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Figure 8: Cup used to measure the efficiency and
measured input impedance of the enclosed
antenna.
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Figure 9: (a) Antenna attached to system ground plane of 12.9-in laptop computer and (b) Simulated return losses of the proposed antenna
for different ground plane sizes.



DE GRUYTER

For practical applications, laptop and other portable
devices, the proposed antenna was mounted on the side
of a SGP of laptop computer as shown in Figure 9(a). The
reflection coefficient of the proposed antenna was simu-
lated for different SGP sizes (7.5-, 9.7-, and 12.9-in) of
laptop computer. The simulated return losses are illu-
strated in Figure 9(b). It is clear from the results that
the antenna resonances are not affected by the SGP size
even when it is reduced to 30 x 20 mm?. Figure 10 shows
the fabricated prototype of the proposed antenna, placed
at 4.75mm from the left corner of a copper SGP (260
mm x 200 mm), along with its measured and simulated
return losses. It is clearly seen that the simulated and
measured results are in good agreement. However, slight
difference in measured results can be seen for the second
band. Even though, the measured return loss is better
than 9dB over the frequency band extending from 3 to
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simulated results are in very good agreement. Moreover,
the antenna exhibits an omnidirectional radiation pat-
terns in the H-plane and monopole-like radiation patterns
in the E-plane at both resonant frequencies. Accordingly,
this confirms that the proposed antenna is well-suited for
wireless communication applications.

The slight difference between measured and simu-
lated radiation patterns are attributed to perturbation in
the radiation pattern introduced by the positioner during
the measurement process.

A comparison between the proposed antenna and other
dual-band antennas reported in the literature is pre-
sented in Table 2. By comparing the reported antennas
footprints, it is clearly seen that the proposed antenna
has the smallest one. It can be concluded that the pro-
posed antenna achieves significant size reduction.
Moreover, In terms of impedance matching performance,

S11[dB]

= Simulated
== Measured

2 25 3

3.5 4 45 5

Frequency [GHz]

(a)

(b)

Figure 10: (a) Fabricated antenna attached to system ground plane of 12.9-in laptop computer and (b) Its simulated and measured return

losses.

4.1GHz. This deviation between the measured and simu-
lated results is mainly attributed to the fabrication errors.
Consequently, it can be concluded that the proposed
antenna is a good candidate to be integrated into differ-
ent standard of laptop computers.

The proposed antenna radiation patterns were also
measured in an anechoic chamber available in UPC. The
normalized measured and simulated radiation patterns
containing co-polarization Eg and cross-polarization E,
in the H-plane (x-z plane) and E-plane (y-z plane) are
shown in Figure 11. It is clear that the measured and

the proposed antenna outperforms almost all the
reported antennas.

5 Conclusion

A new compact dual-band antenna for WLAN/WiMAX
applications has been designed, fabricated and tested.
The proposed antenna, based on a combination of two
coupled fractal rings along with Y-shaped feeding line,
has been mounted on SGP of a laptop computer in order
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Table 2: Comparison between the proposed antenna and other dual-
band antennas.

Reference Frequency  Frequency Antenna Bandwidth
(GH2) ratio Footprint (%)

[16] 3.5/5.5 1.57 0.068 A\y? 20.2%
24.8%

[19] 1.9/2.5 1.32 0.062 Ay? 5.8%
4.0%

[20] 2.4/3.5 1.46 0.026 Ay’ 5.7%
6.3%

[21] 2.4/5.2 2.17 0.102 Ay? 10.3%
19%

[22] 2.4/3.5 1.46 0.024 A\y? 123.5%
24%

[23] 2.45 - 0.113 Ay? 2.0%
3.50 2.0%

5.35 5.7%

[24] 2.5 - 0.022 Ay? 6.45%
3.47 3.03%

5.75 5.9%

This work 2.4 1.46 0.016 Ay’ 12.6 %
35 26.8%

to investigate its performance. The measured results have
shown a satisfactory agreement with the simulated ones.
The developed antenna with compact size of
18.9x13mm? has shown dual-band operation (it covers
widely the bands allocated to 2.4 GHz WLAN and 3.5 GHz
WiMAX) and good radiation patterns in both E and H-
planes. Thus, these interesting characteristics make the
proposed antenna suitable for the intended application.
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