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Abstract: - In this paper, a biconical patch antenna with inscribed third iteration fractal Sierpinsky gasket is
designed and optimized for operating at unlicensed ISM frequency bands. A circular split ring resonator
(CSRR) is used as a defected ground-plane structure for improving antenna matching. The initial design step
of the proposed antenna is based on the design methodology of multi-resonant Sierpinsky fractal patch antennas
with inscribed triangular fractal geometry. Building on this, a simulation tool for high frequency
electromagnetic structures is employed to optimize antenna performance. The experimental prototype is built
and characterized using an antenna pattern measurement equipment and a network analyzer. Experimental
results shown that the built antenna presents return losses of -23 dB, coupling bandwidth percentage of 10 %,
antenna gain of 6.8 dBi, and VSWR of 1.14 at the 2.4 GHz resonant frequency. The corresponding values at the
5.9 GHz resonant frequency are -33 dB, 9 %, 8.7 dBi, and 1.043, respectively. These results show that the
proposed antenna presents suitable characteristics for low range wireless communications such as WiFi
(wireless LAN), Bluetooth, and ZigBee technologies.
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1 Introduction performance in terms of multiband and
Due to the increasing demand of wireless wideband characteristics [3]-[13]. Also, several
communication applications requiring high data fractal patch antennas with multiband behavior
rates, five generations (5G) technologies will be have been proposed for wireless local area
introduced in the near future developed to achieve network (WLAN) applications. Among these
supe_rior performa_nce_ over nowadays wireless and antennas, we found the biconical (also known
mobile communication systems [1]. In these as bowtie) patch one. The multi-band behavior

scenarios, the development of high performance
antennas will be of paramount importance.

In this research direction, patch antennas
have been developed to achieve requirements
such as  miniaturization, low  profile,
compatibility with electronic circuits, easy
design methodologies, among others [1]-[2]. On
the other hand, multi-band antennas are
required in cognitive radio networks; also
wideband antennas are required in ultra
wideband systems. To solve this requirements,
a diversity of fractal geometries (such as the
Sierpinsky gasket, Hilbert curve, snowshape of
Knoch, hexagonal, “E”, “T” and “U” shapes,
among others) has been combined with the
patch technologies to improve antenna

of the biconcal antenna has been improved by
the use of the Sierpinsky gasket fractal
geometry [9]-[11]. On the other hand the
coupling efficiency of the bowtie antenna has
been improved by the use of ground-plane
defects [11]-[16]. In this paper, we propose the
use of both patch and ground-plane defects in
the structure of the biconical patch antenna to
improve both multi-band behavior and return
losses. In particular, patch defects are
introduced by means of the Sierpinsky gasket
geometry [6]-[8], while ground-plane defects
are incorporated by means of the circular split
ring resonator (CSRR) technique [14]-[16].

The rest of the paper is organized as follows.
In Section 2, the methodology for the initial
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design of the proposed biconical patch antenna
with inscribed fractal triangles and circular split
ring resonator is presented. Section 3, presents
the analysis of the simulation and experimental
results of the proposed antenna. Finally, the
conclusions are given in Section 4.

2 Problem Formulation

The conventional biconical patch antenna is
modified using the Sierpinsky triangle fractal
geometry to stress its dual band behavior. Thus, the
design methodology used for conventional gasket
fractal antennas is employed. In this sense, the
resonant frequency of the n-th iteration of the gasket
(denoted by f,,) can be computed as follows [7]:

fo~ ko 87 (1)
1

where k is a constant whose value depends on
the substrate type, c is the value of the speed of
light in vacuum, h; represents the height of the
largest triangle, 6 is the (log periodic) scale
factor (6=2), and n is a natural (generally
integer) number that corresponds to the n-th
iteration. In this work, a FR4 substrate with a
dielectric constant equals to 4.4 is considered,
consequently, k~0.26. Fig. 1 illustrates the
proposed biconical patch antenna with inscribed
fractal triangles of three iterations.

-

Fig. 1. Proposed Biconical patch antenna with
inscribed fractal Sierpinsky gasket.
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The fractal biconical patch antenna is obtained
by joining two Sierpinsky gaskets as it is shown in
Fig. 1. Fig. 1 also shows that a A/4 feed transmission
line that corresponds to the fundamental resonant
frequency of the Sierpinsky fractal geometry (i.e.,
2.4 GHz) is employed. Notice that three iterations
gaskets are employed for the fractal biconical
patch antenna.

Thus, the initial design of the fractal biconical
patch antenna is as follows. Given the fundamental
resonant frequency f;=2.4 GHz, the second resonant
frequency f,=4.8 GHz, 6~2, and k~0.26, from (1) it
is obtained that the height of the largest triangle
h,=31.2 mm and h;= h;4/2 (for i=2, 3,...) for the
subsequent iterations. Notice that this is an
approximated design methodology and the
performance of the biconical patch antenna is
optimized using the simulation tool for high
frequency electromagnetic structures.

As it is well known, the Sierpinsky gasket
presents poor impedance match at the fundamental
resonant frequency. This is the reason why the
development of Sierpinsky gasket based antennas
employs the second resonant frequency as the
operating one. However, this approach results in
larger antenna systems (i.e., the low profile
requirement for modern antennas is not reached). To
overcome this drawback, a defected ground
structure is employed. In particular, a circular split
ring resonator (CSRR) technique is used here to
achieve efficient coupling at the fundamental
resonant frequency of the gasket fractal based
biconical patch antenna.

A circular ring in the vacuum is matched to a
frequency given by the following equation [16]:

1
2 :rnfﬁ

f= )
where f is the resonant frequency of the circular
ring, L is the approximated inductance of the closed
ring and it is given by

L = pgRy, (In222 — 0.5) (3)
where o is the magnetic permeability of the
vacuum, Ry, is the average value of the inner and
outer radius of the circular ring, h is the height of
the ring, and w is the difference between the inner
and outer radius of the ring. C is the sum of
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capacitances between the gap and the surface of the
ring and it is given by

C= Cgap + Csw’f (4)
where
wh 2mh
Cgap = &o ? lnz"—:h] (5)
2e5h 4R
Csw’f == 1 Tm (6)

€0 is the electric permittivity of the vacuum, and g is
the value of the aperture of the ring.

As stated above, equations (2) to (6) corresponds

to a circular ring resonator operating in the vacuum
and are used for the initial design of the defected
ground structure of our proposed antenna.
Thus, during the simulation process, the original
dimensions of the gasket and the dimensions of the
circular ring resonator are changed in order to
adjust, as near as possible, the first two resonant
frequencies at 2.4 GHz and 5.2 GHz, respectively,
and, at the same time, obtain reasonable values for
the return losses.

3 Problem Solution

In this section, simulation and experimental results
of the proposed bowtie patch antenna with inscribed
fractal triangles and circular split ring resonator are
presented and compared.

3.1 Simulation Results

After the initial design of the proposed antenna was
completed, the resulting electromagnetic structure
was simulated using the High Frequency Structure
Simulation (HFSS) software of ANSYS. This
simulation tool was also used to adjust the different
dimensions of the electromagnetic structure in order
to obtain the desired resonant characteristics of the
antenna. In this section, we present simulation
results of the optimized electromagnetic structure of
the proposed antenna. Fig. 2 shows the simulated
electromagnetic structure.

E-ISSN: 2224-2864

37

Genaro Hernandez-Valdez, Mario Reyes-Ayala,
Samuel I. Valdes-Cruz, Ivan R. Gonzalez-Rangel,
J. R. Miranda-Tello, Edgar A. Andrade-Gonzalez

Fig. 2. Simulated electromagnetic structure.

In Figs. 3 and 4, return loss (RL) and
standing wave ratio (VSWR) are plotted versus
frequency, respectively. From these figures, it is
observed that the proposed bowtie antenna
presents excellent performance characteristics
at the desired frequency bands (i.e., 2.4 GHz
and 5.2 GHz). That is, the simulated
electromagnetic structure presents return loss
equals to -19.6 dB, coupling bandwidth
percentage (CBP) of 6 %, and VWSR equals to
1.7 at the 2.4 GHz frequency band. The
corresponding values at the 5.2 GHz frequency
band are -28.6 dB, 3.8 %, and 1.3. Also, from
Figs. 3 and 4, it is observed that the simulated
antenna presents two additional resonant
frequencies: 1.65 GHz and 6.26 GHz. Indeed, at
the 6.26 resonant frequency, the antenna
presents the best performance in terms of return
loss and VWSR (RL= -39.99 dB, and
VWSR=1.02), while at the resonant frequency
of 1.65 GHz, it presents the best performance in
terms of coupling bandwidth (CBP=13 %). The
1.656 GHz resonant frequency corresponds to
the highest dimension of the antenna (i.e, 2hl),
while the 6.26 GHz resonant frequency
corresponds to the smallest dimension of the
antenna (i.e., h3). Of course, as it was explained
in Section 2, the 2.4 GHz and 5.2 GHz resonant
frequencies correspond to the first and second
iteration of the fractal gasket.

Volume 17, 2018



WSEAS TRANSACTIONS on COMMUNICATIONS

Return loss XY Plot 1

0.00
g -5.00
5 3
%-10.00
3 El
£-15.00 1
o El o[Name| X Y
5-20.00 ml [1.6560]-16.3524|
%_25 00 3 m2 |2.4530|-19.6050
3 m3 |5.2190(-28.6806 o
230,004 m4_|6.2630(-39.9906
7 1 Curve Info
©-35.00 5 |~ dB(S(WavePortl,WavePortl))
© 1 [Setupl : Sweepl

-40.00 4

3.00 2.00 5.00 6.00

Freq [GHZ]
Fig. 3. Return loss for the simulated fractal bow-tie
antenna.
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Fig. 4. Voltage Standing Wave Ratio for the
simulated fractal bow-tie antenna.
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On the other hand, Fig. 5 (Fig. 6) shows the
complex impedance at the input port of the
antenna around the 2.4 (5.2) GHz frequency
band. In Fig. 5 (Fig. 6), frequency is swept form
2 (5) GHz to 3 (6.5) GHz. From Fig. 5 (Fig. 6)
it is observed that the simulated electromagnetic
structure presents good impedance match at the
2.4 (5.2) GHz frequency band. That is, in both
frequency bands, the real part of the input
impedance is near to 1.0, while the imaginary
part is reasonably small (near to zero). This
impedance matching was achieved by the joint
use of the quarter wavelength microstrip
transformer and the circular split ring resonator.
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Fig. 5. Complex impedance versus frequency (the
specific value at 2.45 GHz is remarked).
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Fig. 6. Complex impedance versus frequency
(specific values for the 5.2 GHz and 6.26 GHz are
remarked).

On the other hand, Fig. 7 (Fig. 8) shows the
antenna radiation pattern at the 2.4 GHz (5.2
GHz) frequency band. From Fig. 7 (Fig. 8), it is
observed an antenna gain of -2.37 dBi (5.43
dBi) at the 2.4 GHz (5.2 GHz) frequency band.
Notice that, due to the presence of the CSRR, a
back lobe (i.e., along the opposite direction of
the z axe) is presented in the radiation pattern.
Even, for the 5.2 GHz case, the radiation pattern
is clearly bidirectional. Thus, this antenna is
more suitable to be used at the access point than
at the portable unit.

Freq
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Fig. 7. Radiation pattern (directivity) at f = 2.4 GHz.
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3.1 Experimental Results

Once simulation results were satisfactory, we
proceed to build the experimental prototype of the
proposed antenna. In this section, experimental
measurements of the built antenna are presented.
The proposed antenna was characterized by the
jointly use of an antenna pattern measurement
equipment, a network analyzer, and an antenna
measurement software. These equipment and the
developed antenna are shown in Fig. 9.
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L 7/ ’ T
Fig. 9 Experimental measurement scenario.

In Figs. 10 and 11, experimental return loss
(RL) and experimental voltage standing wave
ratio (VSWR) are plotted versus frequency,
respectively. From these figures, it is observed
that the proposed bowtie antenna presents
excellent performance characteristics at the 2.4
GHz and 5.9 GHz frequency bands. That is, the
experimental antenna prototype presents return
loss equals to -23.6 dB, coupling bandwidth
percentage (CBP) of 10.7 %, and VSWR equals
to 1.14 at the 2.37 GHz frequency band. The
corresponding values at the 5.98 GHz frequency
band are -33.6 dB, 9 %, and 1.04. Also, from
Figs. 10 and 11, it is observed that the
experimental antenna presents two additional
resonant frequencies: 1.53 GHz and 3.87 GHz.
Table 1 compares simulation and experimental
results for the proposed antenna. Table 1
compares simulation and experimental results in
terms of resonant frequencies, return losses,
coupling bandwidth percentage and standing
wave ratios. From Table 1, it is observed that,
for the 24 GHz band, simulation and
experimental results are in good agreement. On
the other hand, the main difference between
simulation and experimental results is regarding
the objective for resonate about 5.2 GHz: the
experimental prototype fail to reach this goal. In
fact, if Figs. 3 and 10 are compared, good
agreement between simulation and
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experimental results is observed regarding the
first, second, and fourth resonant frequencies.
On the other hand, results regarding the third
resonant frequency differ considerably (5.2
GHz for the simulation results against 3.8 GHz
for the experimental results). It is not clear the
exact reason of this, nonetheless, this resonant
frequency can be experimental adjusted by
varying the size of the inscribed fractal triangles
of second and third iterations. This is a topic of
our current research.

1

Fig. 11. Experimental VSWR versus frequency.

Table 1. Comparison between simulation and
experimental results.

Parameter Simulation Experimental
f, (GH2) 2.45 5.22 2.37 5.98
RL (dB) 19.2 28.6 23.6 33.6
CBP (%) 6.0 3.8 10.7 9.0
VSWR 1.30 1.02 1.14 1.04

On the other hand, Fig. 12 (Fig. 13) shows
the complex impedance at the input port of the
experimental antenna around the 2.4 (5.9) GHz
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frequency band. In Fig. 12 (Fig. 13), frequency
is swept form 2 (5) GHz to 3 (6.5) GHz. From
Fig. 12 (Fig. 13) it is observed that the
simulated electromagnetic structure presents
good impedance match at the 2.4 (5.9) GHz
frequency band. That is, in both frequency
bands, the real part of the input impedance is
near to 50 ohms, while the imaginary part is
reasonably small (near to zero). As explained
before, this impedance matching was achieved
by the joint use of the quarter wavelength
microstrip transformer and the circular split ring
resonator.

tput P r HIGH

Fig. 13. Complex impedance versus frequency (the
specific value at 5.915 GHz is remarked).

On the other hand, Fig. 14 (Fig. 15) shows
the antenna radiation pattern at the 2.37 GHz
(5.98 GHz) frequency band. From Fig. 14 (Fig.
15), it is observed an antenna gain of 7.16 dBi
(9.54 dBi) at the 2.37 GHz (5.98 GHz)
frequency band. These values are excellent for
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low range mobile applications such as wireless
local and personal area networks.

Fig. 14. Experimental radiation patter directivity)
atf=2.37 GHz.

Fig. 15. Experimental radiation patten(directivity)
at f =5.98 GHz.

4 Conclusion

In this paper, a fractal-based biconical patch antenna
with defected ground structure for low range
wireless communications applications is proposed
and studied. To achieve a multi-band operation (i.e.,
2.4 GHz and 5.2 GHz unlicensed bands), the initial
design of the proposed antenna is based on the
Sierpinsky gasket (triangular) fractal geometry. In
the patch of the biconical antenna, a defect based on
the Sierpinsky fractal geometry was introduced to
achieve a multi-band behavior. Also, a ground plane
defect based on the circular split ring resonator
technique was introduced to improve return losses at
the first two resonant frequencies; consequently a
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low profile antenna system was obtained.
Experimental results showed that the designed
antenna has two resonant frequencies in the ISM
bands: 2.37 GHz and 5.98 GHz with return losses of
-23.6 dB and -33.6 dB and coupling bandwidth
percentages of 10.7 % and 9 %, respectively. Also,
the experimental antenna prototype presents gains of
7.16 dBi and 9.54 dBi at 2.37 GHz and 5.98 GHz,
respectively. Thus, the proposed antenna is an
excellent choice for low range wireless applications.

References:

[1] Khan M. U., Sharawi M. S., Mittra R,
“Microstrip patch antenna miniaturization
techniques: a review,” IET Microwave,
Antennas & Propagation, Vol. 9, No. 9, pp.
913-922, 2015.

Skrivervik A. K., Zurcher J.-F., Staub O., and
Mosig J. R., “PCS Antenna Design: The
Challenge of Miniaturization,” IEEE Antennas
and Propagation Magazine, vol. 43, no. 4, pp.
12-26, August 2001.

Yuan-hai Yu; Chang-peng Ji., “Research of
fractal technology in the design of multi-
frequency antenna,” IEEE  Conference
Publications, 1-4. (2011).

Gianvittorio J. P., and R.-Samii Y., “Fractal
Antennas: A novel antenna miniaturization
technique, and applications,” IEEE Antennas
and Propagation Magazine, vol. 44, no. 1, pp.
20-36, February 2002.

Werner D. H., and Ganguly S., “An overview
of fractal antenna engineering research,” IEEE
Antennas and Propagation Magazine, vol. 45,
no. 1, pp. 12-26, pp. 38-57, February 2003.

M. Reza Khorramian, Bijan Zakeri, Ata
Ebrahimzadeh, Design and Analysis of a
Multiband Sierpinski Type Monopole Fractal
Antenna, IEEE Conference Publications. 21st
Telecomunications Forum 675-677. (2013).

C. Puente, J. Romeu, R. Pous and A. Cardama,
“On the Behavior of the Sierpinski Multiband
Fractal Antenna”. IEEE Transactions on
Antennas and Propagation, Vol. 46, No. 4,
(Abril 1998).

Gonzélez Rangel I. R., Hernandez-Valdez G.,
Andrade-Gonzalez E. A., Reyes Ayala M.,
Miranda-Tello J. R., and Serrano Chavez J.,
“Relationship among resonant frequencies of
Sierpinski multiband fractal antennas,” The
2016 International Conference  Applied
Mathematics, Computational Science and
Systems  Engineering (AMCSE  2016),
November de 2016.

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Volume 17, 2018



WSEAS TRANSACTIONS on COMMUNICATIONS

[9] P. A. Teixeira, J. A. Justino Ribeiro, Fractal
bowtie antenna with quarter-wave transformers
feed system, pp. 1-8, 2015.

[10] A. H. Yamini, M. Soleimani, Multiband
Behavior of Wideband Sierpinski Fractal Bow-
tie Antenna, pp. 1-4.

[11] Y. Tawk, K. Y. Kabalan, A. El-Hajj, C. G.
Christodoulou, and J. Costantine, A Simple
Multiband Printed Bowtie Antenna, IEEE
Antennas and Wireless Propagation Letters,
Vol. 7, pp. 557-560, 2008.

[12] K. Ismail and K.A Anis, Sierpinski Gasket
Fractal Antenna with Ring-Shape Defected
Ground Structure for RFID Application, 2nd
International Conference on Technology,
Informatics, Management, Engineering &
Environment, Bandung, Indonesia, pp. 340-
344, August 19-21, 2014.

[13] K. Ismail and S. H. Ishak, Sierpinski Gasket
Fractal Antenna with Defected Ground
Structure (DGS), IEEE Conference, pp. 441-
446, 2012.

[14] L. Jian-gang, Z. Cheng. “Sierpinski triangle
monopole with CSSR-based ground plane for
WLAN applications”. International Conference
on Microwave and Milimetter Wave
Technology. Vol 4. 2012.

[15] A. A. Jabita. “Design of Singly Split Single
Ring Resonator for Measurement of Dielectric
Constant of Materials using Resonant Method”.
University of Galve. June (2013).

[16] T. Wenxing. “Couplet Split-Ring Resonator
Circular Polarization Selective Surface”. IEEE
Transactions on Antennas and Propagation.
2017.

E-ISSN: 2224-2864

42

Genaro Hernandez-Valdez, Mario Reyes-Ayala,
Samuel I. Valdes-Cruz, Ivan R. Gonzalez-Rangel,
J. R. Miranda-Tello, Edgar A. Andrade-Gonzalez

Volume 17, 2018





