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Abstract. In this paper, a multiband antenna using a novel
fractal design is presented. The antenna structure is formed
by inscribing a hexagonal slot within a circle. This base
structure is then scaled and arranged within the hexagon
along its sides without touching the outer structure. The
proposed CPW fed, low profile antenna offers good
performance in the 1.65 — 2.59 GHz, 4.16 — 4.52 GHz and
5.54 — 6.42 GHz bands and is suitable for GSM 1800/1900,
Bluetooth, IMT advanced systems and upper WLAN
applications. The antenna has been fabricated on a sub-
strate of height 1.6 mm and ¢.= 4.4 and simulation and

experimental results are found to be in good agreement.
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1. Introduction

Rapid growth in the wireless communication industry
poses a requirement for complex systems capable of
operating in multiple bands. Various applications such as
GSM 800/900, PCS and GSM 1800/1900 use the lower end
of the UHF band while WLAN and UWB operate in the
upper UHF band. In addition to multiband operation, it is
necessary that the antenna is small, light weight, low
profile and can be easily integrated with other microwave
components. Planar antennas with CPW (coplanar
waveguide) feed have received much attention [1]-[3] due
to their wideband characteristic and ease of integration with
MMICs. Fractal antennas are commonly used due to their
inherent properties like small size, and multiband capability
[4]-[6]. Recently, several fractal trigonometric shapes have
been investigated and many designs have been used to
develop ultra wideband antennas [7]-[9]. But in such
structures, the group delay degrades as fractal iterations
increase.

The self similarity property of the fractal antenna
leads to multiband operation because it operates in
a similar manner at several wavelengths. A popular antenna
using the self similarity property of fractals is the
Sierpinski gasket monopole [10]. Several other monopole

structures have been developed using the fractal concept to
achieve multiband behavior such as a Penta-Gasket-Koch
fractal [11], Minkowski fractal [12], triangular monopole
with rectangular slots [13], multiple monopole rings [14]
and Sierpinski sieve [15].

In this paper, a novel planar fractal antenna with CPW
feed is introduced for multiband purposes. The antenna
operates in global system for mobile (GSM) and Bluetooth
(1.65 — 2.59 GHz), IMT advanced system or fourth
generation (4G) mobile communication system (4.16 —
4.52 GHz) and upper wireless local area network (WLAN
5.54 — 6.42 GHz) bands. The basic structure is a circular
monopole antenna which exhibits wideband characteristics.
Multiband operation is achieved by inserting a fractal
pattern in this structure. The prime novelty in the proposed
structure is that the inner structure formed after the first
iteration is not connected to the feed element. This suggests
a coupling of energy from the outer structure to create an
additional resonance. The simulated results show that the
proposed antenna has good efficiency in all the intended
bands of operation. Section 2 presents the details of the
antenna structure and fractal design. Section 3 discusses the
obtained results and compares simulated and experimental
data. Conclusion is presented in Section 4.

2. Antenna Geometry

The geometrical configuration of the proposed
antenna is shown in Fig. 1. The base fractal is obtained by
cutting out a hexagon from a circular patch. This is scaled
and then arranged in a hexagonal pattern to obtain the
structure of iteration 1. Now within each hexagon, the
pattern is repeated to obtain the structure of iteration 2.

Iteration 1 Iteration 2

Iteration 0

Fig. 1. Configuration of the proposed antenna.
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Fig. 2 shows a plot of S; for different iterations. The
basic circular monopole gives a very wideband charac-
teristic and inscribing a hexagon within the structure results
in the base fractal with two application bands. The radius
of the circle with inscribed hexagon is then scaled down
and six such structures are arranged in a hexagonal manner
to obtain the configuration of iteration 1. The first iteration
results in an additional band close to WLAN frequency of
5.45 GHz and thus a total of three 2:1 VSWR bands. The
results obtained with the second iteration did not vary
significantly from that of first iteration and also due to
fabrication difficulties, this configuration was not con-
sidered further.
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Fig.2. Simulated S;; of proposed antenna structure for
various iterations.

In this paper, the structure obtained after first iteration
is investigated with dimensions as shown in Fig. 3.The
antenna is fed by a 50-Q CPW and is printed on a substrate
of size 34 x 51 mm’. The substrate used is of thickness
h=1.6 mm, relative dielectric constant ¢, = 4.4 and loss
tangent tan & = 0.02. The width and length of the CPW feed
line are 3 mm and 17 mm respectively.
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Fig. 3. Dimensions of fractal antenna.

The radius of the circular monopole is calculated [17]
for a resonance frequency of 2.45 GHz. The hexagon
inscribed within the circle has a side that is approximated

as
A c

4 4f+[e,

where ¢ is the free space velocity, f, is the resonant
frequency and &, is the relative permittivity of the substrate.
The side of the hexagon controls the first resonant
frequency and the diagonal which is twice the side length,
controls the second resonant frequency.

The scaling factor for obtaining the structure of first
iteration was optimized using Ansoft HFSS and the simu-
lated Sy, results with different scaling factors are shown in
Fig. 4. It was found that for scaling factor 0.3 and greater,
the structure exhibits wideband characteristics and for
scaling factor 0.2 or lesser, the S;; is very similar to that
obtained with iteration 1. However, for scaling factor 0.25,
improved impedance matching was obtained at 5.45 GHz.
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Fig. 4. Simulated S,; for different scaling factors.

The proposed antenna was designed and simulated,
with the same scaling factor of 0.25, on different substrates
and the results are shown in Fig. 5. On all the substrates the
antenna exhibits triple band behavior in similar frequency
ranges which ensures repeatability of the proposed design.

S11 (dB)

3 : i| ===er=4.4, h=1.6mm
21| Lo s e e o er=3.38, h=1.5mm |
; 9| ROt er=2.2, h=0.8mm

gl B W B B K & H ¥
1 1 2 25 3 35 4 45 5 55 6 65
freq (GHz)

Fig. 5. Simulated Sy, for proposed antenna design on different

substrates.
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3. Simulation and Experimental
Results

In this section, full wave analysis of the proposed
antenna in frequency domain is presented. The simulated
Si1 of the proposed antenna is compared with the
experimental results and shown in Fig 6. The results show
fairly good agreement up to 5.5 GHz. At higher
frequencies, the measured and simulated results show some
difference. This may be due to uncertainty in thickness
and/or dielectric constant of substrate and soldering effects
of the SMA connector, which have been neglected in the
simulations. But the structure still exhibits triple band
behavior as obtained with simulated results. The measured
bandwidths are from 1.65 — 2.59 GHz, 4.16 — 4.52 GHz
and 5.54 — 6.42 GHz for S;; < -10dB which corresponds to
VSWR <2.
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Fig. 6. Simulated and Measured S, in dB.

The surface current distribution of the antenna at the
resonance frequencies is shown in Fig. 7 (a)-(c).
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Fig. 7. Simulated surface current distribution of proposed
antenna at resonance frequencies.

It is seen that the first resonance is due to one full
wave variation of current distribution along the sides of the
hexagon, while at the second resonance, there is significant
concentration on the corners of the hexagon. The variation
of the current distribution along the feed line at the highest
resonance frequency suggests the excitation of higher order
modes.

Normalized radiation patterns of the antenna
measured at the resonant frequencies 2.26 GHz, 4.39 GHz
and 5.87 GHz are shown in Fig. 8 (a)-(c). The antenna has
a figure-8 pattern in the y-z plane with half power beam
width (HPBW) of 86°, 40° and 76° at the above three
resonant frequencies respectively. In the x-z plane the
pattern is non directional in all the frequency bands of
interest like that of an ordinary dipole antenna. The antenna
has linear polarization, good radiation pattern stability and
the omni-directional radiation performance makes it
suitable for application in wireless devices.
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Fig. 8. Measured normalized radiation pattern of antenna at
resonant frequencies.

The simulated results of gain of the designed antenna
are shown in Fig. 9. It is found to be greater than 1.5 dBi
with efficiency above 85 % in all the intended frequency
bands.



RADIOENGINEERING, VOL. 22, NO. 4, DECEMBER 2013

1265

25 — T T T T T T T T T

n

Peak Gain (dBi)

05

1 15 2 25 3 35 4 45 5 55 6 65
frea (GHz)

Fig. 9. Simulated gain of the proposed antenna.

A photograph of the fabricated antenna including
feeding port is shown in Fig. 10. The characteristics of the
antenna are compared with few reported antennas and
shown in Tab. 1.

Fig. 10. Photograph of fabricated antenna.

Antenna Number of Antenna Size Peak Gain
operating bands (mm?) (dBi)
Proposed 3 34x51x 1.6 1,52
antenna
[12] 3 48 x50x 0.8 1-3.5
[13] 5 62 x 89.6 x 0.78 1-4
[15] 3 80x40 x 1.6 4-7

Tab. 1. Comparison between recently reported antennas and
the proposed antenna.

When comparing the antenna with some of the
recently proposed multiband antennas, the antenna is found
to be compact and design is simple. The peak gain is
slightly lesser but this can be attributed to the small size.
The results show that the antenna is a suitable candidate for
wireless applications.

4. Conclusion

A new planar fractal antenna with two iterations has
been introduced. The antenna exhibits good performance in
three bands, 1.65 — 2.59 GHz, 4.16 — 4.52 GHz and 5.54 —
6.42 GHz. The antenna is compact, simple to fabricate,
exhibits moderate gain and stable radiation patterns make it
suitable for multiband wireless applications.

Acknowledgement

The authors would like to thank the Centre for
Research in Electromagnetics and Antennas (CREMA),
Department of Electronics, Cochin University of Science
and Technology (CUSAT) for providing the testing
facilities to measure the antenna characteristics.

References

[1] NGUYEN, D. T., DONG, H. L., HYUN, C. P. Small planar
coplanar waveguide-fed dual band-notched monopole ultra-
wideband antenna. Microwave and Optical Technology Letters,
2011, vol. 53, no. 4, p. 920 - 924.

[2] YU, F., WANG, C. A CPW-Fed novel planar ultra wideband
antenna with a band notch characteristic. Radioengineering, 2009,
vol. 18, no. 4, p. 551 - 555.

3

—

EVANGELOS, S. A., ARGIRIS, Z. A., DIMITRA, I K.,
ANTONIS, A. A., FOTIS, L., KOSTAS, D. Circular and elliptical
CPW-fed slot and microstrip-fed antennas for ultrawideband
applications. /EEE Antennas and Wireless Propagation Letters,
2006, vol. 5, no. 1, p. 294 - 297.

[4

[}

MAHATTANAJATUPHAT, C., SALEEKAW, S., AKKARAEK-
THALIN, P. A rhombic patch monopole antenna with modified
Minkowski fractal geometry for UMTS, WLAN and mobile
WIMAX applications. Progress in Electromagnetic Research
PIER, 2009, vol. 89, p. 57 - 74.

[5

[}

GIANVITTORIO, J. P. et al. Fractal antennas: A novel antenna
miniaturization technique and applications. Antenna and
Propagation Magazine, 2002, vol. 44, p. 20 - 36.

[6

[}

AZARI, A. A new super wideband fractal microstrip antenna.
IEEE transactions on Antenna and Propagation, Vol. 59, No. 5,
May 2011.

[7] AZARI, A. Ultra wideband fractal microstrip antenna design.
Progress in Electromagnetic Research C, 2008, vol. 2, p. 7 - 12.

[8] DING, M., JIN, R. Design of CPW-fed ultra wideband crown
circular fractal antenna. Microwave and Optical Technology
Letters, 2007, vol. 49, p. 173 - 176.

[9

—

GHATAK, R., KARMAKAR A., PODDAR, D. R. A circular
shaped Sierpinski carpet fractal UWB monopole antenna with
band rejection capability. Progress in Electromagnetic Re-
search C, 2011, vol. 24, p. 221 - 234.

[10] PUENTE, C., ROMELU, J., POUS, R., CARDAMA, A. On the
behavior of the Sierpinski multiband fractal antenna. [EEE
Transactions on Antennas and Propagation, 1998, vol. 46, no. 4,
p. 517 -524.

(1

—

NAGHSHVARIAN, M. J. Novel wideband planar fractal mono-
pole antenna. [EEE Transactions on Antennas and Propagation,
2008, vol. 56, no. 12, p. 3844 - 3849.



1266 S. JOSEPH, B. PAUL, S. MRIDULA, P. MOHANAN, A NOVEL PLANAR FRACTAL ANTENNA WITH CPW FEED FOR ...

[12] HONGNARA, T., MAHATTANAJATUPHAT, C., AKKA-
RAEKTHALIN, P., KRAIRISKSH, M. A multiband CPW-fed slot
antenna with fractal stub and parasitic line. Radioengineering,
2012, vol. 21, no. 2, p. 597 - 605.

[13] AZIZ,R. S., ALKANHAL, M. A. S., SHETA, A. F. A. Multiband
fractal-like antennas. Progress in Electromagnetic Research B,
2011, vol. 29, p. 339 - 354.

[14] MIRKAMALI, A., AKHOONDZADEH, L.-ASL., HALL, P. S.
MOUSSAKHANI, K. Modified multiband multiple ring monopole
antenna. Progress in Electromagnetic Research C, 2010, vol. 14,
p. 173 - 183.

[15] YOGESH, K. C., BEHERA, S. K. CPW-fed compact multiband
Sierpinski triangle antenna. In /EEE Indicon. Calcutta (India),
2010.

[16] FCC Online Table of Frequency Allocations. Federal
Communications Commission, Office of Engineering and
Technology Policy and Rules Division, 2012.

[17] BALANIS, C. A. Handbook of Microstrip Antennas. New York
(USA): John Wiley and Sons, 1982.

About Authors ...

Saira JOSEPH was born in Kerala, India in 1979. She
received her B-Tech and M-Tech degree from Cochin
University of Science and Technology, Cochin, India in
2001 and 2006 respectively. She is currently a research
scholar at School of Engineering, CUSAT, Cochin. Her
interests include Fractal antennas and UWB antenna design

Binu PAUL was born in in Kerala, India in 1971. She
received her M-Tech and PhD degrees from Cochin
University of Science and Technology, Cochin, India in
1996 and 2006 respectively. She is currently an Associate

Professor of School of Engineering, CUSAT, Cochin. Her
research interests include Planar antennas, Computational
Electromagnetics and Compact Planar filters. She is
amember of IEEE Antennas & Propagation Society and
IEEE-WIE.

Shanta MRIDULA was born in India. She received her
M-Tech and PhD degrees from Cochin University of
Science and Technology, Cochin, India in 1999 and 2006
respectively. She has over 23 years of teaching experience
in various professional institutions in Kerala, and is
presently serving as Associate Professor, Division of
Electronics Engineering, School of Engineering, CUSAT.
Her research interests include Planar antennas, Dielectric-
Resonator antennas, Radiation Hazards of mobile handset
antennas, and Computational Electromagnetics.

Pezholii MOHANAN was born in India on 30th May
1956. He received his PhD degree in Microwave antennas
from Cochin University of Science & Technology in 1985.
From 1980 until 1986, he worked as a Lecturer in Physics
at St. Albert's College, Cochin. He spent two years in
Bharat Electronics (BEL), Ghaziabad as an Engineer in
Antenna R&D Laboratory. Since 1989, he has been
working as a faculty of the Department of Electronics,
CUSAT and is presently working as a Professor in the
department. His current areas of research activities are in
Microstrip Antennas, FDTD Analysis, Dielectric Resonator
Antennas, Superconducting Microwave Antennas, Leaky
Wave Antennas, Reduction of Radar Cross Section,
Microwave Instrumentation etc. He is a member of IEEE
Antennas & Propagation Society and IEEE Microwave &
Theory and Techniques Society.



