N
N

N

HAL

open science

Using Hilbert Curve Slot for Bandwidth Enhancement
of Microstrip Patch Antenna
Amir Shehni, Joyraj Chakraborty, Sundas Sheikh, Wlodek J. Kulesza

» To cite this version:

Amir Shehni, Joyraj Chakraborty, Sundas Sheikh, Wlodek J. Kulesza. Using Hilbert Curve Slot for
Bandwidth Enhancement of Microstrip Patch Antenna. IEEE-BTH Student Paper Contest 2011-12,

IEEE Sweden Gwsac, Jan 2012, Karlskrona, Sweden. 10.5281/zenodo.3406144 . hal-02301889

HAL Id: hal-02301889
https://hal.science/hal-02301889
Submitted on 30 Sep 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.science/hal-02301889
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

>R03 <

Using Hilbert Curve Slot for Bandwidth
Enhancement of Microstrip Patch Antenna

Amir Shehni, Joyraj Chakraborty, Sundas Sheikh and Wlodek J. Kulesza

Abstract—A standard microstrip patch antenna has narrow
bandwidth thus making it inappropriate for many wireless
communication systems. Therefore in this paper we present
imprinting of Hilbert curve slot on patch antenna to analyze its
effects on the bandwidth. Multiple iterations of Hilbert curve
are being implemented and relationship between the iterations
and bandwidth is studied. It is observed that increase in
iteration will result in increase in bandwidth. As the number of
iterations increase the total area of the slot decreases, whereas
the length of the slot remain the same within the area. The
simulated result depicts that -10 dB bandwidth is achieved at
2.4 GHz which is the operable frequency of WLAN and
Bluetooth.

Index Terms—Bandwidth Enhancement, Hilbert curve,
Microstrip Patch Antenna, Slot Antenna.

I. INTRODUCTION

HE microstrip patch antenna has gained importance

since they can be easily fabricated and are small in size.
One of the problems with microstrip patch antenna is that
they do not support high bandwidth. There are two major
factors which affect the bandwidth of a microstrip patch
antenna; these are substrate height and dielectric constant of
the substrate. However, with the restriction of available
substrates, we can still increase the bandwidth by introducing
slots in the conducting plane of the antenna.

In this paper we make the use of a Hilbert curve slot to
analyze its effect on the bandwidth. The antenna under
observation was developed in three stages. At each stage an
iteration of the Hilbert curve slot was introduced in the patch.
It has been observed that as the iteration increase, the
bandwidth also increases. Fig. 1 shows the first four iterations
of Hilbert curve.

Through simulated result we can observe that the
bandwidth has significantly increased at the operable
frequency of 2.4 GHz as compared to a conventional
microstrip patch antenna. The achieved bandwidth is
143 MHz which is four times the bandwidth of a standard
microstrip patch antenna.
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Fig. 1 First four iterations of the Hilbert curve geometry [2].
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II. SURVEY OF RELATED WORKS

The use of fractal geometry in microstrip patch antennas
results in their economical miniaturization [1]. When
implementing a Hilbert curve antenna the resonant frequency
decreases and the bandwidth reduces as the iterations
increase [2]. By using fractal geometry and implementing
different feeding techniques, it is observed that the size of the
antenna reduces and bandwidth narrows [2]. A mathematical
modelling of Hilbert curve space filling geometry is proposed
to predict the multiple resonance frequency [3].

III. PROBLEM STATEMENT AND MAIN CONTRIBUTION

There are a number of design configurations available for
microstrip patch antenna but they do not have enough
bandwidth to support the modern wireless communication
systems.

We would like to know the effect of implementing a
Hilbert curve slot and increasing its iterations on the
bandwidth of microstrip patch antenna. We propose using a
Hilbert curve fractal slot in the conducting plane to enhance
the bandwidth of the patch antenna. One solution for
increasing the bandwidth is by doing iterations in the slots in
the radiating patch.

In order to perform analysis the main contribution is to
observe the effect of Hilbert curve fractal slot on microstrip
patch antenna, and carry out simulations using AWR
Microwave Office v.8.0.

IV. PROBLEM SOLUTION

In order to increase the bandwidth we propose using a
Hilbert curve fractal geometry slot on the radiating patch.
The novelty of Hilbert curve geometry is that it is a
space-filling curve which means that as the iterations
increase the area of the slot decreases while the length of the
slot increases.

A. Modeling

The proposed design consists of a rectangular patch on
FR4 substrate having dielectric constant 4.7, and of thickness
1.6 mm. The dimensions of the radiating patch are calculated
using the standard formulae, and thus the dimensions of the
radiating patch are (56x56) mm. A standard (3x17) mm
transmission line is used to excite the patch. Fig. 2 shows the
third iteration of the proposed antenna. The design is made by
adding iterations in the slot which help to enhance the
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Fig. 2 Design of third iteration of Hilbert curve slot.

bandwidth. For Hilbert curve L shows the total length of the
slot, n is the number of iteration, d is the length of each line
segment and S is the sum of line segment. The formulas used
for designing Hilbert curve are as follows [2]:
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Initially a (19%x19) mm square slot is considered and
iterations are increased in this slot by using (1) and (2).

B. Implementation

We used AWR Microwave Office to design the proposed
antenna. The designed antenna was made in three phases and
in each phase an iteration of the Hilbert curve is increased to
observe the effect of iteration on the bandwidth of the
antenna.

C. Validation

Fig. 3 depicts the return loss achieved in three iterations of
the Hilbert curve slot, from which we can analyze that as the
iterations increase the bandwidth of the antenna also
increases at the resonating frequency of 2.4 GHz. The
bandwidth for iteration 1 is 102 MHz which is 4.25%, for
iteration 2 we get 127 MHz which is 5.3%, and for iteration 3
we get 143 MHz which is 6% of the resonant frequency.
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Fig. 3 Graph of return loss of all three iterations of Hilbert curve slot
antenna
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Fig. 4 Radiation pattern of third iteration

Fig. 4 is the radiation pattern of the third iteration of the
proposed antenna at 2.4 GHz. It is observed from the
radiation pattern that the antenna acts as a monopole because
the antenna has a ground plane which prevents it from
radiating backwards.

V. CONCLUSION

Hilbert fractal geometry has been implemented on a
microstrip patch antenna to study its effect on bandwidth.

From the proposed technique it is observed that by adding
a Hilbert curve slot in mictosrtip patch antenna and doing
iterations one can achieve enhanced bandwidth. The
simulated results in this paper show that after third iteration
the achieved bandwidth is 143 MHz at the operable
frequency of 2.4 GHz, which is four times more than
standard Microstrip patch antenna.

The antenna presented here can easily be used for wireless
communication systems such as Bluetooth and WLAN as it
provides enough bandwidth to achieve an appreciable data
rate.

For future work one can see the effect of further increasing
iterations of Hilbert curve slot. The geometry of antenna can
also be altered to optimize it for multiband operation to make
it usable for multiple wireless communication systems. The
effect on bandwidth of the designed antenna can also be
observed by using different feeding technique such as coaxial
probe or aperture coupled feed.

REFERENCES

[1] 7. P. Gianvittono, Y. Rahmat-Samii, “Fractal antennas; a novel antenna
miniaturization technique, and application”, IEEE Antennas and
Propag. Mag., Vol.44, no.1, pp. 20-26, Feb., 2002.

[2] J. Zhu, A. Hoorfar, N. Engheta, “Bandwidth, cross polarization and
feed point characteristics of matched Hilbert patch antenna”, /IEEE
Antennas and Wireless Prop. Letters, Vol.2, no.2, pp. 2-5, Mar., 2003.

[3] N. Prombutr, P. Akkaraekthalin, “Model of Hilbert curve fractal
antenna fed by coplanar waveguide for multiband wireless
communication”, Proc of Asia Pacific Microwave Conf., Bangkok,
2007, pp. 1-4.



