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FractalMonopole Antenna Design Using Minkowski Island
GeometryQ.Luo(l)\ H.M.Salgado (2), and J. R.Pereira (3)

1 INESC Porto,Porto, Portugal, [email protected] Portol
Faculdade de Engenharia, Universidade do Porto,
Portugal,[email protected] IT/Universidade de Aveiro, 3810-391
Aveiro, Portugal, [email protected]

AbstractIn this paper, two printed multiband fractal monopole
antennas using the 1st and 2nditeration ofMinkowski Island geometry
are proposed for WLAN communications. Themonopole antennas have
compact size of28 18 mm and 21.5 18 mm respectively.The proposed
antennas with different sizes of the ground plane have also been
studiedthrough numerical simulations in Ansoft HFSS. It is found
that without using anyimpedance matching method, both of the
proposed antennas exhibit good impedancematch at both 2.4 and 5.2
GHz band, which is confirmed by the measurement results. It isalso
observed that the monopole antenna with the geometry of the 1st
iteration MinkowskiIsland can also operate at 3.5 and 5.8 GHz,
which means that it almost covers the entirerequired frequency
bands for and WiMAX communications. The simulationshows that both
antennas exhibit high radiation efficiency and the measured
radiationpatterns show that both antennas have similar radiation
patterns at each resonantfrequency.

IntroductionFractal geometry is a family of geometries that have
the characteristics of inherent selfsimilar or self-affinity, which
are usually used to describe and model complex shapesfound in
nature such as mountain ranges, waves and trees [1]. Recently,
fractaltechniques have been brought to the field of antenna design,
named "fractal antennaengineering", and is attracting many research
interests [2-5]. The advantages of usingfractal geometries in
antenna design include miniaturization as well as
providingmultiband resonant frequencies with similar radiation
characteristics. Minkowski Island,Sierpinski gasket and Hilbert
curve are some well-known fractal geometries.Although fractal
geometries are self-filling structures that can be scaled
withoutincreasing the overall size, not all the geometries can
contribute to the compact antennadesign. Previous research found
that some fractal geometries such as Hilbert and Peanocurves, which
exhibit a high degree of space filling, cannot effectively reduce
theresonant frequency of the antenna [6]. Meanwhile, it has been
proved that the multi-bandresonance operation is not a unique
feature of fractal geometries and in some cases somenon-fractal
geometries show better performance in terms of operation bandwidth
andradiation efficiency. However, wired antennas with fractal
geometries do show betterimpedance matching [7].The printed
monopole antenna is attracting much research interest, due to its
simplicity,broad bandwidth and ease of integration in communication
systems. Recently, themodified Sierpinski gasket geometry has also
been used in the design of printedQi Luo acknowledges the support
for a scholarship from F u n d a ~ a o para a Ciencia e
Tecnologia
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monopole antenna [8]. In our study, we use the first two
iterations of Minkowski Islandto design printed monopole antennas
working at WLAN frequencies (2.4/5.2 GHz). Thisfractal geometry is
much simpler compared to Hilbert curves and can work
moreefficiently in the aspect of frequency reduction. In this
study, we show that using thefractal geometry to design a printed
monopole antenna, it is possible to achieve properimpedance match
without the use of any specific impedance matching
techniques.Furthermore, the measurement results show that by using
the first iteration ofMinkowskiIsland, the monopole antenna can
operate at 2.4/3.5/5.2/5.8 GHz, which almost covers theentire
required frequency bands for 802.11a/b/g and WiMAX
communications.

Antenna DesignFigure 1 shows the first two iterations of
Minkowski Island. The reason why we did notchoose to study other
higher iterations is that when increasing the iteration, this
fractalgeometry becomes more complex and very narrow microstrip
line is needed to describeit, in which case the conductor losses
will significantly reduce the efficiency of theantenna.

1s1

s

. - - - s ----..Fig.l The I st iteration (left) and 2nd
iteration (right) of Minkowski Island geometry

Figure 2 (a) presents the proposed fractal monopole with the
geometry of 1st iterationMinkowski Island. Its size is 28 18 mm
with a ground plane having width of 35 mmand length of 10 mm on the
back surface of the substrate. The width of the microstrip linew is
0.5 mm. Figure 2 (b) shows another proposed fractal monopole using
the 2nd iterationMinkowski Island. Its size is 21.5 18 mm The width
of the microstrip line is w 0.25mm and the size of ground plane is
30 10 mm The depth t is 1/4 the side length ateach iteration for
both antennas. Both of the proposed antennas are printed on a
0.813mmthick Roger 4003 substrate with relative permittivity r
3.35.

35mm 30

6.85 21.5mm -

3Smm

101 101Fig.2 The proposed fractal monopole antenna with geometry
of: (left) I st iteration MinkowskiIsland; (right) 2nd iteration of
Minkowski IslandInfluence of Ground Plane SizeIt is known that the
ground plane size can influence the impedance match of
printedmonopole. As a result, instead of viewing the antenna as one
separate component forwireless devices, it should be taken as an
integrated part with the entire layout of the
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transceiver [8]. The proposed fractal monopole antennas with
different sizes of groundplanes have been studied by numerical
simulations in HFSS. It was found that whenincreasing the size of
the ground plane to 45 80 mm which can be considered as thesize of
a PC card, both of the proposed Minkowski Island fractal monopoles
exhibit goodimpedance match except for some frequency shift, which
can easily be solved by resizingthe antenna. Figure 3 (a) and (b)
show the return loss of the antennas in Figure 2 fordifferent sizes
of the ground plane.

0 0-5

-10-10

-20 --35x10 -15 --30x10- - - - -45x60

-30 -20 _. - 45x6045xBO -25 45xBO-40 -30-50 2 4 5 6

(a) (b)Fig.3 The proposed fractal monopole antennas: (a) 1st
iteration Minkowski Island; (b) 2nd iteration

ofMinkowski Island with different size of ground
plane:Measurement ResultsThe two fractal monopoles depicted in
Figure 2 have been fabricated. Figure 4 (a) and (b)present the
simulated and measured return loss of the antenna given in Figure 2
(a) and(b), respectively.

0 0-5 -5-1 0

-15 -1 0-2 0 -15-2 5-3 0 -2 0-35 -25-4 0-45 -3 0

2 3 4 5 6 2 3 5 6

(a) (b)Fig.4 The measured (black solid line) and simulated (blue
dash line) SII of the fabricated fractalmonopole given in Figure
2The measurement results show that the printed monopole of Ist
iteration ofMinkowskiIsland exhibits a 10dB return loss bands
of2.30 - 2.48 GHz, 3.3 - 3.7 GHz and 4.9 - 6.0GHz, which almost
covers the entire required frequency bands for 802.lla/b/g andWiMAX
communications. For the 2nd iteration of Minkowski Island fractal
monopole,the bands are 2.31 - 2.47 GHz and 5.0 - 5.5 GHz, which
covers the two desiredfrequency bands for WLAN 802.11 standards.
Figure 5 shows the measured radiationpatterns of the proposed
antennas. It is found that both antennas have similar
radiationpatterns. The radiation patterns at H-plane are almost
omnidirectional and in the E-planethey are very similar to the
radiation of a dipole in free space, as expected. The
measuredmaximum gain is around 0 dB at 2.45 GHz and 2.3 dB at 5.2
GHz for both antennas.According to the simulation results, the
radiation efficiency is 94% and 88% at 2.45 GHz,97% and 93% at 5.26
GHz for the printed monopole of Ist and 2nd iteration
ofMinkowskiIsland, respectively.
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(a)f=2.45GHz (b)f=5.25 GHz (c)f=2.45GHz (d)f=5.3 GHzFig.5
Measured radiation pattern ofproposed antennas. (a) and (b) present
the radiation pattern ofthe antenna in fig.2(a) while (c) and (d)
present the radiation pattern of the antenna in fig.2(b). Theblue
dash line means H plane and black solid line is E plane.

ConclusionsIn this paper, two printed fractal monopole antennas
using the 1st and 2nd iteration ofMinkowski Island geometries are
proposed. Both the simulation and measurement resultssuggest that
without any impedance matching methods, the proposed antennas
canproperly operate at 2.4 and 5.2 GHz bands, which are the desired
frequency bands forwireless standard 802.1 Ib/g. It is also found
that the monopole with the geometry of thefirst iteration of
Minkowski Island can also cover the required frequency bands
for802.IIa and WiMAX communications. Furthermore, the proposed
antennas withdifferent ground plane sizes including the size of a
normal PC card are also studied andgood impedance match is
observed. Comparing the measurement results of the twoproposed
antennas, it is also found that although the size reduction can be
achieved byusing the higher iteration of the fractal geometry, the
bandwidth as well as the radiationefficiency also decreases. This
should be considered as a trade-offbetween size reductionand
antenna performance.
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