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Abstract

The performance properties of the Minkowski curvactal
antenna have been investigated and compared wihpérformance
properties of the traditional straight-wire dipoMumerical simulations
were done using NEC4 which is moment-method basttdare. Results
of radiation pattern, voltage standing wave ratput impedance, gain,
and half power beamwidth are provided. The resshisw that the self
similarity properties of the fractal shapes aradtated into its multiband
behavior. It is concluded that the Minkowski cuftectal can be used to
achieve miniaturization in antenna systems whileinteaing the
radiation properties of the traditional straightevidipole. Thus this
fractal antenna is likely to have a very promidiatgire in portable device
applications.
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|. Introduction

One of the prevailing trends in modern wireless meattevices is a
continuing decrease in physical size. In additias, integration of
multiple wireless technologies becomes possibkewtineless device will
operate at multiple frequency bands. A reductiorphysical size and
multiband capability are thus important design regraents for antennas
in future wireless devices. The geometry of thecthh antenna
encourages its study both as a multiband soluticB][and also as a
small physical size antenna [6-10]. First, becamse should expect a
self-similar antenna, which contains many copiesited¢lf at several
scales, to operate in a similar way at several \eagghs. That is, the
antenna should keep similar radiation parametemith several bands.
Second, because fractals are space filling contomesning electrically
large features can be efficiently packed into siaahs.

The first application of fractals to antenna desigas thinned
fractal linear and planar arrays [11-15], i.e, agiag the elements in a
fractal pattern to reduce the number of elementhénarray and obtain
wideband arrays or multiband performance. Cohemwj&$ the first to
develop an antenna element using the concept oftafsa He
demonstrated that the concept of fractal could ®eduo significantly
reduce the antenna size without degenerating tiferpence. Puentet
al. [4] demonstrated the multiband capability of fedstby studying the
behavior of the Sierpinski monopole and dipole. Trerpinski monopole
displayed a similar behavior at several bands &tin the input return loss
and radiation pattern. Other fractals have alsaleeglored to obtain
small size and multiband antennas such as the ftitheve fractal [16],
the Minkowski island fractal [9], and the Koch ftalc[17]. The majority



of this paper will be focused upon the Minkowsknaifractal antenna
and comparing its performance characteristics whitbse of the half-

wavelength dipole (HWD) antenna.
1. Analysis Method and Fractal Geometry

Modeling and numerical simulations were done ushgC4
program. This program is based upon the methodamhemts (MoM) in
which the electromagnetic interaction between vaegments can be
analyzed. The MoM simulation technique incorporatesodic boundary
conditions [18]. This allows for only one elemefftloe periodic array to
be simulated. When studying intricate elements saghractals, this
saves time and allows wide frequency sweeps. FhenNEC4 software,
the input impedance, radiation patterns, gaintaga standing wave ratio
(VSWR), and half power beamwidth (HPBW) could bé¢amted.

The geometry of the fractal is important because ¢fffective
length of the fractal antenna can be increasedewkaleping the total
special area relatively the same. As the numbéeddtions of the fractal
Increases, the effective length increases. A simydg to build most
fractal structures is using the concept of iterdtatction system (IFS)
algorithm, which is based upon a series of affraagformations [19]. An

affine transformation in the plang:) can be written as:

rpcosf, -r,sinb, [ x t
w,(X)=Ax+t, = F P qz}{ l}{ ql} ................ (1)
raSinB,  r,cosb, [ x,| [ty

where % and » are the coordinates of point x.rjf =r,, =r, with 0<r<1,
ande, =6, =9, the IFS transformation is a contractive simijatdangles

are preserved) wherg is the scale factor an€l, is the rotation angle.



The column matrixqtis just a translation on the plane. Applying these
transformations, a Minkowski fractal of one iteoasti (M1) and
Minkowski fractal of two iterations (M2) are obtaith as shown in Fig. 1.

It is interesting to mention that M1 geometry extsila 24% reduction in
the length from the HWD geometry, whereas the M@ngetry exhibits a
44% reduction in the length from the HWD geometry.

[11.Results and Discussion

Since all details of the radiation pattern followrh knowledge of
the electric and magnetic dipole moments of thergdaand current
distribution in the antenna, these factors shoelaialyzed. To calculate
the far-field of a HWD antenna of length L, it wile regarded that this
antenna consists of a series of elemental shomlelp The current
distribution of any dipole with length L=2h (whehas the length arm of
the dipole) placed on y-axis is given by [20]

1y =1 sin(kh —ky) for  y=0 e (2)

ly) = sin(kh +ky) for y<0 (3)

wherek =2n/A, and [, is the maximum value of the current which occurs
at the center of the dipole (y=0). For the HWD véhier A /4.

Iy =l sinkA /4 +klyp 4)

where|ygA/4. The vector potential of y-directed line sourcgiven by

- jkr

~ € jky cos
Az —[le™™dy (5)

and since the electric field vector of y-directedrse is given by



E,= jwsinfA® . (6)

Then, one can obtain

- jkr

. . e iy co
Eo=jw usmemj |,y (7)

By substituting Eq. (4) in Eq. (7), the electrielfl vector becomes

co{ncosej
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Equation (9) gives the electric far field vectortbé HWD antenna. The
radiation patterns were generated at the resomaquéncies of the
antennas. The computed patterns of the HWD, M1MB&dantennas at
the resonant frequency of 440 MHz are depicted ijn B, and the
corresponding three dimensional plots are displayedrig. 3. it is
interesting to note that the radiation patternshef HWD, M1, and M2
antennas are similar. This indicates that thesenaiats exhibits virtually
identical electromagnetic radiation behavior, inelggent of the
difference in antenna size. What is also worth meirtg is the similarity
between the other band's patterns of each the ofaiLM2 antennas.
This is the proof for a truly multiband performarafehe antenna. Over a
large frequency span, the fractal antenna can hmsay different
resonant frequencies. This is due to the couplietyvéen the wires. As
more contours and iterations of the fractal areedddhe coupling
becomes more complicated and different segmerttseofvire resonate at

different frequencies.



As mentioned above, the radiation patterns weremgéad at the
resonant frequencies of the antennas. The resmaputencies could be
estimated from the plot of the voltage standing evaatio (VSWR)
versus the frequency as shown in Fig. 4. It candied from this fiqure
that each of the investigated antennas has resdreapencies at 440
MHz and 1240 MHz in the frequency sweep of 400-1308z. the
VSWR values for a 5Q transmission line of the HWD, M1 and M2
antennas are 1.4, 1.64, and 2.2 respectively.

There is one major parameter that is crucial to diesign of
efficient fractal antennas: that is the input imgeck. The input

impedance of a small linear dipole of lengthand wire radias (a) can be

approximated by [21]

z, mzoﬁmz _ j120M ................ (10)

(75)
tan| T~
A

Or it can be measured, as it is done in the praserk, by a rotation on
the Smith chart to adjust the model of antennantdR&C circuit. The
Smith chart of the investigated antennas centeredh@a resonant
frequency of 440 MHz were plotted using NEC4 sofevas shown in
Fig. 5. it is noted from this figure that the matagh of the Minkowski
fractals are similar to the matching of the HWD eanmmta. The input
impedances of the HWD, M1, and M2 antennas at #gsonmance
frequency of 440 MHz are 70.19 - j 1.1, 30.95 +331 and 22.68 - j
0.05Q respectively. It can be shown that as the anteiberation

increases, the antenna has less input resistaradangnit difficult to

couple power to the antenna.



Other aspects of the antenna performance propéstamsider are
the gain and the half power beamwidth (HPBW). Thimg of the HWD,
M1, and M2 antennas relative to an isotropic souweich radiates
equally in all directions, were computed to be 2201, and 1.91 dB
respectively. It is noted that the fractal antehaa slightly less gain than
the straight antenna. The HPBW was found to bt &0 the HWD
antenna, 88for the M1 antenna and 9Gor the M2 antenna. It is
obviously seen that the performance of the Minkavirsdctals is better
than that of the straight dipole in this propery.summary of the
performance properties of the investigated anterstashe resonant

frequency of 440 MHz is presented in Table 1.

Table 1. Performance Properties of the HWD, M1, and M2 Antennas

at 440 MHz
Parameter HWD antenna M1 antenna M2 antenna
VSWR 1.4 1.64 2.2
Input Impedance&Q) 70.19-j1.1 30.95 +1.33 22.68-j0.0
Gain (dB) 2.11 2.01 1.91
HPBW 8@ 88’ o0’
Reduction of Length 0% 24% 44%

The greatest advantage of the Minkowski fractaligtesis its
compactness. This is highly significant for appicas such as GSM
cellular phones. Since the radiation pattern of khekowski fractal
antenna is uniform and identical to that of a tiadal HWD antenna, it
can be used in nearly any type of wireless comnatioios receiver. The
superior HPBW performance of the Minkowski fracaatenna over the

HWD antenna is another benefit of the design. Tthes Minkowski



fractal antenna presents an excellent compactisolt the traditional
straight-wire dipole.

|V.Conclusions

Minkowski curve fractals can be used to achieveiahimization in
antenna systems while keeping an identical elecgmatic performance
to the traditional straight-wire dipole. A size vetion of 24% was
achieved using the M1 design over the straight HWDfurther size
reduction of 44% was achieved using the M2 desiger dhe straight
HWD. It is concluded that the self similarity propes of the fractal
shape are translated into its multiband behaviank®wvski curve fractal
antenna exhibits excellent performance at the @#ofrequencies and
has radiation properties nearly identical to thathe traditional straight
wire dipole at that frequencies. Altogether, thectal antenna is likely to
have a very promising future in many applicationghs as portable

communications devices.
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Fig.1 Geometry of the (a) Minkowski curve fractal of one iteration
(M1) and (b) Minkowski curve fractal of two iterations (M2).
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Fig.2 Radiation pattern at the resonant frequency of 440 MHzfor the
(a) half wavelength dipole (HWD) antenna, (b) M1 antenna, and (c)
M2 antenna.
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Fig.3 Three dimensions plot of the radiation pattern at the resonant
frequency of 440 MHzfor the (a) HWD antenna, (b) M1 antenna, and
(c) M2 antenna.
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Fig.4 Voltage standing wave ration (VSWR)versus the frequency for
the (a) HWD antenna, (b) M1 antenna, and (¢) M2 antenna.
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Fig.5 Smith chart of the (a) HWD antenna, (b) M1 antenna, and (c)
M2 antenna.
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