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Abstract—In this paper, a new design of dual band printed
antenna based on Minkowski fractal geometry has bee
presented. The antenna offers a very light weightpw profile,

and very low coast, which satisfy the requirement foLow

Earth Orbit (LEO) applications. Some techniques hae been
used to qualify the printed antenna for space apptiations.
Simulation results show the advantage of Minkowskfractal

geometry in terms of multiband and bandwidth enhanement.
The proposed antenna operates in S and L, Ultra Hhy
Frequency (UHF) band efficiently, and has a smallize, so it is
useful for small satellite communication applicatiois.
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S-band patch antennas are used for communication by
the commercial Surrey Satellite Technology Limi{&&TL)
micro-satellite, the antenna has a 4.9 dBi gaininnigbe
beamwidth equal to 80°, and it has been used fomtand
uplink [8].

A dual-polarized broadband antenna array is predent
[9]. The operative bandwidth is from 3.15 to 3.25Glnd
the peak measured gain is approximately 19 dBi. The
proposed antenna has potential applications in heyiat
Aperture Radar (SAR), remote sensing, and wireless
communications.

The goal of this work is to use the Minkowski fralct
geometry [21, 22]. to design a dual band antennd.f®D
applications.

In Section 2, we formulate the concept of fractal

The modern space industry is focused on the sma@ieometry to design the proposed antenna. In Se8tiove

satellites manufacturing to reduce the cost of rthission.
With this in mind, research engineers are concttran

describe the geometry of the dual band printed revate
principle, and procedure. Finally, simulation résware

minimizing the mass and the sub-systems numberoandb shown in Section 4.

satellite. The radio frequency subsystem

compact antennas. Printed antennas are the bettlatas to
meet these requirements [1-5].

requiree t
development of small size, low cost, lightweighthyda

1. FRACTAL GEOMETRY

Fractals are used in several areas: statisticdlysisa
modelling nature, coding, and compression. As tcan

After using the high modes of resonance, printechffect fine structures, fractals have found a gplede in art

antennas have the ability to operate in two or mmaeds
simultaneously with very similar performance.
advantage of this option is to minimize the totahrer of
antennas on board satellite. Due to the self-siityilaature
of their geometry, fractal is used to design thatpd

antennas to obtain the multi-band property [6].

For space applications, the antenna must be vhaple
mechanically robust, and able of supporting botidoan
vibration and shock at the launch. In orbit, theeana must
be able to survive in the harsh radiation enviromyguch as
ionizing radiation, cosmic rays, and solar enecgedirticles.
Therefore, the materials of the antennas manufagtunust
be carefully chosen [7].

As applications, the European Student Earth Orbitegxploit

and architecture. In the last two decades, resegrdmve

Theysed fractals in the field of electromagnetism eeggly in

the antenna design [10].

Fractal, meaning broken or irregular fragments, was
originally used by Mandelbrot to describe a famiy
complex shapes that possess an inherent self-gimilar
self-affinity in their geometrical structure.

Generally, using fractal geometries in antennagdsdo
miniaturize their physical sizes and produce matiib
response [11-13].

The first development of the antenna based ondiact
geometry has been introduced by Cohen [14], wher lat
founded the company Fractal Antennas Inc. Cohed trd
the usefulness of different pre-fractal

(ESEO) satellite communicates at 2.080 GHz, 2.26{z2,G geometries empirically, namely Koch curves [10f thurve

and bears a total of six microstrip antennas fonroand and
telemetry.

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-305-6

of Minkowski and Sierpinski carpet [21-22].
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Figure 1. Generation of Minkowski fractal geomet

In [15], a new microstrip fractal antenna for hi
impedance matching and bandwidiths been sugges. To
improve the antenna performanaeany authors proposed
using the Defected Groundr@cture (DGS) on microstri
antenna [16- 20].

A. The geometry of Minkowski

The process of generating fractal geometry is sn
starting with an initial geometric shape calledtiator' or
'‘generator’, the process is iteraties a first iteration
eachpart of the initiator is replaced by a reduced fafhthe
initiator, that is to say, one proceeds to a deszre# scal
[21].

For the fractal geometry of Minkowski, from a sciaa
rectangle of dimension wl (slotidth) x w2 (indentatiol
width) is cut down from the middle of the edge atle side
of the square, the generation process of Minkovse-
fractal geometry is shown in Fig. 1.

Therefore, the circumference (p)creasing with th
number of iterations, is given by [23]:

pn = (1+ 2a2 )'pn—l (1)
a1:W1/Lo

With; a=w./Lo ; 2(0.5(1-@)°+2a°+a =1

pn: the circumferencaccording to the order
iteration.

a;: Sideratio.

a,: aspect ratio.

wy: slot width.

W,: indentation width.

Lo: the length of the side.

D: thefractal dimension

(a). Front view

(b). Top view
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Figure 2. HFSS model of the*iteration Minkowski pr-fractal antenna
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TABLE I. PHYSIC CHARACTERISTIC OFROGERRT/DOUROID5870
Variable & tan@) TML (%) CVCM (%)
Roger
RT/douroid | 2.33 | 0.012 0.05 0
5870
B. Szng:

Sizing of the rectangular patch antenrare based on the
transmission linenodel. For the circular patch antennas,
sizing is based on the cavity model. To obtain aheenne
dimension values (L,W) of rectangular and circytatch
antennas, we use MATLAB r the simulation purposes. The
program input are the physical characteri and material
values of the antenna, the dielectric substrate thiitknes:
of the substrate in mm, the conductivity of theiatidg
element metal, the loss tangent oe dielectric substrate,
and alsothe operating frequen [22].

I1l. ANTENNA DESCRIPTION

For the proposed models, we used the substrater|
RT / douroid 5870, permittivite, = 2.33, and insertion loss
tan @) = 0.012. The physical characteristics of thiserid
are shown in Table 1. These characteristics inglittedt the
Roger RT / douroid 5870 can be used in the spatiaiain,
the Total Mass bss (TML) is equal to 0.05% (less than
and Collected Volatile @densableMaterials (CVCM) is
0% (lower than 0.1%)These valuesatisfy the National
Aeronauticsand Space Administration (NASA) requireme
for the use of materials in spad4].

The geometry of the proposed antenna is shovFig. 2
(the simulation model of the first iteration Minkoki pre-
fractal antenna)where a diamond patch of lengty = 32.95
mm, is placed coplanar with a finite ground plamkich has
a square shape of length£F5mm

To obtain circular polarization, the patch was ligdtwo
microstrip lines with orthogonal pre shift of 900. The
microstrip lines are printed on the subst and connected by
a 50Q coaxial cable. The dielectric substrate used [
Roger RT / duroid with relative permittivite, =2.33 and
thicknesst = 1.6 mm.

To increase the gain, a para: element is used as a
patch director; alsoupper layer substrate similar to f
primary layer was created to the pare patch [23].

In order to achieve the spreading of the bandwititd
thickness of the substrates is increased by putimgair
layers € = 1), one between the ground pl, the substrate,
the other between the substrate and the substrate \
heights H1=7.1mm and2 = 63mn, respectively.

The technique of dual power supply by microstrifi be
usedin order to obtain the circular prization.

28



ICSNC 2013 : The Eighth International Conference on Systems and Networks Communications

IV. SIMULATION RESULTS

The particular geometry of the fractal antenna and
electromagnetic characteristics gives self-sintijatiat may Ve | e | Ang | Vg grax Curve nfo
be used for obtaining the multiband fractal anterihae to Gmax_| 0.0000 | 00000 | 72762] -5 e
their geometric complexity, it is very difficult oredict the - a0 | 000 200 TZE&TQ;@"T
required performance by using numerical methodsth&lse G190 |-350000|-35.0000] 42521 Setpt : LastAdapiie
methods are based on solving discrete forms of N#xw |Gz 2500|250 o Ferasons Reeed
field equations.

In this work, we opted for the simulator Ansoft Hig
Frequency Structure Simulator (HFSS) 13.0. Thertiegle )
used by the software is based on the finite elemeihod.

Ansoft HFSS can be used to calculate parametech, &1 S-

Parameters, Resonant Frequency and Fields. Apent thhe

normal view design, it provides a 3D view, whichans 120
added advantage.

To investigate the effect of the fractal geometnytbe
multiplicity of bands, we represent in each case:

e The return loss by taking the maximum value equal

)
=3

-180

to -10 dB. Figure 4. Radiation pattern of the first iteration Minkowgiie-fractal
e The Voltage Standing Wave Ratio (VSWR) to antenna.
determine the operating frequency taking the
maximum value of less than 2 dB. Fig. 5 shows the 3D gain variation pattern of thst f

iteration Minkowski antenna. It is noticed that theximum
Fig. 3 shows the variations of the return loss jSidd  gain of the antenna is Gmax=7.357dB in the Z aixiction
the VSWR of the first iteration Minkowski fractah@nna  (phi=0°). . .
versus frequency. It is noted that the antennsatg®in two The return loss (S11) of the two Minkowski antenfuas
different frequencies. For VSWR<2, the first fregqag is  the first and the second iteration are presentédgn6. For |
f1=2.0602 GHz corresponds to VSWR1=0.4397, and th&11 | < -10 dB, the second iteration Minkowski ante
second frequency is f2=3.4135 GHz corresponds t@perates for four frequencies in two bands: L bfodthe
VSWR2=0.323. frequency f = 1.8722 GHz: | S11 | = -20 dB, and S band for
The radiation pattern of the first iteration Minksky f2 = 2.2632 GHz: | S11 | = -13.36 dB, ¥ 2.4962 GHz:
fractal antenna, for the two angles phi=0° and p@fzis | S11|=-24.35dB, ang-2.9323 GHz: | S11 | = -20.26 dB.
shown in Fig. 4. It is observed that, for the twang of the
electric field E (phi=0°) and the magnetic field(phi=90°),

the antenna aperture is about 60°, which gives asiqu -
hemispherical radiation pattern. dB(GainTotal)
7. 3672e+000
11 and VSWR (dB) HESSDesignt 4, . B 3278e0
3000 veme | x | ¥ PV 5, 2050e+008
2 VSWRL|2.0602| 0.4397 — (L) 4, 2664 &+ABA
92000 VSWR2/3.4135 0.3230 Setupl : Sweepl 3. 23RBe+00R
Qe fl ]2.0602|-31.9348 — dB(VSWR(1)) 2, 2893 e+E8E
< Setupl : Sweepl ' g
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Figure 3. Variations of return loss and voltage standing wai® of the
first iteration Minkowski fractal antenna
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Figure 6. S11 of the first and the second iteration Minkowfskctal
antennas

By comparison with the first iteration Minkowski
antenna, we notice the appearance of two new freipe

0 a5 70 (mm)

Figure 8. HFSS model of the third iteration Minkowski fracéamtenna

According to Fig. 10, it is observed that the anten

aperture increases relatively with the iteratiombaer; this

For the condition VSWR<2, the frequency f2 = 2.26324}4\ys the advantage of using the fractal geometry.

GHz (VSWR2=3.78) does not present a
frequency, we can thus conclude that the secomdtiia
Minkowski antenna presents three resonances fre@gsen
(Fig. 7).

Fig. 8 represents the model of the third iteration
Minkowski fractal antenna using HFSS (the relatxés is
tilted by 45° compared to the principal axis).

However, the gain decreases when the iteration Bumb
increases. This is justified by the increasingh® antenna
input impedance, which leads to antenna and migodgte
mismatch.

The radiation pattern of three iterations for pli=@&nd
phi=0°, is shown in Fig. 9 and Fig. 10, respectivel
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Figure 7. VSWR of the first and the second iteration Minkowskctal
antennas
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resonance
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Figure 9. The radiation pattern of three iterations for pli=9
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Figure 10. The radiation pattern of three iterations for =
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