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ABSTRACT

Low profile antenna in communication is a new methodology. Fractal geometry is a methodology through which size
reduction is achieved. A Self-similar fractal antenna using multicantor technique is proposed and experimentally stud-
ied. Space-filling cantors and self-similarity properties of fractal geometry have been adopted in the proposed antenna
to miniaturize the size of antenna. The antenna is designed in such a way to operate at MICS band (Medical Implant
communication Service) for wireless telemedicine application. The prototype antenna exhibits wideband characteristics
and provides a good agreement of return loss (S11). Experimental return loss has been compared with that which is ob-
tained using method of moments. The objective of using self-similar concept in antenna makes it flexible in terms of
controlling the resonance and bandwidth. In this paper, the Self-similar property of fractal geometry is examined by
maintaining return loss (S11) more than =30 dB approximately in all the iterations (n) and the prototype antenna has

return loss greater than =10 dB and exhibits wideband characteristics.
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1. Introduction

The increase in growth of wireless systems and the de-
mand in wireless telemedicine applications in health care
and patient monitoring system is increasing day by day.
To monitor patients at remote area and to provide better
healthcare by transmitting physiological and pathology
parameters through wireless, fractal antennas on micro-
strip platform is a solution for wireless boards. These
fractal antennas on wireless boards can enhance serve for
transmission and occupy less space. The MICS (Medical
Implant Communication Service) band with 400 - 405 MHz
has been allocated for medical and metrological applica-
tions and 2400 MHz ISM (Indian Scientific and Medical
band) has been especially allocated for biomedical appli-
cations. The self-similarity property of fractal geometry
and a number of new antenna designs have been reported
in the literature.

A fractal is a rough or fragmented geometric shape
that can be split into parts, each of which is (at least
approximately) a reduced-size copy of the whole, and this
property is called self-similarity. Fractals [1] geometries
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are composite designs that repeat themselves or their
statistical characteristics and are thus “self similar”. Fractal
geometry finds a variety of application in engineering.
All structures in nature can be implemented as fractal [2].
Fractal geometry is space filling cantors of regular and
irregular shapes [2-13], and is super imposed of too
much iteration and they describe the self-similar property
of fractal geometry. When the fractal iteration factor is
2.5, then the original patch gets reduced by 45% in size,
thereby maintaining a radiation pattern comparable to
that of a normal patch [14]. A self similar [3] structure is
that which is scaled down by itself to a maximum num-
ber of possible iterations (n) and because of this, the size
of the geometry shrinks down along its length and width
by retaining its originality.

A Self-affine [3] structure shrinks down by diverse
factors, and this provides flexibility in designing minia-
turized planar antenna. By selecting appropriate scaling
factors and optimizing the feed position, the antenna
resonates for more than one frequency. Sinha and Jain
[15] examined Self-affine property of fractals and evalu-
ated it for multiband characteristics and implemented
using a microstrip feed line.
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2. Design Procedure 223

2.1. Proposed Self-Similar Technique A

The self-similar fractal structures are constructed by
scaling a rectangle i.e., the initiator MO Figure 1(a), by a
factor of three along its x and y coordinates, i.e., three
along its length and its width, which leads to six rectan-
gles on the upper half, middle and lower planes, the ob-
tained rectangles measure equal in dimension. The left
and right columns are eliminated except the middle re-
gion as shown in Figurel(b). Initially, the initiator MO is v
made to resonate at design frequency 405MHz by adopt- (a)
ing coaxial feed technique at 145 mm x 50 mm. This 7497
process is a repetitive procedure and is continued upto 1™
iteration. Figures 1(c) to Figure 1(d) show that the
number of iterations undergone by the initiator MO.

In the above self-similar fractal structure, the segments
are developed at each iteration of same dimensions. The

+«—>

antenna design on these concepts tends to reduce in size .
and occupies less space. v
2.2. Antenna Design o

[Tl
The self-similar antenna structure is developed on a FR4
substrate (thickness 1.6 mm, ¢. = 4.4, tan 6 = 0.01) with A
ground plane at the bottom of the substrate. The patch

antenna is initially started with (MO0) of dimensions 223 mm ®
x 174 mm x 1.6 mm which resonates at 405 MHz. Then, 24.78

the initiator is iterated into segments, and the generator
of (M1) to (M3) as shown in Figure 1. According to the
property of self-similarity, the fractal dimension of the
set w(4) contains nine subsets, the iterative coeffici-
ents for the sets are derived as follows.
9
W(A):UIA[—(A4+A5+A7+A9) ¢

174

19.33
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W(A18):gA8i _(A84 + Ags + Ay +A89)
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(d)

The fractal dimension D of the set w(4) is given as

b - Iog_(]\.f)/log(r), N'is the total numbe.r of distinct Figure 1. Self-similiar fractal structure. (a) Initiator MO; (b)
copies similar t0 4, and scaled down by a ratio of 1/ For - rjrst jteration M1; (c) Second iteration M2; (d) Third itera-
the proposed design D = 1.465. tion M3.
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The performance of the antenna at different iteration
has been investigated using ADS momentum. The reso-
nant behavior of self-similar antenna is shown in Figure
2. The initial patch antenna resonates nearby 403 MHz
[16]. The feed position is optimized to resonate at design
frequency in all the iterations to achieve maximum return
loss. As iteration () increases, the number of ladder like
projections increases at the centre. The ladders generate
the other resonant modes; the resonating bands are de-
pendent on the ground plane. The resonant frequencies of
the proposed self-similar structure are listed in Table 1.
The measured return loss (Sy1) of the self-similar structure
is found to exhibit wideband characteristics starting from
390 MHz to 420 MHz with a maximum of —35 dB return
loss and bandwidth 30 MHz with reference as —10 dB.
The Initiator (MO) resonates at 403 MHz with —41 dB,
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405 MHz, 404.6 MHz and 403 MHz frequencies with
return loss of —15 dB, -35.5 dB, —40 dB respectively
iterations M1, M2 and M3. The proposed self-similar
antenna was etched on a FR4 substrate with the above
specifications (section B) with eight portion of ferric
chloride and 2 portion of dilute hydrochloric acid. Figure
3 reveals the prototype model of the self-similar struc-
ture. Figure 4 depicts the measured return loss (S;;) of
the self-similar structure using agilent network analyzer.
Figure 5 depicts the simulated radiation pattern for E-
cross polarization and co-polarization at 403 MHz, the
antenna is linearly and circularly polarized, so it fits for
multiband wireless applications. The authors were lim-
ited only to scope measurements. The gain of the antenna
is found to be 8.91 dBi.
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Figure 2. Simulated return loss (Sy;) of the self-similar structure (a) initiator MO; (b) First iteration M1; (c) Second iteration

M2; (d) Third iteration M3.

Table 1. Simulated return loss at various iterations for a self-similar fractal antenna.

MO M1 M2 M3
S.No
Frequency in Su Frequency in Su Frequency in Su Frequency in S
MHz (dB) MHz (dB) MHz (dB) MHz (dB)
1 403 —41 405 -15 404.6 -35.5 403 —-40
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Figure 3. Prototype of the self-similiar fractal antenna.
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Figure 4. Measured return loss (Si;) of the self-similar
structure.
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Figure 5. Simulated radiation pattern (Sy;) of the self-simi-
lar structure for 403 MHz.
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3. Conclusions

A low profile, low cost self-similar antenna, which is
developed to operate in 402 - 405 MHz, is found to pro-
vide a wide bandwidth. The return loss (Sy;) of the
self-similar antenna is maintained for more than —35 dB
except iteration (M1). Therefore the proposed antenna
can be incorporated in any wireless telemedicine boards
or through handheld devices for monitoring the physio-
logical parameters and to effectively transmit the col-
lected data. As the antenna exhibits wideband character-
istics, it can be used in a variety of application. The per-
formance of the prototype was tested using rabbit proc-
essor GSM module by detaching the dipole antenna, and
the prototype model was attached, the patient health re-
cords such as body temperature, pulse and respiration
were collected through modules and transmitted through
the prototype and found that transfer of data provides
good agreement.
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