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Abstract. A three dimensional symmetrical fractal tree antenna using chemical deposition technique is presented.
The fractal antennas are used to enhance antenna properties due to their self - similarity behavior. The tree design
Microstrip antenna provides miniaturization and multiband operation. The chemical deposition is one of the most
interesting technique. Experimental result on the return loss over the band of 1 to 11 GHz and radiation pattern were
presented. Chemical deposition technique clearly indicate the shifting of all frequency bands from high frequencies
to low frequencies. For all the resonant frequencies VSWR is less than two.
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1 Introduction

Now a days, the Microstrip patch antenna due to their advantages like light weight, easy to fabricate, small size and
low cost are widely used for satellite and wireless communication. The microstrip patch antenna (MSPA) has
several applications such as global positioning system (GPS), bluetooth, WLAN, GSM, radar, satellite
communication etc. But Microstrip patch antenna (MSPA) has disadvantages like low gain and narrow bandwidth.
Improvement of frequency bandwidth is possible by increasing height of substrate. But by increasing height of
substrate, antenna becomes bulky [1]. Therefore to enhance the bandwidth, the slot antenna of microstrip line is fed
by fork like tuning stub [2]. The gain of the antenna is 2 dB and bandwidth is around 500 MHz. Fork-like tuning
stub is used to improve bandwidth but it is complicated structure for fabrication [3].

Today’s, antenna with multiband application is most desirable. Different techniques have been used to achieve
multiband characteristic of antenna [4]-[6]. Dual and triple band antennas are obtained in [4] using U slot patch. In
[5], defected ground structure is used to obtain tripleband antenna. Use of fractal geometry for patch design is one
of the simplest techniques to achieve multiband antenna.Multiband Sierpinski Gasket is reported in [6]. Effect of
change in flare angle of Sierpinski Gasket geometry onperformance of antenna is given in [7]. Fractal gives log
periodic behavior because it has self-similarity characteristic. Itis possible to achieve desired spacing between log
periodicbands as given in [8].

The fractal antenna is a set of independent radiating dipoles which distributed in space [9]. This paper gives
contribution about multiband antenna with increased size, low cost and omnidirectional radiation pattern with less
side lobe level. Also comparison of the simple fractal tree antenna and same antenna with chemical deposition
technique is explained. Experimental results on the return loss and VSWR over the complete band at all the
resonating frequencies were presented. The multiband electromagnetic of an antenna was studied by C. Puente et al.
It is observed that the complete multiband pattern for return loss and VSWR was shifted in chemical deposition
technique.
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2 Fractal Binary Tree

Fractal Tree Microstrip Antenna is one which start with a stem and allows one of its end to branch off in two direction
with specified angle. Next stage of the current iteration, each of these branches is allowed to branch out again, and
this process can be continued infinitely as shown in figure 1. The primary objective of studying this geometry
procedure is to verify the hypothesis developed for the relation between antenna resonance characteristics and the
fractal dimension of the geometry. The angular splitting can vary the separation between the branches at each
iteration. The relative length of each branch can vary in one stage in relation to the next. Fractal can be implemented
as a function of geometrical design parameters such as the angle or the number of iteration. In this study, our fractal
design on Microstrip Antenna is simulated with HFSS [11]. Iterated system Function (ISF) represent an extremely
versatile method for conveniently generating a wide variety of useful fractal structures. These iterated function system
are based on the application of series of affine transformation W; defined by

w(;)=C 26+ () &
Or equivalently,
Wx,y) =(ax + by +e,cx +dy + f) )

Where a, b, ¢, d, e and f are real numbers. Hence the affine transformation w, is represented by six parameters.

a b.¢€
) ) (c d’ f) ) ) ) ©)
Such that a, b, ¢ and d control rotation and scaling. While e and f control linear translation. Now we can consider Wj,
Wy, ....... , Wy as a set of affine linear transformation, and let A be the initial geometry. Then a new geometry,

produced by applying the set of transformation to the original geometry, A, and collecting the results from W, (A),
W,(A), ....... , Wy (A) can be represented by

W(A) = Ln=1 W, (4) 4)
Where W is known as the Hutchinson operator. A fractal geometry can be obtain by repeatedly applying W to the
previous geometry. For example, if the set AO represents the initial geometry, then we will have

A1 =W (AO)’AZ =W (Al)' . ""'Ak+1 =W (Ak) (5)
An integrated function system generates a sequence that converges to the final image which is nothing but the fractal
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Fig.1. Proposed Fractal Binary Tree Antenna
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3 Antenna design

The proposed antenna design is simulated designed using HFSS. The antenna is constructed using FR-4 (lossy)
substrate which is low cost dielectric substrate material with 1.6 mm height and relative permittivity is €, = 4.4 with
loss tangent (tand) 0.02. The strip-line feeding is used because we can easily match the input impedance and can be
easily fabricated [10]. The proposed patch antenna has dimensions of Lx W is obtained to resonate the antenna at
multiple frequencies as shown in figure 2 which is printed on the substrate of dimensions 80Lx100Wx 1.6h mm3.

=

W
Fig.2. Proposed Antenna Design and Photos of Fabricated Antenna without and with Chemical Deposition
Fig.1 also shows the fractal tree antenna with the given specification. One antenna without and second antenna with
the random chemical deposition of NaCl over same antenna. Table I. gives the specifications of the antenna

parameters of the proposed antenna.

Table 1. Antenna Dimensions Shown In Fig.1

Parameters Size (mm) Parameters Size (mm)
w 100 D5 5
L 80 F1 8
D1 22 F2 6
D2 14 F3 4
D3 11 F4 3
D4 8 F5 2

4 Results

4.1 Simulated Results of Antenna

The simulation results of proposed antenna is obtained using HFSS software.

Return Loss. Fig.3 shows the return loss versus frequency plot of design antenna. In simulation result, proposed antenna gives

good impedance matching at resonant frequency 5.8 GHz, 7.1 GHz, 8.2 GHz, 9.5 GHz, 10.3 GHz and 10.8 GHz with maximum
value of -18.579 dB
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VSWR Plot. Fig. 4 shows the voltage standing wave ratio versus frequency plot in GHz of proposed antenna. The ideal value of

VSWR is 1. The antenna shows the good impedance matching.

Gain of The Proposed Antenna. Fig.5 shows the gain (dB) versus frequency (GHz) plot. The gain of proposed antenna at
different resonant frequency 5.8 GHz, 7.1 GHz, 8.2 GHz, 9.5 GHz, 10.3 GHz and 10.8 GHz

XY Plot 8

28— \

004

5,800 |-146641 | [ |
7.1000 |-11.4526 oy |

82000 |-12.1029 \\ Voo
25000 [-18.5792 | | AT
10.3000 | -16.4363 | ‘| Ty
108000 |-14.6843 Ed !

7505

e —

1250 -

3|a|2(2|3|2[8

650 -

3 |
P |

2000
17

XY Plot9 HFSSDesign! A&

X W
5.8000 | 1.4535

7.1000 |1.7305
8.2000 |1.6604
9.5000 | 1.2670
10.3000 | 1.3550
10.8000 | 1.4522

7 |3|3|2|3|3|2|8

N/ SN w
&N N\ Ne-R

&1 5o 16ho 1260
Fros el

Fig.3. Return Loss Plot for Design Antenna
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Fig.5. Gain (dB) versus Frequency (GHz) Plot

Radiation Pattern Of Antenna. Fig.6(a) shows the radiation pattern of design antenna for frequency 5.8 GHz at phi=0 degree
and phi=90 degree. Similarly figure 6(b) to 6(f) shows the radiation pattern from the resonant frequency range from 7.1 GHz, 8.2
GHz, 9.5 GHz, 10.3 GHz and 10.8 GHz. The radiation pattern of proposed antenna shows the omnidirectional behavior. The

radiation patternhave low side lobe level.

Radiation Pattern 4

Radiation Pattern 5

Radiation Pattern 6
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Radiation Pattern 7 Radiation Pattern 8 Radiation Pattern 9
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Fig.6. Radiation pattern of antenna at phi= 0 degree and phi= 90 degree at (a) 5.8GHz (b) 7.1GHz (c) 8.2GHz (d) 9.5 GHz,
(e) 10.3GHz and (f) 10.8 GHz

Table Il summarizes the simulation result in terms of resonant frequency, return loss bandwidth and VSWR
bandwidth. Measured result shown in the next section perfectly matches with the simulation results. Simulation
result and measured results provides 6 frequency bands shown in table.

Table I1. Resonant frequency, Impedance Bandwidth, and VSWR

SN 1 2 3 4 5 6
Res. 5.8 7.1 8.2 9.5 10.3 10.8
Freq. GHz GHz GHz GHz GHz GHz

5.7 7.02 8.14 9.34 10.17 10.63
Imp.

B/W 5.86 7.17 8.35 9.59 10.44 10.93
GHz GHz GHz GHz GHz GHz
VSWR 1.45 1.73 1.66 1.26 1.35 1.45

4.2  Measured Result of an Antenna

Antenna is tested in Terna Engineering College New Mumbai with Agilent Vector Network Analyzer. Measured
result shown here for the comparison. Two antennas are tested one without deposition and other with NaCl
deposition.

Measured result for the return loss of the antenna is perfectly matched with the simulated return loss result shown in
Fig.7. Range of the resonant frequencies varies from 5.8 GHz to 10.8 GHz for both the results.

Fractal tree Microstrip antenna is coated with the NaCl. NaCl has the property that the attraction between the Na*
and CI ions in the solid is so strong that only highly polar solvents like water dissolve NaCl well. When dissolved in
water, the sodium chloride framework disintegrates as the Na™ and CI™ ions become surrounded by the polar water
molecules. These solutions consist of metal aqua complex with the formula [Na(H,0)g]*, with the Na—O distance of
250 pm. The chloride ions are also strongly solvated, each being surrounded by an average of 6 molecules of water.
Solutions of sodium chloride have very different properties from pure water. The freezing point is —21.12 °C
(—6.02 °F) for 23.31 % of salt, and the boiling point of saturated salt solution is near 108.7 °C (227.7 °F). From cold
solutions, salt crystallizes as the dehydrate NaCl-2H,0.

We dissolve NaCl in boiling water and the deposit the water over the Microstrip Antenna and keep the Antenna to
cool such that NaCl layer is deposited over it. This is random deposition. Normal antenna and antenna with NaCl
deposition is shown in figure 8.
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VSWR with chemical deposition

Fig.7.Return Loss and VSWR Comparison

5. Conclusion

In this paper, a fractal antenna realized by using chemical deposition technique. Antenna is simulated and tested in
the frequency range 1- 11 GHz, on the return loss, VSWR and radiation patterns show a multiband electromagnetic
behaviour.

The main novel property of this structure is the shift in the resonant frequency for the antenna with chemical
deposition techniques from high frequency range to low frequency range. The resonant frequencies of the structure
are related to the length distribution over the fractal shape. The self-similarity behaviour can be explained by
assuming that the structure is composed with independent radiating dipoles randomly distributed in space, and each
branch of the tree antenna resonated at a wavelength four times its length. Finally, fractal-tree structure with
multiband behaviour, good gain and radiation characteristics, compact size and natural shape, represents a new
engineering solution.
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