Review of the Air Force Academy

No 3 (30) 2015

CLOSED SPIRAL ANTENNA

Gheorghe MORARIU, Mihai MIRON
“Transilvania” University, Brasov, Romania
DOI: 10.19062/1842-9238.2015.13.3.10

Abstract: The paper presents a model of fractal antenna having as resonance element a planar
logarithmic spiral. The content highlights the resonance phenomenon analysis and technical design

features accompanied by experimental results. Covering a very wide frequency band, having relatively
small geometric dimensions and satisfactory gain, this antenna is recommended in mobile telephony,

digital television and multiservice.
Keywords: antenna, fractal, resonance.
1. INTRODUCTION

Fractal element antennas use fractal
geometric structures as virtual combination
of capacitors and coils (inductances). This
allows the antenna to have several resonance
frequencies that can be selected and corrected
by fractal model chosen. In recent years it
has been shown in many studies (Best, 2003),
(Kumar, 2010), (Kumar, 2012), that the use of
fractal elements in the construction of antennas
provides superior properties and performances,
validating the idea that geometry is a key issue
in determining the unique -electromagnetic
behavior of antennas substantially independent
of frequency (Lincy, 2013). The present paper
is included in the cycle of works published by
the authors and dedicated to the design and
analysis of some fractal antenna types (e.g.
Fractal Elliptical Segment Antenna; Fractal
Sector Antenna with Resonators; Fractal Sector
Stripline Antenna with Disks; Fractal Antenna
with Hexagonal Resonators). Content of the
work refers to a brief survey of the resonance
phenomenon specific to the particular structure
of the proposed antenna, the technical
achievement and experimental results obtained
in the process of testing the antenna.

2. THE RESONANCE PHENOMENA

Having as a resonant element the dipole
formed from generated surfaces by logarithmic
spirals, antenna in question is independent of
radiant field polarization (admitting circular
polarization) as described below.

Figure 1 shows the diagram of circular
polarization on the border of a logarithmic
spiral.

Fig. 1. The diagram of circular polarization
on the border of a logarithmic spiral
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It results that tg A -Ink is a rotation angle.

For k=1, the spiral degenerates into a circle:

B'=8 and v =r.
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Frontier radiation
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For 8, = 0, the length of the spiral spring
is
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Frontier radiant flux (®) for a segment
corresponding to an opening of (0-0) radians
will be:
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3. TECHNICAL ACHIEVEMENT
AND EXPERIMENTAL RESULTS

The construction of the antenna is based
on a divergent fractal with square surface
contour and sides divided by a factor of 2,
where the logarithmic spiral dipoles are cut out
(figure 2) respecting the following adaptation
relationships.
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Fig. 2. The cutting of the logarithmic
spiral dipoles

Take
frequency f = 1,5Ghz ands, = 2,25, 6, = 34°

, 8, = 46°, these values are calculated:

into consideration a reference

w, = 8cm,;
Erefp = 214
Ly =52em; Ly, =4,7cm;
Agg =21cm .
Corresponding to optimal wavelength

A, 1=0-n, for which are obtained the best
antenna gain, are determined reference central
frequencies of the fractal antenna.

Figure 3 and Figure 4 shows front and rear

antenna architecture.

Fig. 3. The active face of the antenna
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Fig. 6. VSWR for a 50Q feeder

Fig. 4. Rear view of the antenna: 1- relative |
ground of the antenna, 2- resonator and signal I.
collector, 3-section of line adaptation; 5- 2 i
logarithmic spiral resonator; 6- signal socket I".
o1

The experimental results are presented in ".__
sequential order as follows: directivity diagram, o
characteristic impedance variation, electric field
on the central resonator, Smith charts obtained
for two different frequency domains (through
vector analyzer - VNA). Fig. 7. Mapping of the electric field

on the central resonator
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Fig. 5. Directivity diagram
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Fig. 9. VNA images for the frequency

domains 1.335-1.36GHz and
1.714-1.726GHz

CONCLUSIONS

This antenna belongs to the class of
fractal antennas (theoretically independent of
frequency antennas) and operates in 100MHz-
2.5GHz frequency band with 4-6dB gain.
Through a good adaptation between fractal
radiating elements and feeder it can obtain a
gain of 7-8dB in a narrower frequency band.

Due to the characteristics, this antenna
pattern achieved on a smaller scale can be used
in digital communication; group delay can be
below 2.5 periods at 2.5GHz.
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