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Abstract—Implementation of antennas in various areas of
wireless technology, became one of the main drivers of the
advancement of wireless digital communications technology
today. They are applicable to mobile communications,
microwaves, Wireless Fidelity, satellites for various needs such as
commercial, military, health, education, telemetry and much
more. Then, the frequency independent antenna has become a
major driver of intensive research and development of spiral
antennas in generating large bandwidth. In this paper, a new
approach will be adopted that will identify and analyze the
wideband spiral antenna design with its various properties and
look for opportunities for the application of various forms of
novel advanced spiral antennas with improved performance. The
results of identification and analysis increasingly show that the
improvement of spiral antenna performance is highly dependent
on design optimization; and continuous assessment of how
techniques, methods, and experiments are possible for the
performance improvement of existing spiral antenna properties.
These performance improvements are in bandwidth, gain,
voltage standing wave ratio (VSWR), polarization, improved
radiation patterns that can be seen from the desired transmit
direction diagram.

Keywords— frequency independent, wideband, optimization,
performance, spiral antenna.

Abstrak— Penerapan antena di berbagai bidang teknologi wireless,
menjadi salah satu penggerak utama kemajuan teknologi
komunikasi digital wireless saat ini. Penerapan tersebut terdapat
baik pada komunikasi seluler, gelombang mikro, WiFi, satelit
untuk berbagai kebutuhan seperti komersial, militer, kesehatan,
pendidikan, telemetri dan masih banyak lagi lainnya. Kemudian
antena frekuensi bebas telah menjadi pendorong utama penelitian
intensif dan pengembangan antena spiral dalam menghasilkan
bandwidth yang besar. Dalam tulisan ini, pendekatan baru akan
diadopsi yang akan mengidentifikasi dan menganalisis desain
antena spiral wideband dengan berbagai sifatnya dan mencari
peluang untuk penerapan berbagai bentuk antena spiral baru yang
canggih dengan kinerja yang lebih baik. Hasil identifikasi dan

analisis semakin menunjukkan bahwa peningkatan kinerja antena
spiral sangat bergantung pada optimalisasi desain; dan penilaian
terus menerus tentang bagaimana teknik, metode, dan eksperimen
yang memungkinkan untuk peningkatan kinerja antena antena
spiral yang ada baik dalam bentuk Archimedean, square, star,
hexagonal, sinuous, equiangular, dan lainya. Peningkatan kinerja
tersebut ada pada bandwidth, gain, voltage standing wave ratio
(VSWR), polarisasi, pola radiasi yang semakin membaik yang
dapat terlihat dari diagram arah pancar yang diinginkan.

Kata Kunci— bebas frekuensi, wideband, optimasi, kinerja, antena
spiral.

I. INTRODUCTION

In the 1950s a spiral antenna was introduced as a frequency
independent antenna, in its sense that its input impedance and
gain stay almost regular throughout the bandwidth. Now, this
antenna is widely applied in areas such as military, satellite,
telemetry, the global positioning system (GPS), wearable,
medical, wireless and other wireless communications. Spiral
antennas have an area bandwidth of about 10: 1, providing
circular polarization with low-profile geometry. The required
broadband characteristics can be satisfied by spiral antennas,
especially with respect to input impedance and radiation
patterns. The antenna radiation pattern is a mathematical
function in a graphical form that describes the antenna
radiation properties as a spatial coordinate function [1]. There
have been numerous studies on spiral antenna radiation
characteristics with different geometric shapes such as circular,
rectangular and certain eccentric forms [2]. A relatively easy
impedance matching, better radiation efficiency, high spectral
efficiency, consistency gain, high bandwidth and the main
benefit of free frequency are the advantages of this spiral
antenna so that it is widely applied in many fields [3].

There are still many properties that are likely to continue to
be developed in the process of improving spiral antenna
performance, either increased bandwidth, increased gain,
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voltage standing wave ratio (VSWR), circular polarization
improvements, etc. The problem is how to explore the
possibilities of new techniques, methods, and experiments in
adapting different forms of spiral antennas with improved
performance.

Il. METHODOLOGY

There are several types of spiral antennas including the type
of equiangular introduced by J. D. Dyson in 1959 and the
sinus antenna found by R. H. Duhamel in 1982, as well as the
Archimedean spiral antenna [2].

A. Theoretical Background

The spiral antennas are a type of ultra wide band (UWB)
antenna, circularly polarized, and can be made with machines
in a microstrip environment and are a very suitable choice
because of their frequency independent nature. There is an
antenna class whose pattern and impedance are practically
independent of frequency for all frequencies above the
minimum cut-off value [1]. The general formula for this
frequency independent antenna form is:

r=eV7r(g) )

with r, 6, and ¢ are spherical coordinates, o and ¢o are
constants, and F(6) is a theta function. For such circumstances,
the frequency change is equivalent to the antenna spin around
6 = 0. The importance of frequency independent of the spiral
antenna is that the frequency change only rotates the active
region, the radiating area, along with the spiral arm. As long
as the length of arm is sufficient, any frequency can spread
effectively. Therefore, scaling factor, «, determines the spiral
arm’s length and consequently the lower cut-off frequency of
the antenna, allowing the frequency independent antenna to be
scaled according to the desired frequency response. By
choosing a scaling factor large enough to achieve the desired
electrical performance, it enables making designs with better
existing design performance at lower cost.

Spiral Archimedean is one of the spiral classes including
parabolic spiral and hyperbolic spiral. The general equation
for the Archimedean spiral in spherical coordinates has the
equation:

r=aj " @)

With n = 1, an Archimedean spiral is generated, where arm
width and spacing are constant as the length of the arm
increases. With n = 2, a Fermat spiral (parabolic spiral) is
produced where the arm spacing decreases as a function of
radius or length of the arm.

The Archimedean spiral antenna forms its own
complementary antenna, where the width of the arm and the
spacing distance are the same. In theory, this self-
complementary antenna has an input impedance of 188Q.
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However, the experimental data show that the impedance
ranges from 120Q to 200Q. It is generally known that
Archimedean spiral antennas produce large main beams and
are perpendicular to the spiral plane. The broad bidirectional
beam can be converted to beam unidirectional by giving a
backing span of the ground plane (Fig.1) [2]. With its ability
to maintain consistent gain and input impedance and excellent
performance in circular polarization, Archimedean is the most
popular type of spiral antenna. In it there are three types of
waves are the waves running, fast wave and leaky waves. A
wavelength is formed on a spiral arm, enabling broadband
performance; fast waves occur due to clutch phenomena
between the spiral arms; while leaking waves occur due to
energy leakage during propagation through the spiral arms to
produce radiation [3].

Paper [4] summarize that with wide bands, the
Archimedean spiral becomes a good candidate in the
wideband planar array design. With various shapes
(Archimedean, square, star, hexagonal, sinuous, equiangular,
etc.), the spiral can be loaded with resistive, capacitive or
inductive loads as well as a support cavity to improve
performance cross-polarization rejection (XpolR) and voltage
standing wave ratio, and the grating lobe limits the highest
frequency of the antenna, both of which are related to the
dimensions and spacing of the spiral antenna.

B. State of the Art

Theoretically, the design of antenna array will increase the
total gain and the improvement of the spiral radiation pattern.
An array of multiturn spiral antennas can be made of 2, 4 arms,
and so on (Fig.2). Design analysis becomes one of the most
important factors in realizing spiral antennas with the best
performance, either in the initial design manually or with the
help of certain simulation tools. For example, when a
configuration requires the use of a vertical balun. Problems
arise due to their long dimensions and are not suitable for low
profile spiral antenna geometry. To solve this problem, it be
proposed a spiral antenna with a physical design method of
parallel field structure to expand the bandwidth [3]. This can
keep the VSWR low so that the performance of a better
antenna for ultra-wide band (UWB) on a very large bandwidth.
Gain and VSWR spiral antenna are strongly influenced by
antenna dimension, substrate thickness, dissipation factor and
the air gap between a ground plane and antenna. The
wavelength at the lowest operating frequency will determine

Fig. 1 Bidirectional radiation pattern of the Archimedean spiral. [4]
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the diameter of the spiral antenna, consequently, the size of
the antenna is too large to meet the demand of practical size at
a low working frequency. In [5] investigated a compact
Archimedean spiral antenna with a gap loading technique to
lower the initial resonance frequency so that it is expected to
minimize the spiral dimension (Fig.3).

In general, applications with spiral antennas require
unidirectional coverage, so the effort to eliminate the backlobe
energy. Methods performed by several studies in the form of
placement of a cavity below the spiral (backed) [6]. Backed
cavity reflects cross-pol wave in the backward direction,
consequently forward gain increases. Classically the cavity is
accomplished by the addition of an electromagnetic absorber
which then for the narrowband requirement is enhanced by the
addition of a flat metal plate as deep as A/4 below the spiral.
Another method exists that puts the metal ring structure of not
the same size behind the active area. The buffer cavity can be
made of a frequency selective surface (FSS) as did [7] where
it reflects signals on the 7 - 10 GHz band with losses < 0.25
dB and emits signals on the 3 - 6 GHz band. The two layers of
FSS on this metal plate can also compress the backlobe
radiation pattern as well to increase the Archimedean spiral
antenna gain. These results simultaneously improve the
existing impedance matching. Multilayer dielectric absorbers
can also be used in the cavity to obtain unidirectional beam
[8]. For the other Archimedean broadband spirals, hybrid-
cavity backed electromagnetic band-gap (EBG) structures and
a perfect electronic conductor (PEC) are obtained, resulting in
10:1 lossless bandwidth. (Liu et al., 2010) The loaded-EBG
substrate (LEBG) can serve as any planar reflector of any type
of antenna with a ground plane to improve the radiation
characteristics and the incipient input impedance [9]. There is
also an EBG and an artificial magnetic conductor (AMC)
structure for certain aircraft applications [10]. Then to
increase half power beam width (HPBW) and axial ratio,
Archimedean spiral antennas can be designed with various
forms of cavities [11].

Fig. 2 The Archimedean spiral with 10 turns; 2 arms (self-complementary)

In terms of excitation of spiral antennas, the unbalanced
architecture with square spiral geometry forms can be one of
the design alternatives. Like the two-arm spiral antenna
contained in [12], where one arm is driven by the inner
conductor and the other is connected short-circuited with the
ground plane through the cavity. The proposed antenna is
capable of generating a wide frequency range for UWB
applications on VSWR 2:1. The unbalance mode is a simple
two-armed Archimedean spiral catheter system supported by a
conductive cavity. It is analyzed in [13] where only one arm
works, while the other arm is parasitic and without a balance-
unbalance (balun) circuit.

The reflective current from the antenna end of the antenna
is also another issue of spiral antennas. In order to reverse the
polarization of reflected energy according to the original
polarization of the emitted wave, there is a dual-polarized
spiral antenna configuration design in the form of two sets of
spiral arms with a set printed on the upper side and another
spiral set printed on the underside of the planar PCB. This
results in a higher total antenna gain and better polarization
purity. Then the addition of resistive load on the spiral arm
can be another solution to the reflection current problem so as
to improve the axial ratio of the antenna [14].

The monopole spiral antenna design (Fig.4) with high-
speed connectors operating at 2.93 to 7.25 GHz, the Ag/4
monopole width provides an impedance and without balun
impedance. The antenna is designed when tested, working in 8
bands of the frequency with a total bandwidth of 1.4 GHz,
making it suitable for cognitive radio applications and beam
switching in certain directions, e.g. for increased gain toward
access point [15]. Then a quadratic spiral design printed on a
semi-conical surface above the ground perfect electronic
conductor (PEC) is performed in [16] for the application of a
radiotelescope VLBI2010 with pure circular polarization in
the frequency band 2 to 14 GHz.
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Fig. 3 Gap loading for a spiral antenna [5]
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C. Computer Aid Simulation

Modeling and simulation with certain computer tools in
most studies results in proximity to existing experimental
results. Calculations with the transmission line model include
the widely used. Meanwhile, the widely used computer aids
are certain commercial 3-D electromagnetic simulators such
as IE3D, Sonnet, Ansoft High-Frequency Structure Simulator
(HFSS), Antenna Magus, EZNEC, FEKO, Computer
Simulation Technique Microwave (CST MW) Studio and
others. Each simulator has its own features, for example, CST
MW with GUI interface features and various numerical
techniques such as time domain, domain frequency, integral
equations, asymptotic mode and Eigenmode. Matlab for
certain cases is also widely used.

For example, CST MW Studio is used to design and
simulate a ring-shaped absorber stacked in the cavity to
reduce the reflection of waves from the antenna backing wall
cavity [17]. The model design and simulation of a tapered
multistep matching impedance to a wideband spiral antenna
was performed in [10] using CST MW to obtain VSWR and
good gain. CST MW base on finite integration technology
(FIT) is used in [5].

Numerical calculations can be presented for example in [18]
to investigate the effect of three different Archimedean spiral
distributions on radiation patterns of spherical antenna
arrangements with one, two and three distribution arms. The
number of elementary antennas all of the conformal
arrangements is different from each other. Then here the
method of moment (MoM) is used as the method of analysis
where the matrix elements are calculated in the spectrum
domain as the development of the MoM. This type of antenna
array offers a variety of various possibilities of radiation
patterns through the distribution of antennas and phase
controls. Meanwhile, FEKO software based on MoM is used
in [14] to study and test radiation pattern and antenna
reflection factor (S11) in the range 5,5-6,8 GHz. In [8] FEKO
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Fig. 4 The monopole spiral antenna [15]

172

is also used to design Archimedean spiral 2-18 GHz antennas
with multilayer dielectric absorbers behind unidirectional
generating cavities.

In [19], simulation of electromagnetic field distribution and
the specific absorption rate (SAR) of microstrip spiral antenna
in phantom muscle tissue by the finite element method (FEM)
was performed. Wire width, the spacing between circles and
number of circles compared to each other to see the effect of
spiral antenna performance.

D. Optimization

The optimization method was introduced to find the shape
and size of the antenna in a more structured way so that the
antenna design is obtained faster. If done conventionally, this
variation in size and/or shape and electromagnetic calculation
is a heavy task in the design because if a given shape and size
of the antenna cannot meet the given target, it should be tried
with other shapes and sizes until the target is reached. In the
optimization method introduced cost function, which in the
process of calculating the electromagnetic value obtained.
Often the cost function is defined as how close the value
obtained to the target, then the optimization will be minimized
this function during the calculation process [20]. In [21]
mentioned there are two types of optimization techniques that
help effectively search for the optimum value of antenna
parameters. This is shown in Table 1. Another example of soft
computing technique for optimization like back-propagation
of artificial neural network is found in [22].

In the design optimization process, [3] mention that the
spiral antenna design can be optimized by varying the number
of turns, the distance between the rotation and the width of the
arm. In other words, the spiral antenna is a diminished antenna
due to its roll [23] state that with turn number optimization the
gain, return loss and the axial ratio can be improved. While
feed position optimization and turn count can improve
narrowband multi-resonance.

In [18], we have studied the various layout of loxodromic
antennas based on the influence of Archimedean spiral
configuration on the radiation pattern of antenna ball
arrangement. The result found that parameter a has a
considerable influence on the radiation pattern, where a is a
real number of spiral curve equation and it is assumed that a >
0. By lowering the value from a = 0.25 to a = 0.15 then the
side lobe level is much better and can differentiate in 4 dB

TABLE |

OPTIMIZATION TECHNIQUES IN ANTENNA DESIGN [21]

Global
Darwinian Methods
(evolutionary
programming, evolutionary
strategies, genetic
algorithms, differential
evolution), Particle Swarm
Optimization, Simulated
Annealing, Ant Colony
Optimization, Invasive
Weed Optimization

Local
Quasi-Newton Method,
Conjugate Gradient
Methods, Gauss-Newton
Method, Simplex, and
Interior-point Methods




A Systematic Approach to Improving the Performance of Spiral Antenna

from the worst case. The optimization results show that by
replacing some parameters of spiral constants for each type
of distribution and antenna density, the radiation pattern
can be improved.

In other configurations optimization by increasing the axial
ratio and reducing arm length can help in improving antenna
performance [3]. In the arrangement of Archimedean spiral
antennas, multi-turn four arms change the distance between
the arms and the number of turns [24]. The application of
genetic algorithm optimization is exemplified in [8] to obtain
the best geometry of the absorbent cavity. The optimized
design for the wideband application improves the main
performance properties, maximizes co-polarization gain, and
minimizes the antenna cross-polarization gain across the
operational bandwidth.

E. Material and Fabrication

Different types of substrate materials are selected as needed.
Some of which are widely used such as FR-4 substrate with
dielectric constant (g;) 4.3-4.9 with thickness of 1.54 mm and
loss tangent 6 = 0.025; Rogers/Duriod RT 5870 or RT 5880
with g, of 2.2; 2.33; 4.33 and a thickness of 1.57-1.8 mm; The
& price selection, in this case, affects the spiral dimension,
where the theoretical low price can produce small dimensional
sizes. While fabrication is generally done by an etching
process.

F. Measurement

Measurements of commonly fabricated antennas (Fig. 5)
are made using a widely used measuring instrument Vector
Network Analyzer of various brands [25].

I1l. RESULT AND DISCUSSION

In terms of design methods, dimensions and materials
become an important issue to get better antenna performance.

Fig. 5 Prototype [26]

Whether it's the dimensions of the patch sizes; spiral patch
distance to a ground; as well as other supporting dimensions
such as backing cavity, parallel field drawing, monopole spiral
antenna  architectural  design, impedance  matching
construction and balanced-unbalanced if necessary. For
example, the physical distance between the spiral arms can be
maintained theoretically as far as 0.25 A against the ground
plane to produce a good performance on the return loss aspect,
VSWR, axial ratio, radiation pattern, and of course the gain.
In the use of EBG as an example, the dimensions of the width
and thickness of the EBG substrate affect the performance of
spiral antennas. A more advanced alternative is used photonic
band gap (PBG). Then the spacing change between the arms
and the turning turns has a lot of influence on the input
impedance, gain and multiband properties of the planar spiral
arrangements in the range of 1-2.5 GHz for the arrangement
of Archimedean spiral multi-turn four arms. It is a
consideration that in certain cases the spaced spiral spacing
increases or spiral turns can decrease the minimum frequency
of the design. And the S11 parameter decreases by decreasing
the width of the spiral cable. Meanwhile, making excessive
amounts of turn can increase the resistive radio frequency (RF)
ohmic losses. Here is one example of the role of optimization
in finding the right number of turns. Good substrate materials
and matching impedance techniques can improve spiral
antenna performance, resulting from standing wave reduction
achieved by wusing a multi-stage tapered impedance
transformer.

A balanced mode can be formed from a 2-arms spiral
where between the two arm there is a 180-degree phase
difference and the same amplitude. Meanwhile, the 2-arms
unbalanced spiral indicates a well-accepted VSWR in the
design frequency range. Gains obtained are similar in spiral
balanced mode, also obtained circular polarization. In this
case, the unbalanced mode is a simple design type because
without the need for a balun circuit. However, the unbalanced
mode can actually lower the gain and efficiency of the antenna
when there are nulls in the radiation pattern. This occurs in
dual-polarized 2-arms configurations printed on top-down
printed circuit boards (PCBs), for the reflection mitigation of
spiral arm currents. In this case, trade-offs need to be
considered.

When the technical gap loading is used to lower the initial
resonance frequency, when compared to the traditional
Archimedean spiral antennas at the same lowest working
frequency then the proposed antenna area can be reduced by
more than 30%, while the gain remains almost the same.

Another issue with the spiral antenna lies in the reflection
of energy at the end of the spiral that has not been irradiated
out but instead is emitted back with opposite polarization as
the current flows back to the source excitation port. Therefore,
how to weaken and/or absorb this energy near the reflection
area becomes an interesting investigative area if supported by
appropriate optimization techniques, of course, while still
working to reduce complexity and maintain costs.
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IV. CONCLUSIONS

The identification and analysis of the wideband spiral
antenna have been done and given the fact that
communication is increasingly requiring large bandwidths
then the frequency independent becomes the main driving
character of the further development of spiral antennas.

Optimization of spiral antenna system dimension design,
where optimization time is getting faster with an optimization
algorithm, correct spiral material selection, supported by
certain numerical calculation plays an important role in
improving spiral antenna performance. In this case,
sustainable research and development also play a strategic role
to increase property such as bandwidth expansion, HPBW,
gain, axial ratio, circular polarization, radiation pattern,
impedance, return loss and reflection coefficient in spiral
antenna application expansion.
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