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Abstract. In this paper, characterizati of log-periodic fractal Koch antenna in
series iteratiorand equipped with balar-unbalance (balun) unit is investigated
numerically and experimentally. The proposed ardemhich is deployed an |-

4 Epoxy dielectric substrate using prir-antenna techniques is designed based
on Koch fracal geometry in series iteration to minimize its ngaersa
dimension. Since the proposed antenna is a balaaogshna type, then
requires a balun circuit to be available beingffedh a coaxial type transmissit
line. Prior to realization and expelental characterization, some basic antenna
parameters including VSWR, impedance characterigimin, and radiatio
pattern are investigated numerically to obtain db&mum architectural desig
Moreover, the number of antenna elements as wdhagfect of balun unit is
also analyzed numerically. From the result, it shdhat the proposed anter
has a dimension of 120mm x 150mm, working bandwidim 0.7GH—-2.6GHz

for VSWR < 2, and overall gain of more than 6dB foequency rare >
1.6GHz.

Keywords: balun unit; characterization; fractal Koch geometry; log-periodic antenna;
seriesiteration.

1 Introduction

In recent times, the development of informationhtedogy and moder
wireless communications has created many challerigesenhancing th
performance of existing signal transmission anct@ssing systems. It has a
provided a strong motivation in ttexploration of novel devices and syste
particularly for supporting high rates wireless ecoumication system thi
requires multiband or broadband -[4]. This means that broadband devi
including broadband antennas play an importantaob should bforefront of
research activities. Several types of broadbancnaais such as betie
antenna, Yaguda antenna, and |-periodic antennare usually applied for tF
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systems [5]-[8]. Recently, those antenna types hé&een intensively
investigated to be more powerful in performance andre compact in
dimension.

As is well-known, a log-periodic antenna, whosepgirties vary periodically
with the logarithm of frequency, consists of linelpoles as basic constituent
elements. In principle it is established basedreguency independent antennas
theory, where this has been studied more than dddscago as the foundation
of many wide bandwidth antennas [9]. The elemen¢gsusually fed from a
balanced transmission line in which each elemenbésg placed in an
alternating configuration that leads to 180° phekange from the adjacent
elements. This issue requires transformation @iai iunbalanced terminal need
to be connected. In addition, the antenna elemamte too long and therefore
become impractical for lower frequency applicatiomberefore, this has led
many researchers to modify the original structureorder to reduce the
transversal dimension. By utilizing a ground pladgole elements of log-
periodic antenna have been modified to the monoptEments which allow
half the transversal dimension [10]. Whilst, in Jj1ihe log-periodic helical
antenna has been proposed to have a smaller traakdemension if it operates
in the normal mode. Further, the implementatiorfrattal Koch geometry to
reduce the transversal dimension elements of loiggie antenna for UHF
band applications has been reported recently H@Jever, the antenna in the
later is still fed by an unbalanced transmissiome liwhich generates an
impedance mismatch, thus it needs a balanced-umtmla(balun) circuit to
improve its impedance matching and feedable frolvalanced transmission
line.

By still applying the concept of log-periodic combd with fractal Koch
geometry, in this paper, a log-periodic fractal Kqarinted antenna in series
iteration is proposed for numerical and experimemeestigation. In contrast
with [12], the proposed antenna uses tAs&ies iteration, instead of and 2¢
series iteration, and is equipped with a balandemlamce (balun) circuit to
improve the performance and to be available fed bgaxial type of connector.
Prior to the fabrication and experimental charazaion, the proposed antenna
is designed numerically on an FR-4 Epoxy dielectsubstrate. The
investigations of number of antenna elements akasdhe effect of balun unit
utilization are conducted numerically to obtain tbptimum architectural
design. Some basic parameters of antenna such AaYRYSmpedance
characteristic, gain, and radiation pattern ared us® performance indicators
both in the design and measurement process. Iti@idihe discussion related
to the experimental characterization is also preskand its results are reported
to be compared with the numerical ones.
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2 Design Methodology

The structure of log-periodic antenna has beera#igtintroduced more than 50
years ago [13], which is closely parallel to thenwept of frequency-
independent antennas. As the entire shapes oftugteucould not be solely
specified by angles in the spherical coordinatetesys hence log-periodic
antennas could not be categorized as a truly freuendependent antenna.
However, one element of the structures repeatdf itggh a logarithmic
periodicity without any significant change of therformance, thus a small
variation is allowed. Basically the explanationatetl to the design method of
log-periodic antenna and its parameters has bemprehensively explained in
[14]. By implementing the similarity of design pess, the parameters design
such as scaling factar, spacing factors, number of antenna elements are
extendable for the design of log-periodic fractakK printed antenna.

2.1 Antenna Design and Numerical Char acterization

The proposed log periodic antenna is intended te aorking bandwidth more
than 1.5GHz for VSWR < 2 starting from 0.9GHz-2.46Gk cover some
wireless applications with the average gain momntbdB. Moreover, the
antenna should have compact physical dimension l@ndfeedable using
unbalanced transmission line. In the design of psed antenna, one of the
most important parameters is scaling fact)rwhich is defined as the ratio
between two consecutive antenna elements in teftesgth, width or distance.
The relation between scaling factey, (ength of antenna elemenj, (width of
antenna elementl), and distance between antenna elemedts expressed in
(1). Since each antenna element will have own regofragquency with its
bandwidth characteristic, thus the working bandwidt antenna in overall is
summation of bandwidth characteristic of each amerlement. This will
establish the antenna to obtain wider working badthw Hence, the numbers
of antenna elements will influence the range ofweking bandwidth. Another
important parameter is the spacing factéy énd antenna gain. The relation
between parameter ef r and antenna gain is depicted in Figure 1 [14¢ah
be inferred that the antenna gain indicated by d¢heve lines is mostly
determined by spacing factor and scaling factorilsWkhe straight line shows
the optimum value of spacing factor to have theimirm scaling factor for
each desired antenna gain.

r=—=_—n="h (1)
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Figurel Relation ofs, r and antenna gain for log-periodic antenna design.

The fractal Koch geometry is implemented by dividan Euclidian dipole with
length | element, referred a8 Beration, to become 4 part elements, each of the
part element has length of 1/4 element. The sepanidelement is then rotated
+60 degrees to horizontal; whilst the third paeneént is rotated -60 degrees to
horizontal. The first and fourth part elements kept parallel to horizontal.
Thus, the total length will be the same as thel tlstiagth of the Euclidian
dipole, but the length in transversal directiomirthe starting point to the end
point of the fractal dipole, referred a3 iteration, will be 3/4 Euclidian dipole.
Figure 2 illustrates geometry iteration of fradaich antenna element.

0t iteration

/\ 1t jteration /\

Figure2 Geometry iteration of fractal Koch antenna element.

However, as the number of antenna elements in@gge#sesing the ¥ iteration,

the total dimension of antenna in longitudinal diren becomes wider due to
widening distance between antenna elements. Theiseries iteration of fractal
Koch geometry is introduced for reducing the loadihal dimension. Figure 3
shows some series iterations of log-periodic fla€tech antenna in which the
term of f'iteration in Figure 2 is then referred as tiiesgries iteration. The
series iteration is implemented by dividing a Ediein dipole with length |

element to be 7, 10, and 13 identical element gart@" 3°, and &' series

iteration, respectively, whilst the procedure ttabish the higher order series
iteration is similar as applied for the™ Iseries iteration. Although the
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implementation of series iteration affects to Iémgt the transversal dimension
of antenna but it is not more than 10% of total efision for the 8 series
iteration.

/\ /\

1%t series iteration

NANLNAANA

2nd series iteration

NANNLNNN_

3 series iteration

NANNNGNNNN_

4t series iteration

Figure3 1% 2" 39and 4" series iteration of fractal Koch antenna element.

1%t antenna element
(back side)

2nd aptenna element
(front side)

1.6mm thick
FR-4 epoxy
dielectric substrate

/4 balun unit

Th antenna element
{front side) ’

/ (front side)
/ ground plane
(back side)
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Figure4 Design of 9 elements log-periodic fractal Koch fethantenna in'3
series iteration equipped with balun unit.

As shown in Figure 4, the 9 elements log-periodicthl Koch printed antenna
is proposed to be designed. THés@ries iteration is chosen as it is simpler than
the higher number of series iterations, i.&, 8", etc. In despite of the
transversal dimension is 7% larger than tfleséries iteration, however, the
longitudinal dimension can be suppressed up to 4086. antenna which is
intended to be deployed on an FR-4 Epoxy dieledubstrate with relative
permittivity of 4.3, thickness of 1.6mm, and &awf 0.02 has the total dimension
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of 150mm x 120mm and is equipped withd balun unit. Here, dielectric
substrate and copper conductive losses of antdengsts, as well as ground
plane and balun unit, are also taken into accolime working bandwidth of

antenna is designed at least to be 1.6GHz range ®@8GHz to 2.4GHz with

the gain of more than 6dB.

By using equations in [14] for determining the desiparameters with the
scaling factorr of 0.098 and the spacing facioiof 0.78 obtained from Figure
1, the number of antenna elements is calculatég ®for each side. The length
of longest antenna elemeihit4) and its width d.»,) can be determined from the
desired lowest frequency, i.e. 0.8GHz. Hence, tlagimum spacing between
the longest antenna element and the next apg) (can be derived from the
correlation between the length of longest antentement (.») and its
impedance characteristic. As the ratio of lengthwiadth or spacing between
two consecutive antenna elements is constant amaletp the scaling factar
therefore the length of each elemdgpy, the width ¢I,), and the spacing{) can
be calculated accordingly. The calculation resilteement lengthlf), the
width (d,), and the spacing{) is summarized in Table 1.

Tablel Dimension of each antenna element.

nth
[ (mm) d(mm) s(mm)

element
1 89.38 7.50 15.50
2 69.72 5.85 12.09
3 54.3¢ 4.5¢ 9.4%
4 42.4; 3.5€ 7.3€
5 33.08 2.78 5.74
6 25.81 2.17 4.48
7 20.1: 1.6¢ 3.4¢
8 15.7( 1.3¢2 2.72
9 12.25 1.03 2.12

To investigate the effect of number of antenna elesito the characteristic of
antenna, the numerical investigation is conductecahtennas with 5, 7 and 9
elements, and the results in terms of working badthwfor VSWR < 2 and
impedance are depicted in Figures 5 and 6, respéctilt shows that the
working bandwidth in Figure 5 is widening to higHeequency bands as the
increase of number of antenna elements. This camngerstood that the
additional elements will add the number of anterel@ments for higher
frequency in which the transversal dimension isrtgnothan the previous
consecutive element. As the additional elementaipsrat the higher frequency
and it has own bandwidth characteristic, theretbeetotal working bandwidth
of antenna with the higher number of antenna elésnieicreases. It should be
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noted the additional antenna elements are alsatenfeto the impedance
stability of antenna as plotted in Figure 6. Thisevoked by the balance
contribution between the long elements impedancethe short ones. As the
antenna is expected to be as compact as possilee lthere should be a trade-
off between the number of antenna elements angllgsical dimension. By
considering the working bandwidth response for ah&enna with number of
elements more than 9 which has indicated no bartdwichprovement
remarkably, therefore the antenna with 9 elemestshen chosen for the
fabrication and characterization.

3.0
—o—9 elements
—n— 7 elements
—0—5 elements

VSWR

Frequency (GHz)

Figure5 Working bandwidth comparison of antennas with &nd 9 elements.
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)
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D
o

B
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0.8 1.2 1.6 2.0 2.4
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Figure6 Impedance comparison of antennas with 5, 7 andr@estts.
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2.2 Balance-Unbalance Unit

Basically, a log-periodic antenna and its derivat@re a balanced antenna type
in which it is usually fed by a balanced transnuisdine. In order to be feedable
by unbalanced transmission line such as SMA coone@ balun unit is
required to transform from unbalanced to balandéeulit or vice versa. Here, a
planari/4 microstrip line impedance matching circuit iplemented as a balun
unit as shown in Figure 4. This type of balun i®sgn as its construction is
simple and easy to be implemented.

1.5

—o—Wwith balun unit
—n—Without balun unit

14 {%\

13 / . D

1.2

VSWR

11

1.0 . | . | . . . .
0.8 1.2 1.6 2.0 2.4
Frequency (GHz)

Figure7 VSWR comparison of antenna 9 elements with andowitta balun
unit.

The dimension ofA/4 microstrip line can be calculated theoreticallying
equations in [14]. Here the width and the lengthmdérostrip line are 2.72mm
and 23.1mm, respectively. The center frequency.@BHz is used to calculate
the wavelength for determining the length of mittipsline. The thickness of
microstrip line as well as the ground plane mademfrmetal copper is
0.035mm. Figure 7 plots the numerical result imtef voltage standing wave
ratio (VSWR) for antenna 9 elements with and witheaiun unit. It is seen that
the use of balun unit can improve the impedancemivay of antenna which is
indicated by the decrease of VSWR especially inlthveer frequency range,
while in the higher frequency the balun unit gives significant effect as the
length of microstrip line is being mismatched. Aitigh the balun is designed to
work around center frequency of 1.6GHz, howevemftbe simulation results
its characteristic tends to have the impedancalityaéit frequency lower than
around 1.7GHz, therefore it affects to improve VSWRantenna at lower
frequency.
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3 Fabrication and Experimental Characterization

As the next step prior to the experimental charaaton, the prototype of
antenna based on the design result is then reakigdre 8 shows the pictures
of fabricated prototype log-periodic fractal Kochinped antenna in '8 series
iteration to be experimentally characterized. Thteana is deployed on 1.6mm
thick of FR-4 Epoxy dielectric substrate throught wé&ching technique. The
extension of center pin from SMA connector is cartee to the microstrip line
impedance matching circuit to feed the antenna. easured results are
plotted in Figures 9-12 for VSWR, impedance chamastic, gain, and radiation
pattern respectively, with the simulated results@aparison.

(a) front side (b) back side

Figure8 Pictures of fabricated prototype 9 elements logeuke fractal Koch
printed antenna inseries iteration equipped with balun unit.

Although there are some discrepancies in the mgsintgeneral it should be
noted that the characteristics of fabricated logepkc fractal Koch printed
antenna are agreed qualitatively with the simulatees. In Figure 9, it shows
that the fabricated antenna has working bandwidthral 1.9GHz for VSWR <
2 starting from 0.7GHz up to 2.6GHz. It is cleadgen that the measured
VSWR for lower frequency, i.e. less than 1GHz, iarse than the simulated
one. This is probably evoked by the dielectric staths used in the fabrication
which has value of relative permittivity slightlpwer than in the design. It
should be noted that the relative permittivity &-B Epoxy dielectric substrate
in the design is set to be 4.3 which is assumedetdlat for all frequency
ranges. As the relative permittivity of dielectsabstrate is lower, thus the
impedance of antenna in total reacts to move tbiggger resulting the increase
of VSWR and it is seen being happened at the lofsequency range.
Moreover, in the real condition, the relative petivity of dielectric substrate is
usually a function of frequency and tends to beelo¥or higher frequency;
therefore the measured working bandwidth is algectdd to be narrower.
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Figure9 Measured and simulated VSWR of log-periodic fraétath printed
antenna.

100

—— Measured

—o— Simulated

Impedance (Ohm)

3.0

Frequency (GHz)

Figure1l0 Measured and simulated impedance charactestiog-periodic
fractal Koch printed antenna.

Furthermore, from Figure 10 it is seen that the aédgmce characteristic of
fabricated antenna is fluctuated betwee® 306 752 for 1.5GHz to 2.5GHz
frequency range. The fluctuation is possibly affdcby the imperfect working
of balun unit used as an impedance matching cirdtits occurs as thi/4

microstrip line impedance matching circuit actudiigs a limited bandwidth
response around its center frequency. The procédmmedance matching
between the antenna and SMA connector performsctefédy along its
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bandwidth response. Meanwhile, the log-periodictabKoch printed antenna
known as a wideband antenna has characteristicdampe that depends on its
antenna elements. The higher number of antennaeatsnaffect to the larger
variation of antenna impedance. Even though theafisg4 microstrip line
impedance matching circuit is not effective forleg frequency range as shown
in Figure 10, however, for other frequency range, 0.8GHz to 1.5GHz, the
impedance matching circuit works well, which is izated by the small
fluctuation of impedance characteristic aroun@5 this frequency range, the
measured result shows a better stability respdresethe simulated one.

In addition, the overall measured gain depictedrigure 11 indicates that the
antenna has enough gain, which is more than 6dBréguency range above
1.6GHz. It seems that both results have similardrior all frequency ranges
with the measured result lower than the simulated m which the gain
becomes higher for the increase of frequency.dtikhalso be noted that both
results are fluctuated almost in all frequency emgrhis happens as each
antenna element with its resonant frequency andwialth characteristic has its
own gain contribution independently without anynsfigant influences to other
antenna elements.

12

Gain (dB)
[}

| A
|| —a— Measured —o— Simulated

A ——Measured (trend) —— Simulated (trend)

0.5 1.0 1.5 2.0 2.5 3.0
Frequency (GHz)

Figure1l Measured and simulated gain of log-periodic tth&och printed
antenna.

The similar tendency between the measured resdltr@simulated one is also
demonstrated for the radiation patterns as plattdeigure 12. Both results are
performed at frequency of 1.6GHz fefplane ancH-plane. From the results, it
shows that the beam of measured radiation patteri-plane is shifted less
than 10 to the left side from the simulated result. Whftst the H-plane, it is
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oppositely shifted to the right side abolit fom the simulated result. This

discrepancy probably occurs as the misalignment&d$ in measurement

process, which evokes inaccuracy in obtaining teasured data. Nevertheless,
as depicted in Figure 12, in general both radiapiatierns coincide and agree
well each other.

——Measured  —o— Simulated —n—Measured —o— Simulated

(a) E-plane (b)H- plane

Figure1l2 Measured and simulated radiation pattern of degedic fractal
Koch printed antenna.

4  Conclusion

Based on the concept of log-periodic combined Wihtal Koch geometry, the
design and characterization of log-periodic frattath printed antenna in“3
series iteration have been investigated numericafigy experimentally. The
proposed antenna that has been deployed on anHf®»y dielectric substrate
with 9 antenna elements was equipped with a batiintal be feedable from a
coaxial type transmission line. It has been foune increase of number of
antenna elements widened the working bandwidthigimdr frequency range
and improved the stability of antenna impedancenfthe characterization
result, it has been demonstrated that the propasteshna with the dimension of
150mm x 120mm has the working bandwidth from 0.7&H&GHz for VSWR
< 2 and the overall gain of more than 6dB for fremey range > 1.6GHz. It has
been shown that the usejd#t microstrip line as matching impedance and balun
circuits effectively enhanced the impedance matghihantenna especially in
lower frequency range.
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