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1. INTRODUCTION

Log periodic dipole antenna (LPDA) antenna is used in the radio signal detection and can achieve
high directivity with low cross-polarization ratio over a very large frequency range. Such wideband antenna
have typically been constructed using the Euclidean radiating elements [1]. Miniaturize concepts are often
utilized since in many application the space and weight for microwave circuitary is limited [2].

Digital television (DTV) offers significantly better sound quality and image [3] while improving the
spectrum utilization. Several antennas have been designed for Ultra High Frequency (UHF) bands due to the
increasing interest in DTV applications [4], [5]. Since the respective wavelength is large which is 400-640
mm, the design for a reduced sized [6] is crucial. Numerous technique is considered to minimize the antenna
size such as with the use of metamatrial, co-planar waveguide [7], and fractal geometry [8]-[10].

Fractal [11] is the duplication of the similar geometry shape which is implemented by scaling the
geometry shapes. Benoit Mandelbort in 1975 [12] defined a fractal as the method to classify the structure that
is difficult to be defined with Euclidean geometry. Koch curve [13], [14] have been widely used with narrow-
band antenna miniaturization schemes [15].

In this paper, the proposed antenna with fractal Koch geometry [16] and ring slot [17] are design for
size miniaturization purpose. The proposed antenna size is reduced by 17% as compared to the conventional
one which is the 0" iteration LPDA. The antenna has been designed by using Computer Simulation
Technology (CST) software and fabricated on FR4 Epoxy dielectric substrate with relative permittivity of
5.4, substrate thickness of 1.6 mm and tan & of 0.02.
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2. ANTENNA DESIGNS

The proposed log periodic dipole antenna (LPDA) is intended to have a bandwidth of 86 % for
Si;1 < -10dB starting from 0.4 GHz up to 1.0 GHz in order to cover the UHF digital TV application with an
average gain of more than 5 dBi. The method to apply the fractal Koch geometry on log periodic elements is
by dividing an Euclidian dipole of 1 unit length to 4 equal parts, which each of the parts having length of 1/4
unit. The second element is then rotated by 60° from the horizontal axis while the third one is rotated by -60°
from the horizontal axis. The first, 1% and the fourth, 4™ elements are retained to be in horizontal position.
Thus, the total length of the proposed antenna will be the same as the total length of the Euclidian dipole.
However, the length in transversal direction from the starting point to the end point of the fractal dipole will
be 34 of the Euclidian dipole. Figure 1 shows the geometry iteration of the dipole fractal Koch antenna
element.
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Figure 1. Geometry iteration of dipole fractal Koch antenna element

One of the important parameters in designing the log periodic antenna is the scaling factor () which
is defined as the ratio between two consecutive antenna elements in term of: length (), and width (w) of
antenna elements and the distance between antenna elements (d) expressed in Equation (1) and n is the
number of elements [18]. Another important parameters are the spacing factor (¢) and gain. The relation
between 1, 6 and gain is shown in Figure 2 [18].

L w. d
T= n — n — n (1)
lnt1 Wnir  dpsr

0.06 } RS P B, ~ ':5?7‘01 \r—18.0-
| - 2
0.06 | | | 6.0¢8 | ]
0.76 0.80 0.84 0.88 0.92 0.96 1.0

DESIGN CONSTANT r

Figure 2. Relation of ¢, T and antenna gain for the log periodic antenna design [18]

By using Equation (1) in [18], the design parameters with scaling factor (t) of 0.85 and the spacing
factor (o) 0.15 are obtained from Figure 2. The number of calculated elements is 9 for each sides. Three
different designs which are the 0™ iteration, 1% iteration and slotted 1% iteration are shown in Figure 3. The
angle used for the 1% and slotted 1% iteration is 60°.

Table 1 summarizes the percentage of the size reductions achieved for the antennas designs. The
size reduction of the 1% iteration with the 0™ iteration of the log periodic fractal Koch antenna is relatively
about 10%. About 17% reduction of the antenna size has been achieved using slotted 1% iteration of the
fractal Koch technique. Figure 4 shows the fabricated antenna design.
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Figure 3. Configuration of the proposed antenna (a) 0" iteration (b) 1% iteration (c) slotted 1% iteration

Table 1. Percentage of the Size Reduction on the Antenna Design

Antenna type Dimension Size of reduction
(LxWxt) (%)
0™ iteration 290 x 300 x 1.6 -
1% iteration 290 x 270 x 1.6 10
Slotted 1% iteration 265x270x 1.6 17

(a) (b) (c)

Figure 4. Fabricated antenna design; (a) 0" iteration, (b) 1" iteration, (c) slotted 1% iteration log periodic
fractal Koch antenna

3. RESULTS AND DISCUSSION

The comparison of the simulated and measured results is explained in this section. The discussions
are on the reflection coefficient (S11), radiation pattern and realized gain of the antenna design. Figure 5
shows the reflection coefficient of the antennas design for the 0" iteration, 1% iteration and slotted 1%
iteration. It can be observed that the the antenna has a good simulated reflection coefficient from 0.4 GHz to
1.0 GHz. However, for the 1% iteration, the lower frequency has been shifted to the right which correspond to
20% frequency shifting from the lower frequency of 0" iteration. With the introduction of slot at each of the
radiating elements and the ground plane, it widens the lower impedance bandwidth by 17% as compared to
the 1% iteration. The improvement of the bandwidth was calculated by using Equation (2) [19] where the
initial bandwidth was based on the bandwidth of the 1% iteration antenna.

New bandwidth—Initial bandwidth
Initial bandwidth

(100%) )

% Bandwidth improvement =

The antenna has a realized gain of more than 5 dBi for the entire frequency as shown in Figure 6.
The E-field and H-field for two different frequencies at 0.5 GHz and 0.9 GHz are shown in Figure 7, Figure 8
and Figure 9 respectively. The corresponding antenna exhibits directional radiation pattern with a realized
gain of more than 5 dBi. It has been proven that the antenna is functioning at the frequency of interest and
subsequently will be used in UHF Digital TV antenna design.
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Figure 5. Simulated and measured results for antenna design
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Figure 6. Simulated realized gain for the antenna design
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Figure 7. Simulated and measured radiation pattern for the 0" iteration LPFKA
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Figure 8. Simulated and measured radiation pattern for the 1% iteration LPFKA
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Figure 9. Simulated and measured radiation pattern for the slotted 1% iteration LPFKA

4. CONCLUSION

The design of the Log Periodic Fractal Koch Antenna with 0™ iteration, 1% iteration and slotted 1°
iteration have been designed, simulated, fabricated and measured. An antenna with a reduced size, high gain,
and with the required bandwidth was elaborated. From the results, 17% of size reduction was achieved at
slotted 1% iteration for the fractal Koch method. The antennas have S;;<-10 dB bandwidth from 0.4 GHz to
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1.0 GHz. The achievable gain was more than 5 dBi for the entire frequency range of interest. Therefore, it
shows that by applying the slot to the antenna design, the size of the antenna is successfully reduced. The
performance of the antennas is maintained throughout the designated frequency range.
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