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Abstract—This paper presents the design of a microstrip
antenna type log periodic dipole array (LPDA) with eight
elements, The operating frequency range for this antenna is at
Ultra Wide Band (UWB) from 3.1 GHz to 10.6 GHz. The
antenna has been simulated using Computer Simulation
Technology (CST) to obtain the response of return loss,
VSWR, line impedance and radiation pattern. This LPDA
antenna was fabricated using FR-4 substrate with a dielectric
constant of 4.9 and thickness of 1.6mm. Both simulated and
measured results are compared, analyzed and presented in this

paper.
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1. INTRODUCTION

Recently, a lot of attention has been paid to Ultra Wide
Band (UWB) communications because their advantages make
them attractive for consumer communications applications.
Due to the simple transmit and receive structures used, a
potentially powerful technology for low-complexity, low-cost
and high data rate communications is developed [1]. A wide
variety of antennas directional or non-directional are suitable
for use in UWB applications [2].

The log-periodic dipole array antenna (LPDA) can be a
powerful solution for UWB communications systems. The
LPDA is a directional, wideband antenna which performance
is not affected by the frequency variation. Its characteristics
remain nearly constant and it radiates with high gain at
frequencies within the operational bandwidth. The LPDA
consists of dipoles whose lengths and spacing are arranged in
a log periodic manner [3].

Several works have introduced the minimization
concept of LPDAs through different design methodologies.
From the previous works done by {4], [7] and [6], their results
show that LPDA antenna have a frequency range rather than
center frequency. These were shown by [4] that has frequency
range from 340 MHz to 3.45 GHz, by [7] have frequency
range of 750 MHz to 2.7 GHz and by [6] have frequency
range covered from 570 MHz until 810 MHz.

Based on work done by Ali Mirkamali and Peter S Hall [7],
they use switch in order to select a few elements of LPDA
antenna in order to do the frequency reconfiguration as shown
by reference [7]. ‘ .

In this work, the design is made using a straight planar
dipole scheme. The antenna has been designed to operate from
3.1GHz to 10.6GHz. Fig. 1 shows the basic schematic design
of the antenna. The design methodology of the antenna using
log periodic technique is discussed, and the detail results of
the proposed antenna are presented in this paper.
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Fig. 1: Double-sided log-periodic array antenna design

2. SCOPE OF WORK

A straight dipole array antenna was design using log
periodic technique. A log periodic dipole array antenna
(LPDA) with eight elements was.designed and simulated
using Computer Simulation Technology (CST) software. The
FR-4 board was used as a substrate material which has a
dielectric constant of 4.9, tangent loss of 0.025 and thickness
of 1.6mm. FR-4 substrate is more suitable at higher frequency
band compared to lower frequency band due to the dielectric
values {4]. ‘ ,

The properties of the antenna such as return loss,
VSWR, line impedance and radiation pattern were
investigated and compared between simulation and
measurement.
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Fig. 2 elaborates the processes involved in designing this

antenna, .
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Fig. 2 : Flowchart of antenna design

3. ANTENNA DESIGN AND PROCEDURE

3.1 Design

A straight log periodic dipole array antenna(LPDA) with
eight elements has been designed and simulated using
Computer Simulation Technology software and fabricated
using substrate tvpe FR-4 with dielectric constant of 4.9 and
tangent loss about 0.025. The operating frequency of this
antenna is at UWB, ranging from 3.1 GHz -10.6GHz.

The planar LPDA consist of N-flat dipoles fabricated on a
FR-4 substrate, The dipoles are placed on the top layer of the
substrate and the bottom layer alternatively. The antenna was
fed using 50 ohm SMA connector. It’s connected to a central

_transmission line with a phase reversal between the dipole.
This is required so that radiation is in backfire direction
(towards smaller element). If the phase reversal is not used,
radiation will occur in end-fire direction (towards larger
element) [4]. In simulation, the SMA connector needs to be
designed precisely to abtain 50 ohm impedance to match with
the line of the dipole [4]. The excitation of the antenna was fed
at the longest element feeding point.

Fig. 3 shows the simulated LPDA while Fig. 4 shows the
fabricated LPDA. The antenna consists of eight printed
dipoles. The lengths of the longest and shortest dipoles are
154.3mm and 43mm respectively. The longest dipole is 3mm
width and the shortest is 0.78mm. The geometry ratio of the
log periodic structure is 0.824 [7]. The length of the antenna is
12.5cm. The antenna is printed on the both sides of a 1.6mm
thick FR-4 substrate with dielectric constant of 4.9. The
antenna is fed by the parallel strips transmission line. The
width of the strips is 4.3mm.

The antenna’s log-periodic structure is described by a
geometry ratio ¢ that represents the relation between the
lengths and the widths of the LPDA elements as in (1) and by
a spacing factor ¢, which relates = with the apex angle a as in
(2) [3]. The design equations are:

Ln wn _ dn

T Wn1 o dne1 M
where Ln and Wn are the lengths and widths of the n™ antenna

elements, while dn is the antenna's lengths up to the n®
element (Figure 1).

For this work, the geometry ratio of the log periodic structure
is 0.824 [7]. The apex angle in degrees, is given as a function
of rand o as;
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The number of elements N as in (3) needed to cover the
entire frequency bandwidth was 8.

n(,)

No=1 4 —
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Carrel has introduced a semi empirical as in (4) to
calculate the bandwidth of the active region Bar related to t
and o [3].

Bar=1.1+7.7(1-9)% cota @)
In practice, a slightly larger bandwidth (Bs) as in (4) is usually
designed than desired bandwidth (B) which is required. The
two are related by:
‘ Bs = BBar = B[1.1 + 7.7(1- 1)’ cot a o)
Where:
Bs = designed bandwidth

B =desired bandwidth ( f,5c/ fimin = 10.6 GHz/ 3.1 GHz)
Bar = active region bandwidth

3.2 Simulation Process

The antenna is then simulated using CST Microwave
Studio and was optimized to achieve best response. Fig. 3



illustrate the optimized layout of the LPDA antenna. The size
of the LPDA antenna is 15.6cm x 12.5 cm,

e et

Fig. 3 : Simulated LPDA using CST

3.3 Fabrication Process

The final dimensions of the antenna layout using
AutoCAD and was sent for fabrication. Fig. 4 illustrate the
final fabricated layout of the LPDA antenna. The fabricated
LPDA antenna size is 16.1cm x 12.6cm.

Fig. 4: Fabricated LPDA

4. RESULTS AND DISCUSSIONS

The simulation and measurement results of the LPDA
antenna such as return loss, VSWR, line impedance and
radiation pattern are discussed in this part. Table 1 shows the
response specification for the LPDA antenna.

*Table 1 : Response specification for LPDA antenna

Specification
S11 (dB) <-10dB
VSWR <2
Impedance ~50Q

Table 2 show the comparison of simulated result for
single sided and double sided LPDA antenna and Table 3

show comparison between simulated and measured results of
double sided LPDA antenna.

Table 2 : Comparison between single sided and double sided
simulated LPDA antenna results

Single sided Double sided
Frequency 4.9 5.7 9 49 5.7 9
(GHz)
S11(dB) -11.7 | -11.5 | -164 | -12.3 | -11.3 | -13.3
VSWR 170 | 1.73 | 1.35 | 1.64 | 1.79 | 1.55
Efficiency (%) | 51 7 | 47.02 | 32.49 | 53.04 | 47.56 | 33.92
Impedance (Q) 0.00 50.22

Table 3 : Comparison between simulated and measured LPDA
antenna results

Simulated Measured
Frequency 4.9 5.7 9 4.9 5.7 9
(GHz)
S11 (dB) -123 | -11.3 | -13.3 | -229 | -22.6 | -23
VSWR 164 | 1.79 | 155 | 1.19 | 1.18 | 1.17
Impedance (Q) 50.22 559 | 46.5 | 56.7

4.1 Return Loss

Fig. 5 shows the simulated return loss graph of the
straight LPDA antenna. It can be observed that the antenna has
a very good return loss which covers from 3.1 GHz to 10.6
GHz. At the lower band frequency, the graph seems to have
multiple bands of resonant frequencies, compared to the upper
band frequency. This might be due to the tangential loss effect
of the dielectric constant used in this simulation [4]. In many
cases, the uses of higher dielectric constant can reduce the size
of the elements but their bandwidth reduces [4]. So, it can be
concluded that FR-4 substrate is more suitable at higher
frequency band compared to lower frequency band {4].
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Fig. 5: Simulated return loss

Fig. 6 show the measured result for return loss in dB.
Markers have been represented at each point to be easily
compared with the simulated result. It can be observed that at
frequencies 4.9GHz, 5.7GHz and 9GHZ the responses are
exceed than -10dB. But, there is some shifting for the resonant
at the frequency 5GHz up to 6GHz due to approximation
calculation (rounding up) during basic antenna design and
effect of the surrounding. Despite of the shifting frequencies,
return loss response of the LPDA antenna meet the design
specification of an antenna as in Table 1.
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Fig. 6 : Measured return loss

42 VSWR

The results in Fig. 7 and Fig. 8 show that both
simulated and measured have very similar response. All points
in the required bandwidth (3.1GHz to 10.6GHz) have
successfully meet the design specification of an antenna as in
Table 1 (VSWR < 2dB).
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Fig. 7: Simulated VSWR
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Fig. 8: Measured VSWR

4.3 Radiation Pattern

The simulated radiation patterns for the double sided
LPDA antenna have done and some of them are shown in Fig.

9. From this figure, the power radiates towards the smaller

elements that so called end fire radiation [4]. The dark pattern
shows the strong radiation effect compared to light pattern as
indicated in simulation software. Besides that, the parameter
that can be observed from this simulator such as efficiency and
many more can be monitor and it depends on the setting at the
simulator. The radiation efficiencies that were obtained in this
simulation are shown in Table 2. However, the measurement
radiation patterns cannot be obtained due to equipment
limitation in the laboratory.
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Fig. 9 : Simulated Radiation Pattern a) at4.9 GHz, b) at 5.7 GHz,
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5. CONCLUSION

A double sided log periodic dipole array antenna with
eight elements has been successfully designed, simulated and
measured. The good return loss of less than -10dB at certain
frequencies in the range of 3.1-10.6 GHz has been successfully
achieved. This antenna can be use for any application that
utilizes frequencies from 3.1GHz up to 10.6GHz. Due to
equipment limitation, the radiation pattern measurement at
those frequencies cannot be performed. For the future
recommendation, further research can be done to reduce the
size of the antenna. The application of fractal geometry (Fractal
Koch) to conventional antennas can reduce the antenna size.
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