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Abstract — This paper presents the design and
implementation of a novel wide bandwidth endfire
antenna with log-periodic directors. The feeding structure
of the proposed antenna includes a balun which is
formed using a pair of microstrip-to-slotline transitions.
The proposed antenna has three resonant frequencies in
the operating frequency band. Both simulation and
measurement results show that the operating frequency
band of the antenna for Si; < -10 dB covers the wide
bandwidth (5 GHz — 10 GHz), and the relative bandwidth
is 67%. Far field measurements in azimuth plane and
elevation plane show that the radiation patterns are
stable and end fire within the operating band at frequencies
of 5 GHz, 7 GHz, 8 GHz, 10 GHz. The proposed antenna
radiates a well-defined endfire beam, with a front-to-back
ratio > 18 dB and cross polarization level below -28 dB.
The dimension of the proposed antenna is 26 mm x 27 mm.
Good return loss and radiation pattern characteristics
are obtained and measured results are presented to validate
the usefulness of the proposed antenna structure for
wide bandwidth endfire applications.

Index Terms — Endfire antenna, front-to-back ratio,
log-period directors, wide bandwidth antenna.

I. INTRODUCTION

The advantages of a printed endfire antenna
include not only the characteristics of a radiational Yagi
antenna with endfire radiation pattern [1], [2], but also
the characteristic of a microstrip antenna with low
profile, miniature size, easy fabrication and low cost [3-
6]. The feeding structure of quasi-Yagi antenna plays
the crucial role in the performance. The odd-mode
excitation needed for the driver, which is in the form of
a centre-fed dipole, has to be maintained over the whole
bandwidth by using a suitable balun. Baluns that are
based on different types of transitions [7-9]. In [10] and
[11], a hook-shaped balun is proposed for the feed of
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the antenna. A broadband dipole antenna fed by an end-
open “J” balun with integrated via-hole is presented in
[12]. Due to the need to cover wide bandwidth, designs
of endfire antennas focus on implementing new
techniques aimed at increasing the bandwidth. The key
factors to achieve wide bandwidth include using wide
bandwidth baluns in the feeding structure of the antenna
and modifying the shape of the radiator [13-15]. The
maximum achieved bandwidth in those techniques is
around 60% but the dimensions are large.

In this paper, the proposed antenna consists of the
balun, driver, log-periodic directors and reflector in the
form of truncated ground plane. The proposed antenna
is compacted, the dimension of the proposed antenna is
26 mm x 27 mm. An ultra-wideband microstrip-to-coplanar
stripline balun is presented. The proposed antenna is
fed by the ultra-wideband balun. The proposed antenna
includes tapered drivers, log-periodic directors and a
truncated ground plane acting as a reflector. The
antenna should find wide application in a great variety
of wireless systems such as microwave imaging system.

As shown in Fig. 1, the configuration of the balun
is a part of the complete antenna structure. The input
port is converted from a microstrip line to a slotline
using a wideband microstrip-to-slotline transition. The
circular slots at the bottom layer and circular microstrip
patch at the top layer are used to achieve the required
impedance matching between the input microstrip line
and the output slotline across an ultra-wideband. The
slotline at the bottom layer is coupled to a coplanar
stripline (CPS) at the top layer using another slotline to
microstrip transition. The balun creates equal in magnitude
and out-of-phase signals across a wide frequency band
in the CPS output. The input microstrip line of the
balun is designed to have 50 Q impedance for a perfect
matching with the input feeder. To simulate the
characteristics of the designed antenna, we used the
simulation software high frequencies in the operating
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frequency bandwidth. The effects on each resonant
frequency caused by the key antenna parameters such
as the length of driven element, the length of director,
the distance between the driven element and the
director, the length of ground gap and diameter of the
metal circle patch. Through optimizing three resonant
frequencies, a wideband endfire antenna is designed
and fabricated. Then, a series of measurements are
conducted with a Vector Network Analyzer in an
anechoic chamber. The measured results show that the
relative bandwidth for S;; < -10 dB is about 67%. The
radiation patterns at 5 GHz, 7 GHz, 8 GHz and 10 GHz
also show that the antenna works well in an end-fire
state and has a stable characteristic.

The taper driver and log-periodic directors are used
to increase the operational bandwidth. In the presented
design, a pair of microstrip-to-slotline transitions is
used to feed the antenna and the size of the antenna is
not increasing significantly. The performance of the
designed antenna is simulated using the simulation tool
HFSS v13. The antenna radiates a well-defined end-fire
beam, with a front-to-back ratio (> 20 dB) and cross-
polarization level below -18 dB.

II. ANTENNA DESIGN AND PARAMETERS
STUDY

The configuration of the proposed end-fire antenna
is shown in Fig. 1. The antenna is printed on Rogers
RT6010LM substrate which has a thickness of 0.635 mm.
The relative permittivity of the substrate is 10.2 and the
dielectric loss tangent is 0.0023. The feeding structure
consists of a 50 Q microstrip connected to 50 Q SMA
connector, and a balun which is composed of two
microstrip-to-slotline transitions and T-junction of
microstrip slotline. The utilized transitions to form the
balun are designed following the guidelines in [16].

The gap between the two arms of the driver is
chosen for the best possible matching with coplanar
stripline feeder of the driver. The driver of the proposed
antenna is in the form of center-fed dipole with tapered
width in the form of a bow-tie. The reflector is in the
form of truncated ground. The feeding structure of the
antenna includes a balun that is formed from two
microstrip-to-slotline transitions and T-junction of
microstrip/slotline. The driver is made up by taper arms
with total length equal to half of the effective
wavelength at the center of band. Directors in form of
log-periodic rectangular arms are placed in front of the
driver and at a distance between the ground plane and
the driver. The overall dimensions of the proposed
antenna and the feeding structure are optimized using
the simulation tool HFFS v13. The overall dimensions
of the antenna are 26 mm % 27 mm indicating a compact
size.
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Fig. 1. Configuration of the proposed antenna: (a) front
view, and (b) back view.

A. Effects of the driven element

Lari becomes shorter than a quarter of wavelength at the
first resonant frequency [17]. Figure 2 (b) shows the
width of gap between two driver elements. From Fig.
2 (b), it is found that W3 does significantly improve the
bandwidth of the proposed antenna. The bandwidth
defined by Si; <-10 dB increases when W3 is decreased
from 1.5 mm to 0.6 mm. However, when W3 < 0.6 mm,
the bandwidth changed badly. The simulation results
show that all of the resonances from high frequencies to
low frequencies shifted slightly while W3 decreased.
These results illustrate that the lowest operating frequency
of the antenna depends primarily on the length Ly and Ws.
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Fig. 2. Effects of the driven element: (a) simulated S;; with
different Ly, other parameters are the same as Fig. 1.
(b) Simulated Si; with different W3, other parameters is
the same as Fig. 1.

B. Effects of the directors

The director of the traditional Yagi antenna obtains
its energy by electromagnetic coupling from the driven
element. The length of the director and the spacing
relative to the driven element affect the gain and
bandwidth of the Yagi antenna. According to [18], the
typical length of the director is shortened by 10-20%
from the length of the driver. The log-periodic directors
are used to improve the bandwidth of the proposed
antenna. The effects of the director are shown in Fig. 3.

Figure 3 (a) shows the S;; of the proposed antenna
corresponding to different lengths of the first director
element, Lgir1. From the Figure 3 (a), it can be observed
that the third resonant frequency is significantly decreased
such that the bandwidth of the proposed antenna
becomes narrow when Lg;r is increased from 5 mm to
8 mm. From the Fig. 3 (b), it can be observed that the
third resonant frequency decreased and the forth
resonant frequency changed badly when Wy; is increased
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from 0.5 mm to 2 mm. Therefore, the highest operating
frequency of the antenna depends primarily on the
length of the first director.
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Fig. 3. Effects of the director: (a) simulated S;; with
different Lgiri, other parameters are the same as Fig. 1.
(b) Simulated S;; with different Wy, other parameters
is the same as Fig. 1.

C. Effects of the feeding system

Figure 4 shows the effects of the feed system of the
antenna. The S;; of the proposed antenna corresponds
to different lengths of the slotline transition, Ly in the
ground plane, shown in Fig. 4 (a). Increasing L, from
2.5 mm to 4 mm causes a decrease of the second resonant
frequency. As a result, the impedance match becomes
better within the low-frequency band, but it becomes
worse within high-frequency band. Figure. 4 (b) shows
the Si; with respect to the different diameters of the
circle patch in the top layer, R.

Similar to the trend of Lg, increasing R; results in a
decrease of the second resonant frequency and a better
impedance match in the low-frequency band and a
worse impedance match in the high-frequency band.
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Figure 4 (c) shows the Si; with respect to the different
diameters of the tap circle in the ground plane, Rs.
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Fig. 4. Effects of the feed system: (a) Simulated S;; with
different L,, other parameters are the same as Fig. 1.
(b) Simulated S;; with different R;, other parameters
are the same as Fig. 1. (c) Simulated S;; with different
Rs, other parameters are the same as Fig. 1.
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From the Fig. 4 (c), it can be observed that the third
resonance is increased badly and the bandwidth of the
proposed antenna becomes narrow when R is increased
from 1.6 mm to 5 mm. Essentially, the second resonance
and third resonance around the center of the operating
frequency are determined by the feed structure.

1. SIMULATION AND MEASUREMENT
RESULTS

According to the results discussed in the previous
section, the optimal parameters of the proposed antenna
are listed as follows: L=27 mm, W=26 mm, Ls=3.1 mm,
Lai=8.9 mm, Lgi;=6.5 mm, Lgin=2.5 mm, Wgi=1.3 mm,
Wiair=1.22 mm, W3=0.9 mm, R;=4.2 mm, R&=3 mm,
R>=2.1 mm R3=3.5 mm, W;=0.46 mm, W>=1.1 mm,
W3=0.9 mm, Ws=1.2 mm, Li=7 mm, [,=4.48 mm,
di=1.0 mm, d>=0.78 mm. To verify the proposed antenna
design, a prototype is fabricated as shown in Fig. 5 and
the results are presented here.

Fig. 5. Fabricated prototype of the proposed antenna.

All the measured results are carried out in anechoic
chamber using a vector network analyzer (VNA) and
other microwave test instruments. The variations of the
reflection coefficient and gain with frequency are
shown in Fig. 6. As shown in Fig. 6, the S;; from the
measurement is compared with the simulation results,
which shows accordance between measured and simulated
values. The operating frequency defined by Si; <-10 dB
ranges from 5 GHz to 10 GHz, and the relative bandwidth
of the proposed antenna is 67%.

Within the operating frequencies, the measurement
gain of the antenna is between 3 dB and 7.5 dB, as shown
in Fig. 6. It is possible to increase the gain, if required,
by adding director, but this would be at the cost of
increasing the size of the antenna slightly. Co- and
cross-polarization of far field radiation patterns in the
E- and H-plane at 5 GHz, 6 GHz, 7 GHz, and 8 GHz
were measured and plotted in Fig. 7. As shown in Fig. 7,



a well-defined end-fire pattern is observed with a front-
to-back ratio of 18 dB and a maximum cross-polarization
level of -28 dB. It is clear that the antenna has a reasonable
directivity where the front-to-back ratio varies from
around 7 dB to 10 dB across the 67% bandwidth. It can
be observed from the figure that the radiation patterns
are stable at these four operating frequencies in the xoy
and xoz planes. The antenna works in an endfire state and
the maximum radiation in the direction of the +x axis.

01 +===-=-Measured S11 20
- Simunlated S11 18
# % ¥ x Measured Gain
o 101 T Simunlated Gaig 116
>, = EE
S 15 \ 1 ldm
j= =
2-20- . {125
£ 95 0
g ’ i K £
&—30- v *‘*Mae“ 418 E
= # o =
"-351 Ry & 16 §
~404 41
454 12
750 T T T T L] T T

0
3 4 5 6 7 8§ 9 10 11
Frequency,GHz

Fig. 6. The simulation and measurement reflection
coefficient and measured gain.
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(d)

Fig. 7. The measured radiation pattern: (a) 5 GHz, (b) 7 GHz,
(c) 8 GHz, and (d) 10 GHz.

IV. CONCLUSION

In this paper, a novel endfire wide bandwidth
antenna with log-periodic directors has been presented.
The antenna is compact and easy to fabricate, and
achieves extremely wide bandwidth and good radiation
characteristics in items of beam pattern, front-to-back
ratio and cross-polarization. Both simulation and
measurement results show that the antenna achieves a
relative frequency bandwidth of 67%. The stable radiation
patters at 5, 7, 8, 10 GHz show that the antenna works
in an endfire state and that the maximum radiation is in
the direction of the +x axis. The front-to-back ratio of
the proposed antenna is more than 28 dB. The cross polar
performance is good and better than -18 dB. Further
improvement to the radiation pattern and gain would
require an additional director element. The antenna
should find wide application in a great variety of
wireless systems such as microwave imaging system.
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