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Abstract —This paper focuses on antenna for harvesting
energy from a dedicated transmitter. The potential novel quasi-
Yagi antenna with semi-bowtie driven element can be used as
part of rectenna due to its characteristic of having directional
properties and considerably wide bandwidth covering the
Industrial, Scientific, and Medical (ISM) band consists of 863-
870 MHz band and 902-928 MHz band. The modified quasi-
Yagi is designed on a low-cost FR4 substrate with a physical
size of 130 x 100 mm? equivalent to 0.35%0 x 0.27%0. The
antenna has a peak directivity of 2.7 dBi and peak gain of 2.2
dBi in the targeted unlicensed bands with bandwidth of 14.4%
for the range between 0.820-0.944 GHz. The shift in the
resonant frequency is achieved by varying the phase shifter
length and maintaining the same width for consistency. The
antenna's operating frequency range varies between 0.8 GHz
until 1 GHz which is less than 1 GHz by using semi-bowtie as
driven element with a specific 7.22° flare angle. The phase shift
arm length of the antenna has been studied and simulated by
using Computer Simulation Technology (CST) software and
verified by using analytical equations. The simulated results are
in accordance with the results obtained using analytical method.
The same antenna geometry except variation in phase shifter
arm length has been used throughout the study for consistency.
The proposed antenna is promising to be used as part of
rectenna for powering power management chip such as
BQ25570 in a smart house environment operating at the
indicated ISM bands.

Index Terms—Bowtie driver, microstrip to coplanar, sensor,
rectenna, quasi-Yagi antenna

I. INTRODUCTION

Various antennas are being designed worldwide for
Wireless Power Transfer (WPT) and Energy Harvesting
(EH). Both types of applications need different types of
antennas. For example, the energy harvesting antenna
requires omnidirectional radiation [1] and has circularly
polarized properties. On the other hand, wireless power
transfer application requires an antenna with high
directivity [2].

EH and WPT provide a green and sustainable solution
for myriads of wireless applications. The EH and WPT
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involve absorbing ambient energy and dedicated power
from transmitter respectively and converting it into
electricity to power up typically low-powered sensors.
Variety sources of ambient energy are wind energy, solar
energy, electromagnetic energy, thermal energy,
mechanical energy, tidal energy, and numerous others [3].

However, most energy sources cannot provide power
for 24 hours a day except electromagnetic energy.

As such, this paper will focus on antenna technology to
be used at a receiver for powering power management
chip connecting to various types [4], [5] of sensors. The
antenna is the receiving part of a rectenna. The antenna
combined with a rectifier is known as a rectenna. The
rectenna can be used in an indoor environment for
application such as smart home [6].

However, most antennas will encounter the problems
of interference and multipath fading, which degrades
system performance. Therefore, a directional antenna,
which has a considerable high gain and directivity shall
be deployed.

The quasi-Yagi antenna is one of directional or end-
fire antennas type. Presently these end-fire antennas are
also employed in many other applications such as in
point-to-point communication [1], personal area network
[71, [8] and radar applications [9].

Unfortunately, the quasi-Yagi antenna exhibits narrow
bandwidth, restricting its applications. Recently, some
wideband quasi-Yagi antennas have been proposed in
some literatures. These antennas used various methods
for increasing bandwidth such as using a unique driver
dipole i.e. a combination of a rectangular dipole and an
elliptical dipole [10] using slots [5], [11], decreasing
separation distance between the parasitic element and
driven element [6], [12]. However, these antennas are
either need quite a complex balun or use complex driven
element shape [7], [12]. The complex geometry of the
balun or driven element is found to be contributing to a
bigger size antenna as well as difficult to be
manufactured.

Many balun transform structures have been proposed
in the published literatures to ensure the unbalanced
signal is transformed into a balanced signal [13].

For example, antennas fed by coplanar waveguide is
presented in [5], [9], [10]. However, deterioration of
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electrical performance is inevitable due to the unbalanced
feed for the quasi-Yagi antenna's driver dipole. The
scenario will also cause the deterioration of its radiation
pattern as well as its bandwidths. As an alternative, a
complex driven element geometry is used to obtain the
wideband performance [7], [12].

Other types of baluns are such as coaxial probe [14],
stripline [15], microstrip to CPS (coplanar stripline)
transition [12], [16], coplanar width (CPW) to CPS
transition [9], [17], microstrip line coupled to slot line [8]
[18], [19] and so on.

There are previous literature on designing planar quasi-
Yagi antennas, but the studies focused on higher than 1
GHz frequency band [10], [12], [13], [16], [20].

This paper's main objective is to study the quasi-Yagi
antennas with different length of its phase shifter. The
designed resonance frequencies shall be between 0.8 GHz
and 1 GHz .

Quasi-Yagi antennas are studied in this manuscript for
operating at frequency band between 0.8 GHz until 1
GHz, which contains ISM 868 MHz band and 915 MHz .
Both bands are unlicensed bands which are suitable to be
used for indoor wireless power transfer system. The
planar quasi-Yagi antenna is also selected due to its high
directivity, ease of fabrication, compactness dimension,
and broadband characteristics of travelling-wave radiator
[21]. The designed antenna shall be dual band and

operates at ISM band of 863-870 MHz and 902-928 MHz.

This paper is divided into four sections, starting with
introducing some of the antenna designs based on
previous literatures. In Section 11, a modified quasi-Yagi
antenna is designed using analytical method and uses
semi-bowtie as driven elements. In Section I, the
simulation results of the antenna are shown and variation
in phase shifter length dimensions have been studied. The
analysis of antenna results as well as recommendations
are also discussed in the section. The last section presents
the main conclusions of the paper.

Il. ANTENNA STRUCTURE AND ANALYSIS

A Yagi-Uda antenna consists typically of a driven
element, reflector, and one or more parasitic elements.
Theoretically, a quasi-Yagi antenna is a type of directive
radiating structure consists of an active element, a group
of passive elements, and a reflector. A Yagi-Uda antenna
aims to steer the radiation to a specific direction [22]. An
FR4 as a low-loss substrate is used in this work with
substrate thickness, h = 1.60 mm, loss tangent of tan ¢ =
0.0027 and relative permittivity of er = 4.6.

In this paper, the driven element is a semi-bowtie
shape due to that the shape can create a reasonable wide
bandwidth as required. A basic solid semi-bowtie antenna
is shown in Fig. 1.

Fig. 1 shows the basic structure of a semi-bowtie
antenna. Theoretically, the design procedure of a

rectangular microstrip patches and printed bowtie is same.

However, there is a modification being done on the
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equations of the rectangular patches in [22] for producing
a set of equations for microstrip bowtie antenna as in [23].
The equation for microstrip bowtie antenna has been
further modified in this manuscript for being used with
microstrip semi-bowtie antenna. The modified equations

are as below:
W/2)+we
2

Wim = ( ) )

eoppm = () + DL+ 120/ W) 55 (2)

Win, represents the effective modified width. The%

represents the semi-bowtie width as in Fig. 1 and &q¢pp,
is the modified effective permittivity for semi-bowtie.
Wc is the minor width as in Fig. 1, & is the relative
permittivity of the substrate. h is the substrate thickness.

Fig. 1. The structure of a semi-bowtie antenna with dimensions.

The equations used for the semi-bowtie antenna are as
below:

The (1) and (2) have been used in the below modified
equations.

Total length of semi-bowtie driven element, £,

c

f=—F5 3)

e =
2fr Eeffm

Ag

Cim = 4)

where 4, equals dielectric wavelength, f; is the resonant
frequency and #;,,, is the phase shift arm length of quasi-
Yagi semi-bowtie antenna. The £, also represents Ly,
and L, as in Fig. 3.

—_ 5
% = Feaim ©

where A, is the wavelength in free space and c is speed
of light and f;, is the resonant frequency.
Ao

c

= (6)
The semi-bowtie shape antenna is related with phase
shifter length by referring (1) until (7).
The definition of %g in this work is as below:
% - Lpl — Lp3 =phase shift arm (7

4
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Note: Lpl=Lp2

In short, the phase shift arm length used can be
predicted by using the above equations.

In this design, flare angle @ o is fixed at ~ 7.22 dueto
the angle is best suited for semi-bowtie design at both the
indicated ISM bands. The flare angle is obtained by using
the equation in [13].

In addition, the semi-bowtie width % is directly
proportional to the flare angle.

A. Phase Shifter

Various phase shifters exist such as transmission line
phase shifters, semiconductor device phase shifters,
mechanical phase shifters, and ferrite phase shifters. A
transmission line phase shifter has been designed in this
work due to having comparatively simpler design as
compared to other type of phase shifters.

The desired phase shift can be achieved by varying the
microstrip line length. In this work, the length of the
phase shifter is calculated by using (7). The phase shifter
function is used for changing the even to odd signal,
which can be passed through via CPS to the driven
element.

B. Microstrip Linefeed

Width of linefeed (W) is designed so that the
characteristic impedance of the microstrip (50 Q) is
matched to the balanced microstrip [24].

In this paper, the height, h of the FR4 substrate
thickness used is 1.6 mm with a relative dielectric
constant er = 4.6, loss tangent tan ¢ = 0.02 [25], [26], as
shown in Fig. 3. In this design, the width of microstrip
line, W; as in Fig. 3 is found in the design by using the
equations in [16]. The microstrip linefeed and its antenna
structure are simulated by using CST [27].

On the other hand, coplanar stripline (CPS) lines are
the balanced lines used for feeding balanced antennas like
dipole and bowtie [21], [23]. CPS lines are also used as
microwave components like balanced mixers, and so on.
A comprehensive analysis technique of the CPS lines is
given in [28].

In this work, the quasi-Yagi antenna is designed with
phase shifter and ground for controlling the antenna's
directivity. The combination of microstrip to CPS
feedline is used in this work compared to a more
simplified differential CPS. The usage of CPS will
normally degrade the antenna performance due to
generating multiple harmonics order. However, the
higher-order modes can also contribute to increasing the
antenna’s bandwidth .

C. Antenna Geometry

The proposed quasi-Yagi antenna of size 130%100
mm? is designed on a low-cost FR4 substrate as shown in
Fig. 3. It is made of semi-bowtie as driven element,
microstrip-to-CPS transition and another semi bowtie as a
parasitic director. All the components are placed on top
of a substrate. A truncated ground plane with a dimension
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of WgxLg is designed at the bottom of the substrate. It
functions as a reflector. The antenna has metallization on
the top of the driven elements, director elements and
microstrip to CPS feed. The bottom side has metallization
on the truncated ground plane, which is used as a
reflector element. The microstrip-to-CPS transition [12],
[16], [21], [23] are used to feed the antenna. The
microstrip-to-CPS transition consists of a linefeed,
asymmetric T-junction as phase shifter and CPS are used
for feeding semi-bowtie driven element using similar
concept to the recent studies in [12], [16]. The
asymmetric T-junction is used as a phase shifter for
supplying 180" phase delay and generates the odd mode at
centre frequency of 0.868 GHz, and 0.915 GHz. As a
result, the phase shifter can transform an unbalanced
input signal to become a balanced signal at the semi-
bowtie driven element. Hence, the driven element will
radiate the signal at the unlicensed bands in case of the
antenna is designed as transmitter.

Initially, the microstrip-to-CPS transition has been
designed at three different resonance frequencies of 915
MHz, 868 MHz and 807 MHz respectively. Then the best
design with resonance frequency of 868 MHz has been
chosen due to it can operate in dual band mode of the
indicated ISM bands.

The evolution of the design is as in Fig. 2. It shows the
steps taken in designing the antenna. For stage (a), a
truncated ground is placed at the back side. In stage (b),
the line feed, balun and coplanar have been tested for
getting the required even to odd signal. Initially a
conventional quasi-Yagi has been designed in stage (c)
and the design is further improved in stage (d) for getting
a better directivity and gain. Stage () helps in increasing
the bandwidth but the radiation pattern slightly deviates
from mainlobe direction. Finally, the sufficient
bandwidth and unidirectional mainlobe which can cover
both unlicensed bands have been obtained by tuning the
phase shift arm length as in stage (f). The evolution of the
design has been done as in Fig. 2 and later simulated and
optimized by using CST software.

i {_J!"f'f::]]
Grourjd |
(a) (b) ()
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Fig. 2. The design steps (progress) of the proposed antenna: (b) Antenna
1, (c) Antenna 2, (d) Antenna 3, (e) Antenna 4 , (f) Antenna 5 and
(proposed structure). All views belong to the front side while back sides
of all antennas are same with Fig. 2(a).
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Fig. 3 shows the antenna geometry. The antenna uses
two semi-bowtie as driven elements. A parasitic element
with a semi-bowtie shape is used as a director.
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Fig. 3. The modified quasi-Yagi is designed by using semi-bowtie as a
driven element.
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TABLE I: FINALIZED PARAMETERS USED IN FIG. 3

used is designed at centre frequency of 0.868 GHz, its
expected bandwidth is expected to be covering both the
centre frequency 0.868 GHz and 0.915 GHz . This is
significance because by using a single antenna, two ISM
bands can be covered. The antenna design is a challenge
because the same geometry is used for covering both
frequency bands .

This manuscript predicts that the usage of semi-bowtie
driven element with specific phase shifter arm lengths
and flare angle shall help ensuring the resonant
frequencies are in the range between 0.8 GHz until 1 GHz.
The same width of phase shift arm is used throughout the
design. Generally, the resonant frequencies shall
influence its gain, directivity, and mainlobe direction in E
and H-plane of the modified quasi-Yagi antenna. In this
design, the effects are more dominant since semi-bowtie
is used as driven element instead of ordinary dipole. The
full bowtie is not preferred in this design because its big
flare angle will cause the resonant frequencies to move to
different centre frequencies. The variation in driven
element and phase shift arm shall help in shifting the
resonant frequencies in the specified range as required.
The properties shall be explored further in terms of its
reflection coefficients, E-plane and H-plane radiation
pattern, gain, directivity, and numerous others.

In this work, the total optimal length for the driven
element is calculated using (3) and is expected to be

i i . . Ag .

Variable (mr:q/;"lue Variable (mr\n/;"“e slightly differ from the =2 in vacuum due to the antenna

Lo 425 Lp2 50.0 is printed on a dielectric substrate. Generally, the

Lor 425 LBcr 6.50 dielectric constant directly affects the driven element

[ 85.0 Lpy 50.0 length in terms of loading effect [24], [25]. The optimized

HD, 8.60 Her 8.00 parameters are shown in Table I.

HDx 8.60 Het 6.70

Weps 0.50 LB 6.50

Lo 58.0 L 580 I1l. RESULTS

Lepsr 8.00 Wi 3.30

L 100.0 Worn 2.00 A Results

B. 47.8 LTe 6.60 : i

HB. 7.00 LBcr 5.60 : :

L 435 Wept 2.00

HBx 7.00 W, 130.0 ; i

Lr 435 B 47.8 ; :

Lps 6.60 Lob [ 365 @ Yy
Note: = ;
Flare angle (o) is ~ 7.22 degrees has been used throughout the design E__‘ . ai Ilr i i ) ) )
for consistency. k 1 gifzxﬁrrqam.ﬁl.‘iﬁz

" i E j' ; Min freq 2t 0,52 GHz
. . . i H R freq at
The antenna is studied because theoretically the ¢ e L opeHs o

resonant frequency (fr) and its radiation efficiency can be i i ‘;? s i e
controlled by varying its phase shifter arm length. A n : - :

. . " . . . 1] A 4 L] 1 12 £ L5 ] 1
quasi-Yagi with bowtie director can improve the
bandwidth by 240% compared to a typical quasi-Yagi Fraq (GHz)

antenna using a straight director by controlling its flare
angle (6o) [19].

In this work, an expected considerably larger
bandwidth from less complex in terms of the quasi-Yagi
antenna's geometry with a reasonable gain is studied. The
antenna is designed at the centre frequency of 0.868 GHz
by using (1) until (7). Even though the design frequency
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Fig. 4. Reflection coefficients (Si1) vs. Frequency at resonance
frequency of 0.866 GHz and its bandwidth covers the ISM band 0.915
GHz and ISM 868 GHz using semi-bowtie as the driven element.

Fig. 4 shows the reflection coefficients (Sy;) of the
antenna at centre frequency of 0.868 GHz. Its phase shift
arm lengths are within the range for obtaining the ISM
centre frequency of 0.915 GHz and 0.868 GHz



Journal of Communications Vol. 16, No. 12, December 2021

simultaneously by using a single antenna. All the
parameters are as in Table I. The selection is done by
considering its reflection coefficients, bandwidth and
radiation pattern.

A longer phase shift arm length is tested at 53.1 mm
and the length has shifted the resonant frequency to 0.821
GHz as well as having a narrower bandwidth. Its polar
radiation pattern diagram is as in Fig. 5. The radiation
pattern is not in unidirectional direction.

Fig. 5. Polar diagram of resonant frequency 0.821 GHz with phase shift
arm length equals 53.1 mm in H-plane ( phi=90")

180

Fig. 6. Polar diagram at resonant frequency of 0.887 GHz with phase
shift arm length equals 48 mm in H-plane (phi=290").

At phase shift arm length of ~ 48 mm as in Fig. 6, the
resonance frequency is at 0.887 GHz with lower
frequency of 0.838 GHz and its upper frequency was
0.952 GHz. The radiation is unidirectional. Fig. 6 shows
its polar diagram and Fig. 7 shows its reflection
coefficients.

At phase shift arm ~ 46 mm, the resonance frequency
is at 0.916 GHz. The bandwidth does not cover the ISM
863-870 MHz band and just covers 915 MHz band as can
be observed in Fig. 7. At phase shift arm ~ 51.8 mm, the
resonance frequency is 0.887 GHz, lower frequency at
0.839 GHz and upper frequency at 0.953 GHz. The
radiation is unidirectional and Fig. 7 shows its reflection
coefficients. As such, the optimum phase shift arm of the
range 48 mm until 52 mm are used for getting the dual
band characteristics as in Fig. 7.

©2021 Journal of Communications

539

The bandwidth is influenced by the flare angle (6,) of
the semi-bowtie. The same 6, of 7.22"is used throughout
the study of the antenna for consistency. Multiple higher
modes are observed in Fig. 4 and Fig. 7 due to the use of
coplanar stripline (CPS) for feeding the driven. The use
of CPS is similar to the one used in [12], [16]. However,
the multiple modes are weak due to they have been
minimized by optimizing the dimensions of coplanar
stripline.
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Fig. 7. Reflection coefficient at resonant frequency of 0.868 GHz with
different phase shift arm lengths.
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Fig. 8. Polar diagram at resonant frequency of 0.868 GHz with different
phase shift arm lengths in H-plane ( phi =90")
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Fig. 9. Polar diagram at resonant frequency of 0.868 GHz with different
phase shift arm lengths in E-plane ( phi =0°)

In a scenario whereby the semi-bowtie width is less
than the designed 7 mm, the S;; will be worse. In Fig. 3,
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the width of semi bowtie used is 7 mm. The 7 mm width
is critical due to the value has been used in (1) until (7)
for gaining the length of driven element and phase shift
arm of the antenna at the selected frequencies.

Fig. 8 and Fig. 9 show the 2D radiation pattern of the
resonant frequencies designed at 0.868 GHz in H-plane
and E-plane respectively. Fig. 8 indicates that the H-plane
radiation pattern is in the unidirectional direction and the
pattern is almost the same for all the selected phase shift
arm lengths.

b} T T T T
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Fig. 10. Graph of directivity vs frequency for resonant frequency at
0.868 GHz.
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Fig. 11. Graph of Gain vs Frequency for resonant frequency at 0.868
GHz.

Fig. 9 shows the E-plane scenario where the the
selected phase shift arm lengths have almost the same
radiation pattern. Based on Fig. 8 and 9, the proposed
quasi-Yagi has a mainlobe magnitude of 1.37 dB in the
H-plane and in E-plane is 2.3 dB. This indicates that the
antenna can ensure the radiation pattern has a high
unidirectional radiation in E and H-plane at both ISM
bands. The antenna is not symmetrical in physical due to
the balun arms which create the 180° phase shift for a
signal from the microstrip line to coplanar line. The
asymmetry geometry produces a mild deviation for the
mainlobe of the radiation pattern [12], [16]. Fig. 10
reveals that the directivity of the antenna varies with
frequencies. The variation in directivity between 0.8 GHz
until 1 GHz is between 2.7 dB and 2.3 dB. Even though,
the directivity is higher at 1.17 GHz but its radiation
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pattern is not unidirectional. As such, a lower region of
directivity is preferred at between 0.8 GHz until 1 GHz
for a better radiation pattern as in Fig. 10 and Fig. 11. The
gain was stable at about 1.9 dB until 2.2 dB for the
specified range of 0.8 GHz until 1 GHz. In other words,
both ISM bands are well covered by the antenna.

B. Discussions

The change in resonant frequency (fr) of the quasi-
Yagi antenna depends on the lengths (i.e., Lpl and Lp2)
of the phase shifter as well as both driven elements (Bg
and B.) [27] while maintaining other parameters.
However, in this work, the driven element is maintained

at length % of the 0.868 GHz as designed frequency.

This is to ensure that only phase shift arm is varied for
controlling the radiation pattern, dual band properties as
well the bandwidth covering both the unlicensed bands.
In the meantime, its main function as a phase shifter for
the input signal conversion from even to odd signal
operates at its best.

The slight difference in lengths (Lp, and Lp,) with
respect to the analytical method occurred due to the
loading effect of the substrate [24], [25] as well as the
imperfection of FR4 substrate to be used at near 1 GHz
band [25].

The antenna is designed at 0.868 GHz due to its phase

shift arm lengths can cover the % of both the ISM 0.915

GHz and 0.868 GHz bands. The phase shift arm length of
the antenna are between 48 mm and 52 mm. Therefore, a
single antenna is used for covering the dual ISM band.
The width of driven elements and phase shift arms do
contribute to the resonant frequency of the antenna. For
example, an increment of another 1 or 2 mm from the
existing 2 mm width of the microstrip used at phase shift
arm length leads to a jump of resonant frequency away
from 0.868 GHz and 0.915 GHz bands. The scenario
happens due to the change in surface current distribution
in the antenna structure [23], [24], [26]
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Fig. 12. Current density distribution at fundamental frequency of 0.807
GHz.

The surface current distribution at the three distinct
frequencies i.e., at 0.915 GHz, 0.868 GHz and 0.807 GHz
is obtained for understanding the radiation mechanism of
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the antenna. The outcomes of the surface current
distributions are shown in Fig. 12 until Fig. 14. Fig. 12
shows the current density distribution at 0.807 GHz. The
figure shows that it is mainly due to the left semi-bowtie
as the surface current distribution concentrates on the left
area. On the other hand, the surface current distribution at
its director and right semi-bowtie are relatively lower.
The situation shows that both the sides of director and the
right semi-bowtie have comparatively low effect towards
the radiation mechanism of the antenna at the specified
frequency. The surface current distribution at 0.868 GHz
and 0.915 GHz are as in Fig. 13 and Fig. 14 respectively.
Both figures reveal that surface current on the ground
plays a significant role in the increment of mainlobe
radiation and reduction of back lobe. The phase shift arm
as well as the left semi-bowtie contribute towards the
radiation mechanism at both 0.868 GHz and 0.915 GHz
as observed in Fig. 13 and Fig. 14. The coupling between
both coplanar striplines (CPS) have helped in the
radiation mechanism at both ISM frequencies such that
the right semi-bowtie has fewer contribution compared to
the CPS.

Fig. 13. Surface current distribution at resonance frequency of 0.868
GHz.
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Fig. 14. Surface current density distribution at frequency of 0.915 GHz.

The semi-bowtie shape is almost like concave shape
which helps in concentrating current through the shape of
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the driven elements [23]. In general, most of the surface
current concentration happens at specific spots such as
phase shift arms, left driven elements, coplanar stripline
and linefeed. The semi-bowtie shape also helps in
miniaturizing the antenna overall size compared to
conventional quasi-Yagi using bowtie as driven element.

All in all, the (1) until (7) have shown its relevancy as
a starting point for designing quasi-Yagi with semi-
bowtie as driven element. In this work, further
optimization of the main parameters such as phase shift
arm lengths and length of driven element are done by
using CST software. The results from theoretical and
simulations methods are compared for consistency.

If a bowtie antenna only is used, the mainlobe
direction is at the antenna’s front and back and is not in
the endfire direction [29].

The gain of the antenna can be further improved by
loading with metamaterial [30], using a lower relative
permittivity and comparatively thinner substrate [6] as
well as a closer distance between director and the driven
element [12], [24].

The antenna's dimensions can be further improved by
shortening the microstrip feedline's length but still
achieving a matching impedance value. This can be
achieved by using a thicker substrate [31] or changing the
line feed geometry [10]. A A/4 transformer [12], [16]
method can be used for the quasi-Yagi antenna even
though it increases the linefeed complexity. The
comparison  of  single-type  microstrip  antennas
performance are shown in Table II.

TABLE Il: ANTENNA PERFORMANCE COMPARISONS
Ref.

Electrical size Gain Max.
(dBi) Bandwidth
(GHz)

[10] 0.5%0x0.38 Ao >4 3.75-10.4
[11] 0.46 20 x 0.39 Ao 2.38 5.35-5.52
[12] 0.36 20 x 0.38 Ao 6-77 1.71-19
[13] 0.48 20 x 0.35 Ao 5.0-6.8 1.606 - 3.07
[15] 0.4120x0.28 Ao NM 2.07-271
[16] 0.46 20 x 0.46 Ao 4.8 9-125
[24] 0.43 20 x 0.33 Ao 5.6 0.428 - 0.50
This 0.3520 x0.27 ho 19-22 0.82-0.95
work

*NM = Not mentioned

IV. CONCLUSION

A novel dual-band modified quasi-Yagi antenna with
semi-bowtie as driven element has been designed. It has a
unidirectional radiation pattern in E and H-plane and can
achieve a comparatively wide bandwidth of 14.4% which
is bigger than [11] and [12] while its electrical size is
smaller than antennas in [10], [13], [15], [16] and [24].
The bandwidth shall not be too big due to it will interfere
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with other licensed bands. This antenna has the benefit of
capability for covering both the Industrial, Scientific, and
Medical (ISM) consists of 863-870 MHz band and 902-
928 MHz band at a smaller electrical size compared to
the previous literatures. Most of antennas in Table Il are
designed at frequencies above 1 GHz. In this work, the
designed antenna has a peak directivity of 2.7 dBi and
peak gain of 2.2 dBi in both unlicensed bands. The
antenna characteristics suits well to be used as part of
rectenna for indoor wireless power transfer application.

In this design, the resonant frequency, f. of the antenna
depends largely on the type of driven element, the phase

shift arm length as well as the width of the microstrip line.

The modified equations of (1) until (7) have helped to
predict the required lengths of phase shift arms as well as
the driven element. This is because the equations are
based on the dimension of semi-bowtie as driven
elements. The equations are specifically can be used as a
starting point for getting the initial parameter designs of
the quasi-Yagi with semi-bowtie as driven element.

This paper shows that the antenna is flexible because it
can operate simultaneously in the indicated dual ISM
bands. The semi-bowtie as driven element together with
phase shift arms have helped in creating the dual bands.
The use of a semi-bowtie-driven element with a flare
angle of 7.22 degrees in the antenna has contributed to
controlling the operating frequency between 0.8 GHz and
1 GHz. The specified dimensions of phase shifter arm
length have helped in tuning the resonant frequency and
the mainlobe direction. Hence, the antenna is suitable to
be used as part of rectenna for powering power
management chip in a smart houses or smart cities due to
its unidirectional properties as well as comparatively
smaller sizes compared to the previous literatures.
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