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Abstract - This paper proposes a printed curved shape director-driven bowtie quasi-Yagi antenna for high gain applications.
The proposed antenna consists of a bowtie-shaped driven element, curved shape reflector, and directors. A simple microstrip
feed line is designed to feed the bowtie-driven element, which provides impedance matching between the coaxial input source
and the driven element. The proposed antenna is fabricated on the low-cost Glass Epoxy FR4 substrate of thickness 1.6mm, a
dielectric constant of 4.4, and a loss tangent of 0.02. The overall dimension of the proposed antenna is 75mm x 66mm x
1.6mm (0.61 x 0.528) x 0.0128 ). Here, the simulated results have been compared with the measured results, and it has been
found that both results are well-matched to each other. The proposed antenna obtained the bandwidth of 400 MHz (2.25-2.65
GHz) for Si;1 < -10 dB, the gain of about 6.25-7.1dBi, and VSWR < 2 for the entire frequency band. Additionally, it has front-
to-back (F/B) ratio > 11 dB and cross-polarization level of < -26dB at 2.4 GHz. This antenna is suitable for industrial
scientific and medical(ISM) band in the frequency range of 2.40 - 2.50 GHz, point-to-point communication in various fields,

WLAN, RFID, and portable direction finding applications, where high gain with moderate bandwidth is the primary

requirement.
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1. Introduction

The demand for high gain, compact size, broadband, and
low profile antenna, especially in mobile communication,
phased array, portable direction finding systems, radio
communication, RFID tags, etc., is increasing rapidly. The
printed quasi-Yagi antenna has received huge interest in
research because it fulfils all the abovementioned
requirements. It consists of three elements, i.e., reflector,
driven, and one or more directors. Initially, the Yagi-Uda
antenna was designed with a simple cylindrical wire/rod. It
was most popular for the home TV antenna in the early days
but was bulkier and heavier [1]. Generally, a printed Yagi-
Uda antenna gain is about 5-6 dBi with limited bandwidth.
To achieve high gain, broad bandwidth, and compactness,
the Yagi-Uda antenna can be designed by changing its
original structure w.r.t different feed structures (Microstrip-
to-coplanar stripline (MS-to-CPS [2-5,7-8], Coplanar
Waveguide feed (CPW) [9-10], Microstrip to Slotline
transitions [6], and balun structures [2,9-22]) and element
shapes (dipole, bowtie [5, 7-8], periodic log antenna [12],
curved shape[10, 19], folded dipole [13], meander shaped
[21,22], double dipole [23]) using printed technology. These
new structures formed due to different feed structures and
elements shapes are not exactly the Yagi-Uda antennas but

can be called printed quasi-Yagi antennas. These antennas
can be used in RADARs, satellites, Amateur Radio, RFID
applications, ISM bands, and many more[1,2].

In 1998, Yongxi Qian introduced the first quasi-Yagi
antenna for X band prototype using Duroid substrate with
MS-to-CPS transition feeding method. This antenna obtained
gain of 6.5dBi, bandwidth of 17%, F/B ratio of 18dB, and
cross-polarization level of < -15dB at 10 GHz [3]. In [4], the
modified quasi-Yagi antenna with low radar cross section is
proposed using Rogers RT 6010 substrate with MS-to-CPS
transition feeding method. This antenna obtained the 5 - 8
GHz band for S11< -10dB and the gain of about 2.5 - 4 dBi.
The complicated feeding structure is the major drawback of
[3-4] antenna. In [6], a quasi-Yagi antenna is designed using
Rogers RT 6010 substrate using microstrip to slotline
transitions balun, which achieves a bandwidth of more than
70% for S11 <—10 dB, a gain of 4 dBi, and an F/B ratio of
18 dB at the center frequency of 7.5 GHz. This antenna
achieves broadband with low gain at the cost of design
complexity and costlier substrate. In [10], the quasi-Yagi
antenna is presented using the CPW feed technique, which
obtained a bandwidth of 40% for S;1 < -10 dB and gained
about 2.25 - 3.2 dBi over the entire frequency. The CPW
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feed technique is a simple feeding structure as compared to
MS-to-CPS. It provides a compact antenna structure with
broad bandwidth but has limited gain. In [11], Yagi-Uda
antennas are designed using a coaxial feeding method with a
tapered balun. In this paper, two different designs are
presented based on the shape of driven and reflector
elements. Design 1 antenna achieved a bandwidth of 240
MHz (1.16 - 1.40 GHz) for VSWR < 2, and the gain varies
6.3 dB over the bandwidth. Design 2 achieved a bandwidth
of 200 MHz (1.20 - 140 GHz) for VSWR < 2, and the gain
varies 6.4 dB over the bandwidth. Comparing both antenna
designs, it is found that a tapered shape Yagi-Uda antenna is
more compact and has better performance concerning
bandwidth, gain, and F/B ratio than a rectangular-shaped
Yagi antenna. In [12], a quasi-Yagi antenna using a log-
periodic antenna driver with tapered feeding is presented to
enhance bandwidth. This antenna achieves 39.1% bandwidth,
6-7dB gain and F/B ratio > 20dB. In [13], a quasi-Yagi
antenna using folded dipole antenna as a driven element with
tapered balun is presented, which obtained 7% bandwidth for
S11 < -10 dB and 6.1dBi gain. Tapered balun provides
impedance matching by gradually tapering the bottom or
both sides of the conductor, thus causing the structure
complex to have a large area. In [19], quasi-Yagi antennas
are designed using a simple microstrip feed line. In this
paper, two quasi-Yagi antennas are designed with straight
and bent arms. Both designed antennas obtained the same
bandwidth (400MHz), while the quasi-Yagi with a bent arm
achieved higher gain and compactness than straight arms.

This paper uses a simple microstrip feed line for this
proposed antenna. It provides impedance matching between
the coaxial input source and bowtie-shaped driven element.
The bowtie-shaped driven element of the proposed antenna
provides broadband, while the curved shape reflector and
director provide high gain. The proposed antenna is
simulated using HFSS 15.0 and tested using Vector Network
Analyser (Anritsu VNA Master) and Anechoic Chamber.

2. Quasi-Yagi Antenna Design and Parameter
Analysis

A printed curved shape director-driven bowtie quasi-
Yagi antenna (BDQY; Bowtie driven curved Director Quasi-
Yagi antenna) has five elements; the curved shape reflector,
bowtie shaped driven, and three curved shape directors. In
this antenna, the bowtie-shaped drive is designed using two
triangular sheets fed at the vertex by a microstrip feed line.
As the width of the bowtie arm increases, bandwidth is
improved with the antenna resonating at a lower frequency
[11, 25-27]. The curved shape directors are designed from
rectangle sheets by taking arcs at both sides [19]. One arm of
bowtie shape and microstrip feed line is printed at the top of
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the substrate, while other arms and curved shape reflector
and directors are printed at the bottom side of the substrate.
For matching input impedance, the simple feeding structure
is designed by a mictrostrip line instead of a complex balun
structure or any transition. The width and length of the
microstrip feed line are taken as 0.024A and 0.196A,
respectively. To increase the gain of BDQY in the desired
direction with moderate bandwidth, it is designed with 5-
element presented in this section. Its Geometry is shown in
figure 1. It has five elements; one curved shape reflector, one
bowtie-shaped driven, and three curved shape directors. Its
design parameters (length, width, and space,) are chosen
using parametric study to get optimum results which are
mentioned as follow: Reflector: length, width (Lt = 48 mm,
Wt = 8 mm); Driven: length, width (Lgi = 20.5 mm, Wy, =
21.5 mm); Directors: length ,width (Lgir 1 = 30.80 mm, Wi 1
=4 mm, Lgir o= 28.85 mm, Wqii o =4 mm, Lgir 3= 28.85 mm,
Wai s = 4 mm), Spacing between Reflector and driven
element (S = 24.5 mm), Spacing between driven and
directors (Sgir 1= 15 mm, Sgir 2= 9 mm, Sgir 2 = 7 mm), Feed:
width, height: Wreed ,\W =3 mm, H=1.6 mm, substrate: length
,width, height (Ls =75 mm, Ws; =66 mm, H =1.6 mm).

Fig. 1 Geometry of 5-element BDQY

The return loss and gain of 5-element BDQY are shown
in figure 2 and figure 3, respectively. The design antenna
achieved 19.3% bandwidth (2.22 - 2.7 GHz) for Si; < -10
dB. The gain in the H plane and E plane at 0° and 180°
directions are 6.67 dBi and -4.71 dBi, respectively, and the
F/B ratio > 11 dB at 2.4 GHz.
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Fig. 2 Return loss of 5-element BDQY
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Fig. 3 Gain in H and E plane of 5-element BDQY

3. Results and Discussion

Above 5-element BDQY is fabricated, and it is the
proposed antenna for this paper. Figures 4a and 4b show the
photographs of the top and bottom views of the proposed
antenna. It is fabricated on a low-cost glass Epoxy FR4
substrate using standard photolithography.

The proposed antenna parameters of return loss and
VSWR are measured by Anritsu Vector Network Analyser
(VNA) master (model: MS2037C/15/509), and the gain and
gain Vs. frequency is measured in the Anechoic Chamber of
Electromagnetics and Antenna research center (ELARC) lab
at Birla Vishvakarma Mahavidhyalaya, Anand, Gujarat. The
examination of the proposed antenna is shown in figure 5.
The measurement of VSWR and return loss in VNA in the
range of 1-3 GHz has been taken, and the radiation pattern
and Gain Vs. Frequency has taken 9° and 200 MHz step
sizes, respectively.
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Fig. 5 (A) VSWR testing on Anritsu VNA Master, (B) Gain
measurement setup in an anechoic chamber, (C) Measured return loss,
(D) Measured VSWR of the proposed antenna
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The measured and simulated results of the proposed
antenna are shown in figure 6 ((A) Return Loss, (B) VSWR,
(C) Simulated Gain Vs. Frequency, (D) Cross-polarization,
(E) Gain Vs. Frequency, (F) Radiation pattern). The results
show a good agreement between measured and simulated
results of return loss, VSWR, Gain Vs. Frequency and
Radiation pattern. From the measured results, it is found that
the proposed antenna obtained bandwidth of 16.3% for Si; <
-10 dB, gain of 6.25 - 7.01 dBi, F/B ratio > 11 dB, cross-
polarization level of < -26 dB at 2.4 GHz. The proposed
antenna also achieves VSWR < 2 for the entire bandwidth.
Measured half-power beam widths (HPBW) are 106° and
64° in H and E-planes, respectively. The proposed antenna
achieves flat gain over the entire bandwidth with a maximum
gain of 7.01 dBi. This antenna is suitable for ISM band
application, point-to-point communication, RFID, and
portable direction finding, where moderate bandwidth with a
moderate gain is the primary requirement.

A comparison of the performance of the proposed
antenna with other reported quasi-Yagi antennas is mentioned
in Table 1. Some reported configurations have complex
feeding structures (MS-to-CPS, CPW, and tapered balun).
Moreover, some of the configurations require a large ground
plane. However, the proposed antenna achieves high gain
with moderate bandwidth with a simpler microstrip feed line,
smaller structure size, and low-cost FR4 substrate. In [3,10]
designed antenna achieved broad bandwidth with moderate
gain using costly dielectric substrate RT6010. These designed
antennas are much costlier compared to the proposed
antenna. Compared to [11, 15, 16], the proposed antenna
achieved a wide frequency band with almost the same gain.
In [12] design antenna provides a wideband with high gain
using the coaxial feeding method with a tapered balun; it is a
complex design and requires a large area for this structure. It
is seen that the configuration in [13] has achieved high gain
with a narrow band using folded dipole antenna as a driven
element and 6-director with a tapered feeding structure. This
structure requires a large area. In [14], the designed antenna
obtained wide bandwidth using a tapered microstrip line with
low gain. It is seen that the configuration in the [17] designed
antenna has narrow bandwidth with almost the same gain as
compared the proposed antenna. In [18], the designed
antenna provides wideband with very low gain using
monopole as driven element with the microstrip feed line.
Compared to [19], the proposed antenna has high gain and
small size with the same bandwidth. It is observed that there
will always be a trade-off between parameters; bandwidth,
gain, and F/B ratio while designing a quasi-Yagi antenna. If
one of the parameters is improved, the antenna's performance

degrades for the other two parameters.
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Fig. 6 Measured and simulated result of proposed antenna; (A) Return Loss, (B) VSWR, (C) Simulated Gain Vs. Frequency, (D) Cross-
polarization, (E) Gain Vs. Frequency, (F) Radiation pattern
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Table 1. Comparison of the proposed antenna with other reported quasi- Yagi antennas

Ref.

Antenna Geometry

Frequency
band (GHz)

BW Gain
% dBi

Substrate,
dielectric
constant,

Size
(mm)
Ls x Ws

Feeding technique,
Driven element shape,
Applications, and
remarks

Proposed Antenna

2.25-2.65

6.25-

16.3 71

FR-4, 4.4

75 x 66

Microstrip feed ling,
bowtie, simple design
structure, ISM band,
point-to-point
communication

9.5-11.6

17 6.5

Duroid,
10.2

15x 18

MS-to-CPS, Dipole, X
band Prototype complex
feeding structure

10

8-12

2.25 -

40 135

RT6010,
10.2

12 x 20

CPW feed, curved shape
structure, X-band
prototype

11

1.16-1.40

18.6 6.4

Fr4, 4.4

85 x 102

Tapered balun,

Tapered shape with
coaxial feeding method,
portable direction
finding, RFID, spectrum
monitoring systems

vvvvv

1.20-1.40

155 6.3

Frd, 4.4

85 x112

Tapered balun
Dipole  with
feeding
spectrum
monitoring
portable
finding

coaxial
method,

systems,
direction

12

W
T o
2 SF g
Bl & | Ldri . I
g |
| — -
Ld

1.15-1.75

39.1 6-7

Frd, 4.4

84 x 111

Tapered balun,

LPDA with coaxial
feeding method, RFID,
spectrum
monitoring
portable
finding

systems,
direction

13

2.31-25

7.7 7.5

FR-4,4.4

52 x 143

Tapered balun,

Folded dipole with 6
directors, WiFi
applications

14

1.7-21

47.6 41

1.5-2.53

535 | 4.65

FR-4,4.4

76 x 86

Microstrip line,
monopole, ISM Band,
LTE Band 3 and 4

Tapered balun,
Monopole, ISM Band,
LTE Band 3 and 4 ,
IEEE 802.15.4
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15

2.82- 3.07

8.4

8.17

1.30-1.40

7.4

5.28

2.34-2.52

7.6

6.12

Fra, 4.4

100 x 98

Tapered balun / single
side printed, Dipole,
CubeSat
communications

16

17

2.8-3

6.8

6.5

er=2.17

Microstrip line, dipole

5.70-5.81

1.89

6.89

Fr4, 4.4

65 x 80

Microstrip feed line,
patch, WiFi applications

18

3.25-3.75

14.32

3.25

TMM-4
4.5

50 x 90

Microstrip  fed line,
monopole,  broadband
application

19

2.3-2.7

16

6.03

Frd, 4.4

90 x 60

Microstrip feed line,
Dipole,

WLAN, ISM band for
2.4- 2.48 GHz, rail
transit
communication,

Unit: mm

2.3-2.7

16

6.13

Fra, 4.4

75 %60

Microstrip feed line,
Dipole with a bent arm,
WLAN, ISM band for
2.4- 2.48 GHz, rail
transit

communication,

4. Conclusion

The BDQY has been designed and fabricated on a low-
cost substrate using a simple microstrip feeding method. The
proposed antenna has a good agreement between measured
and simulated results for the entire bandwidth. From this
study, it is found that the proposed antenna obtained 16.3%
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bandwidth for S;1 < -10 dB with gain of 6.25-7.1 dBi, F/B
ratio of 11dB and cross-polarization level of < -26 dB. The
proposed antenna achieved high gain with moderate
bandwidth, which will be helpful to antenna design engineers

to design applications on 2.4 GHz, where high gain with
moderate bandwidth is the primary requirement.
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