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ABSTRACT: In wireless communication, antenna plays an important role in deciding the quality and overall
performance of the device over different communication standards. The need for low-profile and wideband
unidirectional antennas with superior electrical characteristics is ever demanding. One of such antenna is quasi-Yagi
antenna. In this paper, the various researches and studies in quasi-Yagi antenna is reviewed. Many methods to improve
the bandwidth and gain are also discussed. The highlights and limitations of these methods are noted to guide the
antenna designers.
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I. INTRODUCTION

Antenna is one of the most critical elements in all wireless communication system. Generally, an antenna behaves as a
transducer between the free space and guided wave. Antennas in the modern wireless communication require careful
design and thorough knowledge of the concepts involved. The choice of an antenna normally depends on many factors
such as gain, bandwidth, directivity, etc. Most of the current wireless networks assume the use of omnidirectional
antennas in each of their nodes. Nevertheless, a particular topology case can suggest the use of a directional antenna.
For example, end access node or a far access node in a point-to-point or point-to-multi-point radio-link in a wireless
sensor network. In such cases, the electrical characteristics of the directional antenna should match those of its
omnidirectional counterpart [1], while enhancing the radiating properties. Also directional antennas have been used to
suppress unwanted radio frequency emissions as well as interference in other directions.

The Yagi antennas are widely used to achieve high gain in a very simple structure. Since 1928, when Yagi described
for the first time in English language the antenna with his name [2]. With the advantages of simple fabrication, easy
feeding, good directivity and high gain performance Yagi antenna has found many applications in military and civilian
use. However, typical Yagi antenna has the disadvantages of relative large size, narrow band (<5%) character and
tuning difficulty. Therefore, the applications of this antenna were limited [3]. Researchers are made great effort to
overcome these disadvantages and apply the Yagi-Uda antenna concepts in microwave area. As a result, a new antenna
structure is formed by combining the microstrip radiator technique and the Yagi-Uda array concept [4]. Since the
microstrip-fed quasi-Yagi antenna was first introduced by Huang in 1991, the planar printed quasi-Yagi antenna has
attracted much attention for using in microwave and millimeter wave application because of the advantages such as low
profile, light weight, ease of fabrication and installation, high directivity, high radiation efficiency etc.

An ideal planar antenna should have some characteristics like
e Good radiation characteristics such as well defined pattern, good front to back ratio and low cross polarization;
o  Wide frequency bandwidth;
e Small as possible to easy integration with microwave integrated circuits;
e Simple and low cost fabrication.

The planar printed quasi-Yagi antenna has almost all these characteristics. However the bandwidth of conventional
quasi-Yagi antenna is narrow. To overcome this limitation, various methods are proposed in literature and now very
good bandwidth is achieved. Another limitation of Quasi-Yagi antenna is it can’t provide a high gain owned by Yagi-
Uda antenna. Various methods to enhance the gain of the Quasi-Yagi antenna are also highlighted in literature.
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The remainder of this paper is organized as follows. In section Il, the related works are grouped. Section 111 discusses
the basic structure of Quasi-Yagi antenna and comparison with classic Yagi-Uda antenna. The techniques to enhance
the bandwidth are presented in Section 1V, which is followed in Section V by a discussion of various methods of gain
enhancement. Finally, section VI presents our conclusions.

Il. RELATED WORK

Yagi-Uda antennas and its variations are interesting topics for researchers since 1928, when the concept of Yagi-Uda
antenna was described in English language [2]. Recent works in Yagi related antennas are concentrated mainly on the
planar printed quasi-Yagi antenna. By combining the concept of microstrip antenna and Yagi-Uda antenna, J. Huang et
al proposed a new antenna structure for mobile satellite vehicle applications in 1991 [4]. After this, many studies and
researches are carried out by various researchers on Quasi-Yagi antennas. The present research works are mainly
focused in the following areas:

e  Study of various characteristics of quasi-Yagi antennas [5],
Study of performance of quasi-Yagi antennas for different applications
Size and complexity reduction [16],
Bandwidth enhancement [8]-[20],
Gain enhancement [21]-[25]
Performance of quasi-Yagi antenna as an array element [26], [27].

This paper goes on brief discussions of major findings in some of the above mentioned areas.
I1l. PRINTED PLANAR QUASI YAGI ANTENNA

The classic Yagi-Uda antenna is a popular and widely used antenna since its origin. It is because of its simplicity, low
coast, directional radiation pattern and relatively high gain. The antenna consists of linear array of parallel dipoles
forming a parasitically coupled array as shown in figure 1.
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Fig. 1 Layout of classic Yagi-Uda antenna.

The classic Yagi-Uda antenna array consists of three main components, namely a driven element, reflector element and
one or more parasitic director elements. The driven element is used to execute the array structure. The field radiated by
driven element is reflected by the long reflector element positioned at the reverse endfire direction. The parasitic
director elements serve to improve further the radiation in the endfire direction. The basics design parameters are the
length of driven element (0.45) — 0.492), the length of directors (0.4A - 0.45)) and the separation between directors
(0.3X — 0.4)).The length of the directors and the separation between the directors need not be uniform. The length of the
reflector should be greater than that of driver.

In 1991, John Huang proposed a microstrip fed quasi-Yagi antenna for low angle satellite reception for mobile vehicle
applications [4].The planar printed quasi-Yagi antennas have some similarities in operation and configuration with
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classic Yagi-Uda antenna. However certain difference between the Yagi-Uda and quasi-Yagi also exist. Hence the
name ‘quasi-Yagi’ comes [6].
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\(Backside)

Microstrip Feed

Fig. 2. Schematic of quasi-Yagi antenna [7].

The figure 2 shows the structure of a microstrip-fed quasi-Yagi antenna [7].We can see the similarities and differences
of the quasi-Yagi (figure 2) with the classic Yagi-Uda antenna (figure 1).In quasi-Yagi, the driver dipole and director
dipole can be easily identified and the ground plane acts as a reflector element.

IV. BANDWIDTH ENHANCEMENT OF QUASI-YAGI ANTENNA

As we know that the bandwidth is a very important factor and modern communication systems require higher
bandwidth. So researchers take the bandwidth enhancement as a hot topic and many works are reported in literature.
The simplest technique of bandwidth enhancement is to increase the distance between the ground plane and radiator
[8]. But it will increase substrate thickness. From the literature it is clear that the main limiting factor of bandwidth of
quasi-Yagi antenna is its feed. So many attempts are reported [9]-[15] in which the feed structure and feeding method is
modified. A printed quasi-Yagi antenna with microstrip-to-slotline transition structure [9] was presented. By using this,
a fractional bandwidth of approximately 46% was achieved. But the antenna has a large ground plane, which increases
the overall antenna size. A broadband microstrip-to-coplanar stripline transition structures (CPS) is used to enhance the
impedance bandwidth of the quasi-Yagi antenna in [10] and [11]. Approximately 38.3% and 48% bandwidth were
achieved respectively. However the delay line used in the balun structures still restrict the antennas bandwidth. Ultra
wideband balun or coplanar waveguide feeding were presented to enhance the bandwidth in some papers [12], [13]. A
wide bandwidth of 44% was obtained in [13]. However, the unidirectional radiation patterns are affected by the
asymmetric nature of the quasi-Yagi antenna. Some other feeding techniques are also used to enhance bandwidth, like
CPS feeding [14] and slot feeding structure [15]. The maximum fractional bandwidth achieved by these techniques is
about 55%. A recently developed quasi-Yagi antenna with microstripline to slot line transition structure and
modifications in ground plane achieves an approximate fractional bandwidth of 100% and a size reduction of around
16% [16].

Almost all the techniques discussed above utilize the property of different feeding structures and methods to enhance
the bandwidth. Some methods in which the bandwidth is enhanced by the modifications in the driven element are also
in literature. The use of folded dipole driven element is significantly increase the impedance matching [17], [18].
Another method is to modify the driven element to a bowtie driver or tapered driver, which will also improve the
bandwidth [19]-[20]. But in these cases the antenna size is still larger and sometimes the structure was complex.

Copyright to IJAREEIE DOI: 10.15662/ijareeie.2015.0407088 6564



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,

Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)

Vol. 4, Issue 7, July 2015

V. GAIN ENHANCEMENT OF THE QUASI YAGI ANTENNA

We know that the conventional Yagi-Uda antennas provide high gain in a very simple structure. The gain of the planar
printed quasi-Yagi antenna is moderate or low when compared to gain owing by the Yagi-Uda and in many cases the
high gain antennas are required. So the gain enhancement of the printed quasi-Yagi antenna is an interesting topic
among researchers. The gain of the antenna can be increased by adding more director element, but it will reduce the
bandwidth. Many gain enhancement techniques are described in literature. The gain of the antenna is significantly
improved by rotating the driver and parasitic strips in [21]. But due to the grating lob occur at high frequencies, only
moderate gain is achieved in high frequencies. In [22], different strip widths and spacing between the elements are used
to enhance the gain and bandwidth. A vertically stacked structure is used in [23], in which the patches slit with slots act
as the parasitic and driving elements instead of dipoles. This method also improves gain but the antenna volume is also
increased. It is clear that the method, in which each director is divided into two and arrange symmetrically on both
sides of the dielectric substrate is also increases the gain [24]. Another method is by using zero index metamaterials
[25]. The paper shows the antenna gain increases for a frequency range over the metamaterial shows the zero index
metamaterial property. By using this method only the gain of a particular frequency band will enhanced.

There are many methods in literature to enhance the gain of quasi-Yagi antenna. In some methods, the increase in gain
will be small whereas in some other methods it will be high. Some methods increase the antenna size while some other
methods enhance the gain without increase the antenna size.

VI.CONCLUSION

In this paper, we have attempted to do an intensive survey of the works done by various researchers on quasi-Yagi
antenna. In this review, structures of classic Yagi-Uda antenna and quasi-Yagi antenna have been discussed. The planar
printed quasi-Yagi antenna has attracted much attention for using in microwave and millimeter wave application
because of the advantages such as low profile, light weight, ease of fabrication and installation, high directivity, high
radiation efficiency etc. many methods to enhance the bandwidth and gain of the quasi-Yagi antenna also discussed.
More research works are needed to explore full potential of the quasi-Yagi antenna and we expect it to have a good
future in almost all wireless communication systems, especially in phased arrays and power combining systems.

REFERENCES

[1]1 Avila-Navarro, E., et al. "A low-cost compact uniplanar Quasi-Yagi printed antenna." Microwave and Optical Technology Letters 50.3 (2008):
731-735.

[2] ‘Yagi, Hidetsugu. "Beam transmission of ultra short waves.” Radio Engineers, Proceedings of the Institute of 16.6 (1928): 715-740.

[3] Jiang, K., Q. G. Guo, and K. M. Huang. "Design of a wideband quasi-Yagi microstrip antenna with bowtie active elements." Microwave and
Millimeter Wave Technology (ICMMT), 2010 International Conference on. IEEE, 2010.

[4] Huang, John, and Arthur C. Densmore. "Microstrip Yagi array antenna for mobile satellite vehicle application.” Antennas and Propagation,
IEEE Transactions on 39.7 (1991): 1024-1030.

[5] Padhi, S. K., and M. E. Bialkowski. "Parametric study of a microstrip Yagi antenna." Microwave Conference, 2000 Asia-Pacific. IEEE, 2000

[6] Printed antennas for wireless communications. Hoboken, NJ: Wiley, 2007.

[7]1 Qian, Yongxi, et al. "A uniplanar quasi-Yagi antenna with wide bandwidth and low mutual coupling characteristics." Antennas and
Propagation Society International Symposium, 1999. IEEE. Vol. 2. IEEE, 1999.

[8] Sun, Yuanhua, et al. "Research Progress in Yagi Antennas." Procedia Engineering 29 (2012): 2116-2121.

[9] Ta, Son Xuat, et al. "Wideband quasi-yagi antenna fed by microstrip-to-slotline transition.” Microwave and Optical Technology Letters 54.1
(2012): 150-153.

[10] Ma, Tzyh-Ghuang, et al. "A modified quasi-Yagi antenna with a new compact microstrip-to-coplanar strip transition using artificial
transmission lines."Antennas and Propagation, IEEE Transactions on 57.8 (2009): 2469-2474.

[11] Deal, William R., et al. "A new quasi-Yagi antenna for planar active antenna arrays." Microwave Theory and Techniques, IEEE transactions
on 48.6 (2000): 910-918.

[12] Woo, Dong Sik, et al. "Design of quasi-Yagi antennas using an ultra-wideband balun." Microwave and optical technology letters 50.8 (2008):
2068-2071.

[13] Kan, H. K., etal. "Simple broadband planar CPW-fed quasi-Yagi antenna."Antennas and Wireless Propagation Letters, IEEE 6 (2007): 18-20.

[14] Han, Kwangseok, et al. "Broadband CPS-fed Yagi-Uda antenna." Electronics letters 45.24 (2009): 1207-1209.

[15] Ta, Son Xuat, et al. "Slot-line-fed quasi-Yagi antenna.” Antennas Propagation and EM Theory (ISAPE), 2010 9th International Symposium on.
IEEE, 2010.

[16] Wu, Jiangniu, et al. "Bandwidth enhancement of a planar printed quasi-Yagi antenna with size reduction.” Antennas and Propagation, IEEE
Transactions on62.1 (2014): 463-467.

[17] Alhalabi, Ramadan, and Gabriel M. Rebeiz. "Differentially-fed millimeter-wave Yagi-Uda antennas with folded dipole feed." Antennas and
Propagation, IEEE Transactions on 58.3 (2010): 966-969.

[18] Ta, Son Xuat, Sang-gu Kang, and lkmo Park. "Closely Spaced Two-Element Folded-Dipole-Driven Quasi-Yagi Array." Journal of
Electromagnetic Engineering and Science 12.4 (2012): 254-259.

Copyright to IJAREEIE DOI: 10.15662/ijareeie.2015.0407088 6565



[19]
[20]
[21]
[22]
[23]
[24]

[25]
[26]

[27]

ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,

Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)

Vol. 4, Issue 7, July 2015

Nguyen, Phong Thanh, Amin Abbosh, and Stuart Crozier. "Wideband quasi-Yagi antenna with tapered driver."” Antennas and Propagation
(APCAP), 2012 IEEE Asia-Pacific Conference on. IEEE, 2012.

Jiang, K., Q. G. Guo, and K. M. Huang. "Design of a wideband quasi-Yagi microstrip antenna with bowtie active elements." Microwave and
Millimeter Wave Technology (ICMMT), 2010 International Conference on. IEEE, 2010.

Zhang, Shaoshuai, Zhaoyang Tang, and Yingzeng Yin. "Wideband Planar Printed Quasi-Yagi Antenna with Band-Notched
Characteristic." Progress In Electromagnetics Research Letters 48 (2014): 137-143.

Lee, Jong-lg, and Junho Yeo. "Modified broadband quasi-Yagi antenna with enhanced gain and bandwidth.” Microwave and Optical
Technology Letters 55.2 (2013): 406-409.

Liu, Ying, etal. "A novel slot Yagi-like multilayered antenna with high gain and large bandwidth." Antennas and Wireless Propagation Letters,
IEEE 13 (2014): 790-793.

Wang, Hao, et al. "Design of a wideband planar microstrip-fed quasi-Yagi antenna.” Progress In Electromagnetics Research Letters 46 (2014):
19-24.

Haghpanahan, Roohollah, and Rajagopal Nilavalan. “Planar quasi-Yagi antenna gain enhancement using zero-index metamaterials.” (2014).
Deal, William R., et al. "A new quasi-Yagi antenna for planar active antenna arrays." Microwave Theory and Techniques, IEEE transactions
on 48.6 (2000): 910-918.

DelJean, Gerald R., et al. "Design and analysis of microstrip Bi-Yagi and Quad-Yagi antenna arrays for WLAN applications.” Antennas and
Wireless Propagation Letters, IEEE 6 (2007): 244-248.

BIOGRAPHY

Ms.Chinchu Jacob received her B.Tech Degree in Electronics and Communications Engineering
from Calicut University, Kerala, India in 2012. She is currently pursuing her M.Tech Degree in
Communication Engineering from Mahatma Gandhi University, Kottayam, Kerala, India. Her
research interests include Antenna Design, wireless communication and Effect of mobile phone
radiation on human health.

Mr.Sabith K received his B.Tech Degree in Electronics and Communications Engineering from
Calicut University, Kerala, India in 2012. He is currently pursuing his M.Tech Degree in
Communication Engineering from Mahatma Gandhi University, Kottayam, Kerala, India. His
areas of interest include Low profile and Ultra wide band Antenna Design, wireless sensor
networks and mobile communication.

Ms.Soorya Prabhakaran received her B.Tech Degree in Electronics and Communications
engineering From Mahatma Gandhi University, Kerala, India in 2013. She is currently pursuing
her M.Tech Degree in Communication Engineering from Mahatma Gandhi University,
Kottayam, Kerala, India. Her areas of interest include RCS reduction techniques and antenna
design.

Ms.Neethu Bhaskaran is an Engineering Graduate in Electronics and Communication
Engineering from Mahatma Gandhi University. Did her masters M.Tech in Communication
Engineering from Amal Jyothi College of Engineering, MG university. At present she is
associated with Electronics and Communication Department, SNGCE, Kolenchery. Her working
areas includes High Frequency Circuit Design.

Copyright to IJAREEIE DOI: 10.15662/ijareeie.2015.0407088 6566



