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Abstract: Uniplanar quasi Yagi antenna has gained considerable attention recently as a method of producing a 
broad bandwidth antenna array with a well defined end-fire radiation pattern.  An important advantage of the novel 
quasi-Yagi antenna designed in the X-band is its ability to be scaled linearly to any frequency band.  This paper 
presents simulation results of a scaled quasi-Yagi antenna designed to operate around 2 GHz using Agilent High 
Frequency Structure Simulator (HFSS) software.  The antenna designed to form part of an antenna array for 
multiple antenna measurements radiates an end-fire fan beam pattern with bandwidth of 50 % for VSWR< 2.  The 
simulation results show that the antenna exhibits a good front-to-back ratio better than 18 dB and cross polarisation 
level of less than -20 dB. 

 
1. Introduction 
 
Multiple antennas have become an essential part for channel characterisation systems.  Measurements using multiple 
antennas provide angle of arrival information, and data necessary for the design of smart antennas and spectrally efficient 
systems such as multiple input multiple output systems.   Assessment of frequency division duplex channels requires 
broadband directive antennas, with low cost, and high efficiency.  Currently used planar antennas such as microstrip patch 
antenna are low cost and easy to fabricate but are inherently narrowband.  Although there are many techniques that can be 
used to enhance the broadband design this comes at the expense of other antenna parameters.  Such techniques can be 
obtained using multi-layer stacked configuration with aperture coupling patches or by introducing parasitic slots inside 
the patch.  However, employing these techniques will increase the cost and add complexity to the system 
 
Although end-fire antenna arrays such as Vivaldi and other types of linearly tapered slot antenna can offer wider 
bandwidths than traditional microstrip antennas they have larger electrical size and are difficult to match over the entire 
band using traditional feeds.  This adds complexity, which causes the frequency response to be reduced.  
 
The uniplanar quasi Yagi antenna has been developed to give low cost, low weight, and easy fabrication with broadband 
performance [1].  The proposed antenna has low mutual coupling making it a popular candidate for phase arrays.  The 
antenna is a single layer printed dipole antenna fabricated on a high dielectric constant and is fed through a microstrip -to- 
coplanar strip transition and uses a truncated microstrip ground plane as a reflector.  Important features of this antenna are 
its simple structure and capability of being linearly scaled to any frequency band. 
 
The principle of operation of the uniplanar quasi-Yagi antenna is reported in [1-4].  It utilises a similar principle like a 
traditional Yagi-uda dipole antenna array.  In this design the ground plane is used as a reflector element.  The quasi Yagi 
antenna with a director and driver element is printed on high permittivity substrate giving an end-fire radiation pattern. 
The truncated ground plane on the bottom of the substrate acts as a reflector element.  The antenna is small size and 
compact compared with Vivaldi and tapered slot line, and is fed by a standard microstrip line, which makes it easy for 
integration with other microwave devices.   
 
This paper reports on the scaling of the X-band quasi-Yagi antenna to produce a broad bandwidth antenna operating near 
2 GHz.  Agilent HFSS simulation is used to calculate the return loss input impedance and the radiation patterns. 
 
2.  Single element antenna structure 
 
Figure 1 shows a schematic geometry of the uniplanar quasi-Yagi antenna.  It consists of a printed dipole director and a 
driver dipole fed by a broadband microstrip -to- coplanar strip transition.  The overall dimension of this antenna is less 
than half wavelength in size.  The design parameters of the 10 GHz X-band antenna given in reference [1] were scaled by 
a factor of 5 to realise the 2 GHz band antenna assuming a single layer substrate of the same dielectric constant of 10.2 
and 3.175 mm thick.  The characteristic impedance and the effective permittivity of the microstrip line were also to be the 
same and equal to 50 Ω and 6.8433, respectively.  The antenna is fed from a conventional 50  coaxial connector Ω



through broadband microstrip -to- coplanar strip transition.  The dimensions of the proposed antenna are as follows (unit 
in mm): W1 = W3 = W4 = W5 = Wdri = Wdir =3, W2 = 6, W6  =  S5  = S6  = 1.5, L1 = 16.5, L2 = L5 = 7.5, L3 = 24, L4 = 9, Sref  = 
19.5,  Sdir  = 15, Ssub= 7.5, Ldri =  43.5 and Ldir = 16.5.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Schematic drawing of Uniplanar Quasi Yagi antenna [1] 
 
3. Simulation Results and Discussion  
 
The analysis and design procedure is based on the full-wave electromagnetic solver based on Agilent HFSS simulator. 
The calculated (simulated) results for input return loss (amplitude and phase) against frequency are shown in Figure 2. 
From the figure we notice the antenna provides a broad bandwidth of about 50 % for VSWR < 2.  The antenna is well 
matched and has a gain of about 5 dB over more than 50 % bandwidth (1.6 to 2.6 GHz).  Figure 3 shows the calculated 
input impedance of this broadband antenna.  Figure 3.b shows that the variations are less than 1 Ω over 1.6-2.6 GHz.  
Figure 4 shows the calculated far field radiation pattern in the E and H-plane including the co-polarization and cross-
polarization at 2 GHz.  The radiation pattern indicates a well-defined end fire with front to back ratio of more than 18 dB 
and cross polarisation level of better than -20 dB.  The simulated results of the antenna radiation pattern showed that the 
radiation pattern is well stable over the operating band. 
 
A single antenna was realised and its characteristics were evaluated using a network analyser.  The measurements were 
consistent with those of figures 2 and 3. 
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Figure 2.  Agilent HFSS simulation for input return loss (a) magnitude, (b) phase  



 

(a)          (b) 
 

Figure 3. (a) Locus of antenna impedance (b) Variation of input impedance as a function of frequency 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                     (a)                                                                                                       (b) 
 
Figure 4. Calculated radiation pattern at 2-GHz (a) E-Plane, (b) H-Plane.        Co-polarisation,      Cross-polarisation. 
 
 
4. Application of Quasi Yagi Antenna in UMIST Channel Sounder for Angle of Arrival Estimation 
 
For several years UMIST has been carrying a program of research into characterisation of the mobile radio channel at 2 
GHz.  Recently, the dual band channel sounder was upgraded to an 8-channel parallel receiver [5].  At present the sounder 
has six antennas, which are used to estimate the angle of arrival in the azimuth plane.  The advantages of quasi Yagi 
antennas in terms of broad bandwidth low profile, end fire antenna, low mutual coupling makes it a popular candidate for 
phased antenna array that is suitable for mobile application. 
 
As far as azimuth plane is concerned a number of antenna array configurations such as linear and circular have been 
considered.  It was decided to use the circular uniform beam array (CUBA) geometry in the estimation of the angle of 
arrival.  In order to enhance the angular resolution of the sounder an array of eight antenna elements will be used to cover 
360-degree azimuth with 45 degrees interval.  Current work is concerned with steering the antenna beam using electronic 
phase shifter in three positions resulting in 24-beams for eight antenna elements.  



5. Conclusion 
 
A Uniplanar quasi-Yagi wideband antenna operating near 2 GHz realised on a thick substrate and high dielectric constant 
is successfully demonstrated using Agilent HFSS simulation.  The antenna has a simple structure, compact and easy to 
fabricate.  It provides a well-defined end-fire antenna, which makes it well suited for use in base stations of wireless 
communication systems, electronically steering phased arrays and power combining application. 
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射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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