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Design of low-sidelobe circularly-polarized microstrip array
for RFID readers
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Abstract A low—sidelobe circularly．polarized(CP)microstrip patch array for 2．4 GHz radio行equency identification(RFID)
readers is presented．The antenna array with a Chebyshev current distribution is composed of 6 microstrip elements．The CP

operation is obtained by the quasi。square patch with di能rence in lengths of the two sides．The antenna has been investigated
numerically and experimentally．Measured results show that the array has a Chebyshev pattern with the sidelobe level of

-23 dB，the half-power beamwidth of 16。and an impedance bandwidth(S11≤一10 dB)of 130 MHz，which is suitable for
RFID reader apphcations．
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Introduction

The radio frequency idcntification(RFIDl systenm

for tracking and controlling goods and products have

been growing rapidly in many application areas．The

growing development of RFID systems re<tuires more

advanced RFID transponders and readers[1-31．Reader

units are usually placed where they can perform effi-

cient transponder interrogation．RFlD readers are b争

coming more and more advanced with more efficient

anti—collision procedures，wider bandwidth and greater

data filtering capabilities that allow fast and effective

integration of RFID readers(systems)into presenting
IT systems．
For some applications where the objects to be iden-

tiffed are lined up at a certain distance，low sidelobe

and narrower beamwidth are required in the accurate

and efficient RFID reader system．This problem can

be solved if a Chebyshev array is used．by whom the
low sidelobe level with narrower beam call be achieved．
For the design of microstrip antenna array with low
sidelobe，usually the aperture coupling feed design is

preferredtaJ because the feed network can be distributed
beneath a metal screen which shields the spurious radi—

ation from the feed network．However．this results in a

three-layered structure that seeins somewhat bulky for

the RFID applications．

In this paper，a 6-element coplanarly—fed circularly
polarized microstrip patch array for RFl D reader is pro-
posed．which is of】ow sidelobe and narrower beam．The

design and experimental results are presented where-

after．

1 Antenna design

Fig．1 shows the configuration and the equivalent cir—

cuit of the antenna．In order to realize the circularly-

polarized(CP)operation，the antenna element is a

quasi—square patch with difierence in lengths of the two

sides．Each patch is corner—fed by a section of Az／4 mi-

crostrip line connected to the coplanar feeding network．

Each patch is carefully tuned to achieve a better CP

performance．
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《b)Equivalent circuit ofthe right part ofthe antenna

Fig．1 Configuration and equivalent circuit of the proposed
antenna

The 6-element antenna array is designed to obtain

a Chebyshev pattern with-27 dB sideiobe level．Its

current ratio of each side of the array is Ix：／2：／3=

1：0．709：0．345．Fig．1(b1 shows the equivalent circuit of
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the right side of the array，in which the characteristic

impedance of each section of feed line is determined by

the desired current ratio and the corresponding width

is then calculated．The antenna iS fed by a 50‘2 coax

connector on the middle of feed network．The relation—

ships of the current distribution and impedance express
as follows【4l=

=n1．

=n2-

耻2耽=2之凳)2啪+前州4№4，，

(1)

(2)

(3)

where×n and虼refer to the input admittance of the
array and the patch，respectively．The resistance of

feed lines are磊3=100 Q，磊4=84．2 Q，Zc5=100 Q，
磊6=69．8 Q to minimize the discontinuity of the feed

lines．磊l=100 Q，Z岛=69．8 Q are used to achieve 50 Q

input resistance on the middle of feed network．The

width of each section of the feed Iine iS optimized to
ensure the accurate excitation'of every element patch
in terms of the current amplitude and phase after the

preliminary designl5j．The simulation design for the an—

tenna was carried out by using Ansoft HFSS V．10．0．

2 Experimental results

As shown in Fig．2．a 1×6 array antenna was fabri-

cated on a 500 mm x 1 00 mm substrate with relative per-

mittivity of 2．78 and thickness of 2 mm．Its return lo鼹

was measured by the network analyzer Agilent 8722ES．

Fig．3 shows both the simulated and the measured return
loss．The measured results show that the array has all

impedance bandwidth(for S】1≤-10 dB)of 130 MHz．

Fig．2 Photograph of the antenna

Frequency／GHz

Fig．3 Return loss of the antenna

The simulated result agrees with the measured one in

trend but with a frequency shift of about 100 MHz，

which iS probably because of the inexact relative per-
mittivity and fabrication error．

The far field measurement Was performed in an ane-

choic chamber．Fig．4 shows the measured radiation pat-
terns．The sidelobe level of-23 dB at the desig-Il fre．-

quency of 2．4 GHz and一19 dB at 2．47 GHz are achieved．
A gain of 1 1．2 dBi at 2．47 GHz iS measured．which is

enough for the RFID reader applications．

The measured polarization radiation pattern is
shown in Fig．5．
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Fig．4 Measured radiation patterns
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Fig．5 Measured polarization radiation pattern

According to the theory

tion of circular polarization

of perturbation，the condi-
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a8 follows【6l：

(4)

(5)

where Qr，Qd，Qc and Qsw refer to quality factors of rat-

diation，dielectric，conductor'and surface wave，respec-

tively．Our simulation is based on the dielectric loss

tangent of tan6=1／Qd=o．02．(5)can be worked out
as follows：

虿1=。．。369．

Fig．6 shows the simulated and measured axial ratio．

It iS noted that there iS a 3 dB to 4 dB disagreement be-

tween the simulated and measured results．Some simula-

tions with different dielectric loss tangent were made to

find the reason of the disagreement．As shown in Fig．6，
the axial ratio performance worsens Ofr when the actual

dielectric lOSS tangent is 0．01．The dielectric loss tangent

has a significant effect on the axial ratio and the qual-

ity factor of the antenna．Ther(jfore the disagreement in

the axial ratio may come from the inexact dielectric loss

tangent．

a，(。)

Fig．6 Simulated and measured axial ratio

3 Conclusion

In this paper，we presented a low sidelobe，nar-

rower beamwidth and circularly polarized microstrip

patch array for 2．4 GHz RFID readers．With a sire-

pie and lOW cost structure．the antenna shows both good

impedance and radiation performance．Measured results
showed that the array has a Chebyshev pattern with

sidelobe level of-23 dB．the half-power beamwidth of

160 and an impedance bandwidth(S1 1≤一10 dB)of
130 MHz．AII these make the design suitable fSr RFID

reader applications．

R奄ferences

【1】LIN Z M．A 3 patch near field antenna for conveyor
bottom read in RFID sortation印plication fC]／／IEEE
Antennas and Propagation Society International Sym-

posium，Albuquerque，NM．[S．1．】：IEEE Press，2006：
1043-1046．

【2】QING X M，YANG N．2．45 GHz circularly polarized
RFID reader antenna【C]／／The Ninth International
Conference on Communications Systems，Singapore．

【S．I．1：IEEE Press，2004：612-615．

【3】PADHI S K，KARMAKAR N C，LAW C L．Dual polarized
reader antenna array for RFID application【C]／／IEEE
Antennas and Propagation Society International Sym·

posium，Columbus OH．【s．1．】：IEEE Press，2003：265-
268．

141 ZHONG Shun—shi，ZHU Chun．hui，LIu Jun，et a1．Anal-

ysis and design of a low-sidelobe microstrip array IJ】．
Journal of Shanghai University fNature Science Edi-

tion)，1995，6(1)：68吣88(in Chinese)．
f5I POZAR D M，KAUFMAN B．Design considerations f．or

low sidelobe microstrip arrays|J1J．IEEE nans Anten-
has and Propagat，1990，38(8)：1 176 1185．

【6】ZHONG Shun—shi．Microstrip Antenna Theory and Ap-
plication【M】．Xi’an：Xidian University Press，1991：
134—135(in Chinese)．

(Editor PAN Chun—zhi)

一

w』轨
+

。一轨
+

土铂
●一Q+

+1～玉H三g

≈

|l

口一b

l—Q

 万方数据



 

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  

 

如 何 学 习 天 线 设 计 

 

天线设计理论晦涩高深，让许多工程师望而却步，然而实际工程或实际工作中在设计天线时却很

少用到这些高深晦涩的理论。实际上，我们只需要懂得最基本的天线和射频基础知识，借助于 HFSS、

CST 软件或者测试仪器就可以设计出工作性能良好的各类天线。 

易迪拓培训(www.edatop.com)专注于微波射频和天线设计人才的培养，推出了一系列天线设计培

训视频课程。我们的视频培训课程，化繁为简，直观易学，可以帮助您快速学习掌握天线设计的真谛，

让天线设计不再难… 

 

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，可以帮助你快

速学习掌握如何使用 HFSS 软件进行天线设计，让天线设计不再难… 

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

CST 天线设计视频培训课程套装 

套装包含 5 门视频培训课程，由经验丰富的专家授课，旨在帮助您从

零开始，全面系统地学习掌握 CST 微波工作室的功能应用和使用 CST

微波工作室进行天线设计实际过程和具体操作。视频课程，边操作边

讲解，直观易学；购买套装同时赠送 3 个月在线答疑，帮您解答学习

中遇到的问题，让您学习无忧。 

详情浏览：http://www.edatop.com/peixun/cst/127.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 
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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 

 

关于易迪拓培训： 

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，一直致力和专注

于微波、射频、天线设计研发人才的培养；后于 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。 

 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验 

※ 一直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 

※ 视频课程、既能达到了现场培训的效果，又能免除您舟车劳顿的辛苦，学习工作两不误 

※ 经验丰富的一线资深工程师主讲，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 

 

 
 
 
 
 
 
 
 

 

 

 

  


