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ABSTRACT: A novel high frequency ratio of about 180 for dual-frequency Radio Frequency Identification (RFID) 

antenna with two different operation mechanisms (near field and far field operation) is proposed. The proposed antenna 

is obtained by printing a rectangular-spiral-shaped and a meander-shaped line, which is placed above on a rectangular 

microwave substrate as a RFID tag’s antenna where its ground plane is at the bottom of substrate. The proposed antenna 

is fed by a 50 Ω microstrip line printed on the same substrate, and the antenna’s two resonant frequencies can be excited 

with good impedance matching. Closer to omni-directional radiation patterns and the lower cross-polarization levels (at 

least 25-dB) are also obtained. 

 

INTRODUCTION 

 

RFID systems are tremendous growth due to their wide application field, such as access control, baggage tracking, 

smart card, pet tracking etc. In these applications, data are contact-free transferred to a local querying system from a 

remote transponder (tag) including an antenna and a microchip transmitter. A proper antenna to these tags must have 

low profile, small size and low fabrication cost [1]. It is necessary to achieve more functional antennas for the rapid 

progress in wireless communications, however, most workers have been done in single frequency [2-5] but none discuss 

on dual-frequency with different operation mechanisms. In this paper, we propose a promising design of a high 

frequency ratio RFID antenna (see Fig. 1) for dual-frequency operation with different operational mechanisms. The 

proposed antenna has the same low-profile and low cost characteristics. The proposed antenna is easily obtained by 

printing a uniform microstrip line into a rectangular-spiral-shaped portion and a meander-shaped portion. With the 

proposed design, the antenna’s two resonant frequencies can be excited with good impedance matching. The two 

resonant frequencies also have the same nearly a monopole-like radiation pattern. Prototypes of the proposed antenna 

have been successfully constructed. Details of the proposed antenna and experimental results of the prototypes are 
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presented and discussed.  

 

Antenna Design 

  

The geometry of the proposed high frequency RFID antenna is shown in Fig. 1. It has a dimensions of L × W, and 

consists of a rectangular-spiral-shaped portion (for near field operation) and a meander-shaped portion (for far field 

operation) fed with a 50 Ω microstrip feed line. In this study the rectangular-spiral-shaped portion is selected to be a 

uniform line having width and gap of W and G, respectively. The grounded substrate has a thickness of h and relative 

permittivity rε , on which a ground plane with dimensions of Lg × Wg is printed in the bottom of microwave substrate. 

It is used as a circuit board for another design consideration for designer to integrate with their own designs in order to 

extend the antenna acceptance in different applications or markets to increase the RFID antenna’s value.  

The rectangular-spiral-shaped portion is centered above the microwave substrate, with a shorting pin and feed position 

at point B (has the length of L1 from point A to point B) and C (has the length of L2 from point A to point C), 

respectively. The meander-shaped portion is composite with feed network component (including L3, L4, L5, L6 and L7) 

for achieving good impedance matching for the proposed dual-frequency operation and a fixed length antenna arm with 

uniform width except the end section which has rectangular shape for adjusting resonant band width. The optimal 

dimension of end section is found in the present study to be about 4×2 mm2. 

 

EXPERIMENTAL RESULTS AND DISCUSSION 

 

Prototypes of the proposed antenna were constructed and studied. The inexpensive FR4 substrate rε = 4.4, h = 0.4 mm 

with a ground-plane size of 19×43 mm2 were used in the study. Fig. 2 shows the measured return loss of the constructed 

prototypes of rectangular-spiral-shaped portion operation at f1 (13.56 MHz), and Fig. 3 presents the measured return 

loss of meander-shaped portion operation at f2 (2.45 GHz).The impedance bandwidth (input return loss > 10 dB), 0.75 

% for the frequency f1 and 5.5 % for the frequency f2 has been obtained. The frequency ratio in this design 

dual-frequency operation is about 180. The rectangular-spiral-shaped portion and the meander-shaped portion had a 

total length of 2573 mm and 31 mm, respectively. The corresponding resonant frequency characteristic using in RFID 

are also listed in Tab. 1 for reference. The radiation patterns characteristics were also studied. Fig.4 show the measured 

radiation patterns at the centre operating frequencies of f1 and f2, respectively. Measurements at other frequencies within 

the two operating bands were also conducted, and the measured results across each operating band showed similar 

radiation patterns as those given in Fig. 4 (x-y plane shows here only and the rest will be present at symposium). From 

the measured results, it is seen that, in the x-y plane, the radiation patterns are closer to omni-directional radiation 

patterns and the cross-polarization levels are at least 25-dB lower. Also, the proposed antenna nearly shows a 

monopole-like radiation pattern. 

 

CONCLUSIONS 

 

A high frequency ratio RFID antenna has been proposed and studied. The two operating frequencies are associated with 
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the rectangular-spiral-shaped portion and the meander-shaped portion, with the length of the proposed being about 

0.23λ and 0.5λ, respectively. Owing to the printing of the proposed antenna at an appropriate arrangement, the excited 

resonant frequency ratio is about 180 with two different operation mechanisms using in RFID antenna. Relatively 

bandwidths of the two frequencies are about 0.75 % for the lower operating frequency and 5.5 % for the higher 

operating frequency, it is enough for RFID tag’s antenna application.  
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Fig. 1 Geometry of the proposed high frequency ratio antenna for RFID tags; εr  = 4.4, h = 0.4 mm, L = 80 mm, 

W = 50 mm, Lg = 48 mm, Wg = 19 mm, W = 0.6 mm, G = 0.2 mm, L1 = 80 mm, L2 = 150 mm, L3 = 5.3 mm ( W = 0.4 

mm ), L4 = 5.3 mm, L5 = 3.3 mm ( W = 0.4 mm ), L6 = 10 mm, L7 = 3.7 mm.(W = 0.7 mm, W = 2.1 mm) 
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Fig. 2 Measured return loss against frequency              Fig. 3 Measured return loss against frequency 

at 13.56 MHz.                                       at 2.45 GHz. 
 

Tab.1: The corresponding resonant frequency characteristic using in RFID system 

 

 

 

 

Fig. 4 Measured radiation patterns of the proposed antenna. 

Frequency range operation mechanisms applications 

<135KHz LF Access control, animal tracking etc. 

13.56MHz  
proposed antenna 

HF 

Inductive Coupling 

(near field) Smart cart, item level, tracking etc.  

433.92MHz 

860-930MHz 

UHF Pallet level, tracking, container 
tracking, item level tracking etc. 

2.45GHz 
Proposed antenna 

5.8GHz 

Microwave 

 

Backscatter Coupling 

(far field) Item level tracking, baggage handing 
ect. 
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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  

 

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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