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Abstract 
 
Conformal shaped multi-band PIFAs, with a single feed, are introduced. The first 
antenna, semi-circular PIFA, operates in the iDEN ( 806 – 875 MHz) and GPS bands. 
The proposed semi circular PIFA exhibited peak gain of > 1 dBi in most of the iDEN 
band, and 1 dBi in GPS band.  Two embedded antenna designs, one for AMPS/PCS dual 
band and the other for GSM/DCS/PCS tri-band, and their results are reported in this 
paper.  
 
Introduction 
 
Apart from extensive utility of PIFA [1] in commercial cellular communications, PIFA 
continues to find its usefulness in many other systems applications such as WLAN[2]. In 
the majority of the research papers on PIFA, the contour of the radiating element has 
mostly been restricted to either rectangular or square shape. One of the objectives of this 
paper is to consider the radiating element of the PIFA with a contour that is conformal to 
the communication device. In this paper, radiators of two different configurations are 
considered and they are (a) Semi-Circular shaped radiator for iDEN/GPS bands, and (b) 
Embedded PIFAs having the contour of a back-housing of a typical cellular handset and 
exhibiting cellular dual and tri band performance. There seems to be no work reported on 
semi-circular PIFAs (either single or dual band) in open literature. However, the 
publications[3,4] on circular microstrip antennas are of some relevance to this paper. 
While conventional Micro-strip antenna designs are based on  half-wavelength of  
operation, the PIFA designs invoke the quarter-wavelength operation. The quarter 
wavelength of  PIFA operation is due to the connection of the radiating element to the 
ground plane through a shorting strip or pin.   
 
 
Recently there has been a requirement for a cellular handset to support dual frequency 
operation comprising iDEN (806 – 875 MHz) and GPS (1575. 4 MHz) bands. An easy 
recourse is to have two radiators with two separate feeds to achieve dual resonant 
frequencies. However, the problem of using two feeds is the associated poor isolation 
between the feed ports that significantly reduces the antenna gain in both iDEN and GPS 
bands.  This paper extends the scope of using a single feed for dual- band semi circular 
PIFA design and the advantages of the proposed design are: the absence of isolation, 
enhanced antenna performance in each band and reduced cost in view of the avoidance of 
extra hard-ware for two feeds. In an alternative design configuration of dual or multi 
band conformal PIFAs, this paper proposes embedded   PIFAs with radiators conforming 
to the contour of the back-housing of a typical cellular handset.  One of the advantages of 
the embedded PIFAs  is the lack of need of a separate dielectric carriage, which normally 
degrades the efficiency of the antenna. The proposed embedded PIFA allows its 
formation as an integral part of the back housing. The radiating element of the PIFA 
conforming to the contour of the device also enables the optimum utilization of the 
available volume ear marked for the internal antenna  
 



 
 
Antenna Configuration and Results  

 
In this dual band semi circular PIFA design (Figure 1), the feed and shorting pins, aligned 
along a straight line, are located at the extreme corner of the PCB. A J-shaped slot with 
its slot opening along a direction orthogonal to the line joining the feed and the shorting 
pins is formed on the radiating element. The attempted step discontinuity in the width of 
the J-slot at selective locations enabled to realize enhanced resonance performance of the 
PIFA and the resulting slot structure appears to resemble a frequency selective surface. 
The curved portion of the semi circular dielectric carriage is located at the top end of the 
PCB and the straight or flat section of the carriage lies in close proximity of the battery 
position. The single feed dual band semi circular PIFA designed with the above 
configuration has a VSWR of <3.0:1, in both iDEN and GPS bands, as shown in Figure 
2. The proposed semi circular PIFA exhibited peak gain of > 1 dBi in most of the iDEN 
band (as shown in Figure 3a), and 1 dBi in GPS band (as shown in Figure 3b). 
 
In the second design configuration, two different single feed embedded PIFAs - one with 
a  AMPS/PCS dual  band response (as shown in Figure 4a) and the other GSM/DCS/PCS 
Tri band  response (as shown in Figure 4b) have been designed.  The feed and shorting 
pins of the embedded PIFA are placed along the major axis of the radiator to get 
maximum performance of the antenna. The formation of a  T- shaped slot  with its open 
end in a direction perpendicular to  the line connecting the feed and shorting pins  realizes 
the quasi physical partitioning for  multi band operation of the PIFA.  
 
Conclusions  
 
Although the proposed semi-circular PIFA design has been done for iDEN/GPS, it can be 
used for other frequencies of interest. Through the choice of an unconventional 
configurations such as J-Shaped or T shaped, the potential advantage of introducing the 
steps within the slot to realize non uniformity of the slot width was  proposed. The 
resulting slot structure with non-uniform width resembles a  frequency selective surface 
and thus enhancing the performance of the antenna. This paper demonstrates  the  
feasibility design of an embedded single feed multi band PIFA with out necessitating a 
supporting dielectric carriage. 
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Figure 1. Single Feed Dua l Band Circular PIFA

Figure 2: Associated VSWR 
plot of Semi-Circular PIFA 

Figure 3a: Showing 
Peak and Average 
Gain (dBi) across 
iDEN Band of Semi-
Circular PIFA 
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Figure 3b: Radiation 
pattern in GPS band of 
Semi-Circular PIFA 

Figure 4a: Dual band 
(AMPS/PCS) response 
of a Single Feed 
Embedded PIFA 

Figure 4b: Tri- band 
(GSM/DCS/PCS) 
response of a Single 
Feed Embedded PIFA 



 
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 

 
 

专注于微波、射频、天线设计人才的培养 

官方网址：http://www.edatop.com 易迪拓培训 
淘宝网店：http://shop36920890.taobao.com 


