
A 2.4GHz Omni-directional Horizontally Polarized Planar 
Printed Antenna for WLAN Applications 

Absrrnd - This paper p r i r s m  the design simulafion. mplsmm!, and mea~uremenf of r 2.4GHz omni-dasstional 
hatiiontally polarized planar ptinfrd anmm for WLAN applisstion. The HFSS 3.0 EM simulator is  uicd far design 
simulation. The antenna 1s fabnraced on a double-aided FR-4 printed circuit b a d .  The anfcma patism m~~wements  
am performed for &e antenna i s  alone in hss ~pacr ,  printed on a PCMCIA card, and that insened imide a natehoak PC. 
In  addition Lo be used a l m t  for a ho6zonrally polarized mtcm, it c m  be dm a part of  a diversity m1ema. 

1. I ~ T R O D U C ~ O N  
In the urbrn or indoor *~irslcir ~nvironment, rRer complicated multiplc reflection or icm-g, the polarization of 

the propagrtmg radio wave may change iignitirantly Ar rcpoctid in [11[2] that, although many current wireless system 
are veflicrlly polarized. ~f har been predicted that wing horizontally polarized MCm" I bo& the transmitter and 
receiver wil l  r~sul t  m IOdB m m  power (in the median), a compared to fhc power received using venically polanzed 
m t m "  at both end of  the link A printed IFA (inverted-F antema) is 8 popular choice to be ured in a WLAN c x d  
[ 2 ] .  The dominant polarization of  an IFA piinled on II PCMCIA c u d  and placed horizontally (to be insmed imide a 
naiebook PC) IS hasisally horizontal (and has 8 cenain degree o f  omnidirectional H-plane panem). In this papper a 
horizomally polanzed planar anfcnnil whish uses the Alford-hap-rfrucfurr [31[41 to achieve an omni-directional paffem 
~ r d c n m e d  for 2.4GHzWLAN appiicuionr. 

2. ANTEhW DESIGN 
In order Io achieve hatirontally polarized radiation. s loop antema i s  a suitable chaise. A loop antema with a 

uniform currenl distribution wdl hrie an omnidirectional patfem. However, a small loop antenna will have r very smal l  
rrdirtion reairtanse and P high reactance. Ths w111 cause dimcult impedanss marching problem. A larger Imp a n t m a  
WIII have a rrrionnblr radiation resistance. But the a n l ~ m a  current dirtnbvfian along the loop becomes nonunif" and 
hencc could not yield a desired omnidirectional pallcm. To design a loop antenna with an amnidirectional paffem and 
an acceptable mpuf impedance machmg becomes r design challenge. In [31 the Alford loop S " ~ E  [4] i s  adopted to 
design il 900 MHz planar prinrcd om>-dsscfionnl horizanfnlly polarirsd a n t c m ~ .  Here the s m e  ~vvsfurs IS u e d  for 
2.4 CHI design. As sham in fhs Rg.  I (Isfi), r pmfed " 2  svlp is on the top planc and the other one is on !he bonom 
plane The ' ' 2  svlp an the banam plane IS amngcd 10 rurh a manner that. the "am" is mapped 10 rhat of the "2 sfnp 
an the Lap plane rhraugh tho subslrarc. And h e  '"wings'' offwo '"2 snip form a "loop"-rype S I N C ~ C  (though rsparated 
by the rubzunle). The "wmg'' length of the Alford loop is of the order of s qunfler dwavelen@h A connector linked 
the top and bonom ivlp IS located I the center oflhr "am". 

Due to 4 " x e  symmetry. the antenna current disvlbvtion on W O  strips will have ths same magnitude and 180- 
degree phase difference This is illuirratrd m Fig 2 (IeRJ Sinee the (subskale) distance hetween the lop and bottom imp 
is very I ~ I L  the radiation of <he antenna ~urrent along the "am" vi11 cancel by each other. The currents an two "wings" 
of each " 2  rmp eifabliih il rectangular "loop''-rypc cumm dirvlbution. This "loop"-lype current disinburivn will radiate 
a ho6zonmlly polanzed ways and is expected Io have m amnidirectional paftsm, B illuirralcd in 2 (right). 

SMA COnnCCIOI 

Fig I. lllu~iriltmn and HFSS rchcmiifici ofa planar printed AIfoid-loop antenna 



The required dimension of the "2 strip, such as, the length and widlh of the "m" and Ihs "wing", rhauld be 
cm'eiully d s i i p e d  for good antenna impedance match a the dcrired frequency band. Tho length of the ''wing'' is 
appronmafely a gwrter-wauclcngth long. However, the exact length and width are remained to be fine tuned. The bason 
HFSS ID-FEM slmulat~r IS used for the design simulation. Fig I (right) shows the HFSS schematics of a planar printed 
Alford-Imp antenna. The antenna cumznf dlmibut8on. hmpput impedmce. and pol-atmdrrdiauonm panems c m  be 
compured. 

3. SIMULATED AYD MEUURED RESULTS 
Fig. 3 (right) shows s phologaph of the d s i i p s d  antenna fabnsatcd on r FR-4 PCB substrate with r I-. 

rhicherr. A SMA connr~tor is used to conncst the central feed pomf of the fop and botlom " 2 ~ t t i p s  This is for 
design vetifisarion. Far practical WLAN card with a PCB thickneis of 6 mil, the designed printed antenna c m  be mush 
m " l e i .  The mensurd VSWR is 1.31 at 2.545 CHI. Fie 3 ileni shows the simulated antenna current dirlnhurion at 

I . .  
2.45 GHz. Fig. 1 shows the iimulsed and measured radiation panemr of & field (homanral polanration) at 2.45 CHI. 
As expected the H-plane pmem has m om>-dircslionnl horimncrl polanration (E.) field. The measured average 
anfrma gain of the E. ficld in H-plane 13 -3 92dB1 at 2 545GHz and is l5dB p a t e r  than rhr E. field. Fig. 5 shows the 
HFSS rimulatcd antenna c u m n t  distribution of a 2.4 GHz printed Alford loop mbma on a simulated WLAN 
(PCMCIA) c u d .  The i l f o r d  loop antenna 13 ptimed an a FR-4 PCB board (120mmxSlmm), which hm the same 
dimenilon e( a PCMCIA sard, wafh h e  ground plane on the bonom lo rhrre with other c i r c ~ i t  ~amponsntr on fhs ssd. 
The simulated and msaruied paitems of E, field (honiontrl polarization) are shown in the Fig. 6. The mrarurcd werage 
antenna grin of the E. field in H-plane i s  -8 .24dB~ whish is about 4 dB ls3r than that (-3.92dBi) of a ptinted Alford 
Imp mknna. The sffcct of the large ground plans of the PCMCIA card should be taken into comidemuun for the 
design of this hariiontally PalKlred planar pnnied antenna far WLAN application Fig. 7 ihowr ths measured H-plane 
paffems af a pmted  Alford loop m e m ,  which is stand-alone. on 8 simulated PCMClA card. m 08 a simulated 
PCMCIA card and Imiened inside r notebook PC. I t  can be obrcrvcd hat thsrs is about more than 15 dB anenvation of 
the gain paffem in the oppmifc direction (-i direction) ofthe PCMCIA dot on the nowbook PC whsn the antenna sad 
i s  insefled inside fhc notebook PC. The measured average H-plane anmm gain ofthe E, held 15 -12.13 dBi. To reduce 
the attenuation effect of the nateboak PC housing on the m t ~ n n 8  performance i s  needed for fuc&fher study. 

Table I Measured H-olane antenna idins af a 2.4 GHz orinnfed Alford IWD antenna vanow sonditianr. 

4. CONCL~~SION 
The & r i p  simulation. fabtisatmn, and m~a~uremeni of r 2.4GHz onm-dinctional harinontally polarized planar- 

pnnfcd anfenna are presented for WLAN application. If has been pcsdickd that bring horimntally palanzed antenna U 
both the transminer and receiver wi l l  remit in IUdB m m  power (in the medlan), aj compared to the power received 
using ~ectically polarized antennas a! both end of Ihs l ink The antenna is fabricated on a dovblciided F R 4  printed 
cwcuif board for desi@ verification. To simulate !he anIcnna on a WLAN (PCMCIA) card. the s8me anien_ i s  primed 
on a FRA PCB board (12Ummr54mm). whish has the  me dimemion as rhc PCMClA card with the ground plane on 
the bottom fa share with orber cirsu~t cnmpancntr on the sad .  The meajured werage antenna gaim of the E, h d d  in H- 
planc for a printed Alford loop antenna which i s  P I V ~  in h e  space. printed an a PCMCIA card. and that inleifed imide 
a notebook PC. SE -1.92, -8 24. and -12.13 dBi, reiprctively. Also, when P printed Alford Imp ante- on a simulated 
PCMCIA is inserted inside r norehook PC, there 13 about more than I5 dB menuation ofthe gain pmcm m rhc oppoiilr 
dlrccfion of the PCMCIA slot on rhr notebook PC. The effect of the large ground plane of the PCMCIA card and the 
menuation effect of the notebook PC housing should be taken info consideration for the anfemr design for WLAN 
L'ppliCZtiO"3. 
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E.--- + 
Fig. 2 
prlnlcd Alford loop mlemr 

llluitrarionr of fhc current dismbumns and honzonmlly polrciicd amni-dlrcclinnal pllems of a planar 

Flg. 3 .  Simularrd cumem dirmbutm and photosaphs of8 fabricated planar prmt'ed Alford-loop antenna. 

,a> 0 
Rg. 4. 
(a) E-plane (b) H-plane. 

Simulated and memured irdiafion pallems ofE. field (horkootal polmnmtion) at 2.45 CHI. 
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Fig. 5 .  
iimulat~ 8 WLAN (PCMCIA) sard and a photognph of a realized antema (right). 

HFSS rimulatedrntcmr curreot dirttiburion (I&] of a 2 4 GHz pnmcd Alford loop antenna on r PC8 board Lo 

Fig. 6. 
simulaled PCMCIA w d  at 1.45 GHz: (a) E-plane. (b) H-plane. 

Simulated and measured patffmu of & k l d  Olorirontll polarization) of a pnnled Alford loop antenna on a 

Fig. 1. Murued H-plane pmemi of E. ficid ( b " a l  polarilation) of a pimated Alford loop antema, which ,I aionc, 
m a  simulated PCMCIA sard, or on a simulated PCMCIA card and inrertsd inside a notebwk PC, nt 2.45 G b  
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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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