WO 2011/ 091763PCT/ CN2011/ 070736 DI POLE ANTENNA Field of the Invention The
present invention generally relates antennae in radi o frequency

comuni cations and, nore specifically, to dipole antennae. 5Background of
the Invention Antennae are essential conponents in wreless apPIications.
To provi deWa20aHP¢tha that can fit into a conmpact or h&&AKERYLEEIce such
as cell phones, renote controllers, conpact global positioning system (GPS)

receivers, walkie-talkies, etc., it is comon to nanufacture antennae as
part of a printed circuit board (PCB). Technically, such an antenna tends
to be 10 fed by a "mcrostrip', p\WhEhaAngr structure conprised of a

ground plate | ocated under a signal trace wmth the width of the ground

pl ate being about ten tinmes the width of signal trace. Such an antenna is
typically a nonopole antenna, an inverted F antenna, (IFA), or a planar
inverted F antenna (P1FA), in which the ground plate on PCB is an integral
part of the radio frequency (RF ‘e@éﬁiﬂéﬁlf%‘ﬂ‘“ﬁ%chani sm 15 The RE

transm ssion of such an antenna is affected by the RE ground plate
paraneters. Therefore, a user's hand, covering. the RFE ground.el.ement, of a
handnel ol sbiesg Sy R rly E S gt et YRR Mdency of
the devi@ére sptificati ftealpoicuntan®i i mes referred to as ground effect, ground
el enent effect, or hang effect in RF transm ssion. Specifically, the RE

radi ati on of the device may he partially absorbed by the hand hol ding the
device, thereby reducing the RF transm ssion efficiency of the device,

Feediqng the RE signal via a qﬂkﬁ%%%h“ﬁQE?mkangﬂ ant enna woul d reduce the
[ e

ground el enent effect, thereby roving t P transm ssi on perfornmance.
However, a co-axial cable is bulky and cannot easily fit into a conpact

g?\éi?g?:g‘g&ﬁt@mﬁe RfBs3MisNRnpohsht@ Bl i 18R appidaB&hdl N p¥EdEQd 2ni@hhifaReT | CN201
fit into a compact or handheld device such as cell phones, remote controllers, compact global

positioning system (GPS) receivers, walkie-talkics, etc., it is common to manufacture
antennac as part of a printed circuit board (PCB). Technically, such an antenna tends to be
10  fed by a ‘microstrip’, which is PCB structure comprised of a ground plate located under a
signal trace with the width of the ground plate being about ten times the width of signal trace.
Such an antenna is typically a monopole antenna, an inverted F antenna, (IFA), or a planar
inverted F antenna (PIFA), in which the ground plate on PCB is an integral part of the radio
frequency (RF) radiation mechanism.
15
The RF transmission of such an antenna is affected by the RF ground plate parameters.
Therefore, a user’s hand covering the RF ground element of a handheld device may
significantly affect the RF transmission efficiency of the device. Such effect is sometimes
referred to as ground effect, ground element effect, or hand effect in RF transmission.
20  Specifically, the RF radiation of the device may be partially absorbed by the hand holding the

device, thereby reducing the RF transmission efficiency of the device.

Feeding the RF signal via a co-axial cable to an antenna would reduce the ground element
effect, thereby improving the RF transmission performance. However, a co-axial cable is

25  bulky and cannot casily fit into a compact device with a PCB antenna. In addition, attaching



the co-axial cable to the antenna requires soldering that s al so
susceptible to reliability problens. Accordingly, it would be advant ageous
to have an RP device with stable RE transm ssion 5 efficiency. It is

desi r abl ewhomiitessievi ce to have an antenna wi t h hi ghp&/ENionaevss56SSi on
efficiency and small ground denment effect. It would also be desirable for
the antenna to be conpact. It would be of further advantage for the antenna
structure to be easy to manufacture and reliable. 10Summary of the

Enbodi ments The present invention proposes a dipole antenna w th hig

ef fi ci eheyrontl Icahle dp dumanternenisitiresfPEignS e i albe iseweptle & rdrelith poI e

ant ennag i 5L mpl e and cost efficient Furthernore, a dipole antenna in
accordance wth the present invention is conpact and can easily fit into a
handhel d devi ce such as, for exanple, cell phone, renote controller,

conpact , gl p ), [ , | Ki: etc. In
accorda%%g(gﬁ%% 9%bhhﬂ%b%9aﬁ¥$%ﬁ$hﬁﬁﬁéapégiﬁ%ﬁﬁavggs%%k:ﬁF?gﬁﬁgﬁgﬁgntenna

i ncl lidesffieiestivel B rdesirablebfo rth de\h@a/tmgavbl amsintgup feite hgh R tgesasdorsur f ace
opposit t.o eac ndu tiv for first

sur f ace® g?m§§FﬂB&F%r§§PPﬁée§ﬁB ?‘ﬁ%e &Wﬁdh§yﬁﬁbcﬁg }?§¥ |%%%?a%$§ce near a
first efthpaad lewhende boOfurthergdeantdge $dr thaditaink etucaratoieansiato rsaabetirend;
wherein the H& rst linear trace has a width, a second conductive strip
formed B Ei8lsecond surface of said dielectric substrate and. havi ng a
second linear trace near a first end and a bend form ng a second radiation
alin extendi ng substantially opposite to the first radiation arrn near a
secthd 25 end; wherein the é B of s ERbodiMs has a width substantially
equal to or greater than the width of the flrst i near trace, and a ground

el ement fornmed on the second surface of said dlelectrl subst r In
accor daheEricntingengprpeppws 2 dipglsainiant Wish high stiisicagppid IPW\%‘?Hnid(? mcf‘he first
l'inear fgacerhd edPsaiod Jriihé Hlp%fé%%flhh Ysemﬁﬁ)[e' :Hldhf@ﬁt &fikengt FurB@tidre t O Or
greater than about one eighth a wavel engt a radio frequency signal
to be tdipglspitenmdnmypcardace Mptbltbe pisseah acive 1% h@ne@b ifcan\ggsily fit into a

29114 0 [j.n GRREICLIMBcBdidHRl has a

I enés'i hgéaéggt anti a‘QIlsgslgheqa!aaﬁ}(ﬁ-r eia&ﬁ%& éeeﬂg?‘ﬁdng %@%?co |ﬂ§gr Ht)rga(?e q In said
first condwoingsptan (GR) receiver, walkie-talkie, etc.

In accordance with one embodiment of the present invention, a dipole antenna includes a
dielectric substrate having first surface and a second surface opposite to each other, a first
20  conductive strip formed on the first surface of said dielectric substrate and having a first linear
trace near a first end and a bend forming a first radiation arm near a second end; wherein the
first linear trace has a width, a second conductive strip formed on the second surface of said
dielectric substrate and having a second linear trace near a first end and a bend forming a
second radiation arm extending substantially opposite to the first radiation arm near a second
25  end; wherein the second linear trace has a width substantially equal to or greater than the
width of the first linear trace, and a ground element formed on the second surface of said

dielectric substrate.

In accordance with a preferrcd embodiment of the present invention, the first linear trace in
30 said first conductive strip has a length equal to or greater than about one eighth of a

wavelength of a radio frequency signal to be transmitted by the dipole antenna and the second



in accordance with another preferred enbodi nent of the preseivention, the

Il ength of the 5first linear trace in said first conductive strip is equal
to or greater than about one fourth of the wavel ength of the radio
frequency signal to be transmtted by the dipole antenna. in accordance

W t h anot &P 2pH@PEPF ed enbodi ment of the present invenPfHRNEHYEPT¥cor porat e
the features of the above nentioned enbodi nents, the wdth of the second
linear trace in said 10second conductive strip is approxi mately equal to or
greater than two tinmes of the width of the first linear trace in said first

conduct | lme'flrstrace B §a,1d sec?rhcfa%)n&l&%% Qﬁ? ﬁ? eé'\ft hghes Opﬁglhgerqg{)lgé Ee}{%qexﬁ{fﬁ)mhém nt of

t he present 1nvention I ncor pora I oned

enbodi mefiritdincihencgirdantifist @rdrtivostriphe di pol e antenna has a 15width greater
than the width of the second linear trace. Brief Description of the
Drawings Figure 1 illustrates an antenna in accordance wth an enbodi nment
of the phes&ancdwWehtanOer fre@tt® e@dbddimbisitorahepreit insanidhy the lengvvwiahe t he

antenna shown in Fig. 1; Figure. 3 .illustrates an |.oded v
ant erna iR tF?CFPbsaldlﬁrStz‘@Pij‘g‘G‘?’%Stﬂp iy ‘?%‘%{tf’é?f ggalgr &é‘g?bé’m oy ¥ 'é‘itvyl %ff”ﬁ of an

ant enna yfycRaSALH#HRGEIWREQRIBAG XE ﬁtchfanﬁlﬁﬁtc@B?ﬁ@ﬂlpolerﬁﬁ&ﬂha on; Figure 5
illustrates a radiation pattern of an antenna 1 n accordance mnth anot her

enbodi ment of the present invention;
In accordance with another preferred embodiment of the present invention that incorporate the

features of the above mentioned embodiments, the width of the second linear trace in said
10  second conductive strip is approximately equal to or greater than two times of the width of the

first linear trace in said first conductive strip.

In accordance with another preferred embodiment of the present invention that incorporate the
features of the above mentioned embodiments, the ground element of the dipole antenna has a

15  width greater than the width of the second linear trace.

Brief Description of the Drawings

Figure I illustrates an antenna in accordance with an embodiment of the present invention;
Figure 2 illustrates an isomettic view of the antenna shown in Fig. 1;
Figure 3 illustrates an exploded view of the antenna shown in Fig. I;
20  Figure 4 illustrates a radiation pattern of an antenna in accordance with one embodiment of
the present invention;
Figure 5 illustrates a radiation pattern of an antenna in accordance with another embodiment
of the present invention;
Figure 6 illustrates an antenna in accordance with an additional embodiment of the present
25  invention;
Figure 7 illustrates an antenna in accordance with a further embodiment of the present

invention;



Figure 6 illustrates an antenna in accordance with an additional enbodi nment
of the present invention; Figure 7 illustrates an antenna i n accordance
with a further enbodi nent of the present invention; WO

201. 1t 09163 20Gdd16dy 20111070736 Figure 8 illustrates aarant@Ma7IN
accordance with yet another enbodi nent of the present invention; anti
Figure 9 illustrates an it. El a in accordance wth vet another enbodi nent
of the present invention. Detail ed Desert don of Various Enbodi nents

Vari ous enbodi ments of the present invention are described herein bel ow
with refféfuent dlussateh an pniguried) aqcprdiier chithy ettemedicn pmBedines of $he gEsEites or
functi0@§mﬁﬂ&h5§fresented by like reference nunerals throughout the
figures. it should be noted that the figures are only intended to

facilit &igure hélwestey ppritopnaoi adeerdprcefvatly vl aanthod embetimensfof tthe ppses ent
invention.. They are not intended as an. exhaustive description of the
present invention or as a limtation on the scope of the present invention.
Furthernore, the figures are not necessarily drawn to scales. Figures 1, 2,
and $ illustrate an atitCnii3 100 in accordance with an enbodi ment of the
present 15 invention. Antenna 100.is rmed_o primed circuit board
(PCBY. Specifically, aﬁF@ﬂﬁg%TﬁﬁmP@1@%&ﬁ@ SFW@Wﬁ@@Nﬁuctive | ayers on a PCB
substrate 101. In accordance with a preferred enbodi nent of the present

i nventi . antenna 100 i ncludes.a first conducijve el enent, 103 franed on a
top sur 3%}8 Yot Ogtﬂg? Sa?fletrﬂi BT EN AT ECBR gesf ‘ﬁ?ffjh? Y g’efgfvevﬁ%hn fe(%?fﬁqoce?t anned on
a bot t omiesfipiras én afhichl bisinke itk &f 19diilar 20runess e dfudtiond arec copebsaitddv By élkenment 103

on the top surface of, suhstrate_ 101 i onnect e .. si.gnal fee i.e.

o e i Bt pself ateenl B aeRoo oo o Bt St v AR sl Blior For
sendi ng i@alicd &S RicNitNg thal de8drP%idn S giddrSerrddhetibodeandiiet thy @resti irhtidd3
functions as a signal trace of th antenn? 100. Another end of the

condlct iThey arapbmiendeshascaphstivs dredntign of dispsssertiavepineorig # fgfatiendi st ance

and bends itOschy o0 e hieké ifvaRicl | FRthBrel O figResa€ abtdRBG Y HRAvwane
speci fic enbodi nent of the present invention, radiation arm 109 extends

si dewi sé°¥¥d backward. This results in. the shape of a hook in the first
conductive el enent 103, as shown in

Figures 1, 2, and 3 illustrate an antenna 100 in accordance with an embodiment of the present
15 invention. Antenna 100 is formed on a printed circuit board (PCB). Specifically, antenna 100
is formed from conductive layers on a PCB substrate 101. In accordance with a preferred
embodiment of the present invention, antenna 100 includes a first conductive element 103
formed on a top surface of substrate 101 and a second conductive element 105 formed on a
bottom surface of substrate 101.
20
One end of the conductive element 103 on the top surface of substrate 101 is connected to a
signal feed, i.e., an input/output port, of a radio frequency integrated circuit (RFIC) 107 for
sending and receiving wireless signals. Thus, conductive element 103 functions as a signal
trace of the antenna 100. Another end of the conductive element 103 extends linearly from
25  the RFIC 107 for a distance and bends to form a first radiation arm 109. In accordance with
one specific embodiment of the present invention, radiation arm 109 extends sidewise and

backward. This results in the shape of a hook in the first conductive element 103, as shown in



WO 2011/ 091763PCTI CN2011i 070736 t, 2, and .3. An elongated portion of
the conductive el enment 103 extending linearly fromthe REIC 107 to the bead
of the radiation arm 109 fornms a linear trace 111 of antenna 100.

Conductive el enent 105 on the bottom surface of substrate 101 /ha%ﬁan RE
ground 5 WOSAEAP1$33 connected to a ground teuninal of CRRNEIYY?

Conductive elenment 105 fiinctiorus as ground trace of antenna 100. An
el ongated and |inear portion or |inear trace 117 of the conductive el enent
105 extends from RE ground el ement 113 and bends to froma second radiation

arm 115 gf, 3, %ﬁ(’i‘@ ;l\ggionbﬁ'te@ﬁ&gf)lg@f‘tﬁ@ cMdbbtivR BRRGt fd3CexenBiagiingik, froaecond
radi ation-arm’l bends Si dew se and backwards in a manner sinmlar to first

radi at i othe ROKF hQ71t991,1€ hehd pbihy radiasioh e @09 formpe lingps paceofl | of puenaad80.shown in
Figs. LI Radiation arnms 109 and 115 bend in directions generally opposite
to each other as shown in Figs. 1-3, thereby form ng di pol e antenna 100.
CGener al I(Vorrdpq:m/sl blemem.t]@ﬁdpmgtharbmtomﬂgudm off Ssubsiragt 10dn h@s atlv\BFr aied i on

ar s ntenna 100. 1 ment of
t he psoesg?fﬁ FmPGTied tPa?ogr%IH %P%g@andvg%guape e an %@%gé 100
have a @@@omﬂdrdce@gtahtcma 100. gAIealbﬁgatctdharal lorer patibn of lmdae tracvEl7erfghh of the
RE signal to be transm_tted by antenna . in coy danc ith a specific
enbodi ne‘iﬁ’f“fiu"l“é{‘a Fgf‘}e%mér‘?ﬁt%s ﬁ'ﬁg’l é\f er’%ﬁﬁ’ﬁéﬁc F‘%@?ﬂ% ?0 ?&Aﬂ’inc% Sefcgﬁ)(gqual to
or |ess hixaor0agn 1290 of eiatdnha 000. ONe az;u@rﬂme with tah@pééﬁ]éeérﬁlﬁtgﬁdiexﬂf sdched RF
signal to be transmtted ba/ di pol e antennpa, 100. For ex

ant enna redietions gy 11y ferds sideyrserend bagkfardialy Agnaoey é‘&ﬁ@héﬂ’/%{ﬁt d‘?}t‘gn
gi gaTOH:"rﬂttﬁ lOéqlnérég reEJ] QTR Besk renBblas Qlfowrilqgl:@l%' ry arms 109 and 115

preferab have a | engt of 6 centineter ess. More specifically,
t he Iength of each of radiation ann 109 and 115 is equal to or less than

e cof { detbin PaLT DR TSdTe POl aie SE08°LHIPPDLE sy beTar e eh by

turning Eigs a3y aRdr@y MY Kipakiteeta 100. aCahawley appafé icrehdipgrdros réhce for
antenna 100. Linear traces 111 and 117 extend from REIC 107 and RE
ground emndrehfungtan astwe sedigtioparmys ofshralpattenpil ﬁﬁ)l y parallel to each other
and fsor about the sanme distance. Linear traces ill and 117 forma finite

ground mcrostrip structure in antenna 100 and function to as a
transni Jd8iaseordinse with a preferred embodiment of the present invention, radiation arms 109

and 115 of dipole antenna 100 have a combined length of no greater than one half of the
wavelength of the RF signal to be transmitted by antenna 100. In accordance with a specific
embodiment, radiation arm 109 and 115 have equal lengths, which is equal to or less than one
20  fourth or one quarter of the wavelength of the RF signal to be transmitted by dipole
antenna 100. For example, if dipole antenna 100 is to transmit an RF signal having a
frequency of 2.5 giga-Hertz, (GHz), the combined length of radiation arms 109 and 115
preferably have a length of 6 centimeter (cm) or less. More specifically, the length of each of
radiation arm 109 and 115 is equal to or less than about 3 cm. In accordance with an
25  embodiment of the present invention, the effective length of radiation arms 109 and 115 may
be adjusted by turning on a vector network analyzer to achieve an optimal performance for

antenna 100.

Linear traces 111 and 117 extend from RFIC 107 and RF ground clement 113, respectively,
30  substantially parallel to each other and for about the same distance. Linear traces 111 and 117

form a finite ground microstrip structure in antenna 100 and function to as a transmission line



WO 2011/ 01763PCTI CN2011/ 070736 for el ectromagnetic signals. In accordance
with an enbodi nrent of the present invention, substrate 101 functions as a
di el ectric substance separating signal. strip ii / fromground strip 117.

I n accordanseiwbdifsza preferred enbodi nent of the presegt/cneeorsn, the
finite ground. merostrip structure formed by strips 111 and 117 has a

I ength equal to or greater than 5 one eighth of the wavelength of the P.F
signal transmtted through antenna 100 for efficient energy transfer from
MC 107 to radiation arnms 109 and 115. Preferably, the length of strips 111
and 117 foreclesgigrpenesic grenys-e dp eccqriange A6HAn %‘é’dffé?}‘rt tof o P’G?Fé‘t HYERH% of the

wavel engifiat lbh?utgugnsséémadleled%ﬁé s@&é?&ﬂm @epafatm@@fgﬁﬁlnﬁnﬂ@pl Ii®mt Grobid@nsm t an
RF signal of 2.4 5 CElz, and industrial, scientific, and nedical

(1SM Dbatrig 1n@sdr \ae@rdange iwmhew prsfarisA aibgdiment efhibe (psescrst inpamtian dhe finjtor
dust , th
I ndust r d R G Itf'u%tu?éq\% téf&!ﬁ&ﬂﬁ RQS ?ﬁeggggﬁinggﬁ&a@aﬁegpgfa%@&ws e

| ength |near rlps I's pre bout 1.5 cm or
| ong®r, oileneightproéfﬂw wwleagﬂhcnd“ theRF signhlerdnemifteth tiobughi angcana 494 fopstfesient r aces
111 and 117 is Ion F - wh t 1 S

tr anem o3, n A RiaCUB? b HRAG Q0GR 10 LRETES (BB gl or

accor daseips \M It ndal r &f equaedo exrrbgrelaterethhn mbouthmepﬁmsthMr 6mex/q®\7tet ioérthe t he

wi dth of firs trace or Si not. SI .C y

gr eat er taﬂ%?flghg%&%e?ﬁ%mg?ﬁsecéﬁéa‘gi’ ’egran{ ch t&r S a‘t‘rl P %TE}OKCI n ot her
wor ds, RGNt dibh 20f GEL,glhhd ﬁlﬂlﬁﬂtlﬁhlljsﬂilehﬁﬁ(pr afdenﬂétnlxqal apvipxbanet edsyrvedjual to
or | ess.t han t t of rou Stri In.a preferred odinent,. the width

4 ouHﬁerﬁﬁE’f‘? {01 fhp e ogﬁﬁaﬂne %‘“G?Sgéﬁ‘e*rc 2R e e "53 PETPRES OB ¢ he

vvl dth thaﬁlc@»ﬂﬁhlupa&hﬁétﬁ ﬂiéilf}étﬂﬂ oamearrobaml g 1Wizhb 1aglsepfbfwubn§esquaoio bt pr eSﬁnt

i nvention groun strip IS an elon e nduct] ve stri rr r than
a d|nenéidﬁlﬁfomFrgPHUN@kEP%W§W%“ETﬁ‘?ﬁ gg“?ﬁ&??éﬁm§ﬂ%§¥ﬁﬁfw p§?¥e

per pendiCMRf 3t &F Rﬂga whén htdohd 106-90sc@N@r RARIMAWnEthé BF diddal ach 417 25
significantly reduce the interference of ground el enent 113 on radiation

ar ms 10§ﬁ@ﬁﬁ0ﬂ48ué%ﬂcﬁﬁbrove the efficiency of dipole antenna 100. In other
wor gg, the long and narrow shapes of strips 111 and 117 effectively reduce

the ground effect or ground el ement effect on the perfornmance of antenna
100. WD agetaeg WigeProTiord enbedimerad the present invention, the width of first linear

trace or signal strip 111 is not significantly greater than the width of second linear trace or

ground strip 117. In other words, the width of signal strip 111 is preferably approximately

equal to or less than that of ground strip 117. In a preferred embodiment, the width of ground
20  strip 117 is equal to or greater than about 2 times of the width of signal strip 111.

In accordance with an embodiment of the present invention, ground strip 117 is an elongated
conductive strip narrower than a dimension of RF ground element 113 in a direction
substantially perpendicular to ground strip 117. Long and narrow strips 111 and 117
25  significantly reduce the interference of ground element 113 on radiation arms 109 and 115
and improve the efficiency of dipole antenna 100. In other words, the long and narrow shapes
of strips 111 and 117 effectively reduce the ground effect or ground element effect on the

performance of antenna 100.

30 In accordance with a preferred embodiment of the present invention, the dimensions of

strips 111 and 117 are determined according to the microstrip design principle to achieve



desirabl e i npedance, e.g., 50 ohns (o0.). If other inpedance is desired, the
di mensi ons of strips 111 and 117 can be adjusted accordingly. Designing the
di mrensions of strips 111 and 117 according to the mcrostrip design
principle to achi eve desired inpedance elim nates the need for inpedance
conver si onWAHAIM®L BRI ng, thereby sinplifying the struc?ﬁ?@“@ﬂ&mﬂﬁg?oving
the efficiency and performance of dipole antenna 100. The geonetry of

radi ation arns 109 and and finite ground mcrostrips 1 1 1 and 117

descri be above with reference to Figs, 1-3 effectively reduces or

subst ant &%lrLMe %b tﬂ%hﬁgag{) oupdt ﬁﬂfé&%nc%f it @felirc@f hg ramadiosl eFent 113

on the radiation:ef cy 0 enna 100. Thus, the hand of a user
coveri ngsttiprel IREargﬁrldarnanéieewbuﬁtedl1®0rdm®y hd)v@igeiné tedimensiogs whIstrips(1Y1 t o

af fect t h% 11§d IC(.‘,aOtI' l f I Clrgaﬁg dQJI n%fbgrré):ﬁgﬂlf{igdﬁshg(?lﬂ%ﬁd&g elu;liﬁlaégh' eve

this effective isola |ono ront ation arns 109
and 115, tht heed byr rrqd:da:ncagcomerabn mndah&tdgng, heergpyo vinghliéyingremt stefchectapndt he

| engths of |i.near rips 111 and 117 fe y greater than one eighth
of the WRPEPEMY ﬁeé'll‘” %@a'éé’e?savaéﬁce?féﬁ%lﬁfﬁ a@b antenna 100. For 15 nore
enhanced isolation, the length of |inear strips It | and 117 is preferably
equal to_or greater

bout th th l.
si gnal tT%an?ﬁr%qt@dofbgﬁqgﬂt)@m%ﬁs i@%ﬁn{g r “‘Ei‘(r)}‘btﬁ gefP‘}Nadvglh%Q 14pp I éoﬁngﬁé

ground ejBamitabdiSwiRdateRRl & B 113 é—ﬁ'@cﬁ‘%ﬂ}‘ AdLaR o2 kilstadBalgndindiddes thl%ler eby
substantially elimnating the ground effect and enhancing the effi CI ency of

di pol e alRE ervad slyment ?ffeat: e%graawbelewqtril%lﬁn diadrHeheilsrenghef Jgreeen Hio-
i nveny i Ofys! @dhaid m ﬁé%v&@% BORFLIun@ bRnRRE 1 18Ik hedhnbR d@é RAmAkdpoked

shape as shown in Fi n accordance with various enbodi nents of the
present toraféast th@rradmtam efficisnciapfrntenn 14Adn 1he dedge- hd9eachicys &%ﬁffe%lﬁﬁpes

such as’lSélgﬁ Zﬁgﬂpgoungggéﬁtenftlﬂg% Slilafbd Y eR9S 9 S'ﬂﬂelj:b}g Q,prved as

shown n accordance With an e i ment e present
i nventi osm,nunadngathe ground pismtOeffict the Bnghe opliefe staiph yllsmdsﬂépedreﬁlidﬂ}'t hey

o o T oL G HR G ST S RUAPARL b LRSI
bentix o thofe dnhatesd patRions the langth rméamezdl sgpsslildranti d$ 3 it b&ferdtbmetluad)m@ ohal f of
LRI o RN R T
in accorgpcaripd tih adspecisblae RAMAGINIEAEmET: 11 hanpéreRRIC 10 Vet fadatiod n ot her
Pl L erlma 100 d ofiransm it Il{]g lgrggatlilE tshlcgr}'(a)'llmdagﬂ‘éc?%nzi rcgﬁdlillglrlllcythgf 209
GHz V\Dul‘ﬁlmlsl §9 and 115, thercby substantially™e g g g

efficiency of dipole antenna 100.

20
In accordance with an embodiment of the present invention, radiation arms 109 and 115 are
not limited to having a hooked shape as shown in Figs. 1-3. In accordance with various
embodiments of the present invention, radiation arms 109 and 115 may have different shapes
such as, for example, bent, folded, straight as shown in Fig. 8, curved as shown in Fig. 9, etc.

25  In accordance with an embodiment of the present invention, radiation arms 109 and 115 are
preferably so shaped that they are sufficiently far from ground element 113 to substantially
eliminate ground element effect. By way of example, radiation arms 109 and 115 are bent to
fit in a space with a linear dimension less than about one half of the wavelength of the RF
signal to be transmitted by antenna 100 while maintaining its actual length of greater than one

30  half of the wavelength in accordance with a specific embodiment of the present invention. In

other words, antenna 100 for transmitting the RF signal at the frequency of 2.5 GHz would fit



WO 20111091763KI X [120111079136 in a space with a |linear dinension |ess
than 6 cm Therefore, antenna 100 in accordance with an enbodi nent of the
present invention can be easily fabricated using a PCB and fit in a conpact

handhel d gdevye@ifabri cating antenna 100 on a PCB is géfph®1aév97360St
efficient. 5Wiile RE ground elenent 113 has little influence on the

radi ation efficiency of antenna 100, the geonetry or shape of RE ground

el enent 113 nay affect the radiation pattern to certain extent, By way of

exanpl e, in antenna 100 shown in Fig. 1, a width 119 of ground el enent 113
i s abouln aopecehwillf 2 bifeat fiecnsveleanigeht of. Therefare. shtgrral L00dn krsoxdergeswitht t ed by

ant enn 90 C amld
si gnal aa ?’? Yxl&n 0§¥%J1P%See(rmeg®9@eogluﬁap éﬂaﬁ’ ﬁmfﬁ&hﬁlﬁ?d??&%&l 81215 aafadl ation
patter nccmqraciarahdmhbde&%. Edsrishimmntemﬂ@ ondh PBpacirfiple ahd gost afha@entadi at i on
pattern has strong gain towards the front of antenna 100 along the Z
direction shown in Figs. 1 and 4. Tlai.s radiation pattern with gain toward

the 5 rowhile KFdesindaineent 136 las hﬁnﬂilﬁﬂhdlcé enticaadiotidn dficideyiof anwiver 902 user
tends to point the renpte cont devi he,direction of an arat us,
e o atp BRerbfist g o 1 000 ) aansy it MR ARea” S hen

shown idxtdnitg, BG, wiyi o iaxalzﬁ;&leofn gﬁt@ﬂﬁdoelsﬁaﬁntmlﬂag A,sd lveig@ 1haof goend ourt h or

one quarter of t he wavel engt h. of the RE sig transm tted by antenna
100. | releRee Ladisoabant e haﬁeo fgheutrelepst af tg? Pg“r 6‘6 t@l@nsmsmiﬁ?g @yn t he

radi at i QedRat 6@ Witkudnt cﬁﬁ@@swhogrohﬁd sieisitant faklionhsds Antidsheel Basttdrhe
radi ation pattem of antenna 1007 20 substantially orim-directi onal as

i |1 Ust riaeshy fosultingin as,sllgmlsg@r@t@aé r?&wé,wtl Ratters s 2ntaneak003n shogf i3 kt%fina 100 in

accor dagyee;aph i) tlér}acﬁmqﬂawthaﬂttrohgémﬁrt(ﬁ%‘?&tthe MRk Othal 1l0b HI%B@ gleed in.
Fig,. 6 is generally evenly distributed in all directions. Tet%ﬁﬁedlagram

in Fig. d@cwosbgwnhreﬁrgadlmdﬂo hisaediation pagternstithaain towaiddheyfiend &b depiry

vert ' .Ca%or g'hﬁtﬁcﬁlrequgmotm%}ro\{ 'd@\y{@éjwflérg g]ug&“?enéb o%gtthé)l% o-trer&n{?&t&egl% ¢gi agram

in. Fig. owever OWs an onmi -directional distribution of radiation

when 25t dinetioh b dppeytud) a.@ct telomisioRisgfuiodce Toitkdllgét r at es ant enna 100 in

acc %dance wi t h anot her enbodi nent of the present inventicm Specifically,
119 of ground elenment 113 at its rear end is about one half of the

wavel entytalpreﬁenbm emBRimegnedwi inkiég. toh eiddinh Pdefrpemind déesent biSdis &dsothen wig h

e o8yt B RSSO bRk ARG IOb Y1
| ess t h@ag. crﬁb&dﬁher&oﬂledgl@ﬁﬁlﬁ%fféct) oft grolifd Rghchy 1 BWon Sthde&ihﬁfon pd‘rtem of
antenna 100 is substantially diminished and the radiation pattern of antenna 100 is
20  substantially omni-directional as illustrated in Fig. 5. Figure 5 shows that the radiation of
antenna 100 in accordance with an embodiment of the present invention illustrated in Fig. 6 is
generally evenly distributed in all directions. The top diagram in Fig. 5 shows the radiation
pattern as slightly elongated in the vertical direction, when viewed from the X direction. The
bottom diagram in Fig. 5, however, shows an omni-directional distribution of radiation when

25  viewed from the Y direction.

Figure 7 illustrates antenna 100 in accordance with another embodiment of the present
invention. Specifically, width 119 of ground element 113 at its rear end is about one half of
the wavelength of the RF signal like the embodiment described above with reference to Fig. 1.
30 However, ground element 113 is tapered toward the front end where ground element 113

joins strip 117, so that an angle of less than about 100 degrees (°) is formed by two sides of



WO 2011/ 091763PC1/ CN2011/ 070736 ground el enent 113 near Front end. This
configuration is |like renoving the tow front corners of ground el enment 113
shown in Fig. | This configuration .further reduces the proximty of ground
el enent 113 to radiation arns 109 and 115, thereby resulting in a nore

omi di r ect W13 at i on pattern |ike that shown in FiPﬁ.T/CB’.gOIﬁf"ﬁ’ﬂ?ﬁe 8
illustrates antenna 100 in accordance with yet another enbodi nent of the
present invention, in which radiation anus 109 and 115 are two
substantially straight strips perpendicular to signal strip 111 and ground
strip 11 ' i osirt.e. di | i nt ddthérs

confi gur £ %elﬁééergggjr g%rga Pﬂﬁﬂa?#}s&fggélgg%dnﬁgf(% %EH Ogﬁg?h%gﬁolqa%ﬂrlound 113
to ef f ectfigreind ledenté13 Heovgriodigl 1cl Brieanfighfaben furthenwsdeges thepreximity of
configuratio eed i de. PCB t t | engt of -r-adi ati on
arme Jootane sEEAE B, 4 PR e TP AMIRPE, Bekelf ghitng B0 M otmil

anot her dirdotehialrediatioh pitteen fkeatb@showmindfigison, in which radiation arnms 109
and 115 are in the formof gentle curves or arches. in accordance with an
enbodi nent of the present invention, radiation arns 109 and 115 may have

ot her 15ripebaPi@Sstrak@ran@xasPdein Lcaidaidconitiakemand@®9r anbodithbntrythd eresanf or med

to the outlines of different products PCBs. In accardance wth an
enbodi meYerEPnt Ae Whisk efdliafion, s L d&ﬁﬁgﬁ n4e 16¢ isgbsff’ﬂﬁalgf rﬂcr?l l\é}ﬂ £8P havi ng
si gnal Sﬁz bdddichlar WkiAtdYp CANRRICESBUnd SrifRIT 24 éxtehdin@ &L OpSbSIRE diratkibh yet
anot her enbodi nent, sigtal stri § 11 of the fini ted(g)l;ougd mcrostrip is
coupl ed fremRRFlC oti7. viThis prEgyaieh ?f@’srféflm%?nﬁyl%? 5¢ _ér?ﬁlalé,frqf‘?gs. 6,
7, apf g%rﬁn% R 330CARLAGy Jathcd thel BBuRPERRRTeMRE WeldkeviatiGh chdigekiver k may

perform ance nmat ching therebyfuﬁ_row ding nore fl exi bility in the
i

geonet r yneeds menids BEB tapctonawdptmtlest fudl; ledasiiseaftradisiigsowend @ pod Hat &igise 400.
75in acc GE W . e ' : : : | Wale i & qund

el ement TESS b e S e o
al | Rl F wikhat=ibtehementt od lilherdgBhe T ofi géntiscusfesgr pighss. 1njacegidanta 7 ar e

determned with.the apo mentioned criteri.a an j

opti mal P FBrel‘Pé’ﬁg'glef}F ogﬁ{eéﬁﬁgml%elfngl%i ﬁag‘aé‘ﬁ% ﬁngsa@yn%ﬁqgrlgqgagﬁ% Q’g 0t}%ckness
and th el sapdsi CFeoashgnd, adiafEBarsistiop ratld 110day b¢ ocofomsidder tti autlines WO
20111091763PCTI CNng&r/ 0736 By now it shoul d. be appreciated that a
conpact HHpEREPradHe PLBS peen provided. in accordance with an enbodi ment
of the present invention, a dipole antenna nay be fabricated on a. Pmto
provi de high space efficiency, design and nanufacturing sinplicity, and
dur abi | i fpyaccordncgi wigh g9 swhediBent of Bf FERAYAVIIHIR FHER %tsﬁ%&lm&‘ﬁé Quart er
of the Vﬁ‘(rﬁlgeﬂéﬁa'l" -strﬂ)f 111 directly connected to RRIC 107. In accordance with yet another

20  embodiment, signal strip 111 of the finite ground microstrip is coupled to RRIC 107 via by a

matching network. By way of example, Figs. 6, 7, and 9 shows a contact 121 to the matching
network. Matching network may perform impedance matching thereby providing more

flexibility in the geometry, dimension, and design of different components in antenna 100.

25 In accordance with an embodiment of the present invention, RF ground element 113 is
preferably large enough to provide sufficient coverage to all RF related elements on the PCB.
The widths of strips 111 and 117 are determined with the above mentioned criteria and may
be adjusted for optimal performance of antenna 100 taking such parameters as the thickness
and diclectric constant of PCB substrate 101 into consideration.

30



5 the RE signal would significantly reduce the ground effect on the RE
transm ssion. The width of signal strip being no greater than that of the
ground strip would further reduce the ground effect. To achi eve better

per f or manggg 2d1y1vd3dt h of the sipal strip nmay be bet weemcapaibabzsds and one
fifth of the width of the ground strip. The geonetries of different
conponents of the dipole conponents describe above significantly reduce the
ground effect and enhance the 0 performance of the dipole antenna. The

di pol e antenna in accordance wi th an enbodi nent of the present invention
may he Egnmisactt dwldebss pparedigipd thehretpmpactadipels. anfgre: pppeen; providedi | e

reliabl gcco?c@tg ec\ﬁﬁﬁ aifLhb&i S0t of heHrROAGn RG] '}am%d"e ARGRL AR EE ﬂmrfcgteén

enbodi nent o present 1 nvention can easily Into a conpact device,

i n addi ehonPCHi to pfqvniet kigyrspesed efficicasso stesigp dnd mewdrcdaingesimplitityarpnd

enbodi t rileng the
RE 1 r angireEis . TRRCEREM s YAphlcP Pl Bhe LEAHGE oRPELA (RS dRloniliek
coupB|n@wﬂé@dgmgwamdsqmﬁkamhnnmmbdhmﬁmhﬂeﬂkmgm¢MhRFngp@skmjdhenth|nents

of the esent | ventlon hav escrl her oV t he not

it enelt SE b DR e R B s BRSFOURET ol MR e A e

i nvent i effe20Te ﬂdﬂéﬁ&aﬁ:&aspeﬁ'ﬁ@ﬁﬁz&lcaﬁﬁb widclabf mlslgammnpamyamd lengcemfont: helf

descri bed, enb % are obvi.ous, to th 5 % ed in the a é. For
exanpl e 224P8 b‘PrI‘E lé e grogR %tF‘P'biae g?‘i’é‘fe rt‘eﬁé’ HIeERh O TRODEH ﬂ{t 8 onto a
PCB, t h@gﬂleséﬁnlﬂoﬁéhté Besctibe alddvk sygmﬁcﬁnﬂmdﬂn&t ﬂi@dgrbthﬂt effeb€ardy éﬂlﬁhw @8 as

di scl osed are not. confined to be used only PCB an enna O her. forns

of Rt eRFENMEATS B fyoelnantetiie T8¢ fiwekeﬁflaegnaawécmwﬁw’c an §Ie QEmgRt of e

present ekt idnti&Y miR¥e BSmphet AR yFabricatbd Ral2@Nt BltRore it idseidance
with the present invention may be a non-mniature antenna which can be

mechani €d1ebly. pathegst stltserngr A dinetn EHeMa VIR ASEETEFISC atikh#Yy chedmedngicBhduct or
i ntegr a??‘e@erﬁhh%ﬂh&& can héil y’\/ﬁt Al PRLELADIRVNE, KoM M ARitdigtd@gtric
substrate having first surface and a second surface opposite to each other;
a first ngopddpin a¢eor§mc¢ withensedodimentnd ths presensinyehsermay redasebodiggllesst ri c
substra ﬁ?ﬂ r: e iiagnd
forﬁ?nghgﬁ @&Nﬁ g@??hlg%%%hgggﬁg}gégﬁﬁgﬁ %ém&%ﬁ é?nﬁg gyg?g>l i near
trace hésdmgwndnmmnﬂnmbﬁmnﬁahmpduct|ve strip foiii ed on the second surface
of said dielectric substrate

While specific embodiments of the present invention have been described herein above, they
are not intended as limitations on the scope of the invention. The present invention
20  encompasses those modifications and variations of the described embodiments that are
obvious to those skilled in the art. For example, although it has been described that the
antenna is printed onto a PCB, those skilled in the art would understand that the principles as
disclosed are not confined to be used only with PCB antennae. Other forms of antennae
employing the same principles are within the scope of the present invention. By way of
25 example, a dipole antenna in accordance with the present invention may be a non-miniature
antenna which can be mechanically fabricated or an antenna which are etched into

semiconductor integrated circuits.
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and having a second |inear trace near a first end and a bend liming a
10second radi ati on arm extendi ng substantially opposite_to the first

radi at VA 28HA%EY a second end; wherein the second Iiné’ng/?]?%Q:lé/q:{g?‘sa

wi dt h substantially equal to or greater than the width of the first
linear trace; and a ground el enent forned on the second surface of said
dielectric substrate, wherein 15the fCE&IMS near trace in said first
conductive strip has a length equal to or greater than about one eighth or
a wavel ength of a radio frequency signal to be transmtted by he dipole

ant ennag, ang&i?@le%@gﬂg cohp@igigt race in said second conductive strip has a
| ength substantially equal to the length of the first linear trace in said

first conduedielestri¢ subptratzdating fidstsoifeceaandermeaonst sucfage appositotregash gthere

length of the first l.inear trac N idfirst c uct. v i h s equal
to dr great é%rﬁtﬁgﬂ %Hﬁtsmé’rfgn?%{?q h‘eéfrgttsﬁ a‘@&a?/esla}aér)fgl?]ﬁagf: Sﬁ‘?%}aﬁea %

frequency signal hianpe firsElnedal trh@nddy atfiret elido@ldea BaiedARiIng2D BrsThalistiqeol e
antenna of claiml or 2, wherein the width of the second |linear trace in

sai d second condew heas asteeonsl gngl; whpresxthadirellipeaiftree hava tigiht | mes of the
W dth of the fIOI;l?tcglEI(iur(]:%%& st%i&@?n%or?ﬁ!e%e{ nél%hrtg%ﬂ&;é%fdlﬁaea}i'é ls dstliate The

di pol e ant eﬁﬁ%c 0 al m eréin W € secon I near
trace in 30said aﬁtﬂé\dn%@mﬁ&ilﬂd&r&farcéﬂedr& fyseaideindtatend dreihg awo ti mes of

t h160 wdth of t hesécio;lg E*adi;t{]o%aarrmterx?gn%irignsu%gtiar?tiJlliyrospa)ogi?entglflﬁé }i}/stera%ﬁartljog'
arm near a second end; wherein the second linear trace has a width
substantially equal to or greater than the width of the first linear trace; and

a ground element formed on the second surface of said dielectric substrate,
wherein
15 the first linear trace in said first conductive strip has a length equal to or greater than
about one eighth of a wavelength of a radio frequency signal to be
transmitted by he dipole antenna; and
the second linear trace in said second conductive strip has a length substantially equal
to the length of the first linear trace in said first conductive strip.
20
2; The dipole antenna of claim 1, wherein the length of the first linear trace in said first

conductive strip is equal to or greater than about one fourth of the wavelength of the

radio frequency signal to be transmitted by the dipole antenna.

25 3. The dipole antenna of claim 1 or 2, wherein the width of the second linear trace in
said second conductive strip is approximately equal to two times of the width of the

first linear trace in said first conductive strip.
4. The dipole antenna of claim 1 or 2, wherein the width of the second linear trace in

30 said second conductive strip is greater than about two times of the width of the first

linear trace in said first conductive strip.

11



The di pole antenna of claim1 or 2, wherein the first linear trace and the
second | inear e have a dinension detemined via a mcrostri esjgn
pri nci ;)‘I"Q%&l/ﬁﬁ?%gve a predeterm ne inpedance. 6. The di p%q:y%pglr{%&%qg
claim5, wherein the first linear trace and the second linear trace have a
di mension determned via the mcrostrip design principle to achieve an

i rpedarfce oflheidipgle entenna of claim 1 or 2, Whereii the lfiest dincanirase ohd diessenond lineap
wher ei n sai gr ar Bund &\.I enent hias a \éuidth 10gr ea'her. t han 'tlh? wi.dt h of the
second | i neaf®t PArE” RSP S5ICE LISt A SroURiIR & PRRGP'S % 24U gr ound

el ement has aprédelérthind ing@aiceone fourth of a wavel ength of a radio
frequency signal to be transmtted by the dipole antenna. 15 The dipole
antenna of claim7, wherein said ground el enent has a wi dth of about one
hal £ of. a I h | O frie i b t he
i p31 & Cant ernis A5 e s SRR RRYSLAAL bt R HE ARSRY kb e

el enent has havé apdireéehsiar determiadd ade nthe threedw idsigh nedciple aseachldve The

di pole antenna of claim1 or 2, wherein the first radiation armand the
second radi apedangs ff By ehmMsconbi ned | ength equal to or |ess than about one
hal f of a wavelength of a radio frequency signal to be transmtted by the
di pol e antenna. The di pole antenna of claiml or 2, wherein;

7. The dipole antenna of claim 1 or 2, wherein said ground element has a width
10 greater than the width of the second linear trace.
8. The dipole antenna of claim 7, wherein said ground element has a width of about one

fourth of a wavelength of a radio frequency signal to be transmitted by the dipole
antenna.
15
9. The dipole antenna of claim 7, wherein said ground element has a width of about
one half of a wavelength of a radio frequency signal to be transmitted by the dipole

antenna.

20 10.  The dipole antenna of claim 7, wherein said ground element has a tapered portion

adjacent the second linear trace.

11. The dipole antenna of claim 1 or 2, wherein the first radiation arm and the second
radiation arm have a combined length equal to or less than about one half of

25 a wavelength of a radio frequency signal to be transmitted by the dipole antenna.

12. The dipole antenna of claim 1 or 2, wherein:
the first radiation arm has a length equal to or less than about one fourth of a
wavelength of a radio frequency signal o be transmitted by the dipole
30 antenna; and
the second radiation arm has a length substantially equal to the length of the first

radiation arm.

12



the first radiation armhas a length equal to or |ess than about one fourth

of a wavel ength of a radio frequency signal o be transn‘itée%&f@lﬁ) j pol e
30ant e 2:204H8%Y782 second radiation arm has a | ength subdstH) WY0¥Mal to

the length radiation arm The dipole antenna of claiml1 or 2, wherein: the
first radiation armis formed in a shape of a first hook; and the second
radi at il@n arTheidipdle aptenng of caishhpe2,0fheseisecond hook opposite to the first

hook. 14. T i pole . antenna.of ¢l.aim 1 or erein: the first radiation
armis for m@ge ﬁWPBadéaﬁ’é)Bém&‘ls g’rﬂeﬁél?agf?a@ﬁ;o_f&ﬁgs'[ﬁﬂgﬁs ond radiation armis

formed in atphanen@irididisiesdntd RHGEd @PRBAfeCofl DsdcbRd hbsle bpsdsad to Ik fikt The
di pol e antenna of claim1 or 2, wherein: the first radiation armis forned

in a straight |ifd@okubstantially perpendicular to the first |linear trace;
andc.t he second radiation armis formed in a straight |ine substantially
per pendi cul ar to 15the second linear trace and opposite to the first

radi atilgn arThe le Antenod feclsint eon? veheeshantial |y as descri bed and

st D acfition arm ié formod in & Shape of & Tret Rk dnd " 214 199+ 20
pe of a first arch; and

the second radiation arm is formed in a shape of a second arch opposite to the first

arch.
10
15.  The dipole antenna of claim 1 or 2, wherein:

the first radiation arm is formed in a straight line substantially perpendicular to the

first linear trace; and

the second radiation arm is formed in a straight line substantially perpendicular to

15 the second linear trace and opposite to the first radiation arm.

16. A dipole antenna substantially as described and illustrated in the description and

the accompanying drawings.

20
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