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

comuni cavpansl/@n3 nore specifically, to dipole antennaeT/Baakgosand of
the Invention Antennae are essential conponents in wreless applications.
To provide an antenna that can fit into a conpact or handhel d device such
as cell phones, renote controllers, conpact global positioning system (GPS)
receivers, walkie-talkies, etc., it is common to nmanufacture antennae as
part of a printed circuit boardbeds) ANild@¥NAcal |y, such an antenna tends
to be 10 fed by a "mcrostrip', which is PCB structure conprised of a
ground plate | ocated under a signal trace with the width of the ground

pl ate being about ten tinmes the width of signal trace. Such an antenna is
typically a nonopol e antenna, af.ignveid Bdefiiant enna, (1 FA), or a planar
inverted F antenna (PIFA), in which the ground plate on PCB is an integral
part of the radio frequency (RF) radiation nechanism 15 The RF
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par amet oL AEloR BeaBP8alcE Bl Bl My HpHAPARRS andy
handhelntbrd epéctfecahimytosiigme hiteamiel y af f ect the RF transmi ssion efficiency of
the device. Such effect is sonetines referred to as ground effect, ground
el enent effect, or hand effect in RF transm ssion. 20Specifically, the RF
radi ati on of the device may be partially absorbed by the hand hol ding the
devi.ce, thereby reducing the transm.ssion efficiency of the device.
Feeding the RF signal via a gggk P%ﬁfQQ%?Q“Fgﬁgh ant enna woul d reduce the
ground el enent effect, thereby inproving the RF transm ssion perfornance.
However, .a co-axial cable is 25 bul and,.cannot -easil.y fit jnto_.a, conpact
devi ce WTHS aﬁ?cﬁsi%ﬁ{aZﬁ%%POWeﬁl%a%id? ‘E?l%“'r?,apallf%‘é’ﬁf-na%\%’“ ¢ an antenna that can
2011/ 09k 16:3 REO{PH0J 1 B dRAS A ¥ibE s 6P-RXeRIph6Ad] Rentdle toiRrdlRfe BOBpAE GUbAES
soldering that is also susceptible to reliability problens. Accordingly, it
woul d IpesiHgviagt agesusdGPS) hagciverp RElkdetdlkies.wpich &t igbe@MIRAN t tog AERTESTUBH

antennae 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 easily fit into a compact device with a PCB antenna. In addition, attaching



5 efficiency. It is desirable for the device to have an antenna wi th high
RF transm ssion efficiency and small ground el enent effect. It would al so
be desir aWbeofiovitshe antenna to be conpact. It woul d bePoffi/dN20t160736
advantage for the antenna structure to be easy to manufacture and reliable.
10Summary of the Enbodi nents The present invention proposes a dipole
antenna with high efficiency and | ow ground el enent effect. The fabrication
of the dipole antenna is sinple and cost efficient. Furthernore, a dipole
ant enndh¢ goaxwbredblacte thictanteme saessntoldaiingnthrbis plso copsatbleatedrebiabilivasi | y
fit in&)dﬁaﬁ§handheld devi ce such as, for exanple, cell phone, renote
controller, conpact gl obal positioning system (GPS) receiver,

wal ki e-tal kie, etc. In accordance with one enbodi nent of the present
invention, a dipole ?n%enna includes a dielectric substrate having first
sur f acé SAURE e oYl bF rduantegsons e bayoar Rdhdetitrevithastahle KF banssdsiRitt i ve
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first l'inear trace near a first end and a beng' ormng a first radiation

ar m neaffiacsycanddnehidgrowlieelemant ¢féect.i ftsvould msarbetdeacsblbds the whidhing teabssecond
conductive strip fqrmed on the second surface of sai ielectric substrate
ona havPiiges dbed ternddie AduitReder GERNEEEe Stanin & BN rORHERY S
second zhadiigblcon arm extendi ng substantially opposite to the first

radi ati on arm near a second 25 end; wherein the second |inear trace has a
wi dth substantially equal to or greater than the width of the first |inear
trgge, and a ground el enent {£orned gnqtﬁe ggcon surface of said dielectric
substrate. I n accordance 1Fwn%y5’é‘% W@ B5di ment of the pr esent
invention, the first linear trace in 30said first conductive strip has a

| ength equal to or greater than about one eighth of a wavelength of a radio
f r equeridiy PsesgRiaiNvVeBioprenoseshilipp lechnksang wathdiigvpdiciance andlosngropndelseeshd WO
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enbodi nen he present jnvention, the length of the bfirst |inear trace
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of the positioning system (GPS) 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 preferred 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 ecighth of a

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



wavel ength of the radio frequency signal to be transmtted by the dipole
antenna. |In accordance with another preferred enbodi nent of the present

i nvent i orwOhatraInwer porate t he features of the above nemrCiramedigrvsdi nent s,
the width of the second linear trace in said 10second conductive strip is
approximately equal to or greater than two tines of the wdth of the first
linear trace in said first conductive strip. I n accordance with anot her
preferred enbodi nent of the present invention that incorporate the features

of t he las@ieacadhsdid aecend spslichenstsp heha laedundstentéatymaqualf tottheleagiheif she
an?enn?gﬁﬁﬁm%%%§%ﬂ9%9g%i&%é&ﬁwﬁb@&g,he mndth of the second |inear trace.

Bri ef scription o gure 1 illustrates an antenna in
accordance with an enbodi nent of t he present invention Figure 2
illustrates an isaonetric view of the antenpa shown jn 1; Flgure 3

i |1 ust MapeorgHceRyiheaghsrinsseysd embodimeahahths mususns WVW%)H the' lopgtiiof thee 4
H gst rfﬁ'gtqﬁle%’ t{f%g'lﬁgélﬁ rﬁrﬁ%ﬁﬁ&fcﬁvé’gm@q%@@;ﬁwg ?‘P?térct(ﬁ% g@&ff%ng\’fc} hQYF&he

enbodi nent o present 1 nvention ure ustrates a radiation
pat t er wavtleagtharftlenmediol frequenyrsigmat & bd trdmsantdddisyr the dipodk argertnaof t he present
i nvention; Figure 6 illustrates an antenna in accordance with an
addi ti onal enbodi nent of the present 25invention; Figure 7 illustrates an

ant ennay b oRgmek daMGR oMt eeeﬁeure&ﬁb%anﬁéﬂ@@@twéseﬁffmbélﬁloart@a%eﬁttorpd}y@mﬁé on;
WO 2011/ 091763PCT/ CN2011/ 070736 Figure 8 illustrates an antenna in

accor ddeagercwiof hhey sbovarmoettmed ehbdiimeants, diic whdsh mf ébenecondienen wrce andidsi gur e
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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 1 illustrates an antenna in accordance with an embodiment of the present invention;
Figure 2 illustrates an isometric view of the antenna shown in Fig. 1;
Figure 3 illustrates an exploded view of the antenna shown in Fig. 1;
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;



5Det ai | ed Description of Various Enbodi nents Various enbodi nents of the
present invention are described herein below with reference to the figures,
i n whi ch wbenmanmvs76ef simlar structures or functions ar @CT&N2e8aT0B6 by

| i ke reference nunmeral s throughout the figures. It should be noted that the
figures are only intended to facilitate the description of the preferred
enbodi nents of the present invention. 10 They are not intended as an
exhaustive description of the present invention or as a limtation on the
scope ofigurpd ifpetsdet an gyieard oh acqoudanse ryidy got apshar gilrodemeniteofnige present
necessari|y dr to scales. Figures 1, 2, and 3 illustrate an antenna 100
in accgé%gﬁggzﬁp?h an enbodinen? of the present 15 invention. Antenna 100

i s formeghron iHufirdted ed agichedid ab@addahcé RGB) yetSpethdri aealddymeandfethegprdfot i s
formed .from conductive |ayers on a PCB substrate 101. In accordance with a
pr ef er FRY¥D8ABodi ment of the present invention, antenna 100 includes a first
conductive elenent 103 forned on a top surface of substrate 101 and a
second conductive el ement 105 formed on a bottom surface of substrate 101
20 One end of the conductive elenent 103 on the top surface of substrate

1015i s connected to a DGR HREEMptidn & Vardis ERivelimdHput port, of a radio
frequency integrated circuit (RFIC) 107 for sending and receiving wreless

signals. Thus, conductive elenment 103 functions as a signhal trace of the

ant ennayaills cADBHRRMtLHNhepréRe: FOAHIMAL drY /e &IrBEB MerclDBeloWt RNE $citicREAL Y
from25 the RFIC 107 for a distance and bends to forma first radiation arm

109. | nhadigoredantavhidht bleowatssplesinfilac sexbtodisnemfungfionshareprepgasentted yelikd on,

radi ati on arm 109 extends sidew.se and,back d. Thi sul.ts in the shape
o 5 hogRRE Ry LR R AR SR A OEBE DS aol B T g "t Wy
2011/ 09dtéR&ACH/ fediPiebd (H2 74 Sptiondst: thd preferré 8mBodifen! sMBdpesdeMontdmidnof t he
conductive elenent 103 extending linearly fromthe RFIC 107 to the bend of

t hdOr adibsy imennefrintendsl #spmexhguytiva dgscriptige f heipreseny Hivepien 0B, 2 MHHaLRR | ve
el ement, 195 S%etoq Gnd Bltegé}ﬁnﬁ\%'h{igﬁe Fﬁithér%%, Rl ﬁg&l%g’ afla%ot %@c@s:arggl AR to

scales.

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



5 el ement 113 connected to a ground term nal of RRIC 107. Conductive

el ement 105 functions as ground trace of antenna 100. An el ongated and

| i near powoi20n/e768i near trace 117 of the conductive el ecemMN20057€m86ends
from RF ground el enment 113 and bends to froma second radiation arm 115 of
antenna 100. In accordance with a specific enbodi ment, second radiation arm
115 bends si dewi se and backwards in a manner simlar to first radi ati on
10arm 109, thereby resulting in the shape of a hook as shown in Fi 1-3.

Radi at iFégs. arnend 69 Pah@long%e fori af e cerdyctra clgegat H13) sxtendpedinearly Oé‘ac h
other as. RPRWA b bl 8814 &Bge radgf?l ﬁ%k‘r?flﬁé FAG S5RAL Fa@N (}%’%%nﬁe%a 1(%9”‘”3' Ly
opp05|te extendi ng arns and T unction as two radiation arns

di pol e antenna 100. 15 In accordance with a preferred enbodi nent of the
present invention, radjiation arms 109 apnd 115 of di pol e antenna 100 have a

conbi n&Prdieieh clsimenb [0t e éhe tlwéwnb reriaeg fofopulbsatanlehahgm B graerdRr
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or |lesss tgirmmdotma:eZcﬁ“ a‘m&lmthOr Ameloqgaatcd end dhedrhriay et dangirhramé i hef R

signal to,b nsm ante 100 Eor arrpl e di p
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preferably have a |l ength of 6 centineter or less. More specifically,
the | emgilhtmf agadhS dfendadidewiissn ad ﬂmglo»@arémn 1a151ansereqmalartto orst Iredigtiarthan
abqut 3 c cordance th an 25 enbodj nent of the present invention,
hggef 88t Oge[ﬁF@ﬁ&fﬁﬁu 1T a*?FEﬁmOfgf’rﬁlPé)ﬂbfééh%‘ﬁ‘aml 185y be adj usted by
turning on a vector network anal yzer to achieve an optimal performance for
ant enna 100. Li near traces 111 and 117 extend from RFIC 107 and RF ground
el ementRatllaBion raemp €09 avell ¥5 b3Qisimbdit@tibnsagdnyraplgrappbste toccaekotheotahsliovanth f or

about the me_di Li near traces 111 and 117 forma finite ground
mcro sFﬂgsi PHEb Yy BT APa AN 06 T TOETIGnOPRISHS. e s TS  Gh | i ne

V\D 201%9%3%{3%{1%\%&hﬁﬁ%éﬁniWdlgéls%tfeﬁﬁ‘@%tﬁt' ¢ signals. In accordance

an enbodi nent of the present ention, substrate 101 functions as a
d| éISectrl C substance separati ng Si gnal strip 111 fromground strip 117. In

accordance with a preferred f the present |nvet|on inite
o ound thipadimieonBh it GraiEeS BRRRTER! of thperortit Tahion TRULa begf® equal
to or ghgate roftd"l%]e 2nRAka EO®ALRE chohﬂBﬁle‘d/aMﬁétﬁrtﬁ'tﬂb pleatehehdRFod BARbS the

transm tted through antenna 100 for efficient energy transfer from RFIC 107
t o radiveavelongthrafghd BY segial to1se trmsatitedby gntenniel 00g gtagcartlanperwigsa sperifand 117

i s equal r_th a one fourth or .q

waver ity Fa S i AROHs B8 shE bl pBRESHRH Fotn Phans ¢ an
RF28i grfalhrth)for 2ord Qrdttct f2the arlzeleriiid of NAUSRF i signal %61 BN tahimgittedrtsy agdical
(1SM band reserved 10 internationally for the use of RF energ ﬁ for
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transm .ing the Si I V\nthafr uenc bout 2.5 GHz. 15 I n accordance
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wi dth of second linear trace or ground strip 117. In other words, the width
of si gtbaladgtstadﬂoﬂmj:mng opraef/@?tqmeywaqkperr@ig{zmtoedtqhmqml opttimad petfessartchdr t hat
of groun E{)(g 117. In a preferred enbodi nent, the width of ground 20strip
117 is 8 83‘]‘ or greater than about 2 tinmes of the width of signal strip

111. In accordance with an enbodi nent of the present invention, ground

strip 117 is an el ongat ed
Linear traces 111 and 117 extend from RFIC 107 and RF ground element 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



conductive strip narrower than a dinmension of RF ground elenent 113 in a
direction substantially perpendicular to ground strip 117. Long and narrow
strips 1MWoand/®@17325 significantly reduce the interferentaeNabrigrosnd

el ement 113 on radiation arns 109 and 115 and inprove the efficiency of

di pol e antenna 100. In other words, the I ong and narrow shapes of strips
111 and 117 effectively reduce the ground effect or ground el enent effect
on the performance of antenna 100. 30 In accordance with a preferred

enbodi feheleefompgnce ssmals. | Hyagrordsnce tHE o gebedigient of the prosentimyerdiog. 117
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adj usted accordingly. Designing the dinensions of strips 111 and 117

accor digRynddnicksti Hrusiire ifwégqygﬁlrﬁrlilﬁcamsw ?lés % {qneth U 9] ¢ 3t BYhince
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ground mcrqstri 111 and 117 describe abhove with reference to Figs., 1-3
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ef fect vofvcRhoMNst @k aBRIgndil 3FeN il adi AtdndR 106 fid & eafimiefanal %{%}ﬁl 400. 10
Thus, the hand of a user covering the RF ground elenent 113 in a handheld

devi ce 246Gl itkely GHzafahdctnduseiat,adrigniiion efdi gicdisely @SManbarharcd@oed n t he
devjce.. .To achiev his effective i.sol ation of RE graund,el,enent 113 from
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el ementthgf t@afunicheodsefgt REgHf of lil@arstgisri1pSankilili 7aRdordferablys ciafter iy
greater than one eighth of the wavelength of the RF signal transmtted by
ant ennd -390 or feigen sinpprsfasicd erhedimess) the legth efincpestgphonfaqes hAbhpandi 17 ps
111 an i r . t . £ our of the
wavel onyr ot S PR RETER KLFRARLerh e O 1NERH B G0 FRE Hhy 3% Bn M ' B0
117 i sdteguendpRabgit@uhGHe enent 113 under RRIC 107 fromradiation arns 109
and_115, thereby substantially elimnating the ground effect and enhanci ng
th 5efficiency of dipole antenna 100. 20 In accordance with an enbodi nent

of the [RLESRMncE WA bRFerrdd@dhBdiA8n T rfﬁel ﬁ%@erﬁ@ﬁve%@ién,%@ wWidth drifRidi§lat O

havi ng a hooked shape as shown in Figs. . I'n accordance wth vari ous
enbodi et sr eignthgriprés ennoti ngmhAtimhy, greadi tiandhe andth ofGOcanddlinkdb trawy ohave

di fferent shapes.such as, for a , oent  folded, strajght as.shown in
Fi g. 81gr%131?1\/s318p i%’?sﬁ%\ﬂﬁer I){vo.gﬁisg?ﬁ(eg}%)%ﬁ é)_f signal strip lq? 18 preféralbgl applroxnnate\(g'r~I
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 eclongated
conductive strip narrower than a dimension of RF ground eclement 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



25 In accordance with an enbodi nent of the present invention, radiation
arns 109 and 115 are preferably so shaped that they are sufficiently far
from grouwo2el1ievers8 113 to substantially elimnate grourdTaANena70B6f ect .
By way of exanple, radiation arnms 109 and 115 are bent to fit in a space
with a linear dinension | ess than about one half of the wavel ength of the
RF signal to be transmtted by antenna 100 while maintaining its actual

| ength of greater than one 30 half of the wavelength in accordance with a
speci f id@méq%ﬂmanmmcq»fe-g-,héO phias &R0 ilhedet ilmnedange ot Hevyiredothgsdimgasiernal 100
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radi ati on e clency o enna 1 e geonetry or shape of RF ground
el ement 113 nmay affect the radiation pattern to certain extent. By way of

exanpl in antenna 100. shown jn Fi , idth 119 of ground ele 113
s abodheofie Rt Spraioaae WRgen b il Pt Beiae DBty BHofd 10H by
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signal reflector, 10 thereby resulting in a slightly directional radiation
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e.g., asodjoaveisRErgrawtd clemenel Bofipmoradisgion psmp 409 apd d &r thegbr rpdisiepit
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accordance wth an en%o Iment of the present invention illustrated in Fig.
6 i s gdmegaittiys EMenhd/1Hi stoldtb RIegroumdatlemdint ElGt iodes . REKE 16§D frodi agdiatmoen n

Fig. 5 sh th dj,ati tt | j.ght I int tical
G Dot RS M Sk DR T BB A S BAR T abd i B s,
howev ereffigaRYS Ao Rterthal 10t i onal distribution of radiation when 25 viewed

fromthe Y direction.
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



Figure 7 illustrates antenna 100 in accordance w th another enbodi nent of
the present invention. Specifically, wdth 119 of ground elenent 113 at its
rear end we 2ataa9176dne hal f of the wavel ength of the RF ®Cgra2011/0ke736 he
enbodi nent descri bed above with reference to Fig. 1. 30 However, ground

el enment 113 is tapered toward the front end where ground el enent 113 joins
strip 117, so that an angle of |ess than about 100 degrees () is forned by
two sides of WD 2011/091763PCT/ CN2011/070736 ground el ement 113 near front
end. THR § spansfwigup dingasrdimensiondesy danicny Threcforwanteom | Wonmeserdercegrisund

el ement, f t
pr oxi m P %0%‘3? ouncfrt hFé)g eseﬂ"r T%gﬁt ragdq)egfg ?lisglk %&%a‘ﬂ%gﬁﬁ%g‘%%%ﬁg hfg[rlgb%/
resul t icomphdt handiwledonty. diabecitingatenhad0@bh aP(Ristsénple lahé eodt Béficighown i n

Fig. 5. 5 Figure 8 illustrates antenna 100 in accordance with yet another
enbodi mrent of the present invention, in which radiation arns 109 and 115

I ' 11 and
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ground strip I ext endi ng 1 n opposi Irection Thi s
conf i guhaptonctkeepshapadt &K gouat plemt6O1 ]énﬂaihﬁeétahe amﬁg:tio‘nrpmrneﬂrﬂtogcanund 113
to effectively reduce the gr ound el e t effect ver

S
conf i gGEEF onPREEHs 98 GEWIpAE FYCHK: T 1} h%gf | W@Hbffr? obtPU at i on

arnms 1Q@nadd 119 35 aﬁbﬂuéﬁ‘e Ralir| Jrut redREendt 8N AR mosgﬂalaﬁ,cgé danGRitet By
anot her enbodi nent of e present invention, in which radiation arns 109

and 11%ngnea il@0. tWethfSOﬂ'ﬁrﬁ dimgsioni grovod vlsseot 1 B ©inetdonsian aanibbsigest ceflagiarh an
di nent. of t r radi ation.arms 10 115 ave
ot TERbyplesle BL7 SRR XERM S it B Bl Db Rt oA VB M Bl Py e
t o t he Sputilical8s t1ef radiiafibe p&ttim RaLGEOBE FamnowRdBshe frohta apicARNTE Mbhidthary,
enbodi nent of the present invention, antenna 100 is not |limted to having

si gnal déeetign Silmvndn Fegst | gné bndBistradiation Riger Wil geindowarddhe anpkiswesifbiet
anot her, i pis
coupl ot o EREREERLs oAl Budt kiR b ibeRlends B i MAErHRLDGA SERRLILP |
7, and tke $ihsMBnafmommﬁwtusl&g,tacteltehelolmbcItb bgcongioled k. Mat chi ng net wor k may
perform i npedance matching thereby providing nore flexibility in the

ge ﬁetry, di mensi on, and design of different conponents in antenna 100. 25

I'n accqy dapgernid Eﬁb@&lnﬁﬁpﬁﬁ,‘v&mﬁtﬁg% w@thqulg%?%%odna\é?é?ﬁén@“13 RAc QR4 Gne
el ement 113 is preferably l'arge enough to provide sufficient coverage to

all RF fomtaolemmwttmn@fstho watvblen@EBf thEhiRF wigdalhte beftragsmitipd by labtcand 100 7Inar e
e o e B e S S BB oBE APME, A ohness
and di ehRh4 160 CRNSERRNIONy RERISWRSL 2al ethbOtadiMidh GRANSINARF akitekha O 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/ 091763PCT/ CN2011/ 070736 By now it shoul d be appreciated that a
conpact di pol e antenna has been provided. In accordance with an enbodi nent
of the prweentr/idmwenti on, a di pole antenna may be fabri eargN20mn/E0BEB t o
provi de high space efficiency, design and nmanufacturing sinplicity, and
durability. Afinite ground strip of |onger than one eighth or one quarter
of the wavel ength of 5 the RF signal would significantly reduce the ground
effect on the RF transm ssion. The width of signal strip being no greater
t han t lseungfelementdd daaer fsanticpd whbisgonfigerniéen isdtkgaemeriag ghoigndiretticosters To
achi ev r I . i dth Sl SEL . en
one. hartt oo RpT TRBE% G PR & ) ConrtdiBu b Rhermk R M SR YECT
di f f er gidundosiporent 3 od rhdietich pehe 10DMPAren) shalescidshRingbove sioghiohimgant |y
reduce the ground effect and enhance the 10 performance of the dipole
antenné@ﬁﬁﬁgwgﬁﬂﬁménﬁﬁ?%ﬁﬁéeﬂﬁ“Q%Eﬁ%Hgﬁééimﬁth an enbodi nent of the present
invention may be conpact and easily fabricated on a PCB. Therefore it is
sinple, reliable, and cost efficient. A dipole antenna in accordance with
an enbdigureRtilloftratdsearperendd inmeentliore wah yeasndtierf ¢rhbadmmentaofcihraedent
device. In_.addi.tiop, the.finite und mcrostrip in accordance wth an
erbod HBYIGE: (he™pibs BRiatoRy 8T B H89 11 Sd e eRerdy ROl SEAE I 1HES t he
RF tran3fpeagicRir td sEARPaKHIAN 4nd g}lbﬁ&ﬁf sERUALI 59 &e6tuns) %b?p%sit@léﬁﬂ% @

C
coupling feeding and m crostrip balun feeding. Wile specific enbodinents

of the frmesenh atherentlihon corfigurdimankerps craillsgon emeil A9 adndvid 5 faneywaar &onot

i ded |.i,m ' h f the,i .on. The . :
vt 30 R L8y b de R P iRy S B sysro i PR becion
descri heedseirhadl PEB1S at dvaiimadae eeviuUsndtes dhadritiskiathed0d ind hies. aFigureFor

exanpl e, although it has been described that the antenna is printed onto a
PCB, t hidwdratarianfeaga il A0 dmaccardangpotith entersiebndimenstofithe PRISFHCingesionasn

di scl O%ﬂﬁcﬂa%id%ﬁ% aﬁﬁgﬁ{){%ﬂdﬁ% bR USRI (i ¥ g@nh@cﬁﬁ%s %P%Feﬁ&@éeln Qcpﬁ{a forms
of antennae enploying the sane principles are wWithin the scope o he

pr esentwitthuertribodimddy ofialye pfesél iexaniphgeradiatidnpohs 18otadnasimaypbsar dhoce

with the present invention my be non-ni_ni at yre ant enna ich can b
neéﬁaniSE%aePy FelbFY4EBRIET 0 8R. iR d AR & HMAY dectaNeniniotseri iBabt or
i nt egr @defi fr&8ickSand POBL011/ 091763PCT/ CN2011/ 070736 CLAIMS 1. A di pol e

antenna, conprising: a dielectric substrate having first surface and a
second surface opposite to each other; a first conductive strip formed on

the first surface of sai ielectric substrate.and havi a first.|jnear
{race o SotpREcy Th AR ST HE T o ARG GOPTiGh SPUAIRITLR B e R
second na¢gly MR &td) 1 he dfrkdtBt cddnterd tb'RRES hgB an WcBdllanR wRRGRE aaeMmeuct i ve
strip forned on the second surface of said dielectric substrate
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 dielectric constant of PCB substrate 101 into consideration.

30



and having a second |inear trace near a first end and a bend formng a
second radi ati on arm extendi ng substantially opposite to the first

radi at i oowarmmwareda second end; wherein the second | i near/avan®7ims a

wi dth substantially equal to or greater than the width of the first |inear
trace; and a ground el enent fornmed on the second surface of said dielectric
substrate. The dipole antenna of claim1, wherein: the first |inear trace
in said first conductive strip has a length equal to or greater than about
one ei gt ROWf 1tashwaldelpeeﬁgmﬁ01@1fedathataéhC@nmaéfqd@ﬁtwarstp@r@aha& cqpeProvidedni It ed by

t he di ce Ive
strip %gé&g eng s%ﬁg?(gﬂ]tgl aﬁtgggaeﬁgﬂqﬁ%e#lﬁﬁ d e a%e?} ? et rsﬁlqule%%aar
trace ion saP@Bfior ptovidentlight spaec Sdfﬁmancyﬂd%s@hpmcb n@mh%ﬂﬁm(gf sipdiciny,2and

wher ei n the | ength of the fir | inear trace in said first conductive_ strip
i s equaltrad e}l%r i FPURhEHD obngchien ras Fighthdlr ankdlugrsrea fdhiyvAvaenatihe 1 adi o

f regue@Hé’ Ql' w&iﬁdgf’gn'(i)fﬁc%ﬂﬁ vé? ey r{;}e g@ﬁ&@}h@ﬁ% ﬂi‘ﬁ%ms@(‘iﬁ df1RAY G¢h

ant enna o ereln e secon i near trace
i n saiaf sgn@hs:lnp (banhgatol greatst thap thas o dpr gmumhx;tapwc&ﬂm alrtheo rédmvoe ther@reumf t he

width of.the first linear ace | sa&ﬂ%f rst.copductiv strl ﬁ pol e
ant enngTBF clospaiave boRCppertariigh birdieral StRans S Fenvedi o hce
in sai qné RGO E'i@th(‘d?@l‘i’él&ldtf{%f a{ergr@uﬂdsstﬂls eqhe ge&ﬂ@fﬂe@@mrfeﬁeﬂ@cctmmn@fof&ﬁee
width of the first linear trace in said first conductive strip. 6.
8_ dipole components describe above significantly reduce the ground effect and enhance the
10  performance of the dipole antenna. The dipole antenna in accordance with an embodiment of
the present invention may be compact and easily fabricated on a PCB. Therefore it is simple,
reliable, and cost efficient. A dipole antenna in accordance with an embodiment of the
present invention can ecasily fit into a compact device. In addition, the finite ground
microstrip in accordance with an embodiment of the present invention may reduce energy loss

15  during the RF transmission in comparison to other coupling technologies, such as coupling

feeding and microstrip balun feeding.

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.

10



9. 10 10. 15 11. 12. 20 13. 25 The di pole antenna of claim1l1, 2,
or 3, wherein the first linear trace and the second |linear trace have a
di rensi orwoebarasiTedd via a nmicrostrip design principle POTAN2EWS0ZEG6
predet ermi ne i npedance. The di pole antenna of claim6, wherein the first

| i near trace and the second |linear trace have a di nension determn ned via
the mcrostrip design principle to achieve an inpedance of fifty ohns.

CLAIMS

1. A dipole antenna, comprising:
a dielectric substrate having first surface and a second surface opposite to each other;
a first conductive strip formed on the first surface of said dielectric substrate and
5 having a first linear trace near a first end and a bend forming a first radiation

arm near a sccond end; wherein the first linear trace has a width;

a second conductive strip formed on the second surface of said diclectric 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

10 arm near a sccond 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.

2. The dipole antenna of claim 1, wherein:
the first linear trace in said first conductive strip has a length equal to or greater than
15 about one eighth of a wavelength of a radio frequency signal to be
transmitted by the 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.

3. The dipole antenna of claim 2, wherein the length of the first linear trace in said first
20 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.

4, The dipole antenna of claim 1, 2, or 3, 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.
25 5. The dipole antenna of claim 1, 2, or 3, wherein the width of the second linear trace in

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, 2, or 3, wherein said ground el enent has a
width greater than the width of the second linear trace. The dipol e antenna
of cl ai m8Q 2oh1e9eiod sai d ground el enment has a wi dth of &bowuiN20n®76Bart h of
a wavel ength of a radio frequency signal to be transmtted by the dipole
antenna. The di pole antenna of claim@8, wherein said ground el enment has a
w dt h of about one half of a wavelength of a radio frequency signal to be
transmtted by the dipole antenna. The di pole antenna of claim8, wherein
said ground el enment has a tapered portion adjacent the second |linear trace.
The di pol e antenna,of .cl ai .2, ,0r wherein.the first radiation arm and
(he sedond rddeanpdnitiekslin T gt hod Tt F55ahTMSetdihn about
one hal f of &nwatelcehgtda dinecasivadeterrhimeduancyicosgmatesign prenciplatsadhiaved by
the dipole a @e],mi i antenna of claim1l1, 2, or 3, wherein: the
first radiat igg)(rraléaa%rm %gngep%lﬁgth equal to or |ess than about one fourth of
a wavel ength of a radio frequency signal o be transmtted by the dipole

ant enng; and ThBeliREachraadichlin &) whbAM@S st BBs thcs UG HRNLER Dheghual to
the_length of the first radi atl on %{m WD, 2011/ 891763PCT/ CN2011/ 070736

14. The di pol éraa‘*nﬁ%Vﬁ igengpiy defprmingd vig themicrastip desien FINGRlF & adiican on ar m
i s formed inimpstaapeobdfiftpolirng.st hook; and the second radiation armis
formed in a shape of a second hook opposite to the first hook. 515. The

di pole antenna of claim1, 2, or 3, wherein: the first radiation armis
formed & n a dhadepadd anderfniarodtclaamdh 2, end whieesis ssgd grbund dlcateinbhasaar widils f or med

in a shape ofy;&:SeEANH: ¥idh oPRRASEIR Ral fifeef 1 St arch. 16. The dipole
antenna of cllaim1, 2, or 3, wherein:

9. The dipole antenna of claim 8, wherein said ground element has a width of about one
10 fourth of a wavelength of a radio frequency signal to be transmitted by the dipole
antenna.
10. The dipole antenna of claim 8, 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.

15 11. The dipole antenna of claim 8, wherein said ground element has a tapered portion

adjacent the second linear trace.

12. The dipole antenna of claim 1, 2, or 3, wherein the first radiation arm and the second
radiation arm have a combined length equal to or less than about one half of a

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

20 13. The dipole antenna of claim 1, 2, or 3, 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
antenna; and
the second radiation arm has a length substantially equal to the length of the first

25 radiation arm.

12



10the first radiation armis fornmed in a straight |line substantially
perpendi cular to the first linear trace; and the second radiation armis
formed i rwa28twve@imht |ine substantially perpendi cul ar t @CrleN2ss0g6md6| | near
trace and opposite to the first radiation arm 17. A dipol e antenna
substantially as described and illustrated in the description and the
15acconpanyi ng draw ngs.

14, The dipole antenna of claim 1, 2, or 3, wherein:
the first radiation arm is formed in a shape of a first hook; and
the second radiation arm is formed in a shape of a second hook opposite to the first
hook.

5 15, The dipole antenna of claim 1, 2, or 3, wherein:
the first radiation arm is formed in a shape of a first arch; and
the second radiation arm is formed in a shape of a second arch opposite to the first

arch.

16. The dipole antenna of claim 1, 2, or 3, wherein:
10 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 the

second linear trace and opposite to the first radiation arm.

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

15 accompanying drawings.
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