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Antennas Technical Field This invention relates to
antennas and refers particularly, though not
wex@bosiosel y, to patch and m crostrip ant ennasPCL/BGZI06/€00398
for in-package use and having an inproved bandw dt h.
Background Driven by growi ng pressure to | ower cost
and to shrink physical volunme, various mcrostrip
ant ennas for antenn‘ﬁé{e -gfackage designs ("Ai P') have
been devel oped in t ggs few years for portable
W reless radio transceivers. These include A P
Tec&@?ﬁbﬁ Id (3) suitable for multi-chip solutions for
wirel ess radi o transceivers; (b) with both active and
Thipmvertionaelaies tostiennzs pad odferaparticnlady showghat ekdpsively, to patch
mul ti-chip solutions for wireless radi o transceivers;
and (Rikrodtriphnéenfh L af@blel for PRbpaRagise AR@ hewhE aR ifpiloQed bandwidth.
mul ti-chip solutions for wireless radi o transceivers;
(d) with a mcrostrip patch antenna suitable for
single-chip solutions for wreless radi o transceivers;
e) usjng an inverted-F antenna suitable for
Backeground. hi"y sol utions for wireless radio transceivers:
and

Driven by growing pressure to lower cost and to shrink physical volume, various
microstrip antennas for antenna-in-package designs ("AiP") have been developed in the
past few years for portable wireless radio transceivers. These include AiP designs:

(a) suitable for multi-chip solutions for wireless radio transceivers;

(b) with both active and parasite microstrip patch antennas suitable for multi-chip
solutions for wireless radio transceivers;

(c¢) with a microstrip patch antenna suitable for multi-chip solutions for wireless radio
transceivers;

(d) with a microstrip patch antenna suitable for single-chip solutions for wireless radio
transceivers;

(e) using an inverted-F antenna suitable for multi-chip solutions for wireless radio
transceivers; and

(f) using an inverted-F antenna for multi-chip solutions for wireless radio transceivers.

The existing AiP designs have serious drawbacks:
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(f) using an inverted-F antenna for nmulti-chip
solutions for wireless radio transceivers. The
we@x003084080 Al P desi gns have serious drawbacks: (BQT/86106/000398
designs using mcrostrip patch antennas can have
fractures and warping if they are inplenmented in | ow
tenperature, co-fired ceramc ("LTCC') technology (2)
AR n
@') Aﬂg ﬁ§§1 grﬁsusﬂ% ﬁgrds&}/égértgl? afte%%aﬂ ﬁ?v cl?tbrte? %nad warpn}%lf they
suc they need a larger foptprint on printed circuit
Higaperentedprgoy te%lﬁﬁf’f‘?‘%“} @rtgg?ggﬁr@na%&lgﬁéagfe&hnology;
si ngl e-ended signal operation requiring conplex
CovBdesigns usingrinverted b ahtembasthevh iqgiwordinrensignaltyeidtegrate with
radi os where differential signal operation is
mutieshey fagfbs. S SIGRMNeyAted R &RBAf0Trint S PSihtedic@cuit BSards ("PCB");
antenna being synmetrical about a central |ongitudina
an@Xi s of symmetry, the antenna conprising a first
portion that is substantially rectangul ar, a second

rtion hat ubst an aII rectangul ar, the first
B0y dekiEnet oot OB%YPH%‘%?;SHE@& PpleRBHersion
ot her and belng operatlvely connect ed
ciichitstoradi ta highibintggssfed mdeosfwhase dﬁﬁﬂr@m@h Slﬁ%%l operapen tsepreferred.
first sub-portion and a second sub-portion, the first
sub-portion and the second sub-portion being spaced
apart and being aligned on an axis perpendicular to
Suh@apyi s of symetry. The first sub-portion and the
second sub-portion nmay be separated by a capacitive

Atg%tgnn%%n%fsuhgﬁtg rt]heearﬁ?e%na gemg 's%g{eﬁec% gt;out centtra? f&nfg]%ydinal axis

of symmetry, the antenna comprising a first portion that is substantially rectangular, a

second portion that is substantially rectangular, the first portion and the second portion

being spaced from each other and being operatively connected by an intermediate portion.

The first portion may comprise a first sub-portion and a second sub-portion, the first
sub-portion and the second sub-portion being spaced apart and being aligned on an axis
perpendicular to the axis of symmetry. The first sub-portion and the second sub-portion
may be separated by a capacitive portion of the antenna. The intermediate portion may be
operatively connected to both the first sub-portion and the second sub-portion. The
capacitive portion may extend into the first portion from an outer edge of the first portion

to form the first sub-portion and the second sub-portion.
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operatively connected to both the first sub-portion

and the second sub-portion. The capacitive portion may
wezaogshosmt o the first portion froman outer eBQESGL006/000398

the first portion to formthe first sub-portion and

the second sub-portion. The internedi ate portion may be

substantially parallel to the axis of symmetry, and

Thé ubahwarﬁdt@bbmoaeﬁ@%@hsstélﬁm?q)ape@femotth;@ atik b8 (&jyn%%é&'y,%d

and the second portion. The first portion an

subsemAREy B%@%ﬁc@@ulga% Bt g?i%tgﬁ%ﬁoe}ll i té% gﬁ%{acg%%ﬁhpgt e first

ant enna e a stripline enna,

orti t he secand portion and _the internediate

po @P?Pgﬁlﬁerﬁﬁo RYHPR ?‘éieriSB antiallyidentigy- el enent. The
capacitive portion may conprise two first el enents,
the two first elenents being parallel, spaced apart,
and both being parallel to the axis of symretry. A

Thé amtshnd @ey b bReipliae afienahe HREFIEEYOrIEh, REJBbAY Fdr¥ion and the
connected to one of the two first elenents. A secon

d
int%rﬁﬁ:@iia'té ﬂ(f?x:ti@ﬁlfné%lecoggﬁitﬁéslﬁ hllﬂ_ﬁééﬁ/ ra %ﬁ%&?&ﬁ G%%rc?}g%cgtri\ge rrH@c;rtion

e tw first ele . I nter ate

G TS R HENR A

ég}@t he axis of symetry. The first portion and the

botg begpapaiel to themiy of SERmElHpAfise: feethling for theadtpana may be
el enent, end el enents at and operativel yconnected to

opazaictelecohnettet e onuvfahe ugfirseblementss A seastd feadlligd L8 BE
extendi ng substantially perpendicularly to the outer

ope2fi@fely connected to a second of the two first elements.

The intermediate portion may comprise two intermediate elements being spaced apart

from each other, parallel to each other, and parallel to the axis of symmetry.

The first portion and the second portion may each comprise:

an outer edge element,

end elements at and operatively connected to each end of the outer edge elements,
each end element extending substantially perpendicularly to the outer edge
element; and

inner edge elements operatively connected to the end elements and extending

substantially perpendicularly to the end elements.
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el enent; and i nner edge el enents operatively connected

to the end el enents and extending substantially
w@eooges@scul arly to the end el enents. The two PCT/SG2006/000398

internedi ate el enents nmay intersect and may be

operatively connected to each inner edge el enent; and

each inner edge el enent may have a gap therein

TheX6 Mistb e ddRt WRERNE YRy WRriddl SR 8L 8}3&%@@9 E@qe’étseg to each

spacing of the two internediate elenents nay

: i t d elenents of the fjrst ,
imdeh B 18R L O ST B SR e P kv thpcgpnding

dge el f the fi | h
beliE S B R INDE GRIF APRGREch RAEHR BTN A eSrabls lements may

transverse length as the spacing of the two first
be d¢ss thantasspading oé Htecamdaelemeants off thén first portjomi 56 the end elements of the
projection el ement extending into the second portion

sedondrpottud. ThE GliteCe@R BBERBE 1RSI firk{or86C ARY HRGL bl GninkRerein
projection el enent may have a void therethrough, th

VAoV j ' try. Th
o e hEnr Sl Tt & L BTVt Bt plgpenc.
edge el enment of the second portion such that an inner
end of the projection elenents is substantially
aligned with an inner edge of the inner edge el enent
Thg pnigpra may Bithepermpidse. 2 Prajscierdatepextindmgiat thesgeond portion
a third sub-portion and a fourth sub-portion, the

frophibe dusubdgoeleinent @fible sdeend pottibh. BiueproREtib®eleRRANEay have a
spaced apart and being aligned on an axis

voREheefb et 8o Yo bR tlro® bn MR &ievmtiir. Th Brojects
sub-porf%%h and the %ourtﬁ sﬁb-port?o &qiﬁméﬂnnamon
element may extend inwardly from the outer edge element of the second portion such that

an inner end of the projection elements is substantially aligned with an inner edge of the

inner edge element of the second portion.

The second portion may comprise a third sub-portion and a fourth sub-portion, the third
sub-portion and the fourth sub-portion being spaced apart and being aligned on an axis
perpendicular to the axis of symmetry. The third sub-portion and the fourth sub-portion
may be separated by the projection element. The intermediate portion may be operatively
connected to both the third sub-portion and the fourth sub-portion. The projection element
mﬁy extend into the second portion from the outer edge element of the second portion to

form the third sub-portion and the fourth sub-portion.

The ribbon radiating element may be of substantially constant width along its length.
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may be separated by the projection elenent. The

i nternmedi ate portion nmay be operatively connected to
wodoh/084060 t hi rd sub-portion and the fourth subP@D8G2006/000398

The projection el ement may extend into the second

portion fromthe outer edge el ement of the second

portion to formthe third sub-porti on and the fourth

sub-porti The ri bbon i a nent ma f .
e 5ol gy E5iebe Tt S e T EE Plepgrhoriie frst portion

first elements may extend i nwardly fron1the out er edge
sugh gebat inger qméevffea%@f he first slemenis's swzstandially aligtedswigh aﬁr outer

each of the first elenents is substantially aligned
edge bhthainmentége dagentaff tharst pordon.edge el enent of the

first portion. The antenna may further conprise a

ground plane having two holes for the first feed |ine

and the second feed Iine, the first and second feed

lel Jéllﬁéun? %%S'f@x?%etrl?: gige b gfogﬁlg %%akf: %‘a% Ep {ég f<1(;1J the ¥irst feed line

tern
ant enna may further corrprl se [ound Ia Vi ng
anqdhesepend teprbling, tharfirslang spyqnd fe foqdfines prstnst ﬁ iestibstrate from

passing through the substrate fromthe first el ement ‘
the firtt klengnisuo thepdrawed plthe Adtereativalynthe antennh eraydortiericemprise a
a dielectric material on the substrate, the antenna

groehdPlaheliavatk 4 Rola f6mhe Eifst Seldaikedie firfeedliind fi8sing through the
dielectric material, and in the dielectric materi a

su-ggt‘faté bRl thP Bt e¥ihen? REGP %rcﬁfﬁﬁtpﬂ and internediate

Ion may conprise a driven ement. The driven
elenent may be outside a ribbon of exposed dielectric
material. The antenna may further conprise parasitic

elements within the ribbon of exposed dielectric
Tlagpanggring may further comprise a dielectric material on the substrate, the antenna being

formed in a manner selected from: on the dielectric material, and in the dielectric material.

The first portion, second portion and intermediate portion may comprise a driven element.
The driven element may be outside a ribbon of exposed dielectric material. The antenna
may further comprise parasitic elements within the ribbon of exposed dielectric material,
the parasitic elements being operatively connected to the driven elements by capacitive

coupling.

According to a second aspect there is provided an antenna-in-package comprising the
antenna described above. The antenna-in-package may further comprise a semiconductor

chip mounted beneath the ground plane; the semiconductor chip having connects that are
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the parasitic el enents being operatively connected to

the driven el enents by capacitive coupling. According
wo e00d/088ond aspect there is provided an PCT/SG2006/000398

ant enna-i n- package conprising the antenna descri bed

above. The antenna-in-package may further conprise a

sem conduct or chi p nounted beneath the ground pl ane;
PG ITEUFRIEHTS BIRTLR: O 0 B E RANEAL Sl Wi fry g yecpug Feed
llnfeed line, and the first and second feed lines. Brief

Bescri ption of the Drawings In order that the

i nvention may be clearly understood and readily put

into practical effect there shall now be described by

way of non-limtative exanple only exenplary
BriefiDederiptiors of thed@edngs ption being with reference to

the acconpanying illustrative drawings. In the

In Sfd@NHRBfe ifiledHbLmhy bS cRatl§ Bn&ér?&yo? bnd@pa82¢ gﬁtlﬁ{oy racftlcal effect

enbodi nent; Figure 2 is a“vertical cross s

s I

n‘gl odi ment ; gure 4 is a vertical cross section along
empPRENSIEe Ehea@r?élcrmﬁlofl fheing; Wit teferangstio shq aprempanying lgstrative
Fi gure 3;

drawings. In the drawings,

Figure 1 is a top view of an exemplary embodiment;

Figure 2 is a vertical cross section along the lines and in the direction of arrows 2 — 2 on
Figure 1;

Figure 3 is a top view of another exemplary embodiment;

Figure 4 is a vertical cross section along the lines and in the direction of arrows 4 — 4 on
Figure 3;

Figure 5 is a top view of a further exemplary embodiment;

Figure 6 is a vertical cross section along the lines and in the direction of arrows 6 — 6 on
Figure 5;

Figure 7 is a.top view of an exemplary ground plane;

Figure 8 is a top view of another exemplary ground plane;

Figure 9 is a top view of an exemplary integration of the antenna of Figures 3 and 4 in an
AiP;

Figure 10 is a bottom view of the exemplary integration of the antenna of Figure 9;
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Figure 5 is a top view of a further exenplary
enbodi nent; Figure 6 is a vertical cross section along
w0 b@7iog4086 and in the direction of arrows 6 - BCDR8G2006/000398
Figure 5; Figure 7 is a top view of an exenplary
ground plane; Figure 8 is a top view of another
exenpl ary ground plane; Figure 9 is a top view of an
. : , ¢ .
R o
Ei exegpl3r§_integration of the antenna of Figure 9;
1IZEFY PRI i s an expl oded bottom view of the exenplary
_integration of the antenna of Figures 9 and 10; Figure
Figurp 124s amexplpded hotiomotie s of Whegregiplay éntegratign af fhe antenna of
integration of the antenna of Figures 9 and 10 but for
Figulua ahéddbuHogdua f&d; i s a side view of the exenplary
integration of the antenna of Figure 12; Figure 14 is

Fig@B 1531i4 H8ide atdwodr faf exdiplan deatf R IRadieiWe Fidues 13:he
enbodi mnent of Figure 12; "Figure 15 is a graph ot the

. I ,Q di Figures 1 an . Figure 16 d
Fiafe 143 ot ARG IR a5 bRl torthe G HliedCof Mgure
Figure 17 is a vertical cross-section along the |lines

»and in the direction of arrows 17 -17

Figure 15 is a graph of the S11 of the embodiment of Figures 1 and 2;

Figure 16 is a top view of a pénultimate exemplary embodiment;

Figure 17 is a vertical cross-section along the lines and in the direction of arrows 17 -17
on Figure 16; and

Figure 18 is a vertical cross-sectional view corresponding to Figure 1 but of a final

exemplary embodiment.

Detailed Description of the Exemplary Embodiments

The exemplary embodiments have new radiating elements and new ground-plane
structures, and new integration with AiP designs in LTCC technology. The antennas
described and illustrated may be used as stand-alone antennas and/or may be integrated
into AiP designs in a two or three dimensional manner. They may be used for single and

multi-band applications.

In the market, there are several LTCC material systems. For example, there are those of E.

L. DuPont Nemours and Co of Wilmington, Delaware, USA as shown in Table 1:
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on Figure 16; and Figure 18 is a vertical
cross-sectional view corresponding to Figure 1 but of
wa@2do7osdosexenpl ary enbodi ment. Det ail ed Descr i ptT/6062006/000398

t he Exenpl ary Enbodi ments The exenpl ary enbodi nents
have new radi ati ng el enents and new ground- pl ane

structures,

and new integration with AP designs in

LTCC technol ogy. The antennas descri bed and
illustrated may be used as stand-al one antennas and/or

may be integra
di mensi onal e
mul ti - band apq
several LTCC 1
those of E. 1|I.
Del awar e, USA
and 2 show an
antenna 8 t hat
mount ed on or

substrate 12.

LTCC materi al ,
sui tabl e di el

of any suitabl

10 is a conductcl"li?g met al .such as

\RREFERTRey may be |

YEdE or single

krhxhﬂisé grs: H—tthe
at eri al systens. F

DuPont g%feg?urs ar
as shovvngg-t , Tabl e
exenpl ary enbodi ne

rarket—there—=at

Faés yexanpl e, ther¢
d@s of W /I m ngt on,
19“m#bl e 1 Figures| 1
nt “8f a stripling

Diglatricgongtinhhon r adi

ag¢i ng®dHznent 10

Dl GEhECt TT T 1TE
The dielectric mat

&%k glank), ar —onf a
erial 11 may be

Tslagien *6F ey st al  pa

PYBAIVBE any ot her

CrbldomRREBT | @l . TNe1pePELLale 12 be
o I : at € et
“f or exanpl e, copper.

i3svasymret ri cal abput a

The ribbon radita¢kngnetsrent 10

it dinal Avi o nf
central, |ongifggifat axts—o— s orm g
Fired density 3.1 glem’
Flexural strength 326 Mpa
Table 1

Figures 1 and 2 show an exemplary embodiment of a stripline antenna 8 that has a ribbon
radiating element 10 mounted on or in a dielectric material 11, all on a substrate 12. The
dielectric material 11 may be an LTCC material, liquid crystal polymer, or any other

suitable dielectric material. The substrate 12 may be of any suitable material. The ribbon

radiating element 10 is a conductive metal such as, for example, copper.

The ribbon radiating element 10 is symmetrical about a central, longitudinal axis of
symmetry 14. On each side of, and parallel to, the axis of symmetry 14 are two first
elements 16 that are parallel to each other and spaced apart. The two first elements 16

form the capacitive portion of the antenna 8, the remainder of the ribbon radiating element
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symetry 14. On each side of, and parallel to, the
axis of symmetry 14 are two first elenents 16 that are
w@anoalogBo t 0 each ot her and spaced apart. The pe@DSEGE2006H00398
el enents 16 formthe capacitive portion of the antenna
8, the remainder of the ribbon radiating el ement10
formng the inductive portion of the antenna 8, Feed
; i At LS od d _connection 18
10 mREHEFUELLP BofloRTP e et 8% e b i RORE R s o
| enent. 10,1.s gener al |l ormed, by first and second
feegé’PPﬁle&hgn g%m Qge Pi@ﬁ&%?{?&eyﬁ t are spaced-apart and
substantially rectangular, and an internediate portion
24. The first and second portions 20, 22 are joined by
the internmedi ate portion 24. The internediate portion
The 4ibben sultasing eicnadni YO frogentiatlly fendd sy faost sndfecSdBBRESRS 20, 22
14, and perpendicular to both the first and second

resP&tivERMBat 46 sphéed-BYarf é&ﬁsshﬁﬁtaﬁﬁﬂgyre&ﬁﬁgéugﬁg gél(%ﬁn rriigly nﬁgc@gtte

that the shape approxi mates a réctan

S t her than . sguare corners.. The four |

PO PR P oploR 20021 G B ittt gortion 24.
slightly curved, The first portion 20 has an outer
The, &B%fftsfiéi‘?eﬁ’ﬂm% 2 ip bRty prsaliahéo theragis of|spmmstry 146and

extend. The two first elenents 16 are operatively
peperfiadargd both tha dirstrapd genved abttions@0p2ndi cul ar to the

outer edge element 25, with the outer edge el enent 25

havi ng an opening 26 aligned wth and of the sane

extent in the transverse direction (i.e. perpendicular

By]ESBbsttzﬁﬁa.Fgé h%:ﬁé@fgu% 'IET%%.;{IX tli'aﬂhe%%af)glgpp%gﬁﬁlialge% aorgctgrpg‘fe,ta\rll\g may

Irst e

have curved corners rather than square corners. The four sides do not have to be exactly

straight and may be slightly curved.

The first portion 20 has an outer edge element 25 from which the two first elements 16
extend. The two first elements 16 are operatively connected to and are generally
perpendicular to the outer edge element 25, with the outer edge element 25 having an
opening 26 aligned with and of the same extent in the transverse direction (i.e.
perpendicular to the axis of symmetry 14) as the spacing of the two first elements 16. At
each end of the outer edge element 25 and being operatively connected to the outer edge

element 25 are two end elements 28 that are also generally perpendicular to the outer edge

element 25.
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each end of the outer- edge elenent 25 and being

operatively connected to the outer edge elenent 25 are
wo om7esdsel enents 28 that are also generally PCT/SG2006/000398

per pendi cul ar to the outer edge el enent 25. Extendi ng

transversely of the end elements 28 is an inner edge

el ement 30 that is operatively connected to the end

Exedn@{fipitianseSsehof 16 BRd alelénReIie Aflifidl 8dgelderhdif 30Mkb: is
elenments 28. The two first elenents 16 extend into the

I, [ ' 440N nds ;.4
opLlsiEy DR 15 bhe B 0B 2 B oy s RBF R (g e
1eI en%t 30, but are spaced fromthe corners 48 of the
CoRE“%edge el enent 30 and the internmediate el enents
32. The two first elements 16 divide the first portion
20 into two sub-portions 51, 52 that are spaced apart
by the two first elenents 16 and are transversely

Thaltwg fiesd elen@hisgtesttedd iAo th Fisst boRIdE\VOIsEEn that thbe 1er end@f 44 are
symetry 14. In this way the two internedi ate el enents

som@wRA QLIORET Bith YR dﬁt&%ﬁ?@@é e irIlngr %%% %&?E ! | sgiaged from

the respective sub-portions 51, ernme

ortion, 24 has t i nter ate el enents 32 that .ar
bt B 9 Hine e B L Y AT TR SemE & dpahe fwo
~to_the inner. edge el ement 30. The internedi ate
firgt esmsmtssl dvide dhg,Brsh ppréipn 28 1ni9dwegyhipeiticns 4 e3P thabare spaced
the axis of symmetry 14. The inner edge el enent 30 has
apart grhe3wotfhisttel@ndnen tis alnbireemns tenely sipnedt-alippei @i en axis
el ements 32. The second portion 22 is substantially

tra'thﬁg[’dei@ e dx@ dMGminketSt 1400 HiPRay hetRB ibBAnRBRE Slehfals 32 are

operatively connected to and perpendicular to the respective sub-portions 51, 52.

The intermediate portion 24 has two intermediate elements 32 that are operatively
connected to and generally perpendicular to the inner edge element 30. The intermediate
elements 32 are parallel to and equally spaced from the axis of symmetry 14. The inner

edge element 30 has a gap 34 that extends between the two intermediate elements 32.

The second portion 22 is substantially identical to the first portion 20 (on the basis that the
two first elements 16 do not form part of the first portion 20) and also has an outer edge

element 36. At each end of the outer edge element 36 and being operatively connected to
the outer edge element 36 are two end elements 38 that are also generally perpendicular to

the outer edge element 36.

10



10

15

20

two first elements 16 do not formpart of the first

portion 20) and al so has an outer edge el enent 36. At
weam/ognso of the outer edge el enent 36 and bei PQI/SG2006/000398

operatively connected to the outer edge elenent 36 are

two end elenments 38 that are al so generally

per pendi cul ar to the outer edge el enent 36. Ext endi ng

Ex{#ﬁﬁl%‘{%%rt I;?g&;)f thD EnEOEuRhRERNL 8 Riel &1 %tlééﬁl%t}ﬁ go Zﬁ% s

el em&ént 40 I's operatively connect

el enrents 38 and,general | endi cul.ar to t.he en
onghiifine syl Wt ERE Fmab S R gl prabBndigafl the ena
operatively connected to and 2qener al |y perpendi cul ar
elements S Thnlro intsgmediptepiaments3? am epsratiedy eafpected enanegenerally
40 has a gap 42 extendi ng between the two i nternedi ate
pegkadienistodRe inhbeedge kixanent 401 Hhd ingeraddgereleneh040 Bas a gap 42
preferably of constant wi dth throughout its length. It

exleAdREBEAIRR e kN iiRAnOMateFeéRt €t ric 11 by any
sui tabl e techni que such as, for exanple, printing. The

feed connection 18 is for a feed |line 50 that passes
through the substrate 12 and dielectric 11 as well as
a hole 47 in a ground plane_ 54 (Figure 7). The ground i
Theribben uligtias slemicat &) ﬁmr?eéabbéeﬁcgﬁaamfld@rthww@ ii§ Jength. Tt is
structure, as shown. In one particular formof the
prefzmblyl farmedobibdidimdertiriol 1 By goy ewtablegachnijuetsheh as farexample,
frequency is at 5.78 GHz; S11 is about - 11.29 dB;
prib@AgwW dth is 50 MHz (5.76 GHz- 5.81 GHz); gain is 4.8
dBi; efficiency is 80% the pattern is quasi
omi -di rectional .

The feed connection 18 is for a feed line 50 that passes through the substrate 12 and
dielectric 11 as well as a hole 47 in a ground plane 54 (Figure 7). The ground plane 54 is a

preferably a rectangular or square grid structure, as shown.

In one particular form of the exemplary embodiment of Figures 1 and 2, the resonant
frequency is at 5.78 GHz; Sy; is about -11.29 dB; bandwidth is 50 MHz (5.76 GHz- 5.81

GHz); gain is 4.8 dBi; efficiency is 80%, the pattern is quasi omni-directional.

Figures 3 and 4 show another exemplary embodiment. The same reference numerals are
used as for the embodiment of Figures 1 and 2 but with a prefix number 2. Here, the
difference over the exemplary embodiment of Figures 1 and 2 is the addition of a
projection element 256 that extends into the second portion from the outer edge element

236. The projection element 256 is operatively connected to and is generally

11
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Figures 3 and 4 show anot her exenpl ary enbodi nent. The
sane reference nunerals are used as for the enbodi nent
wW@booFiogeses 1 and 2 but with a prefix nunber 2PCHOEBH06/000398

the difference over the exenplary enbodi nent of
Figures 1 and 2 is the addition of a projection
el ement 256 that extends into the second portion from

petgpgﬁiaﬂslet{)_tﬁéj?ﬂeleé(%ggf&neég’ ?%G.Er‘]hg pi?éj%tﬁﬁxt 190! 28B8AL afengate

s operatively corfnecte
ener 3l | r.pengd; ar .to the auter edge. el ement 236.
and 3 o B REr SRSt Gal S ELpEH G B S0t svininetry 214,
centrally-1located void 258 therethrough that is
The prRieqtion elnank d5aextendsrinioythppeaopd perion PR spelpfhatits wyer end
el ement 256 extends into the second portion 222 such

260 hadormetrchat ipned evidh (R6 hnes edpprdivdtinglr edgredemettt230Neut the
i nner edge 262 of inner edge el ement 230, but the

prd}éQiof Eldndht 856 BphcedFforh ShSRREREd bR MRS DAY ahERatifn
el ements 232. The projection el enent 256 divides the

e ' i - POI ki t
oIeRREPZ Bl B el Mot 15 BAPTRS BHRnE Bt 200 LR
transversely aligned - aligned on an axis fransverse
spaced pprit By ihs repIealRmrRleTpsat 2Pk and are transverss)ly pHgnedyweligned on an
internmedi ate el enents 232 are operatively connected to
ax@rdnpersegn dicadiaef syometey 2 Es pethid vay thelbwp anteinogdsate 6lbments
266. By the addition of the projection elenment 256 the

23D arcyeeltive B cohhect@ntoent pedRRBdicslat fiCthe as@ectB® sub-portions 264,
creates a |l onger and U-shaped current flow path of a

idth that is preferably substantially the sane as the
ri bbon radiating el enent 210.

By the addition of the projection element 256 the bandwidth of the antenna 208 is
increased as it creates a longer and U-shaped current flow path of a width that is

preferably substantially the same as the ribbon radiating element 210.

A particular exemplary form of the exemplary embodiment of Figures 3 and 4 has a
resonant frequency at 5.775 GHz; Sy, is around -12.3 dB; a bandwidth of 70 MHz
(bandwidth 5.74 GHz to 5.81GHz); gain is 4.75 dBi; efficiency is 83%; and the pattern is

quasi omni-directional.

The exemplary embodiments of Figures 1 and 2, and Figures 3 and 4, are suitable for
single-ended signal operation. By the addition of a second feed line and connection they

become suitable for differential signal operation. Figures 5 and 6 show the embodiment
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A particular exenplary formof the exenplary

enbodi nent of Figures 3 and 4 has a resonant frequency
W@R003/084080 GHz; S11 is around -12.3 dB; a bandwedt/kRGziN6/000398

70 MHz (bandwi dth 5.74 GHz to 5.81GHz); gain is 4.75

dBi; efficiency is 83% and the pattern is quasi

omi -directional. The exenplary enbodi nents of Figures

of éllg%pege en f%ﬂtﬁ'c@lgf d%oradnf?eréntlaﬁ n?#éﬁe?% d)% A%Emt e same

Si gna opera
second feed |line and, connection they heco SU|tabIe

referspognypeRis e Yied 3 P copmongRts SRt W%h aégﬁlsm £ @ pgefix number
show t he enbodi nent of Figures 3 and 4 MAth dual - f eed

3. Agecdid feed tnthe abdislingred¢mep S181ts g sepgrd feed bennsaian 368 in the
reference nunerals are used for |ike conponents but

seddntlldf tHeerirgCklbdb @8 306, The REInt feddBRBECtDn 368 €00 AGedof@ Beed line
to the radiating element 310 is at a second feed

37g¥%ﬂ%§%€9ﬁn§@§x dﬂh st ‘?rat%%qgn&tef%tztr%g.g 1M dnfSse SR $72 in the

e SecC connection or a secon

d l i 370 that . passes . throu the rate -
g Rl 4 @ﬂﬂﬁﬁh 158 S0 R epon Y R SGioBi A Line 370
plane 374 (Figure 8). The second feed connection 368
mayredsosieecensd Wlﬂe@elemb@d@mt phbigaresd 4ne LisecimileamemHisr.
enbodi nent of Figures 1 and 2 in a simlar manner. By
using the ribbon radiating el ement 210 of exenplary
enbodi nent of Figures 3 and 4 with the ground-pl ane 54

B;Oﬁisqu @E®bén 'riﬂléhr%aéléﬂl&ié hap of BXdmMhryl A RABER IR E res 3 and 4
enbod |nents |t |s p035| le to obtain a single-en

wipE Bihatey ﬁw%@%@eﬁ%ﬁﬁ@%@ﬁmwm i

GHz) ;. oQai n of 4 4 d Bi ;
is possible to obtain a single-ended antenna with a resonant frequency at 5.77 GHz; S1; of

about-16.5 dB; bandwidth of 110 MHz (5.72GHz to 5.83 GHz); gain of 4.4 dBi;

efficiency of 83%; and a pattern that is quasi omni-directional.

Similarly, using the ribbon radiating element of Figures 5 and 6 with the ground-plane
374 of Figure 8 in a particular form of the exemplary embodiments it is possible to obtain

a differential LTCC chip antenna.

Figures 9 to 11 show integration of the antenna of the exemplary embodiment of Figures 3
and 4 into an AiP design. The design as shown is for single-ended operation and has two
deep resonances seen from S;q. one is about -12.3 dB at 5.64GHz and the other is -12.4 dB
at around 5.82 GHz. Between the two deep resonances, the Sy; is below - 10 dB and the

bandwidth is more than 240 MHz (5.60GHz to 5.84 GHz). The gain is 4.7 dBi, efficiency

13



efficiency of 83% and a pattern that is quasi
omi-directional. Simlarly, using the ribbon

wo awi7ag408@ el ement of Figures 5 and 6 with thePCT/SG2006/000398
ground- pl ane 374 of Figure 8 in a particular form of
t he exenplary enbodi ments it is possible to obtain a
differential LTCC chip antenna. Figures 9 to 11 show
| i m=Te . : I i,ment .
i gﬂqg%attﬁé)l&%@?n ghﬁlaﬁ Qﬁregll(a{aﬁ] eﬁlgl.)frg %fﬁ&%%é% d sign with

Figures 3 an into an

diﬁ?w%ihgggﬁgeiﬁfg ended operatlon and_?gsstgg geep

resona one i s about

5.64CGHz and the other |s -12.4 dB at around 5.82 GHz.
Bet ween the two deep resonances, the S11 is below - 10
dB and the bandw dth is nore than 240 MHz (5.60GH to

Figugs 1GHnyl . 14Fhewghe feelimgheivatBiusedinfiheberion | BheB@¥enna 3OS,
the pattern is quasi omni-directional . Fi gure 12 shows’

5  siRtrdleB19esd %ﬂ)u\ﬁﬂ Bhy diéabr the %Qerﬁ%%vﬁén&go% o? h%leef- > and 6. They

operation igures 13 and 14 s

ant enna .30 e 312
a&%%@&%%&‘?@ Wltﬁgﬁs%%?gﬁwt%éu%ﬁzé it ssppiconductor
- 5 and They are mpunted on and integrated
CW?'# RS R PR e PR B SSTH. Wit Frodhacs 85Ol gaorast with
chip 376 being beneath the ground plane 374. The feed

cq»rmﬁ@tg 338 of the ThipcHtndbe fasiding reommmkalf FiRirG 14 had domnedtion balls 380
376. The feeding network of Figure 14 has connection

fdp@biusecB80witara FOB,eed ViaB3Wid the anfdhkh 3052 8Ad Y @Rt id Qonnecting
t he antenna 308, and short (that is, connecting oné

10 ofH 88heh {%nd {.Eﬁ,l;] he ends 384 are
oéFi'HC on e Iﬁlgn nt@LﬁHQ 2. \’fg%%nc%%4 o For comnnection to the chip 376.
The measured results shown in Figure 15 shows the performance of AiP designs

incorporating for single-ended signal operation.

15 As shown in Figures 16 and 17, complementary designs may also be used where the
antenna 408 is formed as a slot antenna so that the “ribbon” 486 is actually a gap in the
metal to expose the dielectric 411. The metal is formed outside the “ribbon” 486 as well
as within the “ribbon” 486. The region outside the “ribbon” 486 is a driven element 488 of
the antenna 408 as the feed connection 418 is in metal formed in the metalized “gap” 426.

20 The driven element 488 is a radiating element and is generally formed by first and second
portions 420, 422 respectively that are spaced-apart and substantially rectangular, and an

intermediate portion 424. The first and second portions 420, 422 are joined by the

14
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The neasured results shown in Figure 15 shows the

performance of A P designs incorporating for
wakovglogtended signal operation. As shown i n Fi BOT/862006000398

and 17, conpl enentary designs may al so be used where

t he antenna 408 is forned as a slot antenna so that

the "ribbon" 486 is actually a gap in the netal to

1nt@ﬁﬁ?&§eﬁe béigiof 24 etefih@ritedidte pdRRnABL W su'b§taﬁﬁ!£1f55§brallel to the axis
outside the "ribbon" 486 as well as within th

oA 50 SR U B RO 0

connectlon 418 is in netal formed in the netalized
"gap" 426. The driven elenent 488 is a radiating

el ement and is generally formed by first and second
Wishinttho{ribboad) 436 22 thegs peusiticallamentied e A82 apd 484 alh phwhich are

and substantially rectangul ar, and an internediate
driveh bi et dtd4n eBhent #8S by adpfhcBiwe 0oEblpQl ti ons 420, 422

are Joined by theinternedi ate portion 424. The

internmedi ate portion 424 is substantially parallel to

the axis of symmetry 414, and perpendicular to both

0 orI ons 0, 422, Wthin t| .
I i o Bonr AR el R0 1 S Etamel iy iBon,sp i
494 all of which are driven by the driven el enent 488 *
fopypediagbe ielegdiccdd pribagthap gn Fipé‘(ﬂ}?]é‘?tlls 51ivs ip syoninstigures 2, 4
and the dielectric 511 are co-planar and the ribbon
and ) This foxn meg aiso Hehsed feltiocéxtenpldg tmbatdinemt bhiEigucs 1bread 17.
dielectric 511, as is shown in Figures 2, 4 and 6.
This formnmay al so be used for the exenplary
enbodi nent of Figures 16 and 17. Wil st there has been

ngﬁ%tct ?rggl% Ee%g#d@?crfb%& % ﬁ{qureggﬁ% rcliepctrfpﬁgn E’)ge%r%c{ grﬁbodiments of

the present invention, it will be understood by those skilled in the technology concerned
that many variations in details of design, construction and/or operation may be made

without departing from the present invention.
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the present invention, it will be understood by those
skilled in the technol ogy concerned that nmany

wo a007a8408ns i n details of design, constructi onPEIEGIING/000398
operation may be made w thout departing fromthe
present invention.The Clains 1. An antenna on a

" substrate, the antenna being symetrical about a

| ongi tudi nal axis of symetry, the antenna
T%%g#%pﬁélng a first portion that is substantially

rect angul ar second porti n that is. stantl
L. ¢ SR aF & SErRs DBt POR SHumpRisLDRL R Ppgitudinal
bei ng spaced from each ot her and bei ng oper at [ veI y
axisof npometty she arenmicompigingtedirpiarortiianihatis systaatialieglapgular, a
claimed in claim1, wherein the first portion
se€RARJorE@sthat i Isﬁb‘stan&uhy petdnigolar, ahelfisst peciondnd the second portion
sub-portion, the first sub-portion and the second

be%%%g?&rdtffdﬁ@ R8I di%r SRE6&Hs B g@fﬁﬁveg?é’orﬂgétgcg bRhi Qﬁﬁe@ﬁteﬁfbmon

per pendi cul ar to the symetry.
antenna as clainmed in claim2, wherein the first
sub portion and the second sub-portion are separated

a capacitive portion of the antenna. 4. An antenna
2. asArcarmrﬁ@cps iclpimedinelging}, wheseimthe figghperapp copprises a first

intermedi ate portion is operatively connected to both
subdpertdiomn &id ssuebenpbsubi-mmtion dhe fist sdeportos aid therse¢and.sub-portion
An antenna as clainmed in any one of clains 2 to 4,

beh}SIRELH Ak FMmaPakistalibBed6H id s gé&b&iﬂi@laﬂb ohd Bigs b dysimetry.
portion from an outer edge of the first portion to

formthe first sub-portion and the second sub-portion.

3. An antenna as claimed in claim 2, wherein the first sub-portion and the second

sub-portion are separated by a capacitive portion of the antenna.

4. An antenna as claimed in claim 2 or claim 3, wherein the intermediate portion is

operatively connected to both the first sub-portion and the second sub-portion.

5. An antenna as claimed in any one of claims 2 to 4, wherein the capacitive portion
extends into the first portion from an outer edge of the first portion to form the first

sub-portion and the second sub-portion.

6. An antenna as claimed in any one of claims 1 to 5, wherein the intermediate portion is

substantially parallel to the axis of symmetry, and substantially perpendicular to both the

first portion and the second portion.
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6. An antenna as clained in any one of clains 1to 5,
wherein the internediate portion is substantially

w@anoalog®Bo t 0 t he axis of symretry, and subst anPCBBG3006/000398
per pendi cul ar to both the first portion and the second
portion.7. An antenna as clainmed in any one of clains
1to 6, wherein the first portion and the second

7. pgntalnf)egmg 13 clséﬂxtfg’cf 1ﬂ%§r %% of élgl ! &)aéf W e1€‘¥he%ﬁ;2§ﬁoﬁ§nd the

n any one O ereint

antenna is a strl line antenna; and the first portion,
Sewﬁépeameawwgﬂ 'ﬁ‘ammg i ntermedi ate portion

conprise a ribbon radiating elenent. 9. An antenna as
claimed in claim8 when appended to claim3 or claim8
when appended to claim4 or claimb5 as appended to

8. ClAgi ditehina \WH ETa@hét inh@y eaPaLtihinvel ROT,tvwitheit GEpAntaea i$ sStripline
first elements, the two first elenents being parallel,

an2RAL %ﬂd m%t p@rﬂgn hed fchsd &tlBﬂ LAl er! 1n$eﬁn&ch§te i'tﬁ)ncgomprise a

synmmetry antenna as cl ai ne n cl a|m
erein a first feed line for the antenna i s
nbgB%F%%?Uﬁﬁgmgﬂﬁnected to one of the two first
elenents. 11. An antenna as clained in claim 10
further conprising a second feed |line operatively
connected to a second of the two first elenents. 12.

9. A\ redittemaas akimtdinmddm Swhay appeaded tocdlainn® oBclhim & ivhen
wherein the internedi ate portion conprises two

ap bf}%ﬁﬂ @@Qﬂaﬁha &'C@ﬁ&ﬁ@ta% AP A sPaEAH 3aRBkkid the BaRRR Ve portion
ot her, paral
comprises two first elements, the two first elements being parallel, spaced apart, and both

being parallel to the axis of symmetry.

10. An antenna as claimed in claim 8 or claim 9, wherein a first feed line for the

antenna is operatively connected to one of the two first elements.

11. An antenna as claimed in claim 10 further comprising a second feed line

operatively connected to a second of the two first elements.
12.  An antenna as claimed in any one of claims 8 to 11, wherein the intermediate

portion comprises two intermediate elements being spaced apart from each other, parallel

to each other, and parallel to the axis of symmetry.
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to each other, and parallel to the axis of
symmetry. 13. An antenna as clained in any one of

wa@b@0s408 to 12, wherein the first portion andrPteG2006/000398

second portion each conprise: an outer edge el enent,
end el enents at and operatively connected to each end
of the outer edge el enents, each end el enent extendi ng
subgt anti al |y, perpendi cul arly. t e .
155 R ARE R A ARER RIS, G Borbmb< (12, Sl 6 Bt perspngna e
to the end el enents and extendi ng substantially

SeORIRORAPERACRCPIPPHES 't he end el ements. 14. An antenna as

claimed in claim13 when appended to claim 12, wherein
t he tmouientdgerdetheatte el enents intersect and are
operatively connected to each inner edge el enent; each

I Nneen@eig/ietisAMRIM opBAVivelg canfEtRedtb @i dhd®F tiRitilikdt@dge elements,
between the two internedi ate el enents. 15. An ant enna

as [ ' Lm:. 14 - O f
o SR Sehnl bt WIS A A RREIAR, @ ind Pt We
end el ements of the first portion and the end el enents
of YRBSLe®¥hd portion. 16. An antenna as claimed in
any one of clainms 13 to 15 when appended to claim9,
wher éiner edge Jements epryativelepenmecisd to te enf elpmanty andeatending
has an opening therein aligned with

substantially perpendicularly to the end elements.

14. An antenna as claimed in claim 13 when appended to claim 12, wherein the two

intermediate elements intersect and are operatively connected to each inner edge element;

each inner edge element having a gap therein extending between the two intermediate

elements.

15. An antenna as claimed in claim 14, wherein a spacing of the two intermediate
elements is less than a spacing of the end elements of the first portion and the end

elements of the second portion.

16. An antenna as claimed in any one of claims 13 to 15 when appended to claim 9,

wherein the outer edge element of the first portion has an opening therein aligned with

and of the same transverse length as the spacing of the two first elements.
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and of the sane transverse |ength as the spacing of

the two first elenents.17. An antenna as clained in
wary7osesof clains 13 to 16 further conpri si ngPEI/SG2006/000398

projection el enment extending into the second portion

fromthe outer edge elenent of the second portion. 18.

An antenna as clainmed in claim17, wherein the

pr.oj ection elenent has a id theret .vaid . .
175 g eoh s ST padd af ol Bag el Forg compiEintdl frgjection
as clainmed in claim217 or claim18, wherein the
elogres] exiending it thersecend RosdRn framdhe Pyier edgn qlemeny of the second
edge el ement of the second portion such that an inner
pogtivgh. of the projection elenments is substantially
aligned with an inner edge of the inner edge el enent
of the second portion. 20. An antenna as clained in
any one of clainms 17 to 19, wherein the second portion
c ris . SWb- . : .
15 PR oR i RGP £ R ol Qement o a void
sub-portion bei ng spaced art. and being aligned on an
thefgiheoyghy the NEIdReaE Cet“éreg RB tag3xds ?Jt?s ‘ry. 21. An
antenna as clainmed in claim20, wherein the third
sub-portion and the fourth sub-portion are separated
by the projection elenent. 22. An antenna as cl ai ned
19, MCAédRa 20 cRimed B dmidil 17 whehie 08, tWiteréin e progticdbeelement
portion is operatively connected to both the third

expdils Pl%a}ﬂlg RBrofhe LRer EQEY dibnSibr Hf%rsteé.:cgﬂi%%iorﬂhcﬁ 11513 Eﬁgfgner epd

as clained in any one of clains 20 t , Wherein

Ofrl)i{lé) i)r%fetcltigrrl] el%ﬁ%ﬂ%% substantially aligned with an inner edge of the inner edge

element of the second portion.

20. An antenna as claimed in any one of claims 17 to 19, wherein the second portion

" comprises a third sub-portion and a fourth sub-portion, the third sub-portion and the

fourth sub-portion being spaced apart and being aligned on an axis perpendicular to the

axis of symmetry.

21. An antenna as claimed in claim 20, wherein the third sub-portion and the fourth

sub-portion are separated by the projection element.

22. An antenna as claimed in claim 20 or claim 21, wherein the intermediate portion is

operatively connected to both the third sub-portion and the fourth sub-portion.
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extends into the second portion fromthe outer edge
el ement of the second portion to formthe third

wa 708180 on and the fourth sub-portion. 24. APCERGHEN6800398
as clainmed in any one of clains 8 to 23, wherein the
ri bbon radiating elenment is of substantially constant
width along its length. 25. An antenna as clained in

23C h3iaMehia Wﬁn%ﬁﬁﬁ etnd 8 A¥s o%fl leh%{ )[}Pt%‘lg g?cﬂ«tac%rén element

wherein the first ammSene i nwar

ex eH%SéPtO%H%SGS?n ﬂ%rﬁ%g &xefou e&&%qp e@#&ﬁ%&;f Cslgcctm port%]n to form
substantially aligned with an outer edge of the inner
%@g@s@?EW@ﬁﬂaéﬁﬂFH@uﬂhﬁ@rP@@@plon 26. An antenna as
claimed in claim1l, or any one of clainms 12 to 25

when appended to claim 11, further conprising a ground
pl ane having two holes for the first feed |line and the

245 aa0REnh £ 201 hint in el e ohd b881aRARK RELORhefSEthe! riHB%ﬁ radiating
passi ng through the substrate fromthe first el enments

ele%%n{ﬁ%fg&b%or an{//é%gséang%ldtﬁ%am%gn ﬁl350{/\z|eLnegp:ognded

to claim10, further conprising a ground plane having
a hole for the first feed line, the first feed |line
passi ng through the substrate fromthe first el enent
25t dntantenge aveldinsidan elf®. 1 3Anhearappamdedas any anereficlaimsanty 11,
one of clainms 1 to 27 further conprising a dielectric

whepdi@the @irst elenidhes ektisitifRb@ly frhif i $RONRAgD leREnf SIS Erst ﬁbrnon
a manner selected fromthe group consisting of: on th

sulll @heflihhd TBOEEAR of tAOHrst Blelddfits 4 SlbREhtihfy AnEE Wilh an outer

edge of the inner edge element of the first portion.

26. An antenna as claimed in claim 11, or any one of claims 12 to 25 when appended to
claim 11, further comprising a ground plane having two holes for the first feed line and '
the second feed line, the first and second feed lines passing through the substrate from the

first elements to the ground plane.
27. An antenna as claimed in claim 10, or any one of claims 12 to 25 when appended to

claim 10, further comprising a ground plane having a hole for the first feed line, the first

feed line passing through the substrate from the first element to the ground plane.
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29. An antenna as clainmed in any one of clains 1 to 28
wherein the first portion, second portion and

WO naogsmdd at e portion conprise a driven el enenPCT/3G2006000398
antenna as clainmed in claim?28, wherein the driven
el enent is outside a ribbon of exposed dielectric
material, the antenna further conprising parasitic

28 ShRTRRhSa W élsmdtlﬁ &n bﬁ@@pclelfmsem%qqnﬂéreéoﬁ@hsin a dielectric
naterlal the parasitic elenents belng oper Iy

drlven eLe nts aci tive
mef G F E obgra S e S TR e SRRRF sl frpm the group
ant enna of any one of clains 1 to 30. 32. An
CORSiYtag 9%- crnri:hﬁéhekeggéc wateginhiapd in the diglesttis Batefilen
appended to claim27 or claim 28, wherein the
ant enna-i n- package further conprises a sem conduct or
chi p nounted beneath the ground plane, the

29S AR A RAHNES Slhintddl iR aBR6hO Of SIMECioNd WidreidltBe first Fortion, second

operatlvely connected to at | east one selected from
polri3f ol AHPEORSL 3R BhuprbO8 alibbiPbieh@RA 11 Ne. and the
|rs secon ced I'Phes:

30. An antenna as claimed in claim 28, wherein the driven element is outside a ribbon of
exposed dielectric material, the antenna further comprising parasitic elements within the
ribbon of exposed dielectric material, the parasitic elements being operatively connected

to the driven elements by capacitive coupling.
31. An antenna-in-package comprising the antenna of any one of claims 1 to 30.

32. An antenna-in-package as claimed in claim 31 when appended to claim 27 or claim
28, wherein the antenna-in-package further comprises a semiconductor chip mounted
beneath the ground plane, the semiconductor chip having connects that are operatively
connected to at least one selected from the group consisting of: the first feed line, and the

first and second feed lines.
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