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WO 2007/084080 PCT/SG2000/000398 Antennas Technical Field This

invention relates to antennas and refers particularly, though not

exclusively, to patch and microstrip antennas suitable for in-package use

and ﬁ%ﬂdrﬂé“%{‘ﬂ improved bandwidth. 5 Background Driven by ¢t6Wi{g2006/000398

pressure to lower cost and to shrink physical volume, various microstrip

antennas for antenna-in-package designs ("AiP") have been developed in

the to past few years for portable wireless radio transceivers. These

include AiP designs: (a) suif%'b‘@"t‘é‘?‘smulti-chip solutions for wireless radio

{r& sceﬁil\@rs b) with both active and parasite microstrip patch antennas

stitapfe for Iti-chip solutions for wireless radio transceivers; (c) with a

,jlllwglcrgl%tgi .(?atci-l antenna suitable for multi-chip solutions for wireless radio
FAn e a A R F R PR PR R ShBR SR hn Ahoueinetier el Hippatch

;n%utions tfror wireless radio, transceivers; (e) using an inverted-F antenna

SUItAbTE for mAUtfinGRi SERHBAS U RArKRSSLFa dRs! RatBE avdmpranadtigugwidth.

using an inverted-F antenna for multi-chip solutions for wireless radio

transceivers. The existing AiP designs have serious drawbacks: 1

Background

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: A

(¢) 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;

(¢) using an inverted-F antenna suitable for multi-chip solutions for wireless radio

transceivers; and

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

The existing AiP designs have serious drawbacks:
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WO 2007/084080 PCT/SG2006/000398 (1) AiP designs using microstrip
patch antennas can have fractures and warping if they are implemented
in low temperature, co-fired ceramic ("LTCC") technology; (2) AT designs
d%f?@“ﬂ%f'?é‘&-F antennas have to two-dimensionally integrate \RftA/5G2006/000398
multi-chip radios. As such they need a larger footprint on printed circuit
boards ("PCB "); 5 and (3) they are designed for single-ended signal
operation requiring. complex conversion circuits to link to highly-integrated
radids WhiTe SfrErEHtEH STGHATRPRFA SR aRsar Beve Saatret yrOwanping if they
antenna on a supstrate, the antenna being symmetrical about a central
BT GRRITTRP LS MoloSy FRFARAF) (Wise SR £ eominic R GOliseparalngthat
is Zéb tantially rectangular, a second portion that is substantially
re rl%’lg |SFSIERSHERE SniBTesHE N wREsTRB daisTP-Biansg siprastiniegrate with
ea@,%{}er and being operatively connected by an intermediate portion. 15
FREHTSEP SIS M3y EShiRTIsReS FiR PR A5 abH oripa BiseaHpuit boards ("PCB");
sub-portion, the first sub-portion and the second sub-portion being

ced apart and being aligned on an axis perpendicular to the axis of
sy try. The first sub-portion and the second sub-portion may be .
se@a?r] d ‘f?%&ﬁ%fbmélﬁsﬁﬁﬁ%ﬁtﬁg%t@aw&?%&&ﬁmmﬁ@ﬁmm
may be_ operatively connected to both the first sub-portion and the second
S BB OO S0 DA BN WS e SIESEPAY HhED M SppiR preferred
from an outer edge of the first portion to form the first sub-portion and the
second sub-portion. 2 WO 2007/084080 PCT/SG2006/000398

Summary

An antenna on a substrate, the antenna being symmetrical about a central longitudinal 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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The intermediate portion may be substantially parallel to the axis of

symmetry, and substantially perpendicular to both the first portion and the
second portion. The first portion and the second portion may be
sw&%ﬁﬂﬁ?ffﬁ?’f&entical. 5 The antenna may be a stripline antenn&Cari-2486/000398
first portion, the second portion and the intermediate portion may

comprise a ribbon radiating element. The capacitive portion may

COPLS i tsthe two first elements being parallel, spaced
apart, ar?%li \éé)goe{%ségﬁéﬁ [;%aqul I %8% an atl%ﬁ'éyo? Eitinshe A Sireanmaaiomd

. rativ onnected to one of the two first )
B e S A08 oo e Rieg. Toe firs

sReanf afdhetwadirstglar The 'ntermégiat ortion may comprise
two intermediate elen:pentlsml?)gtﬁsz; %ep%%%%agbl yff%?%‘%%%ch other, parallel to
each other, and parallel to the axis of symmetry. 15 The first portion and
the second portion may each comprise: an outer edge element, end

aignsn ' ted tq.each end of the outer edge
elemenﬁffgeglg g gﬁg %tgénﬁ}e%\%%%?esﬁg d ﬁiw%écs%%aﬁtgﬁﬁ Sy Be e prfiehiPRrtion and the

@A RA96HRIR ’Hﬁ?tccr%%%tég e{q&%ek;oendt%ﬁi%%me g%%?gﬁgg\ggaciﬁve portion

connected to the end éle s and extending su

parPesdisylar " 3. WO 2007/084080
PC%SGgo}%}gvdggg%gg%%ﬁgﬁﬁ@%g’éﬁfeeﬁgﬁ% B seassthepart, and

B BeaPsialiNgl, RO RLeEIgHS inner ? lement; and each
inner edge element may have a gap t é?éiﬁrg( ‘é%r?id?lﬁlﬁ or the antenna may be
operatively connected to one of the two first elements. A second feed line may be

operatively 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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between the two intermediate elements. A spacing of the two inter_mediate
elements may be less than a spacing of the end elements of the first

ortion and the end elements of the 5 second portion. The outer edge
g\'@rﬁ%ﬁ"ﬁf‘?ﬁ% first portion may have an opening therein aligneRCHigiG296/000398
of the same transverse length as the spacing of the two first eleme_nts
The antenna may further comprise a projection element egtending mTtﬁ the

rtlon from he outer edge element of the second portion. The

g%%%%o@n Sfanda en%:a? AR & %ﬁ%??ﬁ@?&tﬁ?’ﬁ%ﬁﬁ opsEaliyiel besmgected to each

rojection element may extend
Eig o ethe XIS é)f sgmmetr ] y
mward

rom the ‘outer e ge aie gﬁt BI0ABHR G E3R dssrinsateading

he. o tion eI ment substantially aligned with an inner
?é)cgﬁére%?%gftﬁonlegr{e g6 elemen egfsmé SRADAY Pt ntermestiaErfdements may

K Y, G rise.a. third ortlo nd afourth sub-portion, the
e R #&?@ém@aﬁe@@iﬁmfﬁd@ms ofte
rpe dIC lar to the axjs of symmetry. The thir
B S Rl R bt pepare Ao
| |ate ortlon m ratively connected to bot
tgge tﬁ?(gv @bg%@oﬁgmnear%lﬁweaf‘ou UFh S E‘%’%% RF%C'PH%CHP%@,%W‘@%@%@G@H“
may 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.

[ width al
T T B et SBba s w STmsaicbnerqse porion

outer edge ele t of the first portion such
e e P S R b, g ceve

i@ %ﬁ@fethrough, the void being centered on the axis of symmetry. The projection

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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edge of the inner edge element of the first portion. 5 The antenna may

further comprise a ground plane having two holes for the first feed line

and the second feed line, the first and second feed lines passing through
RSB om the first elements to the ground plane. Alterreiusly2006/000398
the antenna may further comprise 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. 10 The antenna may further comprise a

diehe &irR SlearenialBAvRE b btFsaed liHEcan tharmtse irtgefolonediinfahe first portion
manner selected from: on the dielectric material, and in the dielectric

nTaEEr R Fvianmenb i GackeEheifiek bmmeants itevhneditidl patignadwagh an outer
comprise a driven element. 15 The driven element may be outside a
riffssrPbthsipBseiarcrtemmahesida dirst mersiorenna 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. 20 According to a second aspect there is provided an
aﬁg&rﬂ%ﬂﬁlﬁp%waft}gf%rﬁw@w theroanepltacbavhigdw aboles fThide first feed line
antenna-in-package may further comprise a semiconductor chip mounted
RSB erg s Adpta e, iR sedireond deestlimip nrasingtbomebdts thstrate from
are 5 WO 2007/084080 PCT/SG2006/000398 operatively connected to at
IEBSTEHE SERE fRdbrip e Phng thEsiratisiedy s BeortcusdmlipdertBrisfomprise a

Descrigtion of the Drawings
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.

The antenna 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

n
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5 In order that the invention may be clearly understood and readily put into
practical effect there shall now be described by way of non-limitative
example only exemplary embodiments, the description being with
1@ TS Ehe accompanying illustrative drawings. In the draRii§G2006/000398
Figure 1 is a top view of an exemplary embodiment; 10 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
FREBYE QrERsiide didereliORg WeinSssafepihling aivktiiofiref aionsdd feed
-4 on Figure 3; 15 Figure 5 is a top view of a further exemplary
é‘ﬁﬁﬁodiment; Figure 6 is a vertical cross section along the lines and in the
direction of arrows 6 - 6 on Figure 5; Figure 7 is atop view of an
exemplary ground plane; Figure 8 is a top view of another exemplary

round plane; 20 Figure 9 is a top view of an exemplary integration of the

f@ﬁ??&%rmij?e%fg%mﬁ% AiP; Figure 10 is a bottom view of the
xemplary integration of the antenna of Figure 9; 6 WO 2007/084080
AEESB0RRBISBEC gAY Hlsarhnundsitstee sad apadiiepwhitihe practical effect

exemﬁlary integration of the antenna of Figures 9 and 10;
there shall now be described by way of non-limitative example only exemplary

embodiments, the description being with reference to the accompanying illustrative
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 atop 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 12 is an exploded bottom view of the exemplary integration of the
antenna of Figures 9 and 10 but for dual feed; 5 Figure 13 is a side view

of the exemplary integration of the antenna of Figure 12; Figure 14 is an
iQAaA%8¢8he antenna feeding network for the embodiment oP Eigs62006/000398
12; Figure 15 is a graph of the S 11 of the embodiment of Figures 1 and 2;
Figure 16 is a top view of a penultimate exemplary embodiment; 10 Figure

%7 is a vertical cr?ss-section along the lines and in the direction of arrows

B L4 ARy EFBLY A LRI TR e ™ 8i¢hs GemiBRlavosicsmsivoral thewntenna of

rresponding to Figure 1 but of a final exemplary embodiment. 15
E%Pr?é?b‘é@ Iption of the Exemplary Embodiments The exemplary
gmbod' ents have new radiating elements and new ground-plane
EiRufads an e TitBQVATbRWRTARS asergriam intertioelns Slogyiame of
g{]ctenn S %Ejse&%be and jllustrated may be used as stand-alone antennas
ana/or m iRE4FA HiEAIP designs in a two or three dimensional

anner, They.may be ysed for single and 20 multi-band applications. In
HIELAR o SIS e S0 ST E TR T HEFRIR IS FMBRaABlenaAs

mark

%‘re tholszfa. of E.. 1. DuPon% Nemours and Co of Wilrnington, Delaware, )
SRS SHERATRSTALRS 3¢ Pefeiesisirseimppatoridieniosmbodiggnt of Figure
ﬂ?OPERTY VALUE

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 éxemplary 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.

I. DuPont Nemours and Co of Wilmington, Delaware, USA as shown in Table 1:
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Thickness 1) 951 AX 205Itm 931=12 130 pm 95l :AT 90 um 951-C__2 40

4m Dielectric constant 7_8 (1013111) Dissipation factor 0.15% (Intrii)

Insulation resistance >gQtsgl (100 DC) Breakdown vpltage

aYQAVTIBHH Colour blue Thermal conductivity 3 WimK Thernpatr/sG2006/000398
expansion 5.8 ppm/K (2.5...300 C) Fired density 31 g/a Flesnrgl strength

320 Mipa Table | 5 Figures 1 and 2 show an exemplary embodiment of a
stripline antenna 8 that has a ribbon radiating element 10 mpunted on or

in a dielectric material 11, all on a substrate 12. The dielectric me}terlal 11

may be an LTCC material, liquid crystal polymer, or any other suitable

dielectric material. THEBGISREE 12 may be of emysmitable matenal. JThe

ribbon radiating elenteqi;t0-isa-cenductiver etaLsuchasriaLﬁxamf le,
copper. 10 The ribboh radiating efement 10 is|symmetrical about a cgntral,
longitudinal axis of bgyed 1;3;;:;
951-C2 40 1im

Dielectric constant 7.8 (16MHz)

Dissipation factor 0.15% (10MEL)

Tnsnlation resistance >102Q (160VDC)

Breakdown voltage »1000V/ 25um

Colaur hine

Thermal canductvity IWimK

Thermal expansion 5.5 ppm/K (25..300°C)

Fired density 31 ghemd

Flexural strengih 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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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
réfai8EPYPhe ribbon radiating element 8 WO 2007/084080  PCT/SG2006/000398
PCT/SG2006/000398 1.0 forming the inductive portion of the antenna S.

Feed to the radiating element i0 is at a feed connection 18 in one of the
fiﬁ%ifelements 16. The ribbon radiating element 10 is generally formed by

first SAAE8 BRI urtiEh 8T oD 2t recasiientivalyFirat tarthe patietraptetand0 is at o
sgebatantialg/ﬂ rectangular, and an intermediate portion 24. The first and
second Pt odibons afjthn dbsiemenitdrnediate portion 24. The
intermediate portion 24 is substantially parallel to the axis of symmetry 14,

and perpendicular to both the first and second portions 20, 22. to By

S Rstahrgialla}/ rectangular is meant that the shape approximates a
rectalgRe ARt HHES HeRetd ieenrrats fommed inafirsyemtacomeps: e 20, 22

fogsr si?esld? not have to be exactly straight and may be slightly curved.
THePRFEYBEAEh 36 1S hawatersiyd ity 25 o whighl tneitnorfisdtate
eI%rrﬁ%H%l? 1% extend. The two first elements 16 are operatively

OPHCREd (AR SRR RS EPIBOTHERS R RE fittnd buitde eulgereiéime pbrtion 24.

Zﬁjm{it rtrr}le %ter ed%;:t element 25 having an opening 26 aligned with

and of the eane REEH mH i thsevaibergndlsida the aeafepdizelay id, and
thg agriéioal?%rénrget{rg 14) as the spacing of the two first elements 16. At

dach end of the SIEPE I ashiesAmsparipaeRfY Sderatively connected

to the outer edge 20 element 25 are two end elements 28 that are also
generally perpendicular to the outer edge

By substantially rectangular is meant that the shape approximates a rectangle, and may

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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element 25. 9 WO 2007/084080 PCT/SG2006/000398 Extending
transversely of the end elements 28 is an inner edge element 30 that is
operatively connected to the end elements 28 and generally perpendicular
1V E8HB ¥ ments 28. 5 The two first elements 16 extend intopitre$izabos/000398
portion 20 such that their inner ends 44 are somewhat aligned with the
outer edge 46 of inner edge element 30, but are spaced from the corners

f the inner edge element 30 and the intermediate elements 32. The
R e o L B A 20 PP RS i B, i
5 g?ﬂtvaeie ggac%g dzzpaét bg%%ei two first elements 16 and are transversely
aligned - alignag on an a%; FHIRR R At Bengsal opepamsistian ip, the end

t@i V\éa¥s% two intermediate elements 32 are operatively connected to

‘ andr%élrpendicular 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.

e intermediate 15 elements,. 32 are parallel to and equally spaced from
e B A R i (e oo dmpnends 44 ac

n etween th o intermediagte elements 32. The second portion
%%egl%%stal |gﬁ1ﬁl@£%e:t1\%cgﬁ%r t?fg?’l r%?eBg BT SBoF IR Al shifattmepaced from

t i ements 16 do not form part of the first portion 20) and also has
it R b e Rk PR PO et A

and: .Hr% op éS'k[ve onnected to 2 outer edge element 36 are two

end e%merhtseféa Wé\égrr%ng %%’?’aé‘ﬁ%‘} @%Qﬁ@ﬁ&f&l’%‘?”f@%@@éf’eﬁ@ﬂ@@ spaced
%II%HW tﬁg ‘two first elements 16 and are transversely aligned — aiigned on an axis
transverse to the axis of symmetry 14. In this way the two intermediate elements 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.

et
<
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in WO 2007/084080 PCT/SG2006/000398 Extending transversely of the
end elements 38 is an inner edge element 40 that is operatively
connected to the end elements 38 and generally perpendicular to the end
eRMEMT 8408 he two intermediate elements 32 are operatively SOnVsEtEw/000398
to and generally perpendicular to the inner edge element 40. The inner
edge element 40 has a gap 42 5 extending between the two intermediate
%eme ts 32. The ribbon radiating element 10 is preferably of constant

AR GAGITERS Tenigih: 11 chrarainly foandtreirise eietoenidd thisys
any suitable technique such as, for example, printing. 10 The feed
R T S M e SPEEGN RA SRS etq the end
aqd dielegéri%ll as well as a hole 47 in aaground plane 54 (Figure 7). The
grotmd Biaie 8% 1 L ITEReriBTy ATOERih gaIse SPSaEy sRanariRd tpanggenerally
shown. 15 in ane particular form of the exemplary embodiment of Figures
PERTS S SR tiRsrs %%ﬁ[%’f“sﬁét%":ﬂéhé mpciefgs slamsnt 40 pe yzap 42
S%&dvxédtcb is 50 MHZLFXS,JB GHz- 5.81 GHz); gain is 4.8 dBi; efficiency is
S A DRI URS BTG HRS 6oy dres 3 and 4 show another

exemplary embodiment. The same reference numerals are 20 used as for
the embodiment of Figures 1 and 2 but with a prefix number 2. Here, the

j erenge over he exem lary.embadiment of Figures 1 and 2 is the

R S A BFSBE TSI Sl o SIS S LT Seeseppoedsneth. I i
from the outer edge element 236. The projection element 256 is

prgrgﬁg)é L{I%%%ge% A etgigﬁa cgghgyéfp@y gmtable technique such as, for example,

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 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; S; 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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it WO 2007/084080 PCT/SG2006/000398 perpendicular to the outer edge
element 236. The projection element 256 has an elongate and
centrally-located void 258 therethrough that is centered on the axis of
SYRAETYS2980. The projection element 256 extends into the se@OMEEG2006/000398
portion 222 such that its inner end 260 is somewhat aligned with the inner
edge 262 of inner edge element 230, but the s projection element 256 is
spaced from the intermediate elements 232. The projection element 256
aripRirrEadedhe P 6RO S TRtE AP stbsBTeisAt ZerieeB! i3k hre an elongate
spaced apart by the projection element 256 and are transversely aligned -

SR GO st setetbrRuakishat sy panieied on theetisiofvatheiry 214.
two intermediate elements 232 are operatively connected to and
OetpRIRISELRR t5TRERf B RAIS i BIiSRRPPE PO DD ER2 BietHdaidttieRer end
of t&e projection element 256 the bandwidth of the antenna 208 is
incPesseraitiaagned Hirdeina Wanapeaunertdaelpaenbl0wiatine
that is_preferably substantially the same as the ribbon radiating element
PIHSTHEOR PSFCHAr RiCRMER it e Bt mamsoaih cHeprojection
q%ures 3.and 4 has a resonant freqéjenpy at 5.775 GHz; S11 is around
5meRE2 0 SRHARdA SRR A AARIvE Aepestions 204G RO thafiare
is 4.7g(dBi; fficiency is 83%; and the pattern is quasi omni-directional. 20
FRE S ARG BB HER & SRl 6P e 2 eFTghir e e o an

suitable for .
axis transverse to the axis of symmetry 214. In this way the two intermediate elements

232 are operatively connected to and perpendicular to the respective sub-portions 264,

266.

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

guasi 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

12



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 12 WO 2007/084080
PES 568100398 of Figures 3 and 4 with dual-feed for differemtiat2006/000398
signal operation. Again the same reference numerals are used for like
components but with the addition of a prefix number 3. A second feed to
the radiating element 310 is at a second feed connection 368 in the
SBcbiRsf ﬁ aréreidmbatderigorAdisensind fuvdl cormeiior 368 isdorme
second feed line 5 370 that passes through the substrate 312, dielectric
ST SAYSIAL AEIA SR ke comuaniing 3t (higuidB)n Dhe prefix number
second feed connection 368 and second feed line 370 may also be used
RS Hicreigineslemenrt 310 is sinitarondders cByneting #68 in the
ribbon radiating element 210 of exemplary embodiment of Figures 3 and 4 :
1%5:?/9.‘?# i éhﬁrﬁ%hﬁalﬁ%%@d%ﬂ% sreondiesepnoationdds of faea second feed line
:ﬁéﬂ lary embodiments it is possible to obtain a single-ended antenna
| SBF ROy SRRS Sbstaie 31 s disilastristbltarel 8 sBothholwidTe of the
110 MHz (5.72GHz to 5.83 GHz); gain of 4.4 dBi; efficiency of 83%; and a
pBERS BlARSS A B hiTaeSrend fsed inmaagtiosiaesthrdribbend feed line 370
radiati lement of Figures 5 and 6 with the ground-plane 374 of Figure
%Va“gsg’rﬁwﬁﬁdf&ﬁ%g?ﬁé‘%?é%%ﬁﬁf EeHERArh et tinsaomdivienantitain
a differential LTCC chip antenna. Figures 9 to 11 show integration of the
antenna of the exemplary embodiment of Figures 3 20 and 4 into an AiP

ggsi n. que d@g}ign as shown is for single-ended operation and has two
SEP TREIAAAEOS R ERH AT eI e A BBERIPISTS HBPafBIEACH Fighees 3 and 4

the otheris -12.4 dB A
10 w1tgttlljxe groung-plane 54 of Figure 7 in a particular form of the exemplary embodiments it

15
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is possible to obtain a single-ended antenna with a resonant frequency at 5.77 GHz; Sy; of
about-16.5 dB; bandwidth of 110 MHz (5.72GHz to0 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 Sy,. one is about -12.3 dB at 5.64GHz and the other 1s-12.4 dB
at around 5.82 GHz. Between the two deep resonances, the S;; 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
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at around 5.82 GHz. Between the two deep resonances, the S11 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 WO 20071084080 PCT/SG2006/000398
Y8398 4%t9%he pattern is quasi omni-directional.. Figure 12 sh@\W3/a62A#9/000398
design with dual feed for differential operation. Figures 13 and 14 show

the feeding network used in integration. The antenna 308, 5 substrate 312

an und, 374 are for the exemplary embodiment of Figures 5 and 6.
Tﬁgg)g !;’gréﬂr%li‘ﬁf&&‘%ﬁ Bt fstetratetirqati nad iseon dl stsrvehip. 378 deisten with

the semicqondyctor chip 376 being beneath the ground plane 374. The
f@%ﬁé%é@%%ﬁr@éﬁeﬁw connects 378 of the chip 376. The
feeding network of Figure 14 has connection balls 380 for connection with
a PCB, feed via 381 to the antenna 308, and short (that is, connecting 10
ope gro d to q%r ou&lrg%}vial 382. The ends 384 are for connection

to the hip 396 e N B6iTecsk At i mgerationshbwanteana 308,
perio mar&cf%of AiP desi%?i incorporating for single-ended signal

ation>15 RE SR ity FRFGS e Sifdnprary simbRreitesnaey Bissigng and 6. They

operation:
ma alsop used yhere the antenna 408 is formed as a slot antenna so

tha {H%%I%%SPI@'H SIS HRGAINLR G SpHcPRiUdOrs R Slgosih Hes dinstgctiductor
401[%@-5% etal is formed outside the "ribbon" 486 as well as within the

fibBon %8 T RETEioH L ERSHE ileneibisbrthadead knaridah. Smennagsvith

of the an 08 as t d conpection 418 is in metal formed in the

rﬁgf%@i%dg' 'ig§a§f'€h§ é.ﬁ’ﬁ‘bg?ﬁfslﬁ‘f?\f&ﬁdé‘r@rﬂ%tﬁrf%@@bgw iktihes semesiton balls 380
d is generally for y first and second portions 420, 422 respectively

dhon Somtechin g" 1&§h§ gﬁ% St fbe @G ang 3 @haaghshort (that is, connecting

that are spaced-ap
one ground to another ground) vias 382. The ends 384 are for connection to the chip 376.

The measured results shown in Figure 15 shows the performance of AiP designs

incorporating for single-ended signal operation.

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

joined by the 14 WO 2007/084080 PCT/SG2006/000398 intermediate

portion 424. The intermediate portion 424 is substantially parallel to the

a8 ZB?QWWfétry 414, and perpendicular to both the first and s@€art:2006/000398
portions 420, 422. Within the "ribbon" 486 are three parasitic elements

490, 492 and 494 all of which are 5 driven by the driven element 488 by

C itive coupling.,ln, Eigure 18, the ribbon 510 and the dielectric 511 are )
R T B D e L ST PP e o

the @)&?‘ ic,511, as is shown in Figures 2, %{Fa}nd . This form may also
be Use %&tﬁﬁe%é%ﬁ%e@?/né\{ rﬁ%i&rj fﬁ?@%&o‘ﬁ?i e@géeé’ﬁaﬁﬁ(?“i@?ﬂﬁ%%t‘uz-
there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those

[ in the.techn concerned that many variati in details of
o D BB D R A Ao g vhich ar

frgmndhe eés&rkl;i \8 iQn. 5 LLOYPD WISE The Claims 1. An
antert}mayg[rh;\l asu ggt?a‘%]ei}gtrﬁte‘g%te%%%’%%ln‘@e S8 ical about a central
longitudinal axis of symmetry, the antenna comprising: a first portion that

is substantially rectangular;

In Figure 18, the ribbon 510 and the dielectric 511 are co-planar and the ribbon 510 is
formed in the dielectric 511 rather than on the dielectric 51 1, as is shown in Figures 2, 4 |

and 6. This form may also be used for the exemplary embodiment of Figures 16 and 17.

Whilst there has been described in the foregoing description preferred embodiments 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.

15
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5 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 comprising a first
sub-portion and a second sub-portion, the first sub-portion and the
second sub-portion being spaced apart and separated by a to capacitive
portion of the antenna. 2. An antenna as claimed in claim 1, wherein the
finsd subnertion and the second sub-portion are aligned on an axis
perpendicular to the axis of symmetry. 15 3. An antenna as claimed in

claimd gitehaind L a Wiereitet gl piesAne diate; RORiPR tisc ARGt Yntral longitudinal
connected to both the first sub-portion and the second sub-portion. 4. An

aaternsg asmetaimad inepyaagmptislaims 1 to 3, wherein the capacitive
portion extends into the first portion from an outer edge of the first portion

to farmyshgotitin 20 sHbspRianARd-dbasgeand sub-portion. 5. An antenna

as claimed in any one of claims | to 3, wherein the intermediate portion is

subgtantialbpparalieht theusxisehaymmeatiyuand substantially
perpendicular to both the first portion and the second portion. 16 LLOYD

WISEe BrAPRABNARARCIBIRRIIBraBY RIS HANE b0 RcWbBIGIRIASeing

first portion and the second portion arc substantially identical. 7, . An

ameyina;aa ¢ limrdin @?]Mm&ﬁfé@m@ﬁa&@nwherem the antenna is a
stripline 5 antenna; and the first portion, the second pdrtion and the
intermagiats PRHHO SRS irst sub-portion and a second sub-portion, the first

sub-portion and the second sub-portion being spaced apart and separated by a

capacitive portion of the antenna.

2. An antenna as claimed in claim 1, wherein the first sub-portion and the second

sub-portion are aligned on an axis perpendicular to the axis of symmetry.

3. An antenna as claimed in claim 1 or claim 2, wherein the intermediate portion is

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

4. An antenna as claimed in any one of claims 1 to 3, 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.

5. Anantenna as claimed in any one of claims 1 to 3, wherein the intermediate portion is
substantially parallel to the axis of symmetry, and substantially perpendicular to both the

first portion and the second portion.

16
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ribbon radiating element. 8. An antenna as claimed in claim 7, wherein the
capacitive portion comprises two first elements, the two first elements

being parallel, spaced apart, and both being parallel to the 10 axis of LLOYD WISE
symmetry. 9. An antenna as claimed in claim 8, wherein a first feed line - -
for the antenna is operatively connected to one of the two first elements.

15 to. An antenna as claimed in claim 9 further comprising a second feed

line operatively connected to a second of the two first elements. 11, An
antgnngmasciaiMa A8y iRRRYelaiMSifAle 40, WherainHR e IS IR H e the
portion comprises two intermediate elements being spaced apart from
eacheotidarfianadte kubBtintedighdetiies]. and parallel to the axis of symmetry.

12. An antenna as claimed in any one of claims 7 to 11, wherein the first

portion and the second portion each comprise: 17 AMENDED SHEET

IPEA/AU LLOYD W| SE an outer edge element, end elements atand
ot BAPEEFRE Hs RATERRS G GATOLAGT SRt e e Bachreiptine

e'em%ﬁﬁsé&?a{gwﬁra% t,@l%@%&{%?&%%‘%%’;ﬁ% e O%Egléttg‘ﬁggigﬁ gemprise 2

element; an Inner'edge elements operatively connecte

elemppisandigxiending

8. Anantenna as claimed in claim 7, wherein the capacitive portion comprises two first
elements, the two first eleents being parallel, spaced apart, and both being parallel to the

axis of symunetry.

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

operatively connected to one of the two first elements.

10.  Anantenna as claimed in claim 9 further comprising a second feed line operatively

connected to a second of the two first elements.

11.  Anantenna as claimed in any one of ¢laims 7 to 10, 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.

12.  Anantenna as claimed in any one of claims 7 to 11, wherein the first portion and the

second portion each comprise:

AMENDED SHEET
IPEAAY
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substantially perpendicularly to the end elements. 13. An antenna as
claimed in claim 12 when appended to claim 11, wherein the two
intermediate elements intersect and are operatively connected to each
inner edge element 1 o each inner edge element having a gap therein
extending between the two intermediate elements. 14, An antenna as
claimed in claim 13, wherein a spacing of the two intermediate elements
is less than a spacing of the end elements of the first portion and the end
15 elemefits’d fhcg%?eEJ & Bortion. 15. An antenna as claimed in any one

f claims 1 ' |
R s U

ed with and of the

same trapsveiseidanati-asdnaSRasRg Al beRiELSeeRSulkds AN

antenna as claimed in any one of claims 12 to 15 :further comprising a
projectietenestraadt extending into the second portion from the outer edge
element of the second portion. 18 AMENDED SHEET 1PENAU LLOYD
WISE 17 imsradgearmiemastelanvai aly dennscts! wilerand tlesisienibrdending
element has a void therethrough, the void being centred on the axis of

symmetHPSIEtARY Bsrase AT N or claim 17, wherein the

projection element

13. Anantenna as claimed in claim 12 when appended to claim 11, 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.

14. Ap antenna as claimed in clatm 13, wherein a spacing of the two intermediate
elements is less than a spacing of the end elements of the frst portion and the end

clements of the second portion.

15. An antenna as claimed in any one of claimes 12 to 14 when appended to claim. 7,
whetein 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.

16. An antennd as claimed in any one of claims 12 to 15 further comprising a projectioh
element extending into the second portion from the outer edge element of the second

portion.

18

AMENDED SHEET
IPEA/AU

LLOYD wiSE



5 extends inwardly from the outer edge element of the second portion

such that an lamer end of the projection elements is substantially aligned

with an inner' edge of the inner edge element of the second portion. 19. LLOYD WISE
An antenna as claimed in any one of claims 16 to 18, wherein the second

portion 10 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. 20.. An antenna

as daiwetnienampanabmedrie e ivhaesu B BiisHian Alemers drge 1oid
sub-portion are se ted by the projection element 21. An antenna as
clﬁﬁ%éqﬂ%%iﬁ%ﬁégr%gﬁﬁﬁégf%%%%ﬁ’?ﬁé’%ﬁ%%ﬂ’iate portion is
operatively connected to both the third sub-portion and the fourth
sub-portion. 20 22. An antenna as claimed in any one of claims 19 to 21,

wheyeithapkpias inmalemenire iandrintoihemspsond pajiendiemmbe
outer edge element of the second portion to form the third sub-portion
5 anekthmifanmixdiyifpomtio nuBd;Sdge ESBIER st HEl bMWYt A8inAe end
" antenna as claimed in any one of claims 7 to 22, wherein the ribbon
radiiiin grsfertionelsreimitis sehstrati borigras Wil sn ArergeHES S gin per wige
antenna as_claimed in claim 12 when appended to any one of claims S to

102 8%5REPE s AR ARdP8RTents extend inwardly from the outer edge

element ofthe first portion such that an inner end of each of the first
elements is substantially aligned with an outer

19. An antenna as claimed in aoy one of claims 16 to 18, wherein the sécond portion
10 comprises a third sub-portion and a fourth subéportion, the third sub-portion and the

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

axis of symmeiry.

20. An antenna as claimed in claim 19, wherein the third sub-portion and the fourth

15  sub-portion are separated by the projection element.

21. An antenna as claimed in claim 19 or claim 20, wherein the intermediate portion is

operatively comnected to both the third sub-portion and the fourth sub-portion.
30 22. An antenua as claimed in any one of claims 19 to 21, wherein the projection element

‘extends into the second portion from the ouier edge ciement of the second poﬂ:ion to form

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

19
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edge of the inner edge element of the first portion. 25. An antenna as
claimed in claim 10, or any one of claims | | to 24 when appended to to
claim 10, further comprising a ground plane having two holes for the first LLOYD WISE
feed line anal the second feed line, the first and second feed lines

passing through the substrate from the first elements to the ground plane.
26. Anantennaasclaimedinclaim9, oranyone of claims | | to 24
when appended to 15 claim 9, further Qomgrising a ground plane having a
hoté. fémtpiehas 2eslimed ina e rEslime/ Paddig asriiin AbEu mdistng
from the first element to the ground plane. 27, An antenna as claimed in
arfJBIFELGF Ofed W‘fﬁig@?ﬁf’%ﬁt “é%]"aﬁalr?gﬁlgséea%i’éctric material on the
substrate, the antenna being formed in a manner selected from the group
20 consisting of. on the dielectric material, and in the dielectric material.

28 Ananiasna asshained ka0 DRasfpiinasd a9 whesriniie first o,
portion, second portion and intermediate portion comprise a driven
elemeant: £ fAdviEMRMD-SHHE Bvaidly Mkl it OBt SEmEE. Aithafitennaion
as claimed in claim 28, wherein the driven element is outside a ribbon of
expebdthelbuwicndabsl o e firsemihis subridptisivgienediih an outer
elements within the ribbon of expgsed dielectric material, the parasitic
elénsa iy oiEesloRRrtehte e driven elements by

capacitive coupling. 30. An antenna-in-package comprising the antenna of
any one of claims | to 29.

25. An antenna as claimed i ¢laim 10, or any one of ¢laims 11 to 24 when appended to

claim 10, further comprising a ground plane h.aving‘two,holés 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.

26. An antenna as claimed in claitm 9, or any one of claims 11 to 24 when appended fo
claim 9, further comprising a ground plane having e hole for the first feed line, the first

feed line passing through the substrate from the first element to the ground plape.

27. An antenna as claimed in any one of claims 1 to 26 further comprising a dielectric .
material on the substrate, the antenna being formed in a manuer selected from the group

consisting of: on the dielectric material, and in the dielectric material.

2%. An antenna as claimed in any one of claims 1 to 27 wherein the first portion, second

portion and intermediate portion comprise a driven ¢lement.

20

AMENDED SHEET
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31. An antenna-in-package as claimed in claim 30 when appended to
claim 26 or claim 27, wherein the antenna-in-package further comprises a
semiconductor chip mounted 10 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. 21 AMENDED SHEef IFENAU

LLOYD WISE

29. Anantenna as claimed in claim 28, wherein the driven clement 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

10 the driven elements by capacitive coupling.

30. An antenna-hl-packagc comprising the antenna of any one of claims 1 to 29.

31. An antenna-in-package as claimed in claim 30 when appended to claim 26 or claim
27, wherein the antenna-in-package further comprises 2 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 foed liné, and the

first and second feed lines.

21
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