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AN | NTEGRATED CI RCUI T STRUCTURE AND A METHOD OF
FORM NG THE SAME [ 0001] The present application clains

wob@sherved it of United States provisional appl PCESGTNS/000069

60/ 893,963 (filed on 9 March 2007), the entire
contents of which are incorporated herein by reference

ANJNTEGRATER €IRCETESDRUCTURE ANBNSINMETHODZQF FORMING

Enbodi nents of the inveptj relate generally to
integrated circuit strugfﬁg?Sél\ihd a met hod of formng
the sane. Specifically, enbodi nents of the invention

[Uﬁbﬂt e TRe Preseht 8BIRRESh Q:'lzﬁﬁlg' the p&bﬁ%ﬂﬁ of %Féﬁn§ta(ésqg)r&isional

an ant énna-i npackage (Al P). CKGROUND OF
apw@mm/pemaeq (Titeddon 9oNGir¢hy zom)L therentire- ommmts( MWhich are

sub-ni|lJi.net.er- e (sub- and Terahertz radios
lgf%rpf)%‘?del}ﬁgﬂ{li’éfv}gﬁ/eﬁ’?gﬁrﬂrtam%%ﬁ?'ps fabricated in H -V
seni conductor technol ogi es. As devices used can
generate |arger output power, the requirement for the
t ransmi ssi on IossFIﬂdhﬂE{EHtFalNﬁEfod@lTéncy (RF) out put
to the antenna input is relaxed. Wien a radio having a
transmtter (Tx) and receiver (Rx) uses multi-chip

[006D])| e Embbdifleaty oft e MMShEHE eftlide NBoheRel f)ﬂ Qo NRkéEsted Ocircuit
the Tx or Rx RF output by a conbination of bonding

shucagesaapd i methadne fO@iﬂmaytha @Behi Srseifisallpf embm;m@nﬁs pof the
g%}ﬁl‘%ﬁtﬂe Qﬁl \MtE ehrlgrc lfb%cm(ﬁr %Atérﬂlgodgé{’.ﬂg%ﬁ?é%%:%@nna-m-

ecause t t|- |p od Ion
pkoleaager(AﬁP)al low for the Tx or Rx nodul e to approach the
antenna cl osely. [0004] Driven by demand for | ow cost
and snal |l -sized MMWradi o, the systenon- chip (SoC) or

systemin- pacﬁﬁ@‘i{éﬁb@Nﬁ%?‘t’I‘}P%iNQfEm adi os have

been proposed. An exanple oC MW radio in
Silicon-Germanium (Si Ge) or conplenentary netal oxide

[ﬁﬁd?] c onfjraglttlonaliy }metre-\%lal\\//ee &A&Wug-ml lrlllplgtep-svagg (sub-MMW),

and Terahertz radios are implemented with multiple chips fabricated in III-V
semiconductor technologies. As devices used can generate larger output power, the
requirement for the transmission loss from the radio frequency (RF) output to the
antenna input is relaxed. When a radio having a transmitter (Tx) and receiver (Rx)
uses multi-chip module technology, the MMW antenna may be connected to the Tx or
Rx RF output by a combination of bonding wires and wire lines, or by a combination
of flip chip connection and wire line. The wire line is necessary because the multi-chip
module solution of the Tx or Rx does not allow for the Tx or Rx module to approach

the antenna closely.

[0004] Driven by demand for low cost and small-sized MMW radio, the system-
on-chip (SoC) or system-in-package (SiP) solutions of MMW radios have been
proposed. An example of a SoC MMW radio in Silicon-Germanium (SiGe) or
complementary metal oxide semiconductor (CMOS) involves a MMW antenna being
fabricated on the substrate. The antenna is then connected to the Tx or Rx chip by
bonding wires. Another example involves a MMW antenna sitting on an antenna

socket. The socket may be made of a low-loss dielectric material or a hollow metal
1



10

15

20

25

30

fabricated on the substrate. The antenna is then

connected to the Tx or Rx chip by bonding wres.
wo\pwsherwi€xanpl e i nvol ves a MW ant enna si tti nBCTRG2008/000069

ant enna socket. The socket nmay be made of a | ow | oss

dielectric material or a hollow netalfilled with foam

diledawith fqame ogzire dhe aptenna énthen wopuxctad todlxTrr Bx dRip biiflip chip

tb fhjiég, chip technol ogy. [0005] The feeding from RF

SéFE to the antenna usually involves contact

coupling or in particular inductive feeding due to

i nherent stray inductances in wire lines, bond wres

(800511 | iBlec fﬁ¢q§1utgorﬁve¢tlﬂi) rpurtmt wéh@laetenmmsmlh' dewdlyess contact

(H)%bﬁlg%e i p Jlrﬁgllli r}/dﬁlctl\? eﬁgl naa |t8ng%?rg :%/ﬁ?l lclt%ﬁ:gs ih wire

lires Sbon'ﬂh;lllsesl zﬁldbﬁlp adhﬁﬁcdrﬁectfcﬁﬁfbt *R&RPIdUMIMW ASH d&@ygns using this
i nduct ance i ncr eases proportionately with frequency.
indugtiyg fegding may mget great challienges ipimpedanse wtr@@lmdcq@dv@wn of

[ duct edin
t?dne onghl\?vlys?e e'é%?’%a{‘%t H%Olj e{ﬂ&ﬁﬁ&s&ueex?)r gﬁg{')yﬁaé?% cufipreases
prOpchre'om&telb/i wéth fraquW AltPrrdgsbe rthfﬁc{ugOQﬁ]aclﬁe\gle rvéille dimpedance
atte been nmade to address these praoblens due
TkiRg $ R e &%mxgmpgarhezbﬂlﬂdﬁreofeedlng
M\/cﬁkﬁs%&b&@ly ﬁ%eumé Bt Rlafi-aPRNARAW A RQIgHE thi s
probl em may 1 nvol ve contactless coupling or
alternating current coupllng Cont actl ess coupl i ng may

g\ Iv ca C|t|ve co uctjve coupling for

(OGDER S PR Bt b=t Baen Tadirip edfisse seblims e sy

iAd\icedhize sé'“éﬁ &Y erthBld fodlizhtibh QEVIRIW AiPnRa p@h@?bs%ﬁﬁé &proach to

and circular polarization wth high polarization

splyiei this. probleny mey linvedye edntadilesneoupfingros altgrating icument coupling.
dj hes at..a sin fee A9 iLht o

(909'1[{% cltlgg E(?u hglg {nr'l va ve ?aé)élalltlxa cpog { Pﬂ}vr? B%l}pﬁag for

eehepkxonagnetlcally coupled to correspondlng radi ati ng

pat ches. [0008] Another such attenpt involves a

nicrostrip antenna in IOM/tenperature cofired ceramc

[
9 R ATERRE AR HEoRip BBk YR o
lmemalpolaalymm aad tircdab gotaizatibm ywitls . higlh epalaézation purity. The

feedlines of the array are capacitively coupled to feeding patches at a single feedpoint

or at multiple feedpoints, the feeding patches in turn being electromagnetically

coupled to corresponding radiating patches.

[0008]  Another such attempt involves a microstrip antenna in low temperature co-
fired ceramic (LTCC). The antenna is excited by proximity-coupling or capacitive
coupling and has a total thickness of 12 metal layers and 11 substrate layers. The use
of proximity-coupling allows for different polarization reception of signals that
exhibits improved cross-channel isolation in comparison to a traditional coplanar
microstrip feed. There are two substrate layers separating the patch and the feedline,
and two substrate layers separating the feedline and the ground layer. The remaining
seven substrate layers are used for burying RF circuitry beneath the antenna that

includes the filter, integrated passives, and other components.
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of proximty-coupling allows for different
pol ari zation reception of signals that exhibits

WO pg9BOVItH cr oss- channel isolation in conpari soPCT/8G2008/000069
traditional coplanar microstrip feed. There are two
substrate | ayers separating the patch and the
feedline, and two substrate | ayers separating the

[ and t roupd | aye remai ni n seven
l@‘ﬁﬁ’jt : gﬁ‘éwf’%’e‘?‘?egﬁ sl e%io{f’r PRt F-ant A e Ragkage demgn
WIBEE Al Part AR o841y a06iAs bP BdducBCsomie st idabolt nfintioned drawbacks of
i ntegrated passives, and other conponents.[0009]
pRonetalevicehiere is still a need for an alternative

ant enna-i n- package desi gn whi ch advant ageously avoi ds
or reduces sone of the above-nenti oned drawbacks of

prior art devi GVMVEARNAGK 19FE INVERYEORI ON [ 0010]

Vari ous enbodi nents of the invention provide an
integrated circuit structure and a nethod of form ng
sa 0 n nvient i on
[(hﬁ%\]/ re‘iganac[ﬁlgl %1%1 &H}eegb g?rtgigl Env%{m . er1deT integrated circuit

suﬂtmm’ﬂtcﬁdmelhbdbfforﬁﬁmglmélsmﬂw ncludes a first package
substrate conprising a radiating el enent, the
radi ati ng el ement having a radiating el ement

(L A BRS80S GFR i s

"lﬁieenﬁegratred neieati stmuctﬂn’eeufcludes « Hirgt bmklagg ﬂbﬁtrartstcoﬁ’iprﬁmg a
nnection on a sur.face of the first qyét wherein the

rFAIAGRE ARTerbo e SEGIBHE GIREn] haying o FARiAting, Slemigt iopRection
kR IR0 Gth RO r Rl L8 Merk QNS itdt QRip dﬁ&g%d %ﬁfé(:&ﬁrto éhe radiating

enbodiment of the rnvention provi an integrate

ebdment iconggction;t the dirstTehip havieg raaﬁrsd chipr gmnectnrac o sndace of the
i ncludes.a fir e subst eco ri si.ng an .. .
AP st 056, A i R HARB0e bt Scoim e cSting it the
rgdlgdueg:élememccoﬁﬂém@ﬁent connection extending fromthe

el ectronic conmponent; a first chip positioned adjacent

to the el ectronic conponent connection, the first chip

[(Pﬁ\rfltn Jtﬁé’rmﬁmﬁgdlﬂle ﬁrlﬁefﬁé %‘v %ﬁoﬁl gx%rv (ﬁg Cad'i ¥ EFated circuit

|p, e first |p connecti on
stragtars. fﬂhv mtegu;eﬂlcnguxmﬁ-&ctﬁx’eenahmtar fordt padkagé)ﬂibeﬁite comprising

2o qgcetfotnllco Igomponent the electronic component having a electronic component
connection extending from the electronic component; a first chip positioned adjacent
to the electronic component connection, the first chip having a first chip connection on
a surface of the first chip; wherein the first chip connection forms a capacitive

coupling with the electronic component connection.

[0013] A further embodiment of the invention provides an integrated circuit
structure. The integrated circuit structure includes a first package substrate comprising
a radiating element, the radiating element having a radiating element connection
extending from the radiating element; a first chip positioned adjacent to the radiating
element connection, the first chip having a first chip connection on a surface of the
first chip; wherein the first chip connection forms an inductive coupling with the

radiating element connection.
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[0013] A further enbodi nent of the invention provides

an integrated circuit structure. The integrated
w@Resiwist ructure includes a first package subGI/B&2088/000069

conprising a radiating elenent, the radiating el enent

having a radi ati ng el enent connection extending from

the radiating elenent; a first chip positioned

jace to the.radiatj el ement connecti on he )
o gﬁtghsr ﬁa@m@%{“ 4y ﬂ% EFRIT RAA{SSoR Bithad sy fogming an
iffegtabi@ didchift lstrGStuRs, THE SHehd ihblﬁd%ﬁ ft‘o?]ﬁénin%gi RAdRARE efehellon a first

forms an inductive coupling wt di at1 ng el enent
rackagec substrate O Ghel [radintieg edevbendi havmg af radiatingnekententd rconnection

ovi d a et hod of .form ng. an.integrated circuit .
BBz frort o ipg sletint A O g i hiPradin  he raditing
ebdriRdte tbnikittion,| the FrstP@fif 2AGing WAt 3hB: conliBetionddrRh isBface of the

el enent having a radiating el enment connection . .
fast elripi Whereiothe Hiestrip sphmegtien foms a ¢apatitive wonpling with the
k: hi ' nt to the radiating el enent
r%:%%@e%@?%ﬁ?&%gg 1ioil'st chip having a first chip
connection on a surface of the first chip; wherein the
first chip_connection fornms a gﬁﬁacitive coupling with
the radi at BRIES RESGRIFFION OFcRHEHRRAWRGES\VPTI ON OF
THE DRAW NGS [0015] In the drawi ngs, |ike reference
characters generally refer to the sane parts
[a015pughotht dtdweings, like refotenvé ehasacterh gertbi @l 1e@s ta e sadie parts
ecessarily_to scale, hasi s i nstead general ly being .
tﬂqoa&l&aﬂ H}%ﬁffﬁqephwwa-t Fﬁ%ﬁ{aﬁ@n@% BpijIesessalytta gcale, emphasis
ihdieHANehA11Y beihBPIdcel LB NIRRT the bR | ion,
lenbogélemsntg glf E‘ti)hec [ ngenti Sn are dgscrplgggfgml%?ﬁvemon In the
folddweing deseription haribus trobodigedtsafitingiayeritionvene déscrip@Owiih
Fiqure 1.s .a ghip to.package connection by a
r#ﬁﬁ’&&?{(’l 8?@%P$ﬁ8‘ﬁﬂgsaﬁ{)?"ﬁ{°ggr ated circuit structure
according to an enbodi ment of the present invention;
0017] Figure 2 shows a chip to package connection by
(16 padiigured showsia ddp tmpaskagakaagectioacdycd ¢apatitive coupling in an
. M i th nt ennasi n-package . .on.
S D L RN S DR e
of the present invention; [0018] Figure 3 shows a chip

t 0_package connectign by a_ vertical capacitive o
[0()17]D Figure 2 shows a chip to package connection by a capacitive coupling in an

integrated circuit structure with the chip and the antenna-in-package on separate

package substrates according to an embodiment of the present invention;

[0018] Figure 3 shows a chip to package connection by a vertical capacitive
coupling in an integrated circuit structure with the chip and the antenna-in-package on

a single package substrate according to an embodiment of the present invention;

[0019] Figure 4 shows a chip to package connection by a horizontal capacitive
coupling in an integrated circuit structure with the chip and the antenna-in-package on

a single package substrate according to an embodiment of the present invention;
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coupling in an integrated circuit structure with the

chip and the antenna-in-package on a single package
waowstit@te according to an enbodi ment of the pPEEBHEL008/000069

i nvention; [0019] Figure 4 shows a chip to package

connection by a horizontal capacitive coupling in an

(0020 gr Higurecd showista chip tecpaskagendninedtivn tyha pomalmidatidneof a vertical

apnt enna-i n- package on..a singl ckage .substrate .

B8 e SR SRS CE Ot it AEptstere PG R RhbE e chip and

thd QABAnaFinQikicRage iBNOYAgIR fabldel QbARRK A6RrdiAR NS &h iefboldnent of
a conbi nation of a vertical and a horizontal

theapraednt inventé@ipl ing in an integrated circuit structure
with the chip and the antenna-in-package in a single
package substrate according to an enbodi nent of the

[0022F entFigunees shéws a [BR2 8] cHip PahBedbioh VG capaehtive do@pling in an

.chip connection by a capacitive coupling in an )

intagrated ciremt sirucyfetaceardingtte pe embedineing gf the psgsent invention;
enbodi nent of the present invention; [0022] Figure 7
shows a conbination of a chip to package connection

[0022] a @EHigyretZoshokvisa combireation @f aleyiip te packdge \¢OnigRfiag hiid ¥ Ehip to
oupling.in an integrated circuit structure acco_rdi_n%11

chip SONNECHTPYEEIPeEiIVe: FAPapHES SREPHRE, HhaR dpfegmatedogrcuit structure

aBlcing 5 BANSAIUANL BreRBkAGSGRNNECT | on by an
| nductl

ve coupling in ah Integrated circuit structure
according to an enbodi ment of the present invention;

41 _Fi gure . 9A shows a | ayout of an_inductive .
19023 it hatts Rt desREriconRe-tiM b A ficke coupling i an
iftbgrated cirghit Weldiire aB6@ingitd in ERAbAnRMNP Qﬂ&%fgserlﬁfimtéﬁﬁon;

present invention; Figure 9B shows a |ayout of a
capacitive coupling slot radiating elenent in an

' grated s cuit structure accqrdi .to a . .
oS Hiire IA Ftw's Ly of RUBABRER. 2708 8Bl racigting cleapent in
afi ifteBratedCeiRaR- shRetur® BddordihgWo @h énblidifédtast the padtent invention;

Integrated circuit structure according to an

Fignrs 9Beshowsta 1ayeup oé Se fEpaciivenequphing Flefuradiatio derpens in an
e B0 syt ESRAn b B chARSHR S RSl
i nvention; [0026] Figure 11 shows a ground reflector

' iLnt ted ci it strycture according to an
[0@2§ﬁgi i er%ngAte ﬁg(():\lmt gggﬁgs-ﬁqgggﬁli \gﬁv,v of a diregtor in an integrated

circuit structure according to an embodiment of the present invention; Figure 10B
shows a layout of a director in an integrated circuit structure according to an

embodiment of the present invention,

[0026] Figure 11 shows a ground reflector in an integrated circuit structure

according to an embodiment of the present invention;

- [0027]  Figure 12 shows an exploded three-dimensional view of an integrated

circuit structure in a ball grid array package according to an embodiment of the

present invention;
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[0027] Figure 12 shows an expl oded three-di nensi ona

view of an integrated circuit structure in a ball grid
W@east1vatkage according to an enbodi ment of tPE&EI/SG2008/000069

present invention;[0028] Figure 13 shows a zoomin

view of a chip to package connection by a capacitive

[@28p! i igure Aﬁ shews @r zosd i iviesw iof as¢hipido packagecandeatipn by a

to an embodi nent of. the present inpvention; [0029 .

cppesis ERBERETE on SriakPfec it LS aocording of 46 dphelispent of

thé pretent iflehtiéd;ur € according to an enbodi ment of the

present invention; DETAILED DESCRI PTI ON OF THE

I NVENTI ON [ 0030] Exenpl ary enbodi nents of an

' r gt Ci ' t T ur nd t he. pet.haod of. f.orm

RO YL bkt Stbks B BAARHIGh BReS0S: B WiRE R Bl Bfboture

abeording te 66 enpadiytiengof the preasnt ihventidd] ti on, the

exenpl ary enbodi nents descri bed bel ow can be nodified

in various aspects w thout changi ng the essence of the

i nvention. [0031] An enbodi nment of the invention

provi des ATTER T ' gt

i ntegrate c‘?ﬁlﬁ?tﬁ%ﬁﬁgﬁwuﬁmj egNWf@package

substrate conprising a radiating el enent, the

radi ati ng el ement having a radiating el enent

[M038he c Exemplaxy embpdignentsorianhetegratiidatiicniy strhesneerangd the method of

i I hj i1 .adj acent. to the radi at,i .
e A B R R B S Bk w TR s M pccompgryine
figars ebt additicn) tige S)Lt!iﬁ;ﬂ&? édibddiferfts d&dcribbd BeloWh@nSd mbified in

first chip connectign tornms a capacitive coupling with

vaneusragpecht ViHBow |chaaging therestenee ehthe eentipr.egr at ed
circuit structure may be ternmed an integrated circuit
package antenna (1 CPA) and the first package substrate
[008¥] be Arecembodiarenaf dreninvientigaproaides (i Megrdib@ circuit structure.

adj ati ng, el.enent nay be an antenna. An antenna is a . .
P onigALE) GREUT o HBiFis WFlAen TBY paskge gubsirate comprising a

r&hiffly CRRHAL! e YRVARg ERnRhD%Havi rgsrad?a%gg @ment connection

convéert electr omsggnet I'c waves I nt el ectri currents
extending deony thesradiating eleneent; aar firstiskig pionitioped edyacent ¢dthesradiating

B By BRFGES B B 5 3% e o e
fiest Roha; avh&8in Y ifs€ @hlpy coriection forms a capacitive coupling with the
radiating element connection. The integrated circuit structure may be termed an
integrated circuit package antenna (ICPA) and the first package substrate may be
termed an antenna-in-package (AiP). The radiating element may be an antenna. An
antenna is a transducer designed to transmit or receive electromagnetic waves. In other
words, antennas convert electromagnetic waves into electrical currents and vice versa.
Antennas are used in systems such as radio and television broadcasting, point-to-point
radio communication, wireless LAN, radar, and space exploration. Physically, an
antenna is an arrangement of conductors that generate a radiating electromagnetic field
in response to an applied alternating voltage and the associated alternating electric
current, or can be placed in an electromagnetic field so that the field will induce an
alternating current in the antenna and a voltage between its terminals. Antenna may be
used for transmission and reception of radio frequency signals to and from the first

chip.
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antenna is an arrangenent of conductors that generate
a radiating el ectromagnetic field in response to an

wa@ppBitei4al t ernati ng vol tage and t he associ at eBCT/SG2008/000069

alternating electric current, or can be placed in an
el ectromagnetic field so that the field will induce an
alternating current in the antenna and a vol tage

GBS o et B A5k P ToalhesPovi e AR Lot pithin the

fir6t HoRade/ ABYEAE first chip.[0032] In one enbodinent,

the first chip may be positioned on or housed wthin

t he first package substrate. [0033] hi another

[ rfs gpb%tsﬁgr}l%oglwﬁxé ?}f k@n?{e Bew?’cht s%atgagéyltigglhgg & sGcket for
u@asmg ltlﬂﬁﬁx@t &ep and & bavityastisaioned beiowme radifingSdMiédl if¥%bhielding
magnetic field fromthe first chip. The socket may be

magagtie dielchGomi the fuptechipi Tharsodkst may Heeused drichousing eneechip or

Ve Bl Bl R S LSy e

invention, the integrated circuit structure further
i ncl udes a second packa% substrate positioned bel ow

94941 £ i rAgeophing dgeans phadiment ohethe ciaypriigpadhegategrated circuit
Bqna%j d n

CI ?@tl ?& Ig})ar (:]lk‘)lag4 %otgecgg@l dgﬁ‘fsggg%% ﬁn&'{édf h‘??ﬁe%he furst
paoitagdi substtate. tThe send)mgpaﬂmge suhsstnatet may rindtdy @ phelagbdrame or a
i .ncl udes. ne. positioned between at | east a
pﬁlgfetdlcbﬁ‘fu’és %ﬂg’“fpﬁ’tssp ‘%age substrate and at |east a
portion of the second package substrate. The ground

| ane i s positioned bel ow the radiating el ement and
[Q038] f i dsta fyither erlddimpat thdwhltegrmqh @irpﬁiaﬁnfu@merﬂxabs iatludes a

the r el e

S RSP B A8 R B8 P S b o

1€Rbe Ebﬂﬁﬁtof tmdws%csﬁd/pidka%@ sUbREARA TRY ghdunt e ié PEsitdRA below
in the first package substrate and a portion of the

the disging elgment prdtie)firslcehip spdhgthet the gsopndrmiens mﬂ@ps@t least an
a}é%ecob&\é&%g'&r&gd{a fefe ht I zPPc]?rng h{ehe a Op. at i ng

positione par a
el errent connecti on. The first chip connection may be

S| |one i stance away fraomthe radiatin
[(&% %urtaher em%odlment the cav%ty is formed by at least twogv1as in the first

package substrate and a portion of the ground plane.

[0037]  Accordingly to an embodiment of the invention, the first chip connection
may be positioned substantially parallel to the radiating element connection. The first
chip connection may be positioned at a distance away from the radiating element

connection.

[0038] In one embodiment, the first chip connection and the radiating element
connection may be positioned substantially parallel to a horizontal plane of the first
package substrate. In another embodiment, the first chip connection and the radiating
element connection may be positioned substantially perpendicular to a horizontal

plane of the first package substrate.
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connection. [0038] hi one enbodinent, the first chip
connection and the radiating el enent connection may be

w@omstiiivned substantially parallel to a hori zoPE@EEG2008/000069

pl ane of the first package substrate. In another
enbodi nent, the first chip connection and the
radi ati ng el enent connecti on rmy be positioned

.Y_per horl zont al
(BT PAocBiliy N BE Bhodiend B Sup "B g BRGpea creu
seiibmed ferttier dhclubes ameedsﬁd Ship pietidrRHOEH Ak GfbuSéd SHfhin the first
structure further includes a second chip positioned on

naFkagssulsirali: (The seqond chiprmay bripasitépned adiscenttte thetfirst chip.
second chip nmay be positioned adjacent to the first
chip. [0040] In one enbodi nent, the second chip may

~ [0046) uddn @ns eabodingdnit the sevoad tchﬂﬂm@jﬂ ircleder d eend®thiph@nnection

secon The fir chi p.connection may forma
0L SBF ?qev%P thsugacrrdy fMPt HheHErss eiprepnapstipnc ey derm gncapacitive

theﬁggiwﬁﬁggrs@b&gﬂéﬁlrgeoﬁgcﬁpodl ment of the invention,

rst chip nay be positioned or housed within a
third package substrate. The third package substrate

i nc] ude,.a socket f housi the first chip and a
(G0Y) ; , Asserdinginds B embpdianent Atah dgventione e ftt chip may be

pokitiBhél AhomBE®ithi afthﬁ'h adka ggkﬁlﬁ?ra{e' The ggx'ta I}ﬁtckz{gg gggtll"]ate may

I n one enbodi nent, I rst package su e an

uncﬂudeda peakieh ousisg rthc &rstwhiphand ocavty positiorsedpevek Hgi radiating

TG et REGHEE e EP e BB g of T ow

terrperature co-fired ceramc (LTCC), liquid crystal

mer (LCP), and silicon. [0043] In a further
‘gmﬁdu %rﬂne embodiment, thpi firshipackage sbsioatd aKdi thenthjrdopackage

U AT Sebiied b o Pskibing Inerdl RS ko RABRR R oy ve

selacted fiont acdiraip agpaikegagtmaaameebmmln@ax lb%kﬂ@érature co-fired
materials. The conductive material may be

Cgrgﬂggﬁéﬁfk Sapd %Y%ﬂgi’obfm?f(ﬁh@l%tamél ¥8Berial s

consi sting of copper, silver or gold.

[0043] In a further embodiment, the first chip and the second chip may be

integrated circuits.

[0044] In a further embodiment, the first chip connection, the second chip
connection, and the radiating element connection may include conductive materials.
The conductive material may be selected from a group of conductive materials

consisting of copper, silver or gold.

[0045] In a further embodiment, the first chip is distanced from the radiating

element.

[0046] Another embodiment of the invention provides an integrated circuit
structure. The integrated circuit structure may include a first package substrate

comprising an electronic component, the electronic component having a electronic
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[0045] In a further enbodinment, the first chipis
di stanced fromthe radiating el enent. [0046] Anot her
wepawsdiwent of the invention provides an i nt egPGI/8G2008/000069
circuit structure. The integrated circuit structure
may include a first package substrate conprising an
GoMmPOnens n cennesheo rextendingh drash ether gleiconionpempenentiaai figst chip
a electronic nent.  cannection extendi ng fr t he .
RpiiofF RBLEE AT HE S Ebn G bR B oRo i RE cliopvine o
firet Mg cohitetio®bhG SRAROBEMe G0 REIHE vdRreid AR first Ship WdhRection
having a first chip connection on a surface of the
formssa caparigive gpemlimgrvithietelacpnictroppeaenicemiestion.or s a
capacitive coupling with the electroni c conponent
connection. [0047] A further enbodi ment of the
[0037¢ Nt | O nfupthe iefldddidtent Ndfe gieairB@ntion QPrbiided abCintdgeated circuit
The integrated circuit structure includes a first o
sHuetEgy d he ijsrated cirewibsirpausegneludesn Bust papkagesubsirate cprprising
r adiaiin S8 : [ g :
ac gdr%agltgﬁ %ﬁﬂgxf en%i%%%%r% t %{i rlggilngt ¢ %&%ﬁn?m}i connection
ektendingdrom timsdiating etenadijtaa @ndt chip pdsetionad iadjacerg to the radiating

| ement connectiqn, the first chip having a first chip
ei%‘ﬁ’é&?i‘%ﬁ‘i“% '%e %Gf‘tf%l‘)é hgying r?eﬁ’FSF CRIP CORNEFHORALY & SPriqseof the
first” SHlipC WhBrefP BREAikst QRig L6MHRcAGN BTN bh (FducAVR cbBSling bith the
the radi ati ng el enent "‘connection. [0048] O her
radibtoni elementgonnéntionnvent i on provi des a net hod of

formng an integrated circuit structure. The nethod

may include formng a radiating elenment on a first

[0va8k ag Otheb einbaditnent F thedindbititth PrRA®RRL a hAMhEW o forming an
radi ating el ement connection extending fromthe

iptggrated; arguis strethte: The snethadhinay inelyderformipgiaradigling elgment on a
adhating.el en [ the. f.irs [ .
8RB0 S SOANAE a0 o AR Sery Ronnceion
ekteh@ingdfunp thenadiatihg elehtent;i positioattign A0 06 tadjaderftas ke @diating
capacitive .coggl i nq wi.th the radiating el enent
eeInG CPRRSSON.(B e Girst) hil haviB R oliisHERiP, COnRestion (9Rot stdgee of the
r r | . . . .
L Bl O, BAT i RO bl GBI Biping with the
ridiatinpgelemedtednmetibn. t he net hod further may include
form ng a socket
[0049] In one embodiment, the method may further include positioning the first

chip on or within the first package substrate.

[0050] In a further embodiment, the method further may include forming a socket
in the first package substrate for housing the first chip and forming a cavity in the first
package substrate, the cavity being positioned below the radiating element for

shielding magnetic field from the first chip.

[0051] According to an embodiment of the invention, the method may further
include positioning a second package substrate below the first package substrate. The
second package substrate includes a package frame or a printed circuit board but not

so limited.
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in the first package substrate for housing the first
chip and formng a cavity in the first package

wGaustitmie, the cavity being positioned bel ow PEESG2008/000069

radi ating el ement for shielding magnetic field from
the first chip. [0051] According to an enbodi nent of
the invention, the nmethod may further include

052 e M AE R IR AL o P

plaed bdwserpat{leask a gortionasfahe fird packapt edbstiateanid at@at 8 portion of
but not so |imted.[0052] In_a further enbodi nent, the

the seroad markagersubsiete ddegagthed smyngelidg pesitianipe dkrground plane
%Wraﬁhtihg %ge%ne]%t BRY tHePRrsP f:hig n@%gﬁx 'tl%zﬁ tethé; g@gﬁ% ‘f)lane overlaps at

ubstrate an east a porti packagée
leasb st aeh @overb@byrtiehradiatimgy clementiahd Josustion ofthe dirdt lehip.
ground pl ane bel ow the radiating el enent and the first
chip such that the ground plane overl aps at |east an

hatd i .of -
2R, N8t At 08, R APyl LSl

foshpackagesspbitmtd andaeporbign af tHeemeund planesi as in the first
package substrate and a portion of the ground pl ane.
[ 0054] According to one enbodi nent, the nethod may

[0054) herAdRedingl® SRSérhboiinest, iembihbd tmA | hepﬁ?ﬁx% B8 tioning

substantially parallel to the radiati ng el emen
thofirsé chipanncrtion sehstandialin parialiell ta dlae yadinting slemegt cénmection. The

fi chi. npection at di,st ance away fromthe

o Rl BTl B ety BB 30t Sway from the
redibixil étement dofigedtiohhod may further include positioning

the first chip connection and the radi ati ng el enent
connection substantially parallel to a horizontal

apne e L a [. .,
3D, 0b S heRo BB Mogs TR0l e s
chipe connestion hingd thenrdiating nelementt benreatiort tsubgyartiatipepurallel to a
cannection Siijt gnti ally ggg&endi cular, to a horizont al

hgrizprdaloplapg of fhe: Upst pachiagg subtipds. rlay nothes smpfiodipensy therfgethod
finPh @ N cRITEO PodRiBhingf tHeh firdt NUEH! éo?iﬁecéfolﬁe AP O qaﬁgﬁn% element

further include positioning a second chip on or wthin
cohrectipn swubgtanticdlye perpersticware to Bhbomzintaldplane of the first package

substrate.

[0056]  According to one embodiment of the invention, the method may further
include positioning a second chip on or within the first package substrate. The method

may include positioning the second chip adjacent to the first chip.

[0057]  In one embodiment, the second chip may include a second chip connection
on a surface of the second chip. The first chip connection may form a capacitive

coupling with the second chip connection.

[0058]  Accordingly to one embodiment of the invention, the method may further
include positioning the first chip in or within a third package substrate. The method
may further include forming a socket in the third package substrate for housing the
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may i nclude positioning the second chip adjacent to
the first chip. [0057] In one enbodi nent, the second

w@kiop/1meay4 | ncl ude a second chi p connecti on on BCEHSG1@8@00069

of the second chip. The first chip connection may form
a capacitive coupling with the second chip connection.
firstosigp awk deratiing | ay cavtyorire thertthind mackagsf sublsaten thencaaty, being

t he. et hod .nay further inpglugde positioni e first .
RonTig TR O ek e s R mi ey Bmohé Bistcni.
met hod may further include formng a socket in the

t hi rd package substrate for housing thefirst chip and

(9250 ndn aoncagmbydiment,nhet first d’%’éﬁﬂ@a?é’sgaﬁsm?ﬁl@ thiﬁfb package
SRS B! FoR backiod B HBb AR BBl o St

from angoeprodpadkaging rhiteridls kofisifgkafdowsiemptratire calfited béramic,
third package substrate may be formed from a packagi ng
liggidesryetal potyraery a8y may be sel ected from a group

of packaging materials consisting of |ow tenperature
co-fired ceramc, liquid crystal polyner, and silicon.
[00®DPO] Ihna dufthert brabodimenti thenfirst tdhép fand Stheckecpndirotip meay be
.second chi y be integrated circuits. The radiating
RegatsgcL {})S-ggeé?fﬁéﬁ‘ﬂge entmgyshg an gntepngy ¢ her

enbodi nent, the first chip connection, the second chip
connection and the radiating el ement connection may

[006d] udén canfuintber eebodineentaltlse fikste chipn domrtectien, ntitee s¢cahd chip

na e sel,ected..froma group of.conductive materj.als .
BBrefen g 6 Ty ceutp g GO S Sadishife Snaterial.
THROVShdAcHVY Pat@idlaskpdR SAENQE o D ¥rcupCaPabhdicti®e materials
coupling in an integrated circuit structure 100

capuiging aigopreragilvenpogildent of the present invention;
Figure 1 shows an integrated circuit structure 100
including a chip 102 and an antenna in a package 104
[G062pn Figeanahbws pablip@epacitigde)contértiof by ddpdcifity coupling in an
dnclude a transmtter and_a receiver. The alternating .
iptgErRtsA CiRei SHreyre EXporgrding tp am pmbpdimspt ehths| preggnt mvention;
. | r. .

RO QHok P o fofrale Rt L @HE 108 hetflipk A enPRACI antenna
i hee ppekaikadd4 182 anf arttémmaampaeckezei (@iPacKisg ehip0402 may include a

transmitter and a receiver. The alternating current coupling feeding or a capacitive

coupling feeding 106 is formed with one part of the capacitor on the chip 102 and the
other part of the capacitor on the package 122 of the antenna-in-package 104.

[0063]  Figure 2 shows a chip to package connection by a capacitive coupling in an
integrated circuit structure 100 with the chip and the antenna-in-package on separate
package substrates according to an embodiment of the present invention. Figure 2
shows an integrated circuit structure 100 including a first package substrate 108 and a
second package substrate 110 arranged adjacent the first package substrate 108. The
first package substrate 108 and the second package substrate 110 may include a
package material. The package material may include low temperature co-fired ceramic

(LTCC), Flame Retardant 4 (FR4), liquid crystal polymer, silicon, but not so limited.
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[0063] Figure 2 shows a chip to package connection by
a capacitive coupling in an integrated circuit

waosatie 100 with the chip and the ant enna- i PCPSGa8/800069

on separate package substrates according to an
enbodi ment of the present invention. Figure 2 shows an
[Wﬁ%gr a‘%lednt@nnacm isglispesed.pe als0ofaceof thei firgt packiagessubstrate 108

8 and a s ond e, substrat
RGBS Sl b BRSedt SERR MR 4 121 St sRies of the
firtbepddkhgd sEREKRIEOSS Uttt m&:malﬂﬁz ay 466 beefopned Pl g first
substrate 110 may include a package material. The

naskaes gubsieate 1 0% tenpe |1 L2 and 8y feediner Hidunay insludercenductive

BT hT SoT S e, W e 1
et aisobe dflthe senélcadastiet mmxedalsur f ace of the first

package substrate 108 and a feedline 114 extends from
one end of the antenna 112 al ong one surface of the

9657, PECASRE, BUPR 15 0P Tl DR G0 i i

pasitionetbbel G tienahtérine lﬂéadtherfhfsﬂ;ia@kageysubswitel tié8. The cav1ty formed

conducti ve lals, for exanple si |l ver
gD D PYIRESCs Tl . PHDOSS P O PRRNSnG HBLcRA Y PERTANGsHsh 25 to
beéadtea heS ABrfaCNBUkiped cdWaffiwiith ah@ 85 dhafcS Mgl dnYe éﬁ!a&ﬁ 12 gain.

s formed in the second package substrate 110 an
T@l@swtheropmpo@eisow tetleceathieepntentinl Z1¢ctrontagnéticr Biterframicageom the

Ra} 154 P, 0 S, LR T PP e P
aﬁdl q{e Flandr Qrdargeasised w thedfalRY N 86 sl 1&&%9&&1@15&&1)1@ QFQYge‘i”tﬁhn the

and to enhance the antenna 112 gig The ot her purpose
planar grep efitheantonsa hb emas taiconfing thegnaggatie field within the cavity 116

agﬁ:ttgérgtgizﬁﬂéi‘lg éﬁé(’: ng\g#xié?l% ﬁg& ?rgﬂ‘ﬁhr%]écél W?ﬁ]a& & ke{ ?l§ 18%lso formed

inreliee sécahd @adcatgbeubdtﬁ&an1@raeﬁ?adaﬁf:tuotledcal|§]myt1hﬁ tralwsbgket 118 is
116 i s, at | east, conparable or |arger than the pl anar
cgpidgpred t"t*l‘f’é’s%\ﬁf’]é‘ﬁﬂggi’fén%téodgmf@ confine the nagnetic
field within the cavity 116 and thereby shield the
magnetic field fromthe chip 102. A socket 118 is al so
[F066hed The dhite 162 awhadlep acélap cosmdasionalt2d fbified adjamefice of the

chiglrB TRE Kb oot 170 fas b PApeLla FOBBETverREER gmila t

tﬂa]@%tf thﬂé%éﬂjﬁl% 124 6P R MRMAE T T2 80t A Qo 1RkifRIITRE cidp THAdRE6n 120
0 e
is arranged substantially parallel to the feedline 114 and the chip connection 120 and

the feedline 114 are positioned substantially parallel to a horizontal plane of the first
package substrate 108 or of the second package substrate 110. The chip connection
120 forms a capacitor 106 with the feedline 114 extending from the antenna 112.

[0067]  Figure 3 shows a chip to package connection by a vertical capacitive
coupling in an integrated circuit structure 100 with the chip and the antenna-in-
package on a single package substrate 122 according to an embodiment of the present
invention. Figure 3 shows an integrated circuit structure 100 including a single

package substrate 122. The package substrate 122 may include a package material for
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chip 102. The chip connection 120 may be fornmed of a
conductive material, simlar to that of the feedline

wasetivthe antenna 112 but not so limted. ThRCTRG08/000069

connection 120 is arranged substantially parallel to

the feedline 114 and the chip connection 120 and the
exemplei low Epemtwe godired camohis Ubgidotystal pglyper,adilieain, but not so
12 harizontal plane of the first package substrate 108

Bt the second package substrate 110. The chip
connection 120 forns a capacitor 106 with the feedline

114 extending fromthe antenna 112. [0067] Figure 3
[Qﬂé&vs a%rcmtpnnaol IP=is ldssgesqdoml@otth@nadkygeasubetranedaﬂ and a feedline

cou n an integra |rc it str u
113580nih £ 818 bt B b At 31 TER 16 plcKabe ShsSH 22, The
aﬁteﬂﬁdx qma@&ame feedlfiler P mhy AndlGad rad¢daﬁu&t9veaﬂ1atena1 for example
enbodi ment of the present Invention. ?ure shows an

cPRResgTibieear epldciihe antepnpct 1 andithe ff:qdémed hanay alsmbg ef the same
cggﬁhﬁggnﬁMgﬁﬁrate 122. The package substrate 122 may

package material forexanple |ow tenperature
co-fired ceramc, liquid crystal polyner, sili con but
not so |imted. [O 68] An antenna 112 is dis
1%6911. n A $ecksh 8 gis @H‘B%ﬂ‘ A tthe packags sulstrate d|25 n@dlmposxtloned

aﬂf&Eﬁgdﬁ' i 2B QARe W%r?w;ﬁxeafétegl%@i%% nc (}fm@'aﬂtetnng 112 in the

package substrate ant enna t he
phelengk isnbstiate! 122 yThensicketel B isaodfigtried e¢o hptsr a @hip A2 but not so
exaGEIe copper, silver or gold. The antenna 112 and

¥4t eedl i ne 114 may al so be of the sane conductive
material. [0069] A socket 118 is formed in the package
substrate 122 and is positioned adjacent or at a
(01781 anddeashagy 102 ancludes 4 eligl Gonaectiba Edformed amt & surface of the

acka trate 122. . The socket 118 i ..
oy The SnBoRAG R 120 i e Obg ORRY s fplkgtal similar to
thf0F e fé"&ﬂu@hllﬂ ok Oe axn@ddadqg bat Adtise 1HAkHe The @mpJe%Qnecuon 120
formed on a surface of the chip 102. The chi

iy grmanged isubstartpllyparallsl f%ﬂxﬁafeedémeal 14 and dlag Fhip Cﬁm@tlpmm and

B T
patkage gaibistedtb sicantiihel ¢hip pahaddtieh 120 fdrmsf £adpadier UDE with the

and the chip conpnectjon 120 and
feedline 114 on the package substrate 122.

[0071] The integrated circuit structure 100 further includes a printed circuit board
124 positioned or formed below the package substrate 122. The printed circuit board
124 extends along the length of the antenna 112 and the chip 102 and may Serve as a
support for the package substrate 122. A conducting plane 126 is formed between at
least a portion of the package substrate 122 and at least a corresponding portion of the
printed circuit board 124. The conducting plane 126 is positioned below the antenna
112 and the planar area occupied by the conducting plane 126 is at least comparable or
larger than the planar area occupied by the antenna 112. The conducting plane 126
serves as a ground plane. Two vias 128 serving as a fence extend vertically from a
horizontal plane of the ground plane 126, the location of each via 128 corresponding

to an end portion of the antenna 112. The combination of the ground plane 126 and the
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the feedline 114 are positioned substantially
perpendi cul ar to a horizontal plane of the package
waawstit@te 122. The chip connection 120 forns BCT/SG2008/000069
capacitor 106 with the feedline 114 on the package
substrate 122. [0071] The integrated circuit structure
viaD128 formes quasifayity vhiclpserveseld 1oipress the potgneh p@fbrmance and to

AR RS o SR B BRE BTN P ko o

dﬁpﬂ@E antenna 112 and the chip 102 and nay serve as a
support for the package substrate 122. A conducting
pI ane 126 is forned betvveen at | east a portion of the

ageg; g#}ét SASWs 4 %hi %j Ip?&k%ggboar (ft%g‘a‘gf %1310 n%orrlltgl capacitive

ion r|nte ul
amph’lmg:tlm rag) mlt@medlzﬁcms smemte A06dwhke| the chije agd tted AAtenna-in-
é}génd the p ar ar ea OCCUZZI ed hy the conductl nc%
Oilz%smgleaa 388 ShbstgtR b atncarding fogry@nbedimant; ¢fdhe present

1%%5 i Rie OF SRS %bﬂﬁt%#i’ﬁe@rgn%ﬂﬁastﬂ&ﬁn III'(\)% inclding a single

conducti ng plane 126 serves as a groun
papbgelsaBstw V2 Thapackdgersobstetd E22mag nmclutdad 4 yadkagamaterial for

hor| ont aj Iane of roun lLane 1 the | ocatjon
SRl teatPeaRie Gprieh siHamiG I HORRLPHETET SR, it so
ltk&nna 112. The conbi nati on of t he ground pl ane 126

and thevias 128 forma quasi cavity which serves to
I mprove the antenna perfornance and to reduce the

nt i Iect net i r ce fro
BT o e TR GBS RB5Ee pisgHsp 182 gud @ fopdiine
19 @stends Ehoinp ohé eB6K @Cant@MA S D @ﬁluh)&h@pﬁkik"a%@ Qus@thte 122. The
capacitive coupling in an integrated circui tructure

antpng,i 1§ andethe rfpidhalﬁdllﬁh@axnﬂ@nﬁga. ¢pduktivgematerial, for example
&hﬂé} dﬁlv%?‘c‘)# g&ﬁt ?H@Qﬁtéﬁ{a ?%e%lhﬂg ltlé? maan zf’lsohbe of thﬁ same

ment resen |nven
condwetivateaterial.r cuit structure 100 |nclud|ng a single
package substrate 122. The package substrate 122 may
i ncl ude a package nmaterial for exanple | ow t enperature

[6raf i 1 e ssa&@m,ls'foﬂ?w i &Mégaék rgg %\H&Eate Shh i agas FVdftioned

not so limted An ant énna I's di spose
adjacentnort itea plastdmg eaaverybfiomathe fe2dlimend1 4 ahéahié Iantenﬂal412 in the

pgél%ﬁ%ggibé@geg}% %gsgglgeftmgeis %r&}lﬁg&}%d %o&getap Ic}rlllp 1%3 but not so

limited.

[0075]  The chip 102 includes a chip connection 120 formed on a surface of the
chip 102. The chip connection 120 may be formed of a conductive material, similar to
that of the feedline 114 or the antenna 112 but not so limited. The chip connection 120
is arranged substantially parallel to the feedline 114 and the chip connection 120 and
the feedline 114 are positioned substantially parallel to a horizontal plane of the
package substrate 122. The chip connection 120 forms a capacitor 106 with the
feedline 114 on the package substrate 122.

[0076]  The integrated circuit structure 100 further includes a printed circuit board
124 positioned or formed below the package substrate 122. The printed circuit board
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antenna 112 and the feedline 114 may include a
conductive material, for exanple copper, silver or

w@oiod/111Pe ant enna 112 and the feedline 114 nmeRCEHBGWO§@00069

of the sanme conductive material. [0074] A socket 118

is formed in the package substrate 122 and is

IRdsixténds atbngdha tepgth affthatantennt $1 2 medkthevahyp 10D and may serve as a
feedline 114 andt e an na 112 in t

LppYt foitthe PQ%“ag?ﬁB Soibe 14 600 CEB&PFa@er@é if gomsdshetyeen at

1644 R S%Qﬁ)ntﬁftthé‘ﬁickﬁge sigsirhd 22 [aQQ 4PleadihecdtitisPontitéz portion of the

i ncl ades a chip connection 120 forned on a surface of
pringedcéirquititisard TR4 Tl @Dnductlrg:planm 12@ s pesjtidyed fbetave theodntenna

32l o SO BneBhn g 2B 1on Bist i 0 choft e aienat s Giepted by the
GBS éwalmel@@ ik 5t féagt%aa@araswb&tla{gef ﬁiah!h@glﬁﬁéﬂ a@éa Supied by

the fee ne 114 and the chip connection 120 and
theMenmael 121 andhthe gup iconragtion da@sTbmwraiulcynmlaablléﬁ SFJO’GS as a
%ot

Rl. an f the E 1 {12& ‘ﬁ tal
Sote! WBRRCEYe SR bbb L ABHE QPR tRLEHD, Fomen Rorizonta
plarddf the gi&ﬂadq;laﬁ&ez@wmsuaybﬁémt@a 128 coﬁe@gﬁhmghs an end

integrated circuit structure 100 further incl

nortion efthe pptenna 1 Ko dhg combingtien of teegrownd plémrb%ﬁ el g vias 128

B LRGT ) SR il ML pREnE! 16 phrtormapse and to
raditetthepatbntinl tle2traindgmetiy isterferenasframte a@uehna‘ DI2 falifation to the

acka e substrate 122. A _conducting, plane 126 is
e hEa The erased Planei DSeip Hewsrt isgpsioneh deloxt ggmtenna 112 and

tﬁﬁ '@ﬁ%: Iébtr?;ﬁg K)% A0 Al ik g%%kr YheR r&ﬁ&ﬁf@&@o”&eﬁ%&%ﬁcﬁﬁgﬂé 126 in

circudit board 124. The conduct i
FigGe i3 whodi 1S| mrsgbnbeé lonly bélewathe eantemnd 114 2akidr cbplpnar waveguide

ctio 0 on.t he chi 102, and t Ianar ar ea
BNt s ORe Bt eISiricio} RERE Pesstblf e CORSEion has ground
b%wwq;eaahs @nnédiod 120t RABJWIL irP FERAE 424rRIPHRCAHE Bt RY ground
the antenna 112 and the chip connection 120. The

betovd thetchingconnegiton]126 as showr igEigaregt.ound pl ane. Two
vias 128 serving as a fence extend vertically froma
hori zontal plane of the ground plane 126, the | ocation

[6U77pacFigira 51sh8ws @rchgsomdkale dodnédtiofsy Pesmbiamtic oftdeertical
antenna 112. The conbi nati on of the ground plane 126

agd @ horgortaleapacitive coupling in an integrated circuit structure with the chip and

the antenna-in-package in a single package substrate according to an embodiment of

the present invention. Figure 5 shows an integrated circuit structure 100 including a
single package substrate 122. The package substrate 122 may include a package

material for example low temperature co-fired ceramic, liquid crystal polymer, silicon,

but not so limited.

[0078] An antenna 112 is disposed within the package substrate 122 and a feedline
114 extends from one end of the antenna 112 within the package substrate 122. The
antenna 112 and the feedline 114 may include a conductive material, for example

copper, silver or gold. The antenna 112 and the feedline 114 may also be of the same

- conductive material.
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forma quasi cavity which serves to inprove the
antenna 112 performance and to reduce the potenti al

wek@stitivmhgneti c i nterference fromthe ant ennaPQ/2G2008/000069

radiation to the chip 102. The ground plane 126 in
Figure 4 is positioned below the antenna 112 and the
[@0%9) con n;ecltdt o 8130foriand ih Sthb FPagleagevdubstraton2ar & isopositioned
the round pl.ane 126 | 3.which is positioned_ .
b s'wat j¥angs; %Wa gqed%?nléﬂ aandvsge Sgtsnga 112 in the

;fa@%‘@e dubfifte mworﬁé/afcﬁetoﬁscg%mggunge HERYe Qt%hig 192 but not so

possi bl e, one construction has g bel ow

lgnitedect i on 120 as shown in Figure 4 and the other has
no ground bel ow the chip connection 120 as shown in
Figure 3. [0077] Figure 5 shows a chip to package

[G0BDNECTHRNCHRY 182 GRARAL cRip Qnnéctidd 136 AlmRa Q)naa surface of the
hori zontal capacitive coupli nig in an 1ntegrated

chip HQ2. The ichipotonnectignt120trhay oty d of algenductive material, similar to

e NSNS ST S——

1Ebﬁaﬂg%d Subdigitills rpafdmtepw Rk fféled‘hhé Qi) tA?bmtﬁlt of'tBe éﬁl connectlon
including a sin yl Egc age substrate 122. The
€

130band- at portion qilmfe 1é4 e kragmqnad equb%tantf w parallel to a
h%ﬁ?&?!ilepiaﬁt\év &te{ﬁ@eéﬁi(y% r?ﬁi% andt er goﬂflabfg] the chip

cAﬂne&nbﬁe nae a]:ill?aﬂoshed Ipﬁﬂﬂﬁnedf hhet f&bdlutehElépa@k;ﬁﬁﬂloned substantlally
substrate 122 %nd a feedline 114 extends from one end

pgrPepisulan te fhe henzonigliMane oh éhe,negkage submyater bd% Theprespective
poRfond B NG, n% e g'llfijorf F@rf rn T n‘d{égmléléa IB¥ort T?t%/ g’?ﬁ él?e respective

conducti ve e Cco
cgotgponding portiennaf1the fendlirtehd 14 ead|ther epadklalge naupstadts 0129 This

LG i T I S
sAfil 2 R0l didlande, @i 18P Gﬁ‘pa@i’tﬁi/cef\fam'@ is Qﬁ{)@&&ﬂfok s ]ai‘xﬂngement

and the antenna 112 in the package substrate 122. The
and duemay tensequenslyfanhancedhe @oupbus@eefonmrpe 102 but not
so limted. [0080] The chip 102 includes a chip
connection 120 forned on a surface of the chip 102.

[008¢] ChiThe dRtepRedd @fbuﬁ?s@'uﬁﬁl)’e pe0 FigtHEe dncMided aGsHIfHE Eikdtft board
lg‘?tpgglltlgllled grl fr’(r)]nlngcrl below the package substrate 122. The printed circuit board
124 extends along the length of the antenna 112 and the chip 102 and may serve as a
support for the package substrate 122. A conducting plane 126 is formed between at
least a portion of the package substrate 122 and at least a corresponding portion of the
printed circuit board 124. The conducting plane 126 is positioned below the antenna
112 and chip connection 120 on the chip 102 and the planar area occupied by the
conducting plane 126 is at least comparable or larger than the planar area occupied by
the antenna 112 and the chip connection 120. The conducting plane 126 serves as a
ground plane. Two vias 128, serving as a fence, extend vertically from a horizontal
plane of the ground plane 126, the location of each via 128 corresponding to an end

portion of the antenna 112. The combination of the ground plane 126 and the vias 128

form a quasi cavity which serves to improve the antenna 112 performance and to
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that of the feedline 114 or the antenna 112 but not so
limted. The chip connection 120 is arranged

waowsnatd al |y parallel to the feedline 114. AP@GDBG2008/000069

of the chip connection 120 and a portion of the
feedline 114 are positioned substantially parallel to
radiverthe potential pleetremagneticdnteferenge fronbtht hnfefind PL2 wfdiakien to the
anot her portion of the chip connection 120 and anot her
n of the feedline 114 are positioned
substantial ly perpendicular to the horizontal plane of
t he package substrate 122. The respective portions of
[0082] c hi igarerh eladwsoa chipOtd chiipn doasg@@iohi byea ampaminteocmlpliﬁé in an
with the respective coryespondin rtlon%
Pl S ity SO PR GRtis 30 o SRS BT ! (s pgcoent invention.

P'qzéﬁr@ng SHEWE a'nsln?eﬁzﬁg@'cﬁ%ﬁl't %u%ré h@O ai'hf:l%ﬁﬂ\%”ﬁgﬁ Ship? 134, 136

ure 3 and Figure 4. Wth a simlar cou
adnasgfadwea package gebstnat;pki!@l Tae chlpv dB4el 36smex plsa be drrhnged within

kR ARG A e Do Bea TR A daPAE g et aee teral
151 exshple SoWORniperdrhrer co- ﬁfédugke&nﬂ: (LT(E@ECFI%E RéthrdRRad 4FR4),

124 positioned or forned bel ow t he age substrate
lgeid crystal pelymeadsii¢ans bt nplosy Hmited. Ehe padegelsubriraten 38 is the

| engt ntenpa 112 and the chip 102 and may
S%@F\%eﬂlgg%af‘: 6poéf $or t he package substrate 122. A

conducting plane 126 is forned between at | east a

@Bﬁtlon of the package substrate 122 and at | east
(0483 es ;ﬁﬁmqﬁghep@rlps ,dP6tngludes mrespectiveclin cqmgmpn 130, 132

4 1
e
famaked ba mbmha:txvam%emm cApfird chip ¢onaectivndlZ0 omg flsaciedp 134 is

126 [ t co arabl e or | arger than_the plana
@%@ataméﬁ t0,AseF b CaFREClin 137 °p o second chip 136

aﬁ@ NG ChidsP hi? Qon@%ﬁoﬁ: ol%u §rhii%a p&aﬁﬁ&to}z Poe> GhittP %h@%e&ng chip

ground plane. Two vias 128, servi as a fence, exten

coenection] 32y Bothotle é‘lrstaiulzmma(tthml barﬁ)smdfthe mcogd chipctophextion 132

126, the | ocatiqn,of each,.via or.res i ng an

o5 opbiPled, BT RERAMICHE:, 1 T, dOtaRIRD B o b Rackage

sObsotaie1 38. ane 126 and the vias 128 form a quasi cavity

whi ch serves to inprove the antenna 112 performance

and toreduce the potential electromagnetic

[(Ld%}tgr 2%&&[}8 9 sBB&g]athr%bﬂﬂhgﬁ] Bfa %tjn% tb %glcl?atgle %gnrge%ti&;] &nd a chip to
chip connection by respective capacitive coupling in an integrated circuit structure
according to an embodiment of the present invention. Figure 7 shows an integrated
circuit structure 100 including a single package substrate 122. The package substrate
122 may include a package material for example low temperature co-fired ceramic,

liquid crystal polymer, silicon, but not so limited.

[0085] An antenna 112 is disposed within the package substrate 122 and a feedline
114 extends from one end of the antenna 112 within the package substrate 122. The
antenna 112 and the feedline 114 may include a conductive material, for example
copper, silver or gold. The antenna 112 and the feedline 114 may also be of the same

conductive material.
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[0082] Figure 6 shows a chip to chip connection by a
capacitive coupling in an integrated circuit structure

wa@entiong to an enbodi nent of the present i nvREE/BGHO8/000069

Figure 6 shows an integrated circuit structure 100
including two chips 134, 136 arranged on a package
substrate 138 The chips 134, 136 may al so be arranged

ithin the ubstr.ate 138. The, pack . ...
bl 4 50k V1S REnghdn dhe package SuabEAte JR2rad s positioned
Bjee8m! & A@w&ﬁm&rmw SrofP e feRflife #Mand (thd @ennf!139Bin the

etardant 4 (FR4), liquid crystal polyner, silicon,

pockagacubsimatd 124. (T sotkes 138 ik egrefigsudstor leuse 196 chips t1A4, 136 but
ihat for Figures 2 to 5. [0083] Each of the
LMY 136 i ncl udes a respective chip connection
130, 132 forned on a surface of the chips 134, 136.
The chip connections 130, 132 may be fornmed of a
(0087 Huc tHagk ofghecehing 134y 136rineludes @rqspemgctqhmwcmmectmm B30, 132

o ERpEE sk D TR TS B TrEcRsotaeRRo R 38 Ry be

foineedf off & cofdlicive aaasdll AnfirkBehibOdoiBe@ionaBACon ArfirdObhip 134 is
with the second chip connection 132. Both the first

agangedcwhpfaatalbparaiel dp @ seerndseip sennsstion 3% aw @tseeendicidp 136
RN GBSt € SR 24 appppa i

cbhmgedtion 133 hButh ﬁledhsbclnptdoﬁﬂembnalwm:ﬂ the seesridagiip connection
nnecti.on and a chip to chip connection by respective
152;95% Mlven%ﬂﬂ&sraﬁaalfm permendicwar i achasizeptal plage 108 db package
s@6sHafdi?pg to an enbodi ment of the present invention.
Figure 7 shows an integrated circuit structure 100
including a single package substrate 122. The package

BT 358 e 5 508 RIS BB Tt o i ci

cSﬁﬁé‘éﬁ@x’l 130! ¥dRides SWb! fstons? tndN&dchS rhbﬁn i eﬂrané&pgﬂstantlally
antenna 112 is di sposed within the package

pwﬂgkmah@ferélzniahkﬂ A pastian phihe thixd elip epurection hf®ard @pertion of
o (908 A4t bR SREE ELPRRE R B of e
package Gubsteat¢TaR2 rlgile, andihereydtiph &f the third chip connection 140 and
another portion of the feedline 114 are positioned substantially perpendicular to the
horizontal plane of the package substrate 122. The respective portions of the third chip
connection 140 forms respective capacitors 106 with the respective corresponding
portions of the feedline 114 on the package substrate 122. This arrangement is a

combination of the arrangements in Figure 5 and Figure 6.

[0089] The integrated circuit structure 100 further includes a printed circuit board
124 positioned or formed below the package substrate 122. The printed circuit board
124 extends along the length of the antenna 112 and the chips 134, 136 and may serve
as a support for the package substrate 122. A conducting plane 126 is formed between
at least a portion of the package substrate 122 and at least a corresponding portion of
the printed circuit board 124. The conducting plane 126 is positioned below the
antenna 112 and a portion of the third chip connection 140 on the second chip 136 and
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copper, silver or gold. The antenna 112 and the
feedline 114 may al so be of the sanme conductive

Woraaognimi4 [ 0086] A socket 118 is formed in thePQEEK2H8000069

substrate 122 and is positioned adjacent or at a
di stance away fromthe feedline 114 and the antenna
the planar anea ogeipredyey theropdugtingplane hais b dgagk compgrable or larger

[ O t j 3 u . :
R HENRRA i PRURSS 4P bRk 12 1P ot ot i i
doragetiohi Mé. The gonductiag tplane 1280serdes Zasf o gromad phang. Two vias 128,
sur.face %f t he chi 4, 136. The chip copnections

ps. 134,
SPRANE 333 IFRGy pien d’Fﬁ’é‘&ﬁ}Sffm&“ edeaaental langpiiiecground plane 126,
thé T6tatiGhoP e£ANIE ¢4 e&ré%gn&m % bh'ell pBRIdA ofHft; hiktenna 112. The
IFe to a c?n p

arranged substantially para secon
coorhiationoof the Zroundaplese 26 andi the & 4281 fore af quasit caviiypwhich

ti. 130 .f it 106 with th econd )
SRS BorlMBEEoer 38teni F12 IRSHPTREICe AR GoRuES (R potential

elé@rofignétheinfetfefde GBMMAKE BNRARY | PNradRfoRICtHR RRIpt J0aned
substantially perpendicular to a horizontal plane of

t he package substrate 122. [0088] The second chip 136

j ud a third chip connection 140, .the.third chip. .
(O oc gl B O ERbMRG TP ncslion vy iF indic¥r Elpg in an
iheghtddatgadt suigtRnidcatding Baraal bmboditehh @fftﬁ@?réseﬁt invention.
114. A portion of the third chip connection 140 and a
Rigyrei8ovhows atfiat inducion 142 ppsitioned op @ plortiasrafcp chip 102 and a second

. | . . n -
AR RetibnBPPs b5hioh e 2 rOISE A0l 2N Btuctor 142
dnhthe gortivnpfahacldp tiDDiis delpleintd theeédoad igductor A4 @h théportion of
eedline 114 ar 0oSitigned substantially
RPHERRE %?tetISZBh@stwezw P&pl ane of the package
substrate 122. The respective portions of the third
chip connection 140 forns respective capacitors 106
[8091h t K rovsweniei frectorr rapd pwattiagg poblenormusdd blye conventional
feedl i ne 4 on. E.he ackage sul%strate 1§2. Hlsi S 1
TR e R | AR i Uh BRI RCEHGe fEMED: j§ coplanar
wivepiidle YCPW)-fodIWiRbEad [1R4H (WE-thdHehd" abe dadidtingUblement as

structure 100 further includes a printed circuit "board
shown i EigureoHe andFigue M maydiegised-he package substrate
122. The printed circuit board

[0092]  Figure 9A shows a layout of an inductive feeding slot radiating element 148
in an integrated circuit structure according to an embodiment of the present invention.
The inductive slot radiating element 148 may include three feedlines, namely ground
(G) 150, signal (S) 152, and ground (G) 154. In Figure 9A, the signal line 152 is
connected to the base of the triangular slot. The base is also the ground. Hence, it is

inductive feeding type.

[0093]  Figure 9B shows a layout of a capacitive coupling slot radiating element in
an integrated circuit structure according to an embodiment of the present invention.
The capacitive slot radiating element 156 may include three feedlines, namely ground
(G) 150, signal (S) 152, and ground (G) 154. In Figure 9B, the signal line 152 is not
connected to the base (ground) of the triangular slot. It is capacitive feeding type. The
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124 extends along the length of the antenna 112 and
the chips 134, 136 and nay serve as a support for the

wWQavRagwisubstrate 122. A conducting pl ane 126P¢ESG2008/000069

fornmed between at |east a portion of the package
substrate 122 and at | east a corresponding portion of
hevelegrstmtiade oiayche tisddofor dvidéband Tipedawd unstching plapatslity. A lot

A% R AR AR TS OR A2 R BB of over
aﬁﬁ)ﬁﬁ% 10% RF bePHcRRVEE for PheSidydlit iy PErubOOA WAl iFilHire 9B.

ane 126 is at | east conparable or | arger than the
pl anar area occupi ed by the antenna 112 and the

ion.of .the.third chip con tion 140.. Th .
(BB ot T S ot e SRR BV Bt ase 4iP) may be
oti aBe lot8er HET Millichelsts Sorf IS IR XARIGLN, Ehritbril inYpalck &8 @nay be
hori zontal plane of the ground plane 126, the | ocation
ramiatyrazedy furthep gfog ointegetion dpyigoseo Hhiis emakesoitt Fleallepginghfor the

: . 8 [ ' . e un ne 126
AR picGee (DR RA 8 SR oVind 05 &Fet BUBRR R To o o
dvettomecthishproblens indirdcict eshbamnankigu@nNDA and Eigite 10Bemay be
potential el ectromagnetic interference fromthe
used Enimpravethe ganafimWaye B chi p 102. [0090] Figure 8
shows a chip to package connection by an inductive
coupling in an integrated circuit structure according
[0095hn ditparei IEXtshows taherops-gesional i viewndfi @rdiretoguinear integrated
shows a first inductor 14% Eositip ed on a .port.ion_of
CATCRHhiSHUSIHEE AFRPTUDE 4R R frfy of e pYESaDt jlyrafoRFigure 10A
sBOWS 120Portion S PAF KRESrafdDSEduAL SrukdRe 1Bbemt~.1uaﬁ% h rm&ggé Phckage
142 on the portion of the chip 102 is coupled to the
sybstratel 1 22 dibetperkaps subsirateh 2 2omay inshudsfa packageamhtagel for example

122 i .nd ihVe. ling. [0091] T .
lg‘(l‘}l'eg%rg?aféﬁﬁf? 58}"%?% k%ﬁ%%%%ggi;%ggtﬁiog‘%mLE a*ﬁégé’&’ Eg}t not so limited.
Awaiveiid OTRs diksdsed Within B! Sdtks@0subkirite 190 ETRE intbgtated circuit

ant enna-i n- ackaa& desi gn, a copl anar waveguid

e
stropipye. Fhfupihee Bighules pipgintadeciropg-bopidafl positiqned or formed below

Sy _ . . Fi
GEAALLOQBEEDD, 19 D Rl AU T o
therdutehny el 10eed] maays karve raada asuppgt dbe i tpadksgei substiate 122. A
integrated circuit structure according to an

CRERSUNERINCJLS thTPed befeen gt AaRtion R theprekags ibstrate 122
2l Qf 1da8d @(Sfr&%gﬁéiﬁgﬁﬂftioéﬁ tHBYrihtdq | citdfit bBARAC124. The conducting
f anel y oun

eedlines, n
plane 126 is positioned below. the antenna 112 and the planar area occupied by the

conducting plane 126 is at least comparable or larger than the planar area occupied by
the antenna 112. The conducting plane 126 serves as a ground plane. Two vias 128
serving as a fence extend vertically from a horizontal plane of the ground plane 126,
each via 128 corresponding to an end portion of the antenna 112. The combination of
the ground plane 126 and the vias 128 form a quasi cavity which serves to improve the
antenna 112 performance and to reduce the potential electromagnetic interference
from the antenna 112 radiation to the chip 102. The director 158 is realized in a metal
plane format in the antenna radiating direction, above the antenna 112 and within the

package substrate 122.

20



10

15

20

25

30

(G 150, signal (S) 152, and ground (G 154. In Figure
9A, the signal line 152 is connected to the base of

W@ b@stitioghgul ar sl ot. The base is al so the groREESG2008/000069

Hence, it is inductive feeding type. [0093] Figure 9B
shows a | ayout of a capacitive coupling slot radiating
[@99dent Th lmtqrrit5§gqaatb@cpl@ﬂerlcqmd &1t opeotloepedatigurelil O shows a

b TSR 0 B EREAL kM Bdres T gooraing o an

drﬁlfcﬁﬁnérﬁ@iﬁhheﬁﬁﬁsenﬂﬂi%ﬁtl/org Foxunél 1 08khdwda diredodl 58(Kaving a close-

152, and ground (G 154. In Figure 9B, the signal line

logped; rectangulaiolayent: Mtk prapee desiste of gicodimejoropurfase waves can be
t e e

LAY Bl b BRI BE B MR makes e

antgnaa gaindmpadved lgr@tlyapl@&mrfatcy wake pftipagaiel @ 4 hghneileiiface of
s created with_lLength The rel ati ve bandw dth

- 1B Parkage Siisiraieildat AF fher nﬁ&%ﬂ%@@&ﬁ yderfmetal ugh as silver or

e + F OB, T
S P tBelor IRopRC G0y v e Bilon BF 5B 1R wave,
therelon mpmvwrdadratloﬁ effitiencyet Borsexamples for 4 r60&HY AP erBl gain
.antenna-jn y be ni.at uri dfurther for
iSRRI GHYptf HGIC I MicHGosier BHaN) EnghorEn o Fige 108,
DiffeRMNhdpEs RAG lﬁﬁg%etrgal%a 'f&Vtﬁe AirBéteN1 S ihe ‘aWeagr 168 fhay be of
decreased antéenna si ze. try to overcone
amm@blaeﬁhapaodammn@rsapashom in Figure 10A and Fi gure
10B may be used to inprove the gain of mAAave Ai P.
[0095] Figure 10A shows a cross-sectional view of a

[6U97§Ct OTo inkprave the el ¥ tBe nth Wawk tAIB] & BfouHa et 19639 shown
to_an enbodi ment of the present i nventi on. Figure 10A

ig rféwe&lpmayﬂﬁnussﬁ Anglionné planecrrads o midtals hasea 1eftpction
LB P30l G- BAEHASPED) R rfiBpR 7ol s e

raaddaimi &)vdanw the rpeadaiderdirection iso @6l ive¢adaitits gdih QBiigdre 11 shows a

rrer silicon, but not so |imted. An
2 n@r{ﬁé ‘5 %6§napéras&ré£?der@mt Atragarepl00iasgrdingrie ap gmbodiment

oF e prediit ifVeRGSRTFREE i | SHoW Oarﬂé@éf%@ o0t Sl @290 including

|ncludes a printed circurt posi tione
af pngle Ppableigevsubsteatp d2R.adeslstu h!ﬂt:mrat Ial 21 P disfidsed prithin eble package

ST 229 e G SRt Bl efen 1 s geskose

stibsdtd 122 Hedies fhe slot antenna 112 as shown, all printed type of antennas can

also be used. Other examples are microstrip patch antennas or monopole or dipole. A

ground plane 126 may be fabricated below the slot antenna 112 within a package
substrate 122. The ground plane 126 may function as a reflector. As an example in
Figure 11, the vias 128 can go all the way up from the ground reflector 126 to the slot
antenna 112. The height of the vias 128 may be properly adjusted according to the
requirements. The ground plane 126 or ground reflector together with the fence of vias
128 forms a quasi metal cavity that helps to reduce the undesirable effect of antenna

radiation to the nearby circuits and the unwanted effect of the circuits to the antenna.

[0098]  Figure 12 shows an exploded three-dimensional view of an integrated

circuit structure in a ball grid array package according to an embodiment of the
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conducting plane 126 is forned between at |east a
portion of the package substrate 122 and at |east a

W@ asasohdi ng portion of the printed circuit POEBG2008/000069

124. The conducting plane 126 is positioned bel ow t he
antenna 112 and the planar area occupi ed by the
pu:cmd’u dn\ieng'oml 3he id2gratesl aircuieasoctoenp@d dblegracas hasﬂcgeradiating

cLgRCL PR P A 1258 SEARCE puhntFERATI 61 Ao ing fepding 106, o

pHgafireb? 158a4d B gréuhd el @i 26 XTHRE dikdctiC Rl L 16001862167 may
hori zontal plané€ of the ground plane 126, each via 128

beasedtopiomdiapgckagesnbsirate b2k ti on of the antenna 112.
The conbi nation of the ground plane 126 and the vias
128 forma quasi cavity which serves to inprove the

[6(099p NNkt 1frspAidlevthi@nger 360 ihelud@duagrgehavirptient Tladdition, a
el ectromagnetic interference fromthe antenna 112

@mdaieﬂmtom b26t KoogitippedigponeTivetage pethedirstidigleptsic layer 160 and a
rg%l'lat Ry Ie‘;ﬁna plllén?s I)&:]F@nedl On ttple gt enn%&et% H1e first

I rec I'on, above nna 1

dﬁélectﬁawyeg £60: Mt Ared dicldAAc 18P 660 IRR6 ikl taoslurkBif;y 6HAa holes
be cl ose-| ooped or open-looped. Figure 10B shows a
164 fermed inside) and opts elgsrqsnoraimg 2 db¢ ateadoecupiediky the ground

réfidctitt D6Sand e RO | Hledrd 11@ Qzagv\gbge;gﬁraﬂt Bf]\%i% é28 to go all

present invention. Figure I rect
t]lneawaygframcd chelantpped gractahiPuteathe gioand .reflédidr p26pPRfe ground

t he di t f
o Py s ceciit b ZPGl Srpet; et sheyrk epground
refIRERVE mih) CRTRKE S HRESHAURRNGE GR1 ShtbdHAT PV from tl1e outside

greatly. Thé surface wave propagates on a horizont
cgavif-gseualy, theeCPWefedgotennbd 12 atcludes the s4et dritenndigragidolr12. It is

S, G0 1 BB e 867 S0gs SEL FRIcRE 19 rBacoind 072 is e

cbhductig f fame \b@ﬂlfbctédhﬁlitﬁbg’rohmrfe&ﬂmééldhzﬂhélg %’ound (G) 150 and
efficienc % For exa for a 60GHz AP 2d ain

grqwdd@ Thﬁtyl%@romwlﬁ@eloasadnyntgh@empmebt%ra |thg gerducting

?aglgﬁ)l %@d 24t t%ﬁ{e Cﬁr&% gestg{' g%acﬁﬁ%%?o% fad thr%Bglngﬁat 156, all

tlef c@ndukcting! bhihe aifameenm 8 ttregmdﬁdl eﬂb@palgr{al)@&alma' Q52. The slot
i nprove the (1;a|n of the round refl ector

anigBn sest 110t Ok Pl the GoRfipting plange 10 AAdJite. THiS b A basic
SRASSE oFBlAlot Mgl has a reflection

[00100] The second dielectric layer 166 includes a smaller cavity 168. The large
cavity 162 in the first layer 160 and the smaller cavity 168 in the second layer 166
form a package cavity configured to load a chip 102. Signal feeding from the chip 102
to the slot antenna 112 may be realized by capacitive coupling 106. While the chip
ground pad is connected to the slot antenna ground line using flip chip technology, the
other chip pads are connected to the signal traces 176 in the second dielectric layer
166 using bond wires 172 or flip chip technology 174. There is a plurality of on-chip
pads 170 within the smaller cavity 168.
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coefficient near to 1, can be used as a reflector. The
ground reflector 126 reflects the radi ati on towards

W@ bwshtivatsi de direction so to increase the gaP@I/SG2008/000069
Figure 11 shows a ground reflector 126 in . an

integrated circuit structure 100 according to an _
[MH88Hi Bl thistl di¢lectpe tayent 67 imelndes aning Mirgetoe] 38l argholsp ground

O B B35l LR D R BB B S o
sarielvhetal Plan® o€ WiBferft WhstAlNFlhtes. 1P @figl 102 g Md afedeli%o the chip

extends fromthe slot antenna 112 wthin the package
growad |4 elhepconfiguestige snayheonstityte 4 thenyidelding of she i1 02 from

I [t t | so, he used.. Q& her .

L o159, 0 Lo 01504500, A REHRE o0 A i o
ampakeandoptimived solhaiod b2 onmmunieatibaBystemt epelreihg it trthiWave

| ot antenna 112 within a package substrate 122. The

HdeHl ane 126 may function as a reflector. As an

exanple in Figure 11, the vias 128 can go all the way

up fromthe ground reflector 126 to the sl ot antenna
[00102] THagivei hthofs o a5 viek8 ofraychie t@rpﬁﬂ&i’gbycongection by a
adj usted according to the requirenments. The groun _
%P%%V%%P pedp &B%Bteg@ﬁde%‘f%‘ﬂ FRGRER arcapding t¢ 38 enthediment of

thé pids@ft iddtibR! The Mrdpraed cﬁ‘@di?%?&g}ﬂe %0 tu]i@ﬁd(fg g::(?[g% %{?}(\)md 178

reduce the undesirable effect nt enna radi
ande diregtob\t 58 ion onk pkanandl chipel (2rispositidnet dbewe thef chiihground plane

Lreuits to . t.he antenna. [00 Figure. 12 shows an .
{225 P68 iR SaRRERE o P Vet o festien{Wyloaa g tapacitor 106
Wikl €kt bighll feeliliie® 157 eRteRdiny fbmUar?ah@ind3¢XaTRe other two chip
according to an enbodi ment of thepresent invention.

cppeectigne gp dhe quidacecef thesehipdrase Tomectedetgr the gssprciveground

ffe&ﬁfn@g ?5?; 1%'4e It{xlx?i{/n%; frc?rh%? 9&21%?1221&1 %ﬂ?gé]}ig lg%cﬁ-lﬂatggl "94. Vias

curren capac coupr rng
128 rexedndr frdrh Sha st fce Pfabd dntenid €Lt &r cbifectibAt6Q ground reflector
di el ectric layers 160, 166, 167 may be used to ?brn1a
lﬁgckage substrate 122. [0099] The first dielectric

| ayer 160 includes a large cavity 162. In addition, a
ground reflector 126 is positioned on one surface of
[00R@3]f | ASgurdi kel eludws @ fabnieatiohGfroeesd of ajntegrated circuit structure

CPW -fed anten 112 | s, positioned on the other
a&gﬂr%getoo]antqub({&?rpgqt B{ élF‘Jg OrgseRt nygRitom dyrst Restep (180, a pre-
[f%&%ﬁﬁélﬁtbﬁ id @¥8Ed FRDnHoiPpdReSdEBStrRteP] 4Y, hisd _e-%‘i‘oéébﬁng step
hol es 164 fornmed i nside and outside corresponding to
indledesrbdanking-dryingothp package gubatmates 146. Then in step 182, the respective

vias and cavities are formed in each of the four package substrates 146. In 184, the
vias are filled with a conductive material. This is followed by respective conductor-
printing in step 186 to form a respective ground reflector, a slot antenna, signal traces
and a chip ground and a ring director. In step 188, the respective package substrates
are inspected to check for non-uniformity. After inspection, the first and second
package substrate are collated in step 190, and laminated, co-fired, then diced in step
192. The finished top package element has the ground reflector on the top and new
CPW-fed slot antenna at the bottom. In the same manner, after inspection, the third
and fourth layers are collated in step 190, and laminated, co-fired, then diced in step

192. In step 194, the chip is loaded in a cavity formed in the finished bottom package
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15

reflector 126 and the CPWfed antenna 112, allowi ng a
plurality of vias 128 to go all the way froma sl ot

wWa@piognn@1gr ound 112 to the ground refl ector 12BCT/SG208/000069

ground reflector 126 nay al so be connected to a PCB
gr.qund refl

LEReR IEE IP&Q%@@@]' ﬂap U Bieh lsoaeatpests ipg director
Aﬂ@r ﬂaetcﬁipdﬁ 155&&% tthe Bﬁﬁ&ﬁlaaxk rgwb@erﬁ‘epw {h@%ﬁ%@ BBRom: #%ckage

i ncl udes the sl ot antenna ground seen fro
alémaerits care ether\ bondedi tggﬂftbelg Byt flit-chip eb(m(hng amtl epwkage bonding

d.ll d
R T T
c%% grotd! pad§ .to ftRE ghdiMCf the ﬁt&ﬁlar@ﬂ“ﬁtﬁéeﬁﬁlg‘el ?t this process

all the conducting plane of the antenna is
C@p@ﬁmﬂe conpling is eutomapealin fomeé |fort RF estigread iferging. dime following in

S0 N B S0 A0 PRI Uil B RS e

falabtfinishedpeoduyt ishgn A9P dol le Jefit RiradtRfacteRizh@eh af Step DOOSIf LCP
is the basic nechanismof the slot antenna. [00100]

teghwolagy dm ysegt, drectoprand hosipry package plemgaiekongingean kg replaced by
' | t |
a0 Bind Bphced 1SRG fiBleskep i b A3adel B LOVP 166

forn1a package cavity configured to | oad a chip 102.

eedj he chip 102 to the slot antenna
l@l@ﬂ ;ﬂt hsea focs%m?r&'@ae%feé%rﬁé@m Pl dhe y@pPIH gmbodiments (has been
[ P e | Qt L,&NER
ﬂé%%ﬂ%g ﬁrneﬁggk%ﬁ gé’1d ’l?‘%trgﬁ‘?}g %?gcﬁ?oﬁgﬁm Itihig' I(5(t?ther &Qﬁd fo be
ephalsstizie er toolim (th&enhvelmdnhe the¢ preaise lfafrm: élsclihs'z’eﬁl bumd bllmeously many

second. di el ctrJ r usin or

rR o Snd ovavifions, Sy oo ia b Bhoihe dibdlespdciesching. 1t is
u@t@n&dﬂll tRattRél §co?3z of metlﬂ'l/dﬁtlbﬂ ®c 8€ﬁﬁécﬁ5y ﬁn@‘éla‘iﬂﬁs AoFenb EPAG .
The third dielectric |ayer 167 incl'udes a ring
director 158 and a chip ground 178. The ring director
158 and the chip ground 178 may be forned together
using a sane netal plane or different netal plates.
The chip 102 may be adhered to the chip ground 178.
The configuration nmay contribute to the shielding of
the chip 102 fromthe antenna 112. In this regard, the
integrated circuit structure 100 nmay provi de a conpact
and optim zed solution for conmuni cati on systens
operating at mmMave
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frequencies. [00102] Figure 13 shows a zoomin view of
a chip to package connection by a capacitive coupling

WO p00an119m egrated circuit structure accordi ng POI/862008/000069
enbodi nent of the present invention. The integrated
circuit structure 100 includes a chip ground 178 and a
di rector 158 on one plane. A chip 102 is positioned
above the chip ground plangg{pusOne of the chip
connections on a surface of the chip 102 forns a
capacitor 106 with the signal feedline 152 extending
fr an antenna 112. The other two chip connections on
tH&HéUngggagﬁ'the chip 102 are connected to the
respective ground feedlines 150, 154 extending from
the antenna 112 by flip chip technology 174. Vias 128
lexarindegratedreirhuit stoucture eomprisihg : ant enna 112 f or
connection to a ground reflector 126. [00103] Figure
14 shows a fabrication process of an integrated

Cid firgt packhgdifiibbir e a6mpristh @ ridiatdip Qerhasd] theridising di&ment
present invention. First 1n step 180, a pre processing

sthapinga rediating glegient enpnneesion exiankingdrem itha radiating elegent;
Thi s pre-processing step includes blanking drying the
package substrates 146. Then in step 182, the
r esfrecehipy positiasedaddihcentuo theaadatifg EleERtcdnhe@imh theffirkthdhip
f our. pzzclzﬁa e substrates 146. In 184, the vias are
 ihaviag afirshchip connsation gra serfaseiofthe fimst dhipis 1ol | owed by
respective conductorprinting in step 186 to forma
respective ground reflector, a slot antenna, signal
t veleeain dnadfist cip pomreotion foamd aapacitivedionplit@withthe sitdizping
18?, the respective package substrates are inspected
t SIEHEE RO N N- uni formity. After inspection, the
first and second package substrate are collated in
step 190, and | am nated, co-fired, then diced in step
2.1 Ghe imtggratddriizcnd gtruetprepfekagd el enent has the ground

i s % SPIF i iR AR RO B (e sBRhnRR et

third and fourth |ayers are collated in step 190, and
| am nated, co-fired, then diced in step 192. In step

3-%§Agemtﬁéra€qﬁ‘i¢;§rcp§Strb%ta@cpficmraﬂeavi ty formed in the
PR o TR SR 9 B B GT HaPRBR i b

4. The integrated circuit structure of claim 3,
wherein the first package substrate comprises a cavity positioned below the
radiating element for shielding magnetic field from the first chip.

5. The integrated circuit structure of claim 4,

further comprising a second package substrate positioned below the first package

substrate.

6. The integrated circuit structure of claim 5,
wherein the second package substrate comprises a package frame or a printed

circuit board.
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After the chip is loaded to the bottom package
el emrent, the top and bottom package el enents are then

whoandativtoget her by flip-chip bondi ng and packBgESG2008/000069

bondi ng processes in step 196, where the flip-chip
bonding is used for the interconnection of chip ground
pads to the ground of the antenna CPW feedi ng. During
7t hirs iRf; i L& fgﬂ)ﬁ yng is automatically

for mslg eg%?é%ﬁﬁgﬁgﬁgf %é:% | nlgll.s’The following in step
198rther colmprisinge growdi plgnopositidned betweeRfat leastia fdostidrhef the first
package sjgnal traces. The finpal finished product is
b PagkaEe sEbsateadal acn%rflgepg%ezsaquaﬁhag&sebs%. | f
LCP technol ogy is used, the top and bottom package

el ement bondi ng can be replaced by the co-firing
8 pridieastegratdd arcyit stmctpreofetams’,r enni n al nost sane.

[00104] ..The af or.enmenti oned criptiqgn of the varjou
g GoREPBEER noponrd v obe isdhuBs elemspt &nd fetirs
| | dhifSéuch tha® theatBurtBsiand ierlaps at!lbast &n Beh cbr6d 8¢ thelradiAfing
exhaustive or to limt the invention to the precise
f element gud  pedion s theofirst duBl y many nodi fications and
variations are possible in Iight of the disclosed
teaching. It is intended that the scope of the

9. Mierhtegiatddeidait strecheyofichemci, ai s appended
heretao. CLAIMS What is clainmed is; 1. An integrated
civhegsip the Gayry ify fermegdhpy ptleasy two yiasjin the fjsafoiagkage substrate and a
S glnggﬁ' ' a radiating elenment, the
rg%?%({nlaﬁghg ems(?]?faﬁgvi ng a radiating el enent
connection extending fromthe radiating el enent; a

i.Lst. chip positioned adj acent to the radiatiny
I@I pieegr@ r?é‘&“itéti‘i‘,mt?rﬁé’%f:raﬂ@tl’chi p having a first chip

C QPHeeGA MRS chip SoHrfedtEdh RipobitiBndd fudktafifMIR, paMireﬁ fd e, &{}ﬁating

first chip connection fors a capacitive “coupling

t letementicenmientgorel ement connection. 2. The integrated

circuit structure of claim1l, wherein the first chip
is positioned on or housed within the first package

1 B Uthetiftegiated 2irclibStrhdhire @ afa@fl 10 rcUi t structure of

claim 2,
wherein the first chip connection is positioned at a distance away from the radiating

element connection.

12. The integrated circuit structure of claim 11,
wherein the first chip connection and the radiating element connection are

positioned substantially parallel to a horizontal plane of the first package substrate.
13. The integrated circuit structure of claim 11,

wherein the first chip connection and the radiating element connection are

positioned substantially perpendicular to a horizontal plane of the first package

substrate.

14. The integrated circuit structure of claim 2,
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wherein the first package substrate conprises a socket

for housing the first chip. 4. The integrated circuit
wareeggirie of claim3, wherein the first packaB@r/SG2008/000069

substrate conprises a cavity positioned bel ow t he

radi ating el ement for shielding magnetic field from

t Harthercomprifing a sgcondhghip npiégmm%em @rihoysgd withinghe fiystpaskage

clab@fe further conprising a second package substrate

positioned below the first package substrate. 6. The

integrated circuit structure of claim5, wherein the

ond package substrate conprises a package frane or

lgeﬁﬁ ‘HW&EPt?qa?‘thSUHS‘é‘FWfﬁlm%]éhi ntegrated circuit

Stk fe Qcofid BhiBiPpodhtHillf &iaCAITRS t! itk dhflr OUN

pl ane positione etween at [‘east a portion of the

first package substrate and at |east a portion of the

d k trat 8 T i nt ted ci it
1§ R Al AR A S e rouna bl ane | 5
Paghdrbif M8lsdeBh®¥hip MavihgdisaddnaEh &HBBLRAYh 4 %lﬁ'fafcé bBthe

[
chip such that the grounosl pl ane "overl aps at |east an
arseeorsihép.ed by the radiating el ement and a portion of
the first chip. 9. The integrated circuit structure of
claim7, wherein the cavity is forned by at | east two

1V. B inRgld ditduRtistrldakadiRlambg, rate and a portion of
the ground plane. 10. The integrated circuit structure

ofWherein the firs{yplep epanectien farmsa cepagitivaorovpling wiithitke second chip

PQSI.L d substantially parallel to the radiating
el%éhrr}é%c?lggbnnecti on. 11. The integrated circuit

structure of claim 10, wherein the first chip
nnection is positioned at a distance away fromthe

lf?- edntesrpted druistrugHratciam. 1,

wherein the first chip is positioned or housed within a third package substrate.

19. The integrated circuit structure of claim 18, wherein

wherein the third package substrate comprises a socket for housing the first chip.

20. The integrated circuit structure of claim 19, wherein
wherein the third package substrate comprises a cavity positioned over the radiating

element for shielding magnetic field from the first chip.

21. The integrated circuit structure of any of the preceding claims 1 to 20, wherein

the first package substrate is formed from a packaging material.

22. The integrated circuit structure of any of the preceding claims 1 to 21,

wherein the third package substrate is formed from a packaging material.

23. The integrated circuit structure of claim 21 or 22,
wherein the packaging material being selected from a group of packaging materials

consisting of low temperature co-fired ceramic, liquid crystal polymer, silicon.

27



10

15

20

25

30

12. The integrated circuit structure of claim 11,
wherein the first chip connection and the radiating
WwWek@agni£onnecti on are positioned substanti al PgT/SG2008/000069
parallel to a horizontal plane of the first package
substrate. 13. The integrated circuit structure of
claim1l, wherein the first chip connection and the
242 AhleBtht] GRENIHEEARSS A Ar e positi oned
substantially perpendicular td a horizontal plane of
t hwhdréinghe Himst klrigaes suintdgratedcirandt. The i nt egrat ed
circuit structure of claim2,further conprising a
second chip positioned on or housed within the first
2P AR gPlbLiFcattQtrudtare Malhﬁféﬁgr ated circuit
structure of claim 14, wherein'the second chip is
poshereio teaisesandicupis amintegeated eigeuitc hi p. 16. The
integrated circuit structure of claim15, wherein the
second chip having a second chip connection on a
26 Ur'fedfiRghited AR uRQEAOEredT dlaimli]. The integrated circuit
structure of claim 16, wherein the first chip
c IHraein thsradisting elemeapis@ntanteanaoupl i ng with the second
chip connection. 18. The integrated circuit structure
of claiml1l, wherein the first chip is positioned or
2nontedttegtatddl dircaittstructdrensfedigel ,subst rate. 19. The
integrated circuit structure of claim 18, wherein
Wﬁrélreérlﬁ theyfirst ehip qonnection eomaprises pgoaduchnpmatesial. a socket
for housing the first chip. 20. The integrated circuit
structure of claim 19, wherein wherein the third
Z&Mag@gﬂwdsdmhemmmdfmm&avi ty positioned over
radiatin Iemsnt for shieldin netic fi
{ BT 275 fepdad G25p ornsciion GPTE B PRREHVE TR,
structure of any of the preceding clains 1 to 20,

wher ei n
29. The integrated circuit structure of claim 1,

wherein the radiating element connection comprises a conductive material.
30. The integrated circuit structure of any of claims 27 to 29,
wherein the conductive material being selected from a group of conductive

materials consisting of copper, silver and gold.

31. The integrated circuit structure of claim 1,

wherein the first chip is distanced from the radiating element.
32. An integrated circuit structure comprising :
a first package substrate comprising an electronic component, the electronic

component having a electronic component connection extending from the

electronic component;
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the first package substrate is formed from a packagi ng
material. 22. The integrated circuit structure of any

w@rooshedpt eceding clains 1 to 21, wherein the P¢iI/8G2008/000069

package substrate is formed froma packagi ng nmateri al
23. . The integrated circuit structure of claim2 1 or
2za Wﬁ@hle iPAst lﬂ@edpa@mgti taghereledranig corapongnieqnaeetion, thedimst
PHRRE 2 ARG R BlndBBbE 0h Y ArEANSE AE DA ;| O
erat e Co- ceran1c, I quil crysta > pol yner,
S|I|con.24 The |ntegrated circuit structure of claim
wherej n_the first chi qus an integrated circuit.

1,
25vhergin the, figst chip canpschen farmsacapaaitive gquplipg writhithe electronic

Wh%hﬁbﬁmhhgnﬁggﬁgd chip is an integrated circuit. 26.
The I'ntegrated circuit structure of claim1, wherein

the radiating elenent is an antenna. 27. The

3‘% é‘g rtat eddCI rcgl t structure of claim1, wherein the
%ﬂwﬁ CBHERIYCHHC COBBRSE8s a conductive naterial .

28. The integrated circuit structure of claim 16,
wherein the second chip connection conprises a

c criftrgtpdckegawubsirate compdsing h cadiatingglement, theradiating element
struct ur e rein,t fi e

e EE B ing R macconedioh bisdie Gir the fdiafiE Sefnt
integrated circuit structure of any of claims 27 to
29, wherein the conductive naterial being selected

f radfiFsbchyp egﬁtlwed@@me@ttp Ve rdinting alesepbenningetiong theffirst chip
d
0 Bl 15 B o o el IR A SERRLEC €1 e

di stanced fromthe radiating elenent. 32. An
integrated _circuit structure conprising : a first
pehiehgje tas fisst ehup sonnssiien torms an Anduckive P%mhegw%aﬁ Eadiating

t Rl ebARti6n.CONMPONENt having a el ectronic conponent
connection extending fromthe

34. A method of forming an integrated circuit structure, the method comprising :

forming a radiating element on a first package substrate, the radiating element

having a radiating element connection extending from the radiating element;

positioning a first chip adjacent to the radiating element connection, the first chip

having a first chip connection on a surface of the first chip;

wherein the first chip connection forms a capacitive coupling with the radiating

element connection.

35. The method of claim 34,

further comprising positioning the first chip on or within the first package substrate.

36. The method of claim 35,
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el ectroni c conmponent;a first chip positioned adjacent
to the el ectronic conponent connection, the first chip

wh200sngosd fi rst chip connection on a surface oOPCT/B&2008/000069

first chip; wherein the first chip connection forns a
capacitive coupling with the el ectroni c conponent

C et Gopmprisyg formingra sogkettie thedirstopaickagestsubsttate for housing the
coﬁggising . a first package substrate conprising a

r aUee R el ement, the radiating el ement having a

radi ati ng el ement connection extending fromthe
radiating elenent; a first chip positioned adjacent to
37 hEhamethad phglasn édent connection, the first chip

£ e il S erTBOR 1 8 07 ol sl pleiogeine

| nsbsitionée belowthe R@liatingleldnhent ferdhRldiAg nilkRetRIfield from the first
connection. 34. A nethod of form ng an Integrated
cif®Rit structure, the nethod conprising : formng a
radi ati ng el ement on a first package substrate, the

radi ati ng el enent having a radiating el enent

38 drreantthod ofxlbemd@7,ng from t he radi ati ng el enent;
positioning a first chip adjacent to the radiating

el TUHBF CoRyRisHERositioninge? sepoud Packags Whstraigbelowithe first pagkage
canpaedii on on a surface of the first chip; wherein the
first chip connection fornms a capacitive coupling with
the radi ating el enent connection. 35. The nethod of

l.gim34, further conprising positioning the first
3§‘h fBthBﬁ‘Oﬁleﬁ’ﬁ‘ﬁ&t he first package substrate. 36. The

B R6in Fhe §dcBhdpatRafdisubb@bte COMPFiscEiatckaeMtk 6t SPEEd
in the first package substrate for housing the first
cHijsuitdpardThe net hod of claim 36, further conprising
formng a cavity in the first package substrate, the
cavity being positioned bel ow the radiating el enent

40.0TheshétRbdlbn¢laimagset i c field fromthe first
further comprising positioning a ground plane between at least a portion of the first

package substrate and at least a portion of the second package substrate.

41. The method of claim 40,
further comprising positioning the ground plane below the radiating element and
the first chip such that the ground plane overlaps at least an area covered by the

radiating element and a portion of the first chip.

42. The method of claim 40,
wherein the cavity is formed by at least two vias in the first package substrate and a

portion of the ground plane.
43. The method of claim 34,

further comprising positioning the first chip connection substantially parallel to the

radiating element connection.
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chip. 38. The method of claim 37, further conprising
positioning a second package substrate bel ow the first
weaoRag®isubstrate. 39. The method of cl ai m 38PCTBE2088/M0069
the second package substrate conprises a package frame
printed circuit board. 40. The nmethod of claim
4:‘58Theflu¢thﬁ‘é@f@é%f‘4,3| ng positioning a gr ound pl ane

t ortyo f..t he
o A8 R B8 3osfioBRe 0 Bisf brip tBnpecin LA munsfrem the
s uhdiafifd eleméntlconfégtioniet hod of cl ai m 40, further
conprising positioning the ground plane bel ow t he

radi ating el enent and the first chip such that the

49“13&'}9&%@819 lgiyljpgf‘l‘ aps at | east an area covered by the

lating el enent ’and a portion of the first chip. 42.
THerthertdonmpriefngploaitioniég therfist ehip chmeectian ki theFadigtinpelement
by at | east  two vias |n the first pack fge substrate
arFé?n%FcBBP sybstangially ﬁerah?lota Adoprantal plane ofithe firsk ppdgge substrate.
claim 34, further conprising positioning the first
chi p connection substantially parallel to the

46.dlhicané¢thod ef daend4,connecti on. 44. The nmethod of claim

4 urther. conpr.i.sin ositiaqning the first c

< Jhbcp iR Forpias A kg comection pdibarsiging clement
el gaRtiof SMRemitialy perpendidil e tﬁpatﬁl)?f%oﬂlfal plad 8? thé first package
further conprising positioning the first chip

conbsitatd. on and t he radiating el ement connectlon
substantially parallel to a horizontal plane of the
first package substrate.

47. The method of claim 35,
further comprising positioning a second chip on or within the first package

substrate.

48. The method of claim 47,
further comprising positioning the second chip adjacent to the first chip.

49. The method of claim 48,
wherein the second chip having a second chip connection on a surface of the

second chip.

50. The method of claim 49,
wherein the first chip connection forms a capacitive coupling with the second chip

connection.

51. The method of claim 34,

further comprising positioning the first chip in or within a third package substrate.

52. The method of claim 51, wherein
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46. The nethod of claim44, further conprising
positioning the first chip connection and the

WO 28119y el ement connection substantially  PCT/SG2008/000069

perpendi cul ar to a horizontal plane of the first

package substrate. 47. The nethod of claim 35, further

c ofuphbxsctan@rism formmigragsoeket @it thedhicd package substratefonhdusing the
Lgﬁackage substrate. 48. The nethod of claim 47,

Pconprising positioning the second chip

adjacent to the first chip. 49. The nethod of claim

48, wherein the second chip having a second chip

5édﬂwemmmodOﬁnhhn§@;Whﬁénof the second chip. 50. The

ne, d of 49, wherein the .first chip connectio .
f oo e ogmme 1B Fh i (ES hikagt bataR e b being

C QFURENED Bverthe ralifingRIdARMt fr shlefling BAgndtid fid)@ From the first

conprising positioning the first chip rn or within a

t ehiRl package substrate. 52. The method of claim 51

wher ei nfurther conprising formng a socket in the

third package substrate for housing the first chip.

58.3Thelhethoe b ety offthe pricedibg claihie3£iosF, ur t her conpri sing

formng a cavity in the third package substrate, the

c a\vhqrsmﬁb? Hept pe%qag? Shhstatg jsiormpd frop packaging matenial. f or

shi el ding magnetic field fromthe first chip. 54. The

met hod of any of the preceding clainms 34 to 53,

SHtiBreanethodh of fmycsﬁthppmkageg clatmsd 34toe54,s formed from a

ackagi n al
P wher 1|n trﬁrd package substrate is formed from a packaging material.

56. The method of claim 54 or 55,
wherein the packaging material being selected from a group of packaging materials

consisting of low temperature co-fired ceramic, liquid crystal polymer, silicon.

57. The method of claim 34,

wherein the first chip is an integrated circuit.

58. The method of claim 47,

wherein the second chip is an integrated circuit.

59. The method of claim 34,

wherein the radiating element is an antenna.

60. The method of claim 34,

wherein the first chip connection comprises a conductive material.

61. The method of claim 49,

wherein the second chip connection comprises a conductive material.
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55. The nethod of any of the preceding clains 34 to

54, wherein the third package substrate is forned from
wa2paskegt ng material. 56. The net hod of cl ai iPGESG2008/000069

55, wherein the packaging material being selected from

roup of |ng mat eri al s consisting of |ow
GSéﬁﬁﬁpgﬁaﬁéPﬁé Pfed ceranmic, liquid crystal polyner,
Si Rt | 6 Jir st
WA a0l SER Lot By MERTIE Bl
47 wherein the second chip is an integrated circuit.

9 The net hod of Clal 34 wherein the radiating
681 Lhemethod r"imé"u‘?f%]ﬁﬁﬁs 8.6%he nethod of claim 34,

r
o e
wiTeaterials comsigimg@f dopper psilvenarelcgdldn conpri ses a
conductive material.62. The met hod of claim 34,
wherein the radiating el ement connection conprises a
conductive material. 63. The nethod of any of clains
60 to 62, wherein the conductive material being
selected froma group of conductive materials
consi sting of copper, silver and gold.
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