AN | NTEGRATED Cl RCU T STRUCTURE AND A METHOD OF FORM NG THE SANME

[ 0001] The present application clains the benefit of United States
provisional 5 application 60/893,963 (filed on 9 March 2007), the
entire contents of which are incorporated herein by reference for

al | pur posRINTHERRTED SHRAVETROCTIOREQNEIA MIEPHO® GEFORMNG
invention relate generally to integrated circuit structures and a
met hod of forming the sane. Speci THEaPAME enbodi nents of the
invention relate to an integrated circuit package antenna (1 CPA) and

an ant enna;hb- pagkage (A P).. 15 B ND OF. T [ ON [ 0003
Tradic ondPp0 he i R SRRy s M VAo 5 BEPTH b SN B eb ey
and Ter ahedpphcdtR@l OF893,963 [Hle@ BN Edavdht POOM tHePbiRirs RoR&nfsady Warhede
inlll-V semconductor technologies. As devices used can generate

| ar ger ouﬂﬁ&ﬁpﬁ@ﬁ@ﬁﬁﬂ$ﬁéyQ@EKQQUE¥QH@H3K$@& the transnission | oss
fromthe radio frequency (RF) output to the antenna input is

rel axed. When a radio having a transmtter (Tx) and receiver (Rx)
uses nul ti-chip nodul e teclFIBLODOF THE INWENTIONNa may be connect ed
to the Tx or Rx RF output by a conbination of bonding wires and wire
lines, or by a conbination of flip chip connection and wire I|ine.
The whre Iy IS CAUs ks chi : ]

of the. T (o0, ° EEGRARNE, BFUAHS kol feldke fetnBraly, P MlefraRt L
t he ant enmaructuossehyd af 6RO &F ifsraring \theleseaied Specifibaly, cmsiodanehts of the
smal | -si zed radi o, the system on-chip (SoC) o st em i n- package
(S'P) sl v OHOn Rty SRR iRt sk b L b AR R o
SoC MMVt gehicRade Agh). | con- Ger mani um (Si Ge) or conpl ementary net al

oxi de sem'conduct or’ (CMOS) involves a MW antenna being fabricated
on the substrate. The antenna is then connected to the Tx or Rx chip
by ndi ng w res. Anot i tenna sitting on
an aﬁ?enna socket . Theﬁ&!{‘é@%é@(ﬁ%f@@f@ﬁ oss dielectric

material or a holl ow netal 1

[0003]  Traditionally, millimetre-wave (MMW), sub-millimeter-wave (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
20 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
25 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
30 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



filled with foamor air. The antenna is then connected to Tx or Rx
chip by flip chip technology. [0005] The feeding from RF output to
the antenna usual ly involves contact 5 coupling or in particular

i nductive feeding due to inherent stray inductances in wire |ines,
bond wi r esfildeddwith ifpars hir pairc Tha @atehomnisf then exigeted. to MYWGARE cligshg il chip
using this .inductive feeding may meet great challenges in inpedance
mat chi ng AREPOREYcti on of transhission loss. This is because the
react ance due to (stray) inductance increases proportionately with
frequency. It may be difficult to achieve wi de i npedance 10 matchi ng
bandwi dt h [0805)g tThes feauthg tfiome Rléeﬂjtmg toFolie extenpd eisutlhe ilmmbsmbcrreact

feedl at 60 GHz.is extreme Lcult to.be realized.in

desi gns @?g SEVEPYicHp md&?%ven Wby Geblierey s abistpreey wire
probl ens dl%féstﬁbﬂdhﬁlrgaﬁﬂymp'dﬂ SHEIRBGRNSOr @%ﬁﬂemﬁAfl’e@éﬂ §rubl?@ Rk
MWV Ai P desi gn. One possi bl e approach to 15 solve this problem my

i nvol ve colndmiét\fleé‘@@lmg)mpy ingRgt greata'thaélﬁmmgmptd-amemmamum zmdgeductlon of

Cont actl ess cou i nvpl ve capacitive cou uct. ve
R T R SRl Bl B B BRARE L SRR GBROShob G iptirses
ant enna argayorkianatelg ithr ﬁaﬁbaeﬁ It26halyi Beatiffeaitafd zaiib@n widddmpedance
circular polarization with ol ari zatl on purity. The feedlines

of tHE ar ragtching bangiuidih psjes Qllwdﬁpte\@ feeding difir egapalec hePoad vrssfendng
f eedpoi nt ..@h @Y, {%{&%ﬂe@ JIEE;‘ER% géf ah%‘oemfﬁ%kz“ rgg&‘S in turn

bei ng el ect romagnetica 0 correspon n I'ating
patches. 25 [0008] Anot her such att enpt |nvoI ves a mcrostrip antenna
in Iowterrﬁ&{ ture co- fired ceramc (LTCC).. The antenna is excited

by proxi niltYe8ouptsvRg! aitcreripdaye P8 m@@&ﬁ@ﬁﬂ@ﬁ%ﬁhaswgblgms&ﬂlarw the stray
thi ckness 19&11&2%1&%5 % té @xYa%[éreﬁpiidti%ﬁ o WRsiv atip de?i TGne %&glb}lésﬁﬁ)r%’%ch to

proxi mty-coupling al fferent pol ar|za i on recepti
si gndbs t haive TélGthIbeGB‘l mmnmwﬂx_de comsstlesh aoupdingios alltatniatng cwred paplirgpn

to a tradi rane&ﬁ COE| ghar 30 mC(ostr|§61 eed. 1'l'here are two substrate
| ayers sepal@ees CRWPIEE: T alfyClVeCaPaEdYF o UPlng, o1 R tss pqupiine for
| ayer s sepadginiddg the feedline and the ground | ayer. The remaini ng
seven substrate |ayers are used for burying RF circuitry beneath the
antenna that includes the filter, integrated passives, and other

component 5[0007] One such attempt involves a microstrip antenna array having a broadband
20 linear polarization, and circular polarization with high polarization 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.

25 [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

30 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.

2



2 [0009] However, there is still a need for an alternative

ant enna-i n- package design which advant ageously avoids or reduces
sone of the above-nentioned drawbacks of prior art devices. 5
SUMVARY OF THE | NVENTI ON [ 0010] Vari ous enbodi nents of the invention
provide an integrated circuit structure and a nethod of form ng the
sanme. 10 [8 11] An enbodi nment of the invention provides an integrated
circuit stlPOur dloweyes, thareaigstitlegneedrfen e allemaiiye penngdppaeleass depigat

package subgif %H@axﬁ%’él;{t&%li go%dé or k@flicad sdigk 6 BIZEBbve- ﬁﬁg i cﬁ%ﬁ%gs of

el ement having a ra ement connection extendl rom-t

radi at i ng wlaemdnieyicas.first chip positioned adjacent to the radiating
15 el enent connection, the first chip having a first chip connection
on a surface of the first chip; wherein the first chip connection

forms a capacitive coupl igigtMMARY OF THRANAIENEIGNEMENt Cconnecti on.
[ 0012] Anot her enbodi nent of the invention provides an integrated

circuit 20 structure. The integrated circuit structure includes a

first pac substrate ¢ risin n el ectroni c .conponent, the. .
el ect roni ﬁﬂ@ﬁ) o%ﬁoqsia\??lﬁg&gw@lfseg’f r o EVEBHPOABRY Y ¢ HB@H%# circutt
ext endi ng dufuenird fiel £hetoafifemGRFBRReME; a first chip positioned
adj acent to the electronic conponent connection, the first chip

havi A8 a first chip connection on a surface of the first chip;

wherein t hrst I i Jor Citi : l.i.n
with the gﬁ%fc]tl r on[iug r%:rg) r?%ﬁ%ﬁtco tfctgg rlllfé‘ge gg%_%r‘f‘gg%ﬁ& R}{ ?%r P lt%gecr%%{éi?rbsor(lﬂ|gmrr{5\er‘1t
of the i nvER igagptedviidast anudtnteegichides «iflrsiubhckagé roubstthte . comlpising a
i nt egrated gincuit structure_includes a first package substrate

conpri si ng2digiPR FleMiHg Tt dAEANNE i diaring g sdiarng: elerpnh gopnection
radi ating ghegi ﬁ&%ﬂ@‘fé&iﬁﬂlggéri:erﬁéﬁt?a\ lraq;hg{ g@(ﬁﬁdﬁ%d ;agjglﬁgﬁltmqe%%ﬁﬂgi

a first chip positioned adja t to the radiating
connéét i onglerhéng donnetionhthe fivatvchig havingrastirst lehip @ane@bhi @na surface of the
Zgr T ﬁgﬁ C? T@rép 5%18;:“{1%%&(:%% ’ﬁgﬁgﬁﬁpe Icgmgergz 101f1 Ifrbrsr}ls (z:a.hcl: agl’ggg %81&1')181% *Tv?tfx r’Eﬁe

radiating element connection.

[0012] Another embodiment of the invention provides an integrated circuit
20 structure. The integrated circuit structure includes a first package substrate comprising
an electronic component, 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

25 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
30 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.



radi ati ng el ement connection. 3 [0014] O her enbodi nent of the
invention provides a nethod of formng an integrated circuit
structure. The nethod includes formng a radiating elenment on a first
package substrate, the radiating el enent having a radiating el ement
connection 5 extending fromthe radiating el enent; positioning a
first chip adjacent to the radiating elenment connection, the first
chi p havi l§0ks i r Stheg Himpodinerdcel the drveaticumradéesoh mhdod fofr Srmitg pn

wherein th i ch: i jtive.co ing, Wt

the. 1 adi afie el fQAERE A ARl TR Aer ARARlE BRI & Bre
DRAW NGS [ fiek5de kubsifae:, dhawiadiasing | dikaenteh@rgnce radiaims ehifeng ananaltiby
refer to the sane_parts ¢throughout the different views. The draw ngs

are nét ne@ddding fromithe sadiating clementspasitioning & it ghinaadzaceyt tadheigpdiating
pl aced LPofehblitthhelodd e rsPEhiPHaRlrE%, Alst b LAVERldrOfh & [ Brldof'the
foll owi ng description, Vvarious etbodi ffent's of 'the Invention are
descri bed faist khipr efler&nabe tfostt Hep fahheniongfodnaw agacitive cobplidy witB0the]
Figure 1 shows a 1chiB to gackage connection by a capacitive coupling
in an intr@&ﬂa%a EePE e uct ure according to an enbodi ment of the
present invention; 20 [0017] Figure 2 shows a chip to package
connection by a capacitive coupling in an integrated circuit
strudfure with the cBRIENDES(CREKIONOHR THE-RRAWINGSsepar at e
package substrates according to an enbodi nent of the present
invention; 25 [0018] Figure 3 shows a chip to package connection by a
vertical qe@esyi t iy ehe di@Wileh,NikeirBfefdhck BhL80 ek Sen&hIEHdr 18 {HkGind Rrt t h
the chip and the antenna-in-package on a single package substrate
accor di ng hepughodthodilfeemt visivst Ahe graveagt are mobrrceesatily| t0Ged}, arinbasie 4

shows a chi . CO i - . i.zont. acitiyv. 0,
coupling ﬁ%agéoogf’%%g%ﬁgl{%é% ﬂg?cl%ghlip ? Hél rggttn{l?ee\ﬁgp %l%t g’%c %‘B‘t’%%@“t ?{‘ethe
ant enda- i nfoflawkagizsaiption, sirfogk empadiage Suhsinvatitonage asw@iibel withan
enbodi ment Qf the present, invention; 4. [0020] Figure 5 shows a chip
t o packageCtEHITELR F@#OB@W@%@&SW%WW f a vertical

[0016]  Figure 1 shows a chip to package connection by a capacitive coupling in an
integrated circuit structure according to an embodiment of the present invention;

20
[0017]  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;

25 [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
30 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;



and a horizontal capacitive coupling 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 present
invention; 5 [0021] Figure 6 shows a chip to chip connection by a
capaci ti vg0eza)pl i Figures sitowd atidgrapatkage caitiettiat bug tonBin8E@OsH Ngtidad
an enbodlnent of the present invention; [0022] Figure 7 shows a
combi nat i Fdg¥ Oélzeﬂﬁabcacpaclﬂae Reglingdn ﬁwt%ﬁteéﬁamat étﬁicﬁuf?é‘“ti]dhé ghip and

connecti ongp ﬁnfeﬁlgzp ﬁf:f)éc‘kﬁ £ PR 16\@8%59%5%%%23’& %c@d}dlh@tt&‘ %ﬁﬁe%rﬂ%dﬁﬁén(f lf)'ft

structure according to n e present i nve

[ 0023] Fi gbe preBerghowentian;chi p to package connection by an inductive
coupling in an integrated circuit structure according to an
enbodiment of the present invention; 15 [0024] Figure 9A shows a

llayout of ragpijndupibhve 6f BB ROcH) % cﬁ@déc%hbagm%)ﬁg%%acﬁtﬁe &ﬁ‘lﬁhng in an
i nt egrate Ci rCUl t "structure accordi ng to an enbodi nent of

present i riutegtatagheircuitisguetgraRcatdavistoan eayodimet of thegpesent inventooupl i ng
slot radiating elenment in an integrated circuit structure according
to an enbodi nent of the present invention; 20 [0025] Figure 10A shows

a cross- sqgea29nal Figh o sHovas Lédrgsihaion dT addhip ot ROk Alc@dnn&etibh dhd a chip to
structure according to an enbodi nent of the present invention; Figure

10B 18howechip cagrsgiiompyaesectes srpachivarcoupliegimeadniseraad eirat soclire
accordi ng dc oﬁﬂlg tS’EB%fH gﬁ %?Bf{hgﬁ)r&ggtsg%ntl fvention; 25 [0026]

Figure 11 shows -a groun nan in egrated circuit structure
according to an enbodlnent of the present invention; [0027] Figure 12
shows an eﬁﬁ!oded t hr ee- di nensi,onal view of an |ntegrated 30 circuit

struct ur e (#9234 pdfiguks § shosysraghip fRack a2 r iR Yias 18dRctive sepnlBgan an
the pr esqmegfal?é@(ﬁltc‘uﬁ@tmém]e%g&%xr@ 8L b3 a RS f e PN HvetiBW Of 2

chlp to package connecti on

[0024]  Figure 9A shows a layout of an inductive feeding slot radiating element in
an integrated circuit structure according to an embodiment of the present invention;
Figure 9B shows a layout of a capacitive coupling slot radiating element in an
integrated circuit structure according fo an embodiment of the present invention;

20
[0025]  Figure 10A shows a cross-sectional view of a director 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;

25
[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
30 circuit structure in a ball grid array package according to an embodiment of the

present invention;



capacitive coupling in an integrated circuit structure according to
an enbodi mrent of the present invention; 5 [0029] Figure 14 shows a
fabrication process of an integrated circuit structure according to
an enbodi ment of the present invention; DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [06028] 00 30igukx @B zhawy acrdaadiiiremdve oBfa éfip itagﬁw@baﬁnﬁé&i@ﬁiﬁy a
structure and the nethod of A form ng the sane are described in

detai | s belBaFiilre FOUPENg i 38 dntesrafedeCiEditloTiivaye Aecording e es embgdiment of
addi tion, {4h Kgéﬁ%gkﬁﬁg.enbodinents descri bed bel ow can be nodified
in various aspects w Hout changi ng the essence of the invention. 15
[ 0031] An enbodi nent of the invention provides an integrated circuit

structure. The integrated circuyit structure ipcludes a first package
subst Fate [RGdr | Sgyrey 14 ara %&ﬂ_@ftt&% quce%Shgfn P dnigeTatey Efiferifucture
having a r@dhidled of AR P BNAE QAN iB¥kARAI N0 from the radiating
elenment; a first chip positioned adjacent to the radiating elenent
connection, the first chip having a first chip connection on a
surface of the 20 first chip; wherein the first chip connection forns
a capacitive coupli 1 t iat | e tion. The

i nt egrated circuitI@?F%@¢€P49ﬁ§9hgg*ﬁéﬁﬁgﬁ%gﬂﬁﬁﬂﬁ?ggfﬁﬁid circuit
package antenna (1 CPA) and the first package substrate nmay be terned

an ant enna-i n-package (A P). The radiating el ement may be an ant enna.
An a0t enn@03g a Exeapddyeambodiesingnethntintepradaisaiicuit @trugteeeindghe method of
el ectromagnetj c ves. |In_other 25 wg g% ant.ennas convert i
el ectr onagfa’é?’iné ttmi\g\%%e Are deseniad: inj detils Oelqve pid refrgense f@ theepcsgmpanying
Ant ennas & &irdtS Gl all &Y Shé @?erﬂ;i - @fbddddlbfts ABLbEl BYo% QR be modified in
broadcasti ng, poi nt-to-point adi o communi cati1on, wreless LAN,
radar, andvasipacespestpothatt diangiP i essdricy of the inwantienna i s an
arrangenent of conductors that generate a radiating el ectronmagnetic
field in response to an applied alternating voltage and the
asso¢s at eqo@d1f er nad ieRGo8hRGt loff GhS veHtib® Providds &AMtERatBA a6kt istudlre.
el ectromagnetic field so that the field will induce an alternating
current i nlhchtegiated neir@iid stauapaet mghidsetandiest package spbsiestes comprisingaa
rsr?én g Ies tjzrg(g%téﬁ)é ret(l)érlﬁﬁls?ﬁ,g]t els Irrés)cpatﬁ{cé}(z ie%e?xgeglPtﬂaQrﬂlgOfa %a%galtl%gf IEHEE C¥nnection
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
20 first chip; wherein the first chip connection 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
25 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
30 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 radic frequency signals to and from the first

chip.



[0032] In one enbodinent, the first chip may be positioned on or
housed within the first package substrate. 5 [0033] In another
enbodi nent, the first package substrate may include a socket for
housing the first chip and a cavity positioned bel ow the radiating

el ement for shielding magnetic field fromthe first chip. The socket

Ty be pr ARG o e EREORvED B B P S E b ns o7 B0 B PG

to an embogistBika@f subligaté.nvention, the integrated circuit structure
further includes a second package substrate positioned bel ow the
first package substrate. The second package substrate may include a

package fr or i ircui.t board,but mot so |lim.ted. 1
o035y 1 n 00RN B enBipeb fditoft Hle RATRGKRL PR e b Bt for
further ingudgshafirsgeldpyadd plcavie, Rgidneo Beldwoit Wekiinateldreas forashieldin
portion of the first package substrate and at |east a portion of t%e
second pacragstis fistd frametheTist eipuher prokebmay bsowsed ifombersing ene chiper
radi ati ng i i C

over | aps Afofosny sARE dliind b ofl) & ik h RS PRRUAL Rb05e.
portion of the first chip. 20 [0036] In a further enbodi nent, the

cavi is d af. least two vjas in_the first package subpstrate
and _port[{’(g{‘ﬂgf f?%@r%%qﬁd%%@ ipgR3Pf hE VBRI e gngrated  circuit
enbodi mentsy@brldGuithienthRBs ot B&ohli" Slckad¥ Buiaane 5% %ﬁgﬁtéemythgeﬁm

positioned substantially parallel to the radiatin
connect i ompacH4ge fubststte. The gecondh paddage subsptdomap osdltdeon pdclage drame or a

di stance awa romthe radiati | erent  connection. [0038] In one
enbodi rrentp,mg?f{emfolu}té’fm@h'?“gn%sr?ﬁg??‘f‘ﬁn and the radiating el ement 30
connection may be positioned substantially parallel to a horizontal

pl ane _of the first ackage substrate. In another enbodi ment, the
firstdchi f0®Shnedniohrhagemhedimgni, dbs hegrated wivpeit soweterstfughemmgluges a

First pacrag SRl payiohRShaRAsReata kot PbE FRE lumeR ool vitdt
i nvent i on,ledshe porticdgifahedecdhd @téidage substrate. The ground plane is positioned 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.
20
[0036] In a further embodiment, the cavity is formed by at least two vias in the first

package substrate and a portion of the ground plane.

[0037]  Accordingly to an embodiment of the invention, the first chip connection
25 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
30 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.



structure further includes a second chip positioned on or housed
within the first package substrate. The second chip may be
positioned adjacent to the first chip. 5 [0040] In one enbodi nent,
the second chip may include a second chip connection on a surface of
t he second chip. The first chip connection may forma capacitive
coupling with the secgond chip connectlon 10 [0041] Accor to an
enbodi mentl0&I1t heAsqoydingi ton ant prabadiment ki the piyeneon, pbsi W‘?gfﬁg@ﬁ/@rwlt

povse o W AEE FEGARES, MU b TSl SrSREB P bt

p05| t i onedpankgte smbaratadihatshcrt@d oﬁipatmy\be peritiatedeldflicag toragriatt chif.i el d
fromthe first chip. 15 [0042] In one enbodinent, the first package
substrate and the third package substrate nay be formed froma

packagi ng jj&4of" | oy on-g%b%ﬁﬁﬁéﬂ' A8 sPRAdn @Yﬂ@ﬁ'de S8lcBhd @ﬂ Pﬁ@cﬁon

group of packaglng material s consisting f om1tenperature
ceram c ( LdfCﬁ))surfaceq of dhec seeond chipo | Sheefirs i) cormactisi tniag dhim %cdpﬁ&&%

In a further bm§ 2Eé’uehflrst chip and the second chip nay be
i nt egr at edP %%VT 156 RSP her enbodi ment, the first chip

connection, the second chip connection, and the radlating el enment
connection may include conductive naterlals 25 The conducti ve

mat edfal 8@Alhe shtasedingyftoomn @n@odmpertbfofcthndmcntm, flegt Eirstathdp may be

CPeZt T st etligHeEBEfaystd toffiin £fied Pateask St Tg il PR o SIBREITRAY

Anot her enheddéee rsbclc& fothousgetht ifipst dhiPwhdlecadity bbdiesHaaAt Rer eie @biating
structure. The integrated circuit structure may include a first

package suiidnemnfer Sh&%ﬁ%‘ﬁg%ﬁgﬁ@waﬂd@[f@él thediret dbthponent, the el ectronic
conponent having a electronic 8 conponent connection extending from
the el ectronic conponent; a first chip positioned adjacent to the

el ectifoni d0@typorianbne embedinann, thichfrst i paskagehsybstrarei @mgl &he third package

substrate may be formed from a packaging material. The packaging material may be
selected from a group of packaging materials consisting of low temperature co-fired

ceramic (LTCC), liquid crystal polymer (LCP), and silicon.

20 [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.
25 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.

30
[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

8



first chip connection on a surface of the first chip; wherein the
first chip connection forns a capacitive coupling with the

el ectroni c conponent connection. 5 [0047] A further enbodi nent of the
invention provides an integrated circuit structure. The integrated
circuit stédmeponcst icoahettios extbidist Paakage ehdehdhicatOmpONdRE;i 81 st ahip
radi ating el ement, the radiati n? el enent having a radiating el enment
connect i onPosgianes didirgenty tonthe ipecramictomnpnentesasmection, the §rst chipphaving a
positione i kati I CEl . 1 I..r st
Ghi p havi i eacRprapnhion t f ARk e fr FlEE Minch AT e PiplodFagiig
wher ei n t hierthi & shpacitivie cooplivecwitio thef adéct@nizrconipdueiticegnadop! i ng wi t h
the radiating elenent connection. [0048] O her enbodi nent of the

i nven?i on provi des a nethod of formng an 15 integrated circuit
structure.roffg ek haginaRYerldal iR SOHE Mok eRribAdjBYibg f! iBui
first paclgagi;ﬁsubstrate, ethe ra |at1§)ng glﬂlerrgél?qjﬁg%;?ﬁ% ag ﬁg%?%%clpnr%@uﬁ
el ement costruetiré.dine isiepend aguft sonctuteeincladesad firsg padkegentbstrito sbmpasingg
a first chip jacent to the radiatin | ement conpectjon, the first
chi p havi i TS Eeten 6 rALBERE Al eiens Talien s SRR el cnt somaariipn
wher ei n t hadrdirst 6/ tRe SANARE! d@Redt0f @ﬁstaehgﬁp@s%ﬂeu QdRRHR b Mgk Mhifafing
the 20 radiating elenent connection. [0049] In one enbodi nent, the
met hdl mayel¢mentonnegtionuthe fst thip daving a fizst ichipstonnedtiop @wna eurfavet dfi the

he fi ke b .25.10050] .In a further enbodi .
ot hod T urdRGFIAa) TR (e TF i oR B RS R (R Specgh e

substrat e hentih@esmegt édraedtionst chip and formng a cavity in the
first package substrate, the cavity being positioned bel ow the
radi ating el enment for shielding magnetic field fromthe first chip.

30 [0051] _[@@ﬁir di H@et LnHaEIRQdIABAL ; Q;fentﬁ%: 8%1]\{(? t %?@?%&ggqu\%wﬁ% nRy

further include positionihg a second pac e subs
fi r stl5packiaggrasedbstauitt serucilibee The ewahat pag kadwlesfohsingat @diaficg ddasneon a

package franme or a printed circuit board but, not so limted. 9
[0052] | n st BAET b thentadiafing eﬁ%?%glamgtwﬂlﬁﬂﬁ&wm connection

POSI ti ONi NG thdH A 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

20 radiating element connection.

[0049] In one embodiment, the method may further include positioning the first

chip on or within the first package substrate.

25 [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.

30 [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

$0 limited.



pl ane between at |east a portion of the first package substrate and
at least a portion of the second package substrate. The nmethod may
i ncl ude positioning the ground plane 5 below the radi ati ng el enent
and the first chip such that the ground plane overlaps at |east an
area covered by the radiating element and a portion of the first

chi p. [0053$ | n anot her enbodi nent, the cavity may be fornmed by at

| east two (9 i nins&urther embodimauhghe supead Brhenigludepmwsitiosimeot grogad
d pl ' ' t |

Purt nor | AT e oa i st RGOt 0 ep aENR SRR b8 R, AREHRey

paral | el tthe sb@ntladickdgengbstaaeTic mehoe tdyoncludd ositieting dhagypund gladde
the first, chip conngction at, a distance away fromthe

posi tioni ng .

r adi afi ng n*éql%%hﬁ radinting clspsnt ang theyhiest phipsugh ghad thipgiodad plang paeniaps b d
may furth i i L end gL i L i nd t he

r a)d/ iating e%?% % W?gﬂ%g% H g%'l rgglﬁg{ﬂgﬁlﬁng [It aynd;";%%@gwghgﬁ Iah%i i zont al

pl ane of the first package substrate. In another enbodi nent, the

met hod f r incl udes si.tioning the first_ chip caonnection and
the radi aﬂf’é%ﬁel et bef_gg %@Pﬁ%f@ﬁﬁ}é%ﬁeﬁwfﬁ@fﬁﬁwm&@? ghg
hori zont al fidl gRRagS subBeaté ki Bh pRACK 3G e FHRREfIALE. [0056] According to
one enbodi nent of the invention, the nethod may further i nclude

posi ttoni ng a second chip on or within the first package substrate.
The net ho may i nclude positioning. the second chip adjagcent..to
(he firet 1098 "Thesiing i€ of EahaBient b eht SB0 Rk kA Fot ritfane
a second che first ehipadhhetion QUbRarfidll; ae@ilef tottheraap@ian dlcadtnp conhididn. THE
chip connection may form a capacitive coupling with the second chip

connect i ormet8ed pEoEBlude pesitinTieg (hetfiysiorhip epmsaiiprnta distapproay sy Enmi the,

e et OBt B ol PosiL o g the Firet b i o,

formlAg a socket in the third package substrate for housing the 10
[0055] In one embodiment, the method may further include positioning the first
chip connection and the radiating element connection substantially parallel to a
horizontal plane of the first package substrate. In another embodiment, the method
further includes positioning the first chip connection and the radiating element

20 connection substantially perpendicular to a horizontal plane 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

25 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.

30
[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

10



first chip and formng a cavity in the third package substrate, the
cavity being positioned over the radiating el enent for shielding
magnetic field fromthe first chip. [0059] In one enbodi nent, the
first package substrate and the third package 5 substrate may be
formed frofifist chipC kied)ifognifpt £1chaity i the pARK AgicReEeTRIbsREteS Blee el bbingMm
a group of packaging materials consisting of |ow tenperature co-fired
ceram c, 9sHipngd ey§rdheradisging slsment fy SBie?dl%g)magl[lme" d framghe st hip-
enbodi ment, the first chip and the second chip nay be 10 integrated
circuits. The radiating el enent may be an antenna. [0061] In a
further erfB@ffi] menin, ordhenfbiodstenthilie Gestneckagen sutishates aebite ehitd package
connec¢tion and the rad} aticr?%@el enent connection may inc¢lude

conduct i veSUREAE mayde tofmed Ly e derkagematerial Theypagkaging way &4 seleeid a
group of cenducd L .5t L] :
ol d [ 0062 i e o Bh e S SOR e 18 (SRRPREure ShUHEN ofhmic,
capaci t i veigudiplystabpalpmean and siliegr.at ed circuit structure 100 according
to an enbodi nent of the present invention; Figure 1 shows an
integrated circuit structure 100 including a chip 102 and an antenna
20 in a p3geeenge L@4a Ofurthfr JmbBAMRMENIRAGKRURIE AnB) the TRR0AA dRipl AdayTBY
include a transmtter and a receiver. The alternating current
coupllPng fiatsaratey @rcuis.cisaadiniingelemeniphinie freadénmg. 106 is fornmed 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. 25 [0063]
Figure 2 408618 a Iahhpfuihepaskaden€aNARE o chip os@RA6H,t thee s&HB| Hig
inan integrated circuit_structure 100 with the chip and the )

ant enna- i rFoBReIR ngnthe apdinting clepak sepuestions maytiaeluge cordiickiye matesials.
enbodi mentmQf : t1] .0 j b ni.egr
circuit stTrI%c'F %ﬁcﬁ)%ﬁ%ﬁ%géﬁ ﬁg Hzf ? ?1?%‘9;% zziagg c@%‘é’ét{ %QP%&SISg @%gx(iiaéis
seconfl padicagjetimdisiopperesibvEd oagaldnged adj acent the first package
substrate 108. The 30 first package substrate 108 and the second
package substrate 110 may i nclude a package material. The package

mat eri al WZ&”ClFig@relloéﬂo% rﬁ%ﬁ?fo%a%k&é%‘éoinﬁgrgiloﬁqﬁ@a%aciﬁg '[Qgspéinglil‘?%

Retardant "4 (FR4), "liquid crystal polymner, icon, but no
limted. integfa0@icdicuiirstantuen h@) ad@rdisg i spesbddiorens of thefeenbinveiton;
first pac kﬁg&eﬁus?l%\twrs %}1 ?nt%grgted circuit structure 100 including a chip 102 and an antenna
20 in a package 104 or an antenna-in-package (AiP). The chip 102 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.

25 [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

30 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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and a feedline 114 extends fromone end of the antenna 112 al ong one
surface of the first package substrate 108. The antenna 112 may al so
be formed within the first package substrate 108. The antenna 112

and the feedline 114 nmay include conductive 5 materials, for exanple

copper, sijbo6d] orAgah@nnal DE2 andisgviad $4 2 saiflcd bEthkesl pdeRagelshbstiay 108
al so be of the same conductive material. [0065] A cavity 116 is

formed i n aMe Bedindl iavtende fumsone spdofiths atrnp d 12 glpsigtans radfagseriohe

'&Behant enngql gck'age tsb%]tlfa'cer $4s. PREK 29GSR ET?&S/?&IQ’(Q $e %Fﬁe&: %ﬂthgr}/ tﬁeofifg? d
as two pufposes. e first purpose is to”inprove € ant enna

per f or mangeckagzhsubsirdte 108. ddemtdnhe 1anaed e kidinemiddane ichae dvhdlichve

and to enhance gain. The gther purpgse is to reduce

the antenna 112
t he pétentm%rpn%lﬁek%f EEHBBRROPRET, AV 108 2okt o e fnnA d 12 s dhe scedlipe 114
radi ati on 0, $18eLEHf e 103e Cg%cﬁ@é/hta%g;%G is lined with a plating

material and the planar area occupie y the cavity 116 is at | east
conparabl e or larger than the 15 planar area of the antenna 112 so as

to confin magnetic fjel.d wthin the cavi 16 and thereb .
Shi et t naodlnorR et W b aPene dhi e roaondabadioRe hsisr ol 1) et s
formed i ndsiRnSEBA0H tRAGKANR BYLS iHAHRt JakRagAtibaeR0104. TnkREviEANIHhYI
116. The socket 118 is configured to house a chip 102 but not” so

limied. Zosteoeeipotese Thhilpst pOepdsadd ediswrevecthe pnsommpefironandoiichaes ted

on a surface pf .1he . chi 02 . .The .chi.p.connectign 120 may be r med
of & conadtrid heafuefth Pl GRapiGE PSS palpbCtetents 118 e
ant enna 1Ilaleb@mempﬁ?5§b I9 @9 fddce THep&Bhthl CENREtaAi clRerfdréncal SN GRE
substantially parallel to the feedline 114 and the chiP connecti on

120 and t#Enpadd? radationtoghe chipsitRi dhe gagbinkitaistingd withynplating magesiah
hori zont al gl e

cecond pack i Bafls ddfolfizh bEmPALIOUTe N BILLBb 1P br Blod ifon the
capatht or glifaraichlof thvarf@ad(llheo ddd @xfiaadiengagnetotitldevidiih ernaviti 216

[ 0067] Figure 3 shows a chip to age connection by a vertica
capaci ti veRddBapy ﬁaelﬁﬁh%lﬁlagmt@gﬁejﬁ i fhechin 19414 8edkek | ot alfa oo
chip and tiheha8tLRlg! Ehg%%uﬁgt?a{%ﬁ%a%géceﬁt ROk PARKAGS. ?HQ%B&I&H%%@
according to an enbodi nent of the present Inventidon. Figure 3 shows
an i nt egr avetigwied tahouss archipt 2ebut @6t sorohitel. ng a singl e package

substrate 122. The package substrate 122 may include a package
material for 12

20 [0066]  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 first

25 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-
30 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

12



exanple |l ow tenperature co-fired ceramc, liquid crystal polyner,
silicon, but not so limted. [0068] An antenna 112 is disposed
within the package substrate 122 and a feedline 5 114 extends from
one end of the antenna 112 within the package substrate 122. The

ant enna 1l1ékaspik lowetchgpeditureeolfirdd rananiicdiquite ciyystab polymiet, wiidea] Buti ralt so
for exanpleg .copper, silver or gold. The antenna 112 and the feedline
114 may al it of the sanme conductive material. 10 [0069] A socket
118 is formed in the package substrate 122 and is positioned

adj acent or at a distance away fromthe feedline 114 and the antenna
112 in t hd00¢¥ckatye asletust £ is dispRsedThithiadiok packigBsibstratoi2? gud e deddbine
house_a chjp 102 not so i.mted. [ 0070], The .chi p ,102 ingl ydes
a chip con”g‘c ’iqgﬁigll%ﬁn £BF Fa% Ok Itpeaargﬂma;@g %gh]ﬁm& PAgkage %ﬁ’fgat?h@%c Ilﬁj‘f)
connect i OnaplethaMay &Rl fHer B4l 1 Bt GRPAHEILEYQ S8R maRhiBl |18 ckfnple
that of the feedline 114 or the antenna 112 but not so |limted. The
chi p conne¥pen sty or jgglda The aglenna Lk anghthe 4bedjinp 41 4 Imag) algaobe pisthe same
feedline 1 t chi p connection 120 and the feedline 114 are
positionediédggsgn ﬁ%ﬁ y perpendicular to a horizontal plane of the
20 package substrate 122. The chip connection 120 forns a capacitor

106 with the feedline 114 on the_ package substrate 122. [0071] The
i nt egPat ed0®¥H cuid soekaickidris oowed ur tthe Parknee uubsiraie g2 randdischastisned

board 124 410 r t T
printed ciar ul {ltt %log{rgg ﬂ%@‘%z%@%x?ghgiﬁeaﬁgﬁg&fgg‘g%g?\gpﬁta%%kﬁ%éggﬁ{letﬁﬁa
112 and t hmckdgepsubfPatand2.nMbhe seketel Esisacoatipmed tto fhotse HehipaldRage not so
substrate 122. A conducting plane 126 is formed between at |east a
portion ofhrf“r‘i%ipackage substrate 122 and at | east a correspondi ng
portion of the printed circuit board 124. The conducting plane 126
is positioned below the antenna 112 and the planar area occupi ed by
the d¢6ndud09HMy plHErechipd 02 dnelnddsemshipcompestmbl B20oforded loargeurfachanf thée
pl anar area.o L,ed.by the antenna 112. Th ondugct j.n ane 12
Cerves as Qb A PR semeriayieDdt Games oh S deelnuBlgl sifar v
verti cal | yhitInMhefeetind Aadrahe 2t 190 tubBotHoqkREed TAL 8hih 26nndchiBn 120

| ocation of each via 128 corresi)ondl ng to an end portion of the

ant enna 11 arrpgedcghtipaidlyaaradlel ththedeelling 13k 4nd theehipsanadsgon 120 and
the feedline 114 are positioned substantially perpendicular to a horizontal plane of the

20 package substrate 122. The chip connection 120 forms a capacitor 106 with the
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
25 124 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 circuif 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
30 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

13



13 vias 128 forma quasi cavity which serves to inprove the antenna
performance and to reduce the potential electromagnetic interference
fromthe antenna 112 radiation to the <chip 102. 5 [0072] Figure 4
shows a chip to package connection by a horizontal capacitive

coupl i ng iviaa§ RO @iaetcaityGutiith %rﬁé&b%m%rok&%%ﬁt@nﬂaﬁ%r%@n@%d&@e
antenna-i n- package on _a_single package substrate 122 according to an
enmbodi nentredicerthe Pofertdd slectrpmaspaticanteriregee Som thp anisnnml [2radighion tsdthe

circuit st%- fgg e 100 including a single package substrate 122. The
package su rate 122 may include a package material for 10 exanple

| ow tenperature co-fired ceramc, liquid crystal polyner, silicon,

but not s imted. 073] An _antenna 112 is disposed within the .
pac kage s SBQJ‘EZIJ at fﬁ%‘ff[ ﬁho‘%is PP it é"dg@g& ORReH9E ptm aicHARtEh erSFitiV R e
antenna 112.iit hish ahh&lterg%&@%cﬁ#%wee 168 Zwitd 16 cil@oaﬁ& %{Hﬁ%&%ﬁﬂd

the feedline 114 may 1 nclude a conductive nmaterial, r exanp
copper, sipagkageam gsihgle piblagantbstrate 122acandlinhe fneedbddiaeritof theyresdns o

be of the ssame. canductjve material . 074]. A socket 118 js. forned.in
Che  packagB aliee: FAMES 1bSha oligtsity GHEN oot A0Bnnciing b pmel
di stance ayRNadelaBittdie 138 ateiaskakbdubithid > 2R} SiddelalBackBed MGterial for
package substrate 122. The socket 118 is configured to house a chip
102 Bagt nowxagple lopniempgratyre @ Sired lserantic, giqudbciysial polgmen sdivop, but not so
connectioqil Q, formed on a surface of the 25 chip 102. The chip
connecti on 1 %Lnay be fornmed of a conductive material, simlar to
that of the feedline 114 or the antenna 112 but not so limted. The
chip connection 120 is arranged substantially parallel to the

feedl i ne 14%3ind Amentemyl ldonrsppseshivitlio thiprckegrosubsiaal ilA2 and 4 feadline
posi t1 oned 19uBdA0'HM bile BAS BE R ardithe@ NN AGAYA pRAARE sBlhddCl 20 The

package substrate I p connecti on capaci t of
wi thlfhe @B@nheddRimd tht4feedlinchkl pankagaudelastondteivE2Ratefifl) 76 exddneple

integrated circujt structure 100 further includes a printed circuit
boar d 1249881 R 8HERH. 157 ARate] uatdbe ferdkand | S alnyide e olthe serme
printed cidopihdiiveadhidial.

[0074] A socket 118 is formed in the package substrate 122 and is positioned
20 adjacent or at a distance away from the feedline 114 and the antenna 112 in the
package substrate 122. The socket 118 is configured to house a chip 102 but not so

limited.

[0075]  The chip 102 includes a chip connection 120 formed on a surface of the
25 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
30 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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14 124 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 forned between at |east a portion of the
package substrate 122 and at | east a correspondi ng portion of the

printed cirxiugdtertdoaldhgliid lenfitcottindbehh gl PhianteBH 1® RESInbY 8696l as a
bel ow the antenna 5 112 and chi p connection 120 on the chip 102 and

the pl anarsukped fercihg prgsnaspubriete Edhdhcendygtipg akee 126 is Hormed |bsfegen at
bl | i .

o and t e meRHaR of HEBadAGe Bt 133554 APRUR' SRRl ie APEGI e |

ground pl agrintedlemcwit laeard 284 SBievéonguethngaplhean ¢ 26 esxpaitibneé beiovatheyanteham

a horizont al ne of the gr.ound plane 126, the |ocation of each via
128 corr _esﬁ&n@f%énp FORRCURR 120 ol TP &%Zt%'é i, AR oo by the
conbi nat i ofyn@iciid& AHeOids Bl RRG cbiPaRBi 5rh§rf\éf fian laf ra{@aaocgﬁ@gd by

cavity which serves to I nprove the antenna I12 perfornance an
reduce t hethpentenod al2 ehe the dipgnetdction 12ér Ty enclacingplahdé2@nereanas a

Soai 1 onodbd RabneTaR iR, 18 19 ey R emitelly Gt Sohiedtal
| ar ger mgnawme el f1kee gz@umaxdeh@aﬁoﬁa&hix{ia 128 Eblgwiasn(_ﬁg%% ﬁﬂggi\ﬁ

positioned only below the antenna 112. For copl anar wavegu
| i ned? twapartigreef e asignsa I Lk tThesormhinaben pb i gsdend pare Biérandrthe viaph28

has ground el ow t he .chip.connection 120 as shown in, Figure 4 an

the ot her 8 3% SHE BiORRTGLoChrdoR fiv BIRUR LD budahan 3

Fi gure 3. R0udeQRd fdteftigeletrbmafosts iftetbicfcd BoRahk agenonnasdiaGsh Pythé

conbination_of a vertical A~ and a horizontal capacitive cou Iinqlin an

i nt egr at ec®hé LehiThe grupd e WO R igerechispaiiipned felow the antenna 112 and
ant enna- | ’}hp%ﬁi@f‘ﬁcgm'g&i& $281 U0 iQQQJgEE%EI%Ht&%Hpg{e‘B B%Qiﬁg&{}%ﬁ é}gll}g,?%% in

enbodi nent of resent ‘i nventi gure shows
circubt stFipoeuw evhidisi prsitictiet @ndy belbwgihe qnasmkadd?s bbstomier MR egdibe

package S%gi e 122 may ipclude a package 25 material faor exanple

ow t emper QeI bligis: F1% Bt of SHASELCorgariDE PYSTOeF. 6l HErIcgy FLgund

but not sooéld‘mtﬁ@ehig[&%éaﬁoﬁmmﬁa@mé%r?ﬂg%r@l ySpRSEHE othdrMal r@hgmun%

package substrate 122 and a feedline 114 extends fromone en f the

ant enna 11i#low thei ol ¢rempetioal@d asshewn at Bige@B. The 30 antenna 112 and

the feedline 114 may include a conductive material, for exanple

20 [0077]  Figure 5 shows a chip to package connection by a combination of a vertical

and a horizontal capacitive 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

25 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
30 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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copper, silver or gold. The antenna 112 and the feedline 114 may al so
be of the sane conductive material. 15 [0079] A socket 118 is formed
in the package substrate 122 and is positioned adjacent or at a

di stance away fromthe feedline 114 and the antenna 112 in the
package suUB&iHat eA122ketThie8 sofdrmied liti8the packaki gpbsteate t1@2hands s positiined

102 but not,.so . limted. 5 [0080]. The chip,.102.incl udes chi .

connest | orfiSa BF fkd GBS BV RACEMLInS Fisdlich 44 70 (e muleay g 12 in the
connect i onpakRALRpsAe f100 MR Qickdt CRNAUCIHRYEraBb 8ol a chip™ d28butt Rt so
that of the feedline 114 or the antenna 112 but not so |limted. The

chi p conndamitesh 120 is arranged substantially parallel to the
feedl kne 114. A portion of the chip connection 10 120 and a portion
of thé feedline 114 are positioned substantially parallel to a

hori zont alfog8oane THe tHip 10ACkaATEcsSHREN dedth WU FEmRA Ynhe kudPet dfORe
of the chip.  connection 120 and another portion of the feedline 114
are posit i GWed0% Jhstchin sumpgtionp0damabe farmed ob acprdustv e pwtarial, spnidaydo
of the pa : e i i f t hi
connect i oﬁt@%t %rg%alﬁlgés@éc i%l\}eeg;}lclg%glcllsl? gjﬁlté h%sé) l\jﬁmﬁ {t%fi ?ﬁg cﬁlgscb}ec?cﬁl\gielq%%
cor r esponds agapgdtsubstanttillytgaealfeb &dihierfeedlihd 104. Ahertimckape clhiphshfidation

122. . Thi s rrapgenent is c ination of the arrangenents in_ Figure
3 and'Fi gu@ and W porgn af f gﬁ}g?h%dﬁﬁn@'ecn%ttmé‘é,suhs pnfiallyy parallel o a

capaci t anogvahtde giﬁeeépﬁfét pibichgd shibinSit HRANGRTE QL tg%gg(flrtlg_h :of”mé chip

consequent |y enhance the coupling perfornmance. 20?
i nt egr at eccopheatignt 126t andcanotieer 0&idrupf Her feeditdeuties am prsitiuned sobstantiially

board 124 posi.tioned or far el ow.t he ckage, subs te 122. The
it ed oI RIREIoBEAY 05 S0ERTURENS b PRACEE Ge R |Hhel tntaber e
112 and t harGtsiof HLcap dofRytiSe | MPfod RspeePOphcit @t 106 §itRARKAYFective
substrate 122. A conducting plane 126 is forned between at |east a

port ildn ofcorieepopdiigagertiond sifr ticefeediinearid 4 aen |tha gtackageosubssgontd i gThis

portion of printed.circul oard 124. The conduct i-n l,ape,.126
IS positi oarﬁlégg%lﬁgncgvbg tahcé)%gnﬁ@é{?%adltﬁfnﬁwnéq?ltspm}g% Iéeg? F%“?‘u IFféﬁggh%H’ea
chip 102 amdiliheuplinndistaacean REgdRuSAithycet ifue ©QRPEEEd i tHk aRendodent S

at | east conparable or |arger than the planar area occupi ed by
and this may consequently enhance the coupling performance.

20 [0081]  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
25 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
30 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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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 froma horizontal 30 plane of the ground plane 126, the

| ocation of each via 128 corresponding to an end portion of the

ant enna 1l2duckhie potghiislaldc@dmagndtitan@rfottide RbaN@e dR€nant X Agiavbas thes
forma quasi, cavity which serves to inprove the antenna 112

perfornanc@“%ﬁ@lto 16 reduce the potential electromagnetic
interference fromthe antenna 112 radiation to the chip 102. [0082]
Figure 6 shows a chip to chip connection by a capacitive coupling in
an 5 int 0082 ed Bigmeus shovy achipy & abipafodhagiohdhyaa capdeittlien®nibling it e
pr esent inventi%g.. Figure 6 showf an integrated circuit structure
100 i Acl udPi8raiSto CERihStraaiure geggrding (g Aie FTBALIESHE Of 458 PEeRsRY HiyeRtion.
138. The ' - e JE N 2T N §

substrat o TI0° Gheo M cRape BT e A gRAC ] o0 fofline B B a08. 136
mat eri al domgekanplpeckage stlestper B8ulde cbipkilBddl 3bemayrhlso bt ACD)ged Fride

Ret ardant 4 (FR4 0.1 qui.d | | .sili .. but not .
T ea e bhdabe s wal s 1B ¥3at ke P TR s aa Sefide Rbrtiet giteial
to 5. [0083} ckaapleOfowt Renfhitd® dRfredl3GamnCULES), F15AS BESiHNS 4:*@1:13]4),

connection 130, 132 forned on a surface of the chips 134, 136. The
chi p 1@onndiquid grysted polyns2, sitigothdut 18t fo timatedoThe pedisge sulsitatentifeisi thk .

A first chip _conn on 1 op a first chip 134 is arranged
substanti aﬁaﬁjf? agg}agl%éreﬁolg?rgggt%gbond chi p connection 132 on a second

chip 136 and the first chip connection 130 forns a capacitor 106

with the second chkg connectionl32. Both the first chip connection

130 and t 8083 corfpcamfghe eiag d 84,0k 01igoludgy & respestive shycanuseitantital B3
per pendi c i o] : i3t .
0084] Fi anpbed 8 Nafuce SR 81347150 "ePB Aot SRS o2 ofinl 89
and aSchi plotmed ofilroadustive thateridly Ar Bsspehipi scnneatjvac] 30 wie acfrsplhipd 34 s

an integrated c'rﬁyit_%ﬁruct re according to an enpodi nent of the
present irﬂ?é‘ﬁg?cl)ﬁ_% sianfjeheparalel dg SROTSID CARRAGUISE 17 P g oot e 47
100 incl udipRguR &iRUHEp Q,%ﬁﬁ&%n,swwféﬂsealaa%lacﬂdl}euﬁ@%ag%hé@@c%haa&}ﬁp

122 may include a package naterial for exanple |ow tenperature
co-fired cwnagationl32. Both the first chip connection 130 and the second chip connection 132

are positioned substantially perpendicular to a horizontal plane of the package
20 substrate 138.

[0084]  Figure 7 shows a combination of a chip to package connection and 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
25 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
30 114 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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liquid crystal polymer, silicon, but not so |imted. [0085] An
antenna 112 is disposed wthin the package substrate 122 and a
feedline 30 114 extends fromone end of the antenna 112 within the
package substrate 122. The antenna 112 and the feedline 114 may

i nclude a conductive material, for exanple copper, silver or gold.
The antenna 112 and the feedline 114 may al so be of the sane

conduct i vd0888ler i 4l socket I Bogeformed gakibe peekegessubsirated 22nandnis pesiticngd

substrate i, PRSI L 10 i t i fr
the f eodl i et O af aPASahiCAEHy ) U Meahe T4l L AEREIRE 580
The socketpatk#gd sibstoaté i1 92.r Eiek doakétoluSes confighed s Hdde twd3Ghiputl 34,51 Ischut
SO Iigited. 0%87. Each of the chips 134, 136 includes a respective
chip conneFBHMEH, 132 forned on a surface of the chips 134, 136.
The chip connections 134, 136 may be fornmed of a conductive
material. A first chip connection 130 on a first chip 134 is 10
arranged d008% antEzdhl of thachip éB4,t B ainskdensl redpiegivearhiye cdrinoctick3P30p1 32

[ d the f.i chi [ f [
SeEonS, £ RohSDeg RS 5 TR o AR B,

connect i onfo#afi 3Rd doRBudReaNsteSAll A SARREET E@hectiod?1 R 6n ROSst LRPed4 is
substantially perpendicular to a horizontal plane of the package

substlPat e appged suljsgogally pirellddonagcend ghip 3ennastibuda? oa atdecom dhip P36

connection_l4 h hird chi. ection 140 in des two portigns,
and each pa‘cglr%i t ﬁic?nhlrsg éthrl? a%ﬂ%%?tlgﬂbg&;ﬁ?ri‘% Py S4PgEFA| ‘If@] Vf%‘ e speoad &H@
114. A pordonféctivh 132 Bolft kit Rt Bhiposvhaeitican] 3Heh@e el ElipRofhectibhe
feedline 114 are positioned substantially parallel to a horizontal

pl ane of th@ 219 Restiienge submrtialy eemppadighiar do gnnrizentabplane o the peckage
third chi psugg}gﬁge; jon 140 and another portion of the feedline 114
are positioned substantially perpendicular to the horizontal plane
of thé package substrate 122. The respective portions of the third

O e S ERSBEI e EOB b Evei U S et
substrate cbédectibil PAPILARRS WAL pbiSiofls, and each portion is arranged substantially
parallel to the feedline 114. A portion of the third chip connection 140 and a portion of
the feedline 114 are positioned substantially parallel to a horizontal plane of the
20 package substrate 122 while another portion of 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

25 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
30 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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25 conbi nation of the arrangenents in Figure 5 and Figure 6. [0089]
The integrated circuit structure 100 further includes a printed

circuit board 124 positioned or fornmed bel ow t he package substrate
122. The printed circuit board 124 extends along the length of the

ant enna 1l@eaithat Ba obotRsed By thel@dBdadtthg"@ineS BTVE a8 GeadSconSadtide bf 1ok @
t he packag% substrate 122. A conducting plane 126 is fornmed between

at | east ahpdihs Blingr arep@cprishe thepaterna &12 and shiypertion @i dhe third chip

conduct i g B L 18k cohiifedl sHECI & S’ os 8 Bdind Bhips "itg v 128,
portion of set¥ieg tb i rfanaehixpendovensed iy dronl 4Gotirohtheplase oh theahbyndl@énanzb,
18 the pl atplar ar.ea Qcc pi.eci gy the conducting plane 126 is at |east

corrpaSabI et SIIO‘{"“HPE;Q?%Q YA e éOBP%Pﬁﬁgmgrt%énG’EédPﬁft&ﬂl ¥yihe patengs Bind he

112 dt i t i i i ) g i
and t heniahitiddNoOfhet #6u dch Blraqe Gk PandC@RNASS gg@ 0 avﬂ’%gi g@x&gugmcﬂg

pl ane 126 serves as a groun ane. Two vias 1 ser ence
ext end vergereal toy impormea tivorantenng al 12| mnferméndehend riounatlupt athe pdentidd

the locatign of each via.128 correspondi n 0 .an end _porti of the
ant enna. 119 ERE ST GR TG PRATGIBUAL POAREn IOBEZHI the vi as
128 forma quasi cavity which serves to inprove the antenna 112

performance and to reduce the potential electromagnetic interference
fromlPhe dA8¥na Higprerdashioasiaoin & paskageiopnd@®@n by iodgolve Fogpling i an

ohote 2. CRel P RHSAP ST LPA B, AN NP e B hon

present i niigidei 0dhowski et @dBctehDisSpaitiones bniadued06f alddp POB hikd 8&EnON
a portion of a chip 102 and a second inductor 144 positioned on a
portion ofindugieiclddqrostipned %@@%@@.ofwckage@bstmbf%ffhsﬁwt inghyciond42
portion of i L6 G i r 4 _0on.
portion oforI 4%% pt% zadﬁpacﬁggzlps@gg% ?g%ﬂe&lg)gtﬁ Bé&ﬁ)ﬁggﬂ#\%q&‘g@aﬁﬁ%agﬁ&%?
[ 0091F To tbweadmpesdisasteul? bamadusdrpagelippobl em caused by
conventional mcrostrip patch radiating-elenment in

ant enna-i n- package design, a coplanar waveguide (CPW-fed w deband

triangle (MB1ri ang! RerohRl FRMatdndg wakSIE Nhrodfem 20usho W E&\%%ﬂéﬁa?
9A and Figure 9B may be used. [0092] Fidgure YA s[%vvs a |layout of an
i nduct i ve miseqhiny patot radditagiabgmeit e i nantédi@-inipackage ndesignat #dcoplanar

I(:Imr/gm It Orsltvrvelljv%tg{lj{d% m f-gédn%ritﬁé%af%' tlelgl?gqg I(%-ttriggglet:)hselop rraeﬁaenpntg element as

20 shown in Figure 9A and Figure 9B may be used.

[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
25 (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.

[06093] Figure 9B shows a layout of a capacitive coupling slot radiating element in
30 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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The inductive slot radiating el enent 148 nmay include three feedlines,
nanely ground 25 (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
f eedi ng t yipsreled (d@3furdingiyr e Eedsf@WeidabdndyigieddfceamRRIAE! dapMility. A lot
coupling slot radiating element in 30 an integrated circult

st ruct ur e BEEHRY cHRINH I&ﬁf@ﬁ@cﬁoﬁ’ﬂthelﬁﬂgtbf(w e br ébenelajivp bandvadih ofTener

capacitive, es,
el y gr o et Bl i TR ed 1R PG SRt DRSRYERRRG OBEY
9B, the signal line 152 is not connected to the base (ground) of the
triangul ar t. t i.s C itive feedin e The, 19 bevel ed
structure [@ﬁ Hz¢ BEQN?‘&%%’fn‘Ha‘i g’ ﬁ‘ﬁ?@%lﬁ@a&%t{ﬂl?)ﬂ?ay Ae
lot radialjng eéree&erz)tf IRt ek %stsh the L dng v
bandw dt h of o(\eler appr OXIerB.te| y 10% may E&ﬁac]fii evg%asf or tﬁg | a :3' Pe
in Fi gure ®Mizndzdd gﬁmker ofer #tde@0@4] piipesesi Tleis ofakas| iti nﬁlkengmgvﬁar the
( MMave) antennaln acka on the order of mlljnmeters
o | ess) TG PAHARR I B BAEkaGRHRRP ST A SGHERAT TORYHer
for int egr@&a@m&ﬁhﬁ@mieﬂ hi augeadﬁ% iHowha Fighf oA faRd Fidife 108 may be
ant enna-i n- package to achieve a high gain omwng to a decrteased

ant edfla siysed torgnpreye the gamnvafrooN¥averii8. probl em a director as shown
in Figure 10A and Figure 10B nay be 10 used to inprove the gain of
mmAave Ai P. [0095] Figure 10A shows a cross-sectional view of a
director i[00%s) i rkig@feal®&l sh6ivk GlicfosSbédtiehall GieRCEOEMUiRGtdr Gnddh integrated
enbodi ment of ' t he g&esent invention, Figure 10A shows a portion of
an i nt egr aHEHItSIIEe agﬁm@ﬂ@wpeanmnb@di@mfdpﬁ&leap@ﬁm|1@Vq@aeka@1§u@510A
Substrate 488 o a & p‘:@‘}{

mat eri al fS(})-Ar%%(saxaﬁpll—dg)?1 ow terrgla IFe;cilt Iar?%u}%o- |redﬂﬁ) e{rﬁgﬁl‘ldgl,gp ?%gﬁﬁ@egpmkage
crystial podupsreate 122.|Theqrackdpstsubsitats 24 gy iredude #packagemai@ridlldr esample
di sposed thin the g%gﬁﬁg(g&substrate 122. The i ntegrat ﬁd circuit

Structure [PHOCFREEHS eemic, diqut gysiel pRlymendlsal $9Ungses; limigited
or formed Rglgwnnd he W&Eﬁ&%d SHBEA Rl ﬁaci:g%e s&@?rat@rl'ﬁt g‘ﬂe ?r%;céérHﬂeH cheag d

124 extends along the | ength of 20 the antenna erve as a
support f catructuee ib%ﬁu;@@r suhsies atppint@circhit lmcardjbbft pamgtlcpiedrme fa26ditelow

formed bEtt‘ﬁB%Qck%tge Sabs rtateal 0 r’llhle%rllm Jd ctzlpc%ltqa%%lkc? 9?4 Seyt%rsmss aﬁong t]hze%ength of

20 the antenna 112 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
25 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
30 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.
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and at | east a corresponding portion of the printed circuit board
124. The conducting plane 126 is positioned bel ow the antenna 112
and the planar area occupied by the conducting plane 126 is at | east
conparabl e or larger than the planar area occupied by 25 the antenna

112. The doe®hjct i Tige prete [5B6candrevdssealsopedysooped-lpbpade Figlne 10B dkow 8
serving as, a fence &gtend ggr,ti cally froma horizontal %(?I ane of the
ground pl afEoufoet a diseqtor, 138 1pga dptegafsgn it sEUGHrCee A0V FSFarimg tx an

the ant enngnddi@medf £OPRLAR ARALS. F i%\ﬁ‘@ 168 QHRDs Qhﬁ'gﬁorﬁl’zﬁ@ l?a@glgtehélose-
ch serv e

vias 128 forma quasi cavity whi erves to I nprove t antenna 112
per f or manclecpaidrec@ngeldu byouth &Vitlo peaptet dbsigh of theodiagn®t swrficatveaves cambe

30 frgmthe,antenna 112 radi.ati,on to the chi 02. The director 15
s reall zet R Y mEPRIESCf Ao G AR FICRHe i PE AT A HPicRgakes Hhe
di rection, arﬁé?ﬁ‘d%afnhﬁl_p%\le@'y?@aﬂ 12n@ad 1ok W8 ptdpagatBASKRABE AN ki@l of
122. 20 [0096] The director 158 can be cl ose-l'ooped or open-I| ooped.
Fi gur e | OBhs maskeee sulisipisuli22oAs sheddirastardid 8 188y Yemade ofmetgl sitchds silvarwic t

' di f th f i ion.
Fi gure Lo Ot Gl PeriorDss BRI, BRRt R ek BiGE AT et DR S

| ayout . Wthbreby Gafkovde siditionl effloRney.r Bt examsib) face o0MIES AGRM IR &in
effectively suppressed and radi ation efficiency can be inproved,

whi cACnak d8nEpement ey Be gatangdnpyies dee diresier Jayorhas shewmde Rige 10B.
pr opagat es - ;

Phe ai'r ot Dby Yaie B oS0 AR Raor ok feDBP (P LB UBLEE fs A e OF
di rect or 1b8roubey sh&fel eatmenndl befe.t he propagati on of the surface
wave, thereby inprove radiation efficiency. For exanple, for a 60GHz
Al ? 2dBi gain 10 inprovenment nmay be obtained using the director

| ayout as [gowpn I Th fhdl€ hkQRin o inkiSh@tlve H1PPE $rdtRY rBG AP 6 83w R
%r ar

for the director 158." The ditector 158 may be o a circu shape or
a neadhder ghépee 11008Y]beTusednpy gueaint dagamade of ealnidehehadi £ refbection

ground reflegtor 126 as, sho 15 in Fjgure_11 may, be use A ground
pl ane rradeCOSfficmgF?r Wi]i’(?ﬁn ﬁgéls P56t feé.’@?'ioﬁﬁrhec%@?‘}‘/q Eq%gﬁ'iorg%grref?e&tsltﬂe
can be useddiago® tdvedrll € HeMroadsiRe EFRUBA sb @b likGtRE tAeBaiheFigaed 51 thSvs a
radi ation towards the broadside direction so to i ncrease the gain.

Fi gure 11 Zpewkrelectgy bifhia andpiegtatesk cicd sirpctare 109t asgerdingdo @ eobodiment
structure o]fqge El%gfg{t %\%ﬁtl&? F%Qurg'ﬁ%ﬂb&? A integrated circuit structure 100 including
20 a single package substrate 122. A slot antenna 112 is disposed within the package
substrate 122 and a feedline 114 extends from the slot antenna 112 within the package

substrate 122. Besides the 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

25 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

30 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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of the present invention. Figure 11 shows an integrated circuit
structure 100 including 20 a single package substrate 122. A sl ot
antenna 112 is disposed within the package substrate 122 and a
feedline 114 extends fromthe slot antenna 112 within the package

substrat e gr2®nt Beedndes. The iategtatantionia sklduas 160 anReradds a pdtNEadehting
type of antennas can also be used. Ot her exanples are microstri

pat ch ant eHFRSLOF SiobRRERNZ! 19s amAlBPRINZCUTISRY\GARRCHIVEN BOUPYBE Hegdingel 06, a
fabri cat e%%&h?é@b h%g%!ng% RO RNBAectd2 2 ‘ri?}e@d ?ﬁﬁ{ﬁg&s@o gig%ﬁ%

122. The gr ane 1 y function as

in Figur ebebﬁ;:dtdﬁmmaa;mck@smhstrajml%.l the way up fromthe gr ound
reflector 126 to the slot antenna 112. The height of the vias 128
may be properly adjusted according to the requirenments. The ground

pl ane 126 [pgo9gr ounyd Gk | aLtQAfic tlé’j%gtlhi@r in&uidBs rah@ré ﬁ%@ﬁ%qf@\/ III?‘dedl%Igﬁ a

forms a quasi netal cavity that | ps to reduce desirable
ef fect of anure}wﬂe@m t Adisgtositionedon hee mﬁacbyofmerﬁmﬁ disleetnid layee 160 and a

Shovs an_ OB BEACT RDGSE e b PPafPbRl B et divabuipedcrt i frs

structure dlﬂe@tnbaé.)}er ¥60. dr@rﬁ@vd@@@dfﬁg@ye@qgora@bnﬁclﬁahs%laﬁmdbmaho%
the 21 present invention. The integrated circuit structure 10

i nt edPat eslod Birged rlasid%ltanéagautseqlfeﬁ@ﬁ@p@nd@g de thetaesaneccupizd b»nthe ground

alternati ed| N

di rector r}gg&%ﬁ%ﬁa& an&gtgggﬁj ff}{ ?tglr%j{yg]% fag%f Pi Y:laf; 4 g‘i%‘b
166, 167 nhy wdgeﬁumeal sl dn@dnih aerp@ek age t@lﬂl%gf@he réﬁé’ctoﬁlwoﬁ&] grblgd
first dielectric_|ayer 160 i ncl udes a Iar cavity 162. In addltlon

a ground FHEHICL ni%a 58 Bsospinesisd doon F gsfewa@@t showme Flier gfound
di el ectri cchaxsr 134 agnéjon@n GORb & 'éli;]l(:ﬁfﬁg of fk ﬁ’rﬂfxﬁﬁnf‘lzl}i%n{ the T.gade
er .

positioned on the ot sur ace o dielectric lay
The fbrst dliceitestmalty, Ity EPWHER saitamallﬂ@hnmmsahqﬁ)hlur altering gpbundi Blzhﬁhes

10 164 forned i nside_and Si corr ng.to the area oc
by The ur CORY BVLETCEGHe s ML FIENE DB e Setosine s modsy I Jhs
plurality &Edﬂdtﬁg Plage 1Rt hyithl uWéYfeEcﬁlﬁ{@s Anghel ? BLRANE) 9 A

112 to the ground reflector 126. The ground reflec 126 may al so
be connectgroundo(@ F@BT@abun&)r(lndmctsth)ladim gllcmanUM& efll tbctcomdumﬁg

MRy contri l?zlljr{eeofl tRe anqgnnsaqls edérggm? f\)\/f'url]e(:a foarlrg:tagan 1tive s:l'ozt ra 18tr1?1gt € emerlljtt 1%'6 g‘ll
20 the conducting plane of antenna is the ground except signal feedline 152. The slot
antenna uses the slot formed by the conducting planes to radiate. This is the basic

mechanism of the slot antenna.

[00100] The second dielectric layer 166 includes a smaller cavity 168. The large

25 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

30 166 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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15 circuit. Actually, the CPWfed antenna 112 includes the sl ot
antenna ground 112. It is seen fromthe Figure 9A and Figure 9B that
the slot antenna ground 112 is the conducting plane connected with
ground feedlines, nanmely ground (G 150 and ground (G 154. That is,

for inducfomelp! othd &dﬁ&ﬁélé@n@{/ﬁl@?ﬂé? dfideah l‘m% geaen t8iCcddWchip kARG
of the antenna is the ground l e for capacitive slot radiating

el ement 15678 dihp g dl’r’ﬂ@t%dﬁawﬂﬂh@ chipagreunst 1 Zhmakibs fpgmdw@ggﬂlgnmng a

The. Conductiricy St peBE of Sftachl i Qe ETHRTAD, A el i R Sl R SR

sl ot ant engiﬂunc[ q)mome &hﬁgaﬁmﬂdna:y edritbute €o ktaayﬂﬁe@ﬁg dfid LS| 02 from
smal l er cayity 168. The large 25 cavity 162 in the first |ayer 160

and t Re sntémaéwenea\hl@quées |r?’gat“ii)eth§éB@E’ditffdagfléq'mthCW@rlﬁpa‘f@a@ﬁafg@ a
cavity conédngs{auegn& 8 ﬁa?zfégas filtioR %9%0 ﬁlllafﬂa't 0{3%%151%9 }%amqg e W%Ve
ot ant e i

102 to the nna e reallze y-“capacrtive-coup

106. Wi | efr¢dvenabd.p ground pad is connected to the sl ot antenna
ground line using flip chip technology, the other chip pads are
connected to the signal traces 176 in the second dielectric layer 30

166 usi ngdpa gy W F1§§r611732 siwd hi oD P vieke Bpal 8913( tél-g)%ck ;EQ %j(_}g%éc%gg by a

plurality of on-chip pads 170 within the snmall’er cavi
[ 00109] Tr@p@mw@jcmpéﬂnecn raAndntegraéed di6citi stolchule scavrding go dn reedtodimer ST

d hi t. 158 th hi 8
mmy be. f of MEE EBIPTETos i uCEi R ot 00 dfeties peish B NRE 47
plates. Thadwdifecldd S8Ry dae phBeA i P0X ?o@ﬁlbﬂed zﬂfo%'ﬂﬂ: éh?@ o-ﬁﬁ@ plan%

configuration nmay contribute to the shiel 131@ the chip from
the ant ennk/81One ofthe phin coawrstians eme surfaephithe ¢hip }Qi’ufmnsmrqapmhoe 1860

yet ome. optr i SR TeeBlth, 28 BchBther B 10 BsSie SRV SR pechi

zoomlsn vi@nnadftioas ohithe tsorfp@ckhgR P Neetdre kobyected ﬂ;oth@ &Bs’}ﬁbfﬂe\/ ground
coupling | n |nteg#ated circuit structure according t

enbodi rrent meﬁ heVsphidsatrnding, Eori the antenga | 14 by flin €up é‘?CIh@QIngy 174. Vias
|
structur eclf?@oe;dtﬁﬁ ﬁ'&ﬁsthélsﬁql?éo%e%" tﬁﬁ @Hteﬂfllzaﬁ& d%nﬂécrtﬁgttpl a%%ﬁncﬁ%@@t&e

pl ane. I'p 102 Is position ove t I'p groun
of the chil®éconnections on a surface of the chip 102 forns a
capaci tor 106
20 [00103] Figure 14 shows a fabrication process of an integrated circuit structure
according to an embodiment of the present invention. First in step 180, a pre-
processing step is carried out on four package substrates 146. This pre-processing step
includes blanking drying the package substrates 146. Then in step 182, the respective
vias and cavities are formed in each of the four package substrates 146. In 184, the
25 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
30 192. 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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with the signal feedline 152 extending froman antenna 112. The ot her
two chip 15 connections on the surface of the chip 102 are connected
to the respective ground feedlines 150, 154 extending fromthe
antenna 112 by flip chip technology 174. Vias 128 extend fromthe
sur face ofeltinentafherhp it kdhéred te dmneldpi gmsurtdo\;vhlcgraﬁmnféaﬂu&fslaeﬁhg)l’diredtaﬁ.

00103] . E 4 sh d
ci rE:w t s]t‘?‘ﬁ!értg@’feéh%fhﬁiéﬁiﬁa t{‘g%é‘;ﬁ&gtﬁlﬁg@ﬁ AR &ﬁéggﬁggg'ggfgtpg*age
| vent i on BES 49 BP0 @oBne: Uy BeeR) ngo (89 b3 SIS doRlihs

on four package substrates 146 re-processing step |
bl anki ng dprybasgestihestqanab%gdimﬁﬁtﬁlatah@ befiling vewseil fos thepnttR2nné¢dien of

respecgtive,.vias vi ies are rmed in of . t he four_ packa e
subst Pat eSChiBf@'O"} h‘é gepng %I"Is r@t?l}nlal @gﬁ)\qf\jﬁq‘f’ﬁmﬁ E%W(’j‘ ctpf)sv oc
material . dph&tils c&@ﬂlin@%‘%ﬁ&haﬁ@ﬁﬂeﬁfﬂn\éﬁ ﬁpﬂﬁ%%lﬁﬁ feda{dgn%egbl'l&vﬁEQQ
186 to forma respective ground | ector, a slot antenna, signa

traces andeml®hispthgmymblonaiin: ef cﬁhnlgnm-Ré‘qtads to the wb@gelsglal fataees The

respectiv age .substrates re d.ns to check f

non-unt { or Ty isAEs ORI SLET AR 6 eoRRF Fi ok SR8y fuse eggett LeP
substrate taelmoﬁsglyl igtuget, ithe ﬁip%d%onﬁﬁ&tk’ag@bléﬁieﬁﬁbmﬁ%é tdnesh réphRBd by
diced in step 30 192. The fi ni shed top package el enent has the ground
refl 48t or A co-ABInERHERYVABNOthaPmOEesEesTemRIGHIOBAMEt t he bottom | n
t he sane manner, after inspection, the third and fourth |ayers are
collated in step 190, and |l am nated, co-fired, then diced in step
192. | n s{x04p4, Tﬁmefcﬁbrhmﬁcﬁzedi abdedption af chy i vayiohorembddineritddas been

fini shed bottom p gI;),cka ge gte ﬁnent The chip i.s adhered to the chip

ground whi REESegIo 19T BPRPESS agpR eaélflofiescnm‘“ffér It; igenethppendsd) @ab%d
to the bot

are then b%xﬁgﬂédgﬁtg IgggfﬁglﬁtQHg%e?%&ﬁtﬁl tgp gl ng an lggﬁgggo% Lﬁ(ﬁg{aﬁy
procéS§ses mndlﬁt:ﬁpmﬁ%xd whettiens laec fpbsgmble hnphgh?)mf thg disclosddtepdning. hie is

i nt erconnec round ads to.th ound of th t enna
CPW f eed rgenii e r ﬁ?&@é&ge A s R Lo B i g aprshied Heréd
automatically formed for signal feeding. The following in step
198 is the wire bonding of ot her non-RF pads to the package signal
traces. The final finished product is an AP to be sent for

characterization in step 200. If LCP technology is used, the top and
bott om package el enent bondi ng can be repl aced by
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10 the co-firing process while other processes remain al nost sane.

[ 00104] The aforementi oned description of the various enbodi nents has
been presented for purposes of illustration and description. It is
not intended to be exhaustive or to limt the invention to the
preci se formdi scl osed, and obvi ousl YChAIMS15 nodi fi cati ons and
variations are possible in light of the disclosed teaching. It is

i ntended that the scope of the invention be defined by the clains
appended hergig: is2thiGkfMsM5 Wiat is clained is: 5 1. An integrated
circuit structure conprising : a first package substrate conprising a
radi ating el enent, the radiating elenent having a radiating el ement
connestiog Z%tggdin% fro Hhe radiathﬁ element; 10 a first chip
posi t Poned: daf SLSSTECE SUPHESTUSHTS FPRETE & ment connecti on, the first
chip having a first chip connection on a surface of the first chip;
and wherein a first portion of the first chip connection and a first
portion of téBrst paclipge subgirate epmnrising A mabatingrelementpibs iradigmgcklement

bstanti al | icular to a 18 horizantal pl . the first
package subdi Bt SRRER Reb et GR SR PR Rl “Bmshicct  on

and a second portion of the radiating el enent connection are
positioned substantially parallel to the horizontal plane of the

fi r stCpackagefistghip pasidonsgadiasent to fze wliagng elsmsniesmnetionptheffostrabim
capacitive i e -ad] af | | ._connection. 2. The
i ntegrated gﬁ?g{%E{t@rg%,\er:}huﬁf%@%c%%géﬁg?@n%fe%\?ﬁ%r%?ﬁ%%e fqi rst chipis
positioned on or housed within the first package substrate. 25 3.

The integrated circuit strucéﬂrgggf claim?2, wherein the first
package subst?fia adgsrardesokihe St shirregpnerdioniang a dwy porgagrofdhs p. 4.

The i nt egr atig@afihg BldinenSdohHEL 8N Grdhost el stbstaBefi ¢ bBpbiticdl i

package subst r_gt eé corrplrli ses a cabﬁ(i/s positi osné(gi{ct]l Lgf’o% {&Eg 3%ta

radi &bi ng elhomzontal plenesof the Hish gackage sutistratej @idch fecomd pdréof bf g foktichip

5. The inteq{ateq.cirguit S ructur%.gf 8I?in14, . "
onnection and a sécond portion of the radiating element connection are positioned

substantially parallel to the horizontal plane of the first package substrate;

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

20 element connection.

2. The integrated circuit structure of claim 1,

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

25 3. The integrated circuit structure of claim 2,

wherein the first package substrate comprises a socket for housing the first chip.
4. The integrated circuit structure of claim 3,
wherein the first package substrate comprises a cavity positioned below the

30 radiating element for shielding magnetic field from the first chip.

5. The integrated circuit structure of claim 4,

25



25 further conprising a second package substrate positioned bel ow t he
first package substrate. 6. The integrated circuit structure of
claimb5, 5 wherein the second package substrate conprises a package
frame or a printed circuit board. 7. The integrated circuit

struct ure of fucther enniprising & deeondpamRagesiubgirae gogtncbdilehve thedibitjaoked
between at least a portion of the first 10 package substrate and at
| east a portf AYP t he second package substrate. 8. The integrated
circuit structure of claim?7, wherein the ground plane is positioned
bel ow the radiating element and the first chip such that the ground
pl ane ovell aphe iategrasestirqut stnemreahadaimds,by the radiating 15 el enent
and a.portion, of. the first chip. .9 The integrated circuit structure
of crarm 7. Uh@rini € sisahd heskie b Sest HomblgeS ot Bl e oA BUHR ¢ he
first packaggrcaithhobfdate and a portion of the ground plane. 20 10.
The integrated circuit structure of claim1, wherein the first
portion of the first chip connection is positioned substantially

par al | el %pot]%einipég?aﬁ%d chruitis t?%e (gfh airaéji ating el ement connecti on,

C . . . .
and the sec on o erTirs I’p connection is positioned

subst ant i al | firthar @inpelsidea grbendplannpbsaiorRa beivaen af 1chiie porttirtdfi tA first
el ement connection. 11. The integrated circuit structure of claim

10, WHer ei n Raskage substrathandl at densbe Porgan pE thssssandgraekpassubstaiest ance
away fromthe radiating elenent connection. 30 12. The integrated
circuit structure of claim2, further conprising a second chip
posi ti oned. drheaontegoutskbdronittshuctutensf ddimst, package substrate.

wherein the ground plane is positioned below the radiating element and the first
chip such that the ground plane overlaps at least an area covered by the radiating

15 element and a portion of the first chip.

9. The integrated circuit structure of claim 7,
wherein the cavity is formed by at least two vias in the first package substrate and a
portion of the ground plane.

20

10. The integrated circuit structure of claim 1,
wherein the first portion of the first chip connection is positioned substantially
parallel to the first portion of the radiating element connection, and the second
portion of the first chip connection is positioned substantially parallel to the second

25 portion of the radiating element connection.

11. The integrated circuit structure of claim 10,
wherein the first chip connection is positioned at a distance away from the radiating
element connection.
30
12. The integrated circuit structure of claim 2,
further comprising a second chip positioned on or housed within the first package

substrate.
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26 13. The integrated circuit structure of claim 12, wherein the
second chip is positioned adjacent to the first chip. 5 14. The
integrated circuit structure of claim 13, wherein the second chip
havi ng a second chip connection on a surface of the second chip. 15.
The integrated circuit structure of claim14, 10 wherein the first

chi p connegt.ion for a capacitive.caoupling wth the second chip
conneptioﬁgxy§?9&ﬁ5g$%9gﬁﬁéggﬂﬁ%ﬁ9f "™ structure of claim1, wherein
the first chiRerki ROSbLOBEH i@;{:osﬂﬁﬂé@qq%éﬂ@'td‘th% firktidng) package
substrate. 15 17. The integrated circuit structure of claim16,

wherein wherein the third package substrate conprises a socket for
ted circuit structure of

housi pg t irst chip.. 8, The inteqgr

cl ai m§17, qg\hﬁé}}eelpﬁle%e(ﬁﬂg}%is}*’ufﬁée ?fnhcﬁq’lgl ackage substrate conprises a
cavity posi twhdied thy Sdcohdhip AgViak iaRecont! cAifEdtinnéQionhi £46faBgormgnet i
field fromthe first chip. 19. The integrated circuit structure of

any of the preetihi®y clains 1 to 18, wherein the first package
substrate is forned froma packaging material. 25 20. The integrated
circuit structure of any of the preceding clains 1 to 19, wherein

t he third]palikaigegrididiraitatrustufeosrobdmf dom a packaging material. 21
The integrated circuiit structure of claim19 or 20, 30 wherein the
packafi ng navRerein the,Ershehip sparection farpmasapicHings rRppiag withithrserandehinl s
consi sting of, L aw.henperature co-fired ceramc, liquid crystal
polymer, silicon. 22. The integrated circuit structure of claiml,

27 wherein the first chip is an integrated circuit. 23. The

I ntegrat e(ij6.cf}{eclg£etgra?éc{ é{rccglgrs‘?rugt{lrecété}:ilaq]m]lz,’
wherein the first chip is positioned or housed within a third package substrate.
15
17. The integrated circuit structure of claim 16, wherein

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

18. The integrated circuit structure of claim 17, wherein
20 wherein the third package substrate comprises a cavity positioned over the radiating

element for shielding magnetic field from the first chip.

19. The integrated circuit structure of any of the preceding claims 1 to 18, wherein
the first package substrate is formed from a packaging material.
25
20. The integrated circuit structure of any of the preceding claims 1 to 19,

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

21. The integrated circuit structure of claim 19 or 20,
30 wherein the packaging material being selected from a group of packaging materials

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

22. The integrated circuit structure of claim 1,
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wherein the second chip is an integrated circuit. 5 24. The
integrated circuit structure of claiml1l, wherein the radiating
elenment is an antenna. 25. The integrated circuit structure of claim
1, 10 wherein the first chip connection conprises a conductive
materi al . 2®hertinghe fits ghiptieah mitegrated cis¢uituct ure of claim 14, wherein
the second chip connection conprises a conductive material. 15 27.
The integrated circuit structure of claim11, wherein the radiating
el ement conneRd Q- ATBFHESuBLEONdGH Mg material . 28. The
integrated circuit structure of any of clainms 25 to 27, wherein the
conduct i ve nmuhereinghe bwond cleplisat mtbgfatedriacugr oup of conductive 20
mat eri.,al s consi sting of copper, silver and gold. 29. The integrated
circuit structure of claiml1, wherein the first chip is distanced
from the padii inf@rabeerdit stadudlof dniffef,hod of form ng an integrated
circuit structure, the nethod conprising : formng a radiating
el ement on avhereigtthpepdicaige eemest isanantanhe radi ati ng el ement  having a
radi ati ng el enent connection extending fromthe radiating el enment; 30
positioning a first chip adjacent to the radiating el enent
connect i ons. Theinfdgtféd ehdulx strliaid f odaifl ¥,St chi p connection on a
surface of the first chip; 28 positioning the first chip connection
and tRe radiBherpiy the Breb plip compretion sPMPESES B copductivemiatery. portion of
the first chip connection and a first portion of the radiating
el ement are substantially perpendicular to a horizontal plane of the
first pacRagkhe integsttedatisnitardctaresefaodaich j@iorti on of the first chip
connection and a second portion of 5 the radiating el enent connection
are subst ant VBPY fasesPy FhIPaoth%?qrmﬁeapcav%&wg‘f%fnatemb first
package substrate; wherein the first chip connection forns a
capacitive coupling with the radiating elenent connection.

15 27. The integrated circuit structure of claim 1,

wherein the radiating element connection comprises a conductive material.
28. The integrated circuit structure of any of claims 25 to 27,
wherein the conductive material being selected from a group of conductive

20 materials consisting of copper, silver and gold.

29. The integrated circuit structure of claim 1,

wherein the first chip is distanced from the radiating element.
25 30. 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;

30 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;
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10 31. The nmethod of claim 30, further conprising positioning the
first chip on or within the first package substrate. 32. The nethod
of claim31l, 15 further conprising formng a socket in the first
package substrate for housing the first chip. 33. The method of
claim32, f up!dsitmnin:gji’(plﬁh'gich@ doangtitiog aad d&\thtﬂlﬂtniagwlbimemf dofhaéctipackal ehat

substrate, cavity Q positioned | ow t he radiafling
el ement for % FSEPRALAB © ?r%ﬁfgrﬁﬁ %‘IR ?féanactfqncﬂa}fit st pqrtien ot padiafing The
met hod of cl

Ak 3ire 5%%&9&&1?%@%% t&gﬁbﬁt&mlrﬁg%g o;gfgolﬁn&g t %gcgg%g

substrate below the first pdckage 25 substrate.
cl ai m 34, whsibstiaic,tand a$eccmdq:opiamkdghe ﬁnstbshipa:bﬁnarﬁnpahctesec@nﬂm@ok‘mg@f

frame_or a printed. rcuit board 0 f claim 34,
furtndr conphe SHGingGl R PR S aHer inalls Rl e Pk 0al plahe of
portion of tﬂﬁgf}gtgg@kag@%ag@ substrate and at |east a portion of the
second package substrate. 29 37. The nethod of claim 36, further

conprising positioning the ground plane bel ow the radi ating el enent
and the fi rs erghlg = gh%t Qat etp roun g ne ove[.laﬁ:st 1(at,rtl Iga t _an
area cover ed” BYCPHEC TET (g copReeon, éﬁ%ﬁtca HATE WIPPEG HIBDG Kaafing oy
chip. 38. Tl‘lﬁerﬁaithwﬂn&ﬁoﬁ| aim 36, wherein the cavity is formed by at
| east two vias in the first package substrate and a portion of the
groudfl plane. 10

31. The method of claim 30,

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

32. The methed of claim 31,
15 further comprising forming a socket in the first package substrate for housing the

first chip.

33. The method of claim 32,
further comprising forming a cavity in the first package substrate, the cavity being
20 positioned below the radiating element for shielding magnetic field from the first
chip.

34. The method of claim 33,
further comprising positioning a second package substrate below the first package

25 substrate.

35. The method of claim 34,
wherein the second package substrate comprises a package frame or a printed
circuit board.
30
36. The method of claim 34,
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.
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39. The nethod of claim 30, further conprising positioning the first
portion of the first chip connection substantially parallel to the
first portion of the radiating el enent connection, and positioning
t he second portion of the first chip connection substantially
parallel to 15 the second portion of the radiating el enent
connection. 40. The nethod of claim 39, further conprising

posi ti oni Ag- Temethpd of elgimy3@onnection at a di stance away fromthe

radi ati ng el QN i.m.3 rt her
conpri sing p%giﬁ %cgﬁlﬁ;r%{ggﬁ%ﬂsog@%’ﬁ%%gﬁ%ﬁr ogﬁﬁggﬁ\%ﬁ@%?xﬁk? %e(ﬁ%tmrgse%e%%g f%%e
substrate. 2he4izst cliipesugiethaothegkowrldailanedverlfipiy 4t Meast L0474 tSlengl by the
positioning the second chip adjacent to the first chip. 43. The

met hod of cl@fiikiinSeleirat @ RUEOR LSRG L KNP havi ng a second chip
connection on a surface of the 30 second chip. 44. The met hod of
claim43, 30 wherein the first chip connection forns a capacitive
coupl i ng BBt PhethethgsdobadintAb,p connection. 45. The nethod of claim

30, 5 further, compyising.pgsitioning the first chip in or wthin
third pac kag‘@h?ﬁg@{“? %atvétg' i€ ; eq’ﬁX ah%gqli(gwo Jtasét glerﬁrg%?acﬁﬁ’e?rs\gl’ﬁr?f%% r
conpri si ng frAbNEf fe 3RAKBYIANG. the third package substrate for
housing the " first chi'p. 10 47. The nethod of claim46, wherein

furtﬁ@r_conpr!sing formng a cavity in the third package substrate,
the cavit gQ.bﬁ{enrgethod of claim 30,

further comprising positioning the first portion of the first chip connection
substantially parallel to the first portion of the radiating element connection, and
positioning the second portion of the first chip connection substantially parallel to

15 the second portion of the radiating element connection.

40. The method of claim 39,
further comprising positioning the first chip connection at a distance away from the
radiating element connection.
20
41. The method of claim 31,
further comprising positioning a second chip on or within the first package

substrate.

25 42. The method of claim 41,

further comprising positioning the second chip adjacent to the first chip.

43. The method of claim 42,
wherein the second chip having a second chip connection on a surface of the

30 second chip.

44, The method of claim 43,

30



posi ti oned over the radiating element for shielding magnetic field
fromthe first chip. 15 48. The nethod of any of the preceding
clains 30 to 47, wherein the first package substrate is forned froma
packaging material. 49. The nethod of any of the preceding clains 30

to 48, 20 when&kin théBrst Bhip doRaekiad forildRshpaligvd éoubﬁﬁ%rmhftﬁ@wc@nd chip
packaging material. 50. The nethod of claim48 or 49, wherein the

packagi ng metcapgcionpei ng sel ected from a group of packagi ng materials
consisting of |ow tenperature co-fired ceramc, liquid crystal
pol ynmer, silicon. 25 51. The nethod of claim30, wherein the first

chip is ansi THege@bedr cline8dt . 52. The method of claim 41, 30
whereiin the second chip is an integrated circuit. 53. The nethod of

cl ai n?30, wHEFBeIFoRpEisgdIosttiopigedhetshehip in amwihinahigd padmgs gubsirts.
met hod of claim 30, wherein the first chip connection conprises a
conductive material. 5 55. The nethod of claim43, wherein the
second ch#f. Temethdd oficlemnps,iwleseia conductive material. 56. The
nmet hod of CL@iH130, whereji n the radi ating el enent connectiaqn .
conpri ses a UBRRFOMPHsIngpRRINg 2 sockep sthe hikbpagkegrombsirata i hopsiag fens
54 to 56, whgkeigp, the conductive material being selected froma group
of conductive nmaterials consisting of copper, silver and gold. 15

10

47. The method of claim 46, wherein
further comprising forming a cavity in the third package substrate, the cavity being
positioned over the radiating element for shielding magnetic field from the first
chip.
15
48. The method of any of the preceding claims 30 to 47,

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

49. The method of any of the preceding claims 30 to 48,

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

50. The method of claim 48 or 49,
wherein the packaging material being selected from a group of packaging materials
consisting of low temperature co-fired ceramic, liquid crystal polymer, silicon.
25
51. The method of claim 30,

wherein the first chip is an integrated circuit.

52. The method of claim 41,

30 wherein the second chip is an integrated circuit.

53. The method of claim 30,

wherein the radiating element is an antenna.
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32

10

15

54.

55.

56.

57.

The methed of claim 30,

wherein the first chip connection comprises a conductive material.

The method of claim 43,

wherein the second chip connection comprises a conductive material.

The method of claim 30,

wherein the radiating element connection comprises a conductive material.
The method of any of claims 54 to 56,

wherein the conductive material being selected from a group of conductive

materials consisting of copper, silver and gold.
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