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WIRELESS LOCAL AREA NETWORK COMMUNICATIONS MODULE
AND INTEGRATED CHIP PACKAGE BACKGROUND [0001] The
present invention relates generally to devices for wireless
communications. More patrticularly, the present invention relates to a
wireless local area network communications module and integrated circuit
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and to transmit secon ' ation circuit
comprising an OFDM der@ﬁgggﬁm@ml data based on
the first OFDM signals, and an OFDM modulator to produce the second
OFDM signals based on second digital data; a host interface to provide
the first digital data to a host, and to receive the second digital data from
the host; an external antenna interface to receive the first OFDM signals
from, and to transmit the secorkt* GEGRQIHREs to, an external antenna;
at least o gwitch to provide a signal path for the first and second OFDM
signals betweert the comMuriEation TSk akgrsaellor the adesrrea afor  wireless
thePBRtBTHAraReeAndpRe At iealc didapeeanithing @oniroksigaatoant Beless local
printed wirouitibostdwhexaimiha RARNAR e S9MMynisationcireuit, and
the external antenna interface are arranged on the printed circuft hoard.
Some embodiments comprise an,| rated circuit comprising the
communication circuit and the e na interface. [0003] in

general, iqrpg&@lsdqgﬁ;,c}gg Agyg@}i%f&%%%gna fxéva;{gl[ess Ioc% area

ne%vg&%lemogule comprising means for receiving wsF%&r%lé figj local area network
frequency-&v%?orﬁl%It%e?ﬁfﬁ“@FW)’%ﬁ@W&ls,ﬁaﬁd othngersthitiinguency-division
secBRIDRDM sighakyinespsasr communicgdingeo MRS CFBM signals; a

demwdiaiormeansdon Rrdusng firstsligil data based on th@g@? t digital data

OF, ignals modujator means for pro u&%bot%é)
OF%%éigﬁgééb?gs%ﬁ clf);@ gléc%ﬁ%a } %ﬁo‘ﬁ’cé?ﬁ@%ﬁi@ﬁ@ﬁ&@@mﬁap@me the second
pro@ﬁ%@%ﬁ@ﬁl&tﬁﬁ@%l@@a@am hiogtiznthor sehedvingdRceesPRtovide the first
digiticiatattresm: thehest @XerEak int ans fof receivin
the,first, QFRM signals from, r&iﬁ}or}?%%%r%%?n%{ e?sgegc%)r]% ‘Béﬁnﬁ“@ external
[ a

ecely .
signals to, an external antenna. signals from, and to transmit the second
M signals to, an external antenna; at least one switch to provide a signal path for

the first and second OFDM signals between the communication circuit and one of the
antenna and the external antenna interface in accordance with a control signal; and a
prnted circuit board, wherein the antenna, the communication circuit, and the

external antenna interface are arranged on the printed circuit board. Some

embodiments comprise an integrated circuit comprising the communication circuit

and the external antenna interface.

In general, in one aspect, the invention features a wireless local area network
module comprising means for receiving first orthogonal frequency-division
multiplexing (OFDM) signals, and for transmitting second OFDM signals; means for
communicating comprising OFDM demodulator means for producing first digital

data based on the first OFDM signals, and OFDM modulator means for producing the
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least one switch means for providing a signal path for the first and second

OFDM signals between the means for communicating and one of the

means for receiving and the external antenna interface means in

accordance with a control signal. Some embodiments. ..comprise

integrated circuit means comprising the means for communicating and
theseseafhd)BRtennzzinterfacetheanscfR004 tinigenasal; IRAREASPECE means for

thepinueation featies tHytgg{gt%d ircuit package_comprising: at least .
on%io%qugft%d circuit c?ginprising a vﬁr%ﬁ%{ésa o%:aﬁf%rléegeﬁfé I\%fo]’ﬁg second digital data
commuhiCation cireui ' ﬁfﬁﬁ’%ﬂ?g“éfﬁré?‘ﬂ%@%ﬁlﬂ fregaeneirgitisibrst OFDM signals
muftiexing {@mpM)rdsing dutatordodroribe fistdigital Saii0ased 88nna: and o

firsteQf Ve sigmats s sam O Y MedH iy, 19 produce, second OFDM

{

0 c
sigg}1 ﬁ;)sag,qg” on %cond digital data; a. packag% substraté ellresct%li%%lwcond OFDM
couﬁgg fo'fhe At lehs e INtE GrATEREHH AP Saierep et Sinkneaemfailyeceiving and
colpfedts i aniense onéciitegrateshsirtuitcthedaaat Sivikn GORGHIENGERRAL. Some
antenbadienteceiveothprfist QRBMsignals,.and nsmit the second
OF&m@mﬁ&g@%ﬁf‘iﬁ‘?%%%%%%Ca'r'é’a%:"umed‘%%ﬁé (HeRLg?e e means for

e wireless
communication Circuit. OHE Bﬁﬁﬁ#‘?@ﬁt@%@?‘ﬁprise a method of
forming and atedChgui kage; iSing; providing at least one,
int%ggg%g%grrgc%ﬁ eé\?i%&%{)%ﬁiﬁ%/ﬂ%e?wﬁ ué%?)r%%t‘ gsa%?e?a%?%ﬁgef' circuit package
integrated circuit comprising awreteSE CBhfitiRaRsn2 ciietliessoleprising. network
an BRBYBHAPEqEERey-sivisaTsimltipl exithy ¢QFD Nt cdemo AUt 1Omultiplexing
pro@iERNifsti etigital databasedr st QRN signals.and an OBRM. signals, and

mogrybgi%m second,OFDM signals based on seconcf digit d,
electrically Cgﬂ% méﬁt)ﬁeocgrr? UctorgoR h@%?%éé@%ﬁ%é hated remcireansuiftigital data;

to & Package YnsEa el eproclingenpiat tinhcemprisinghanmaeiensd &cuit: and 2
reckiue thelfitst@REDM Sigpals, ANdHo dransmitihe secand O %Qc':\{'ﬁ‘%g"é"%eat sink
Uult,

elegty : i ntenna 1o, the wi S, communication CIrcult;
s S BRIk el oot e second

and8 mally coupling the at _

[00 gﬁ SIFRRLF: ithenatepratelerinivalinitiopridatures tr integrateommunication
cirquitprackage comprising: at least one integrated circuit comprising a

wireless communication circuit comprising an orthogonal

frequency TSI GHIRRHIBRK ¢ YOPEM) aderaibod|atdr formiagduee fifségrated circuit
digitatkiate, hasediemfirstrOR@E signals: aRd ARLERY ﬂ&%ﬁu@%rntgoa plurality of

progiice, secong Of ignals based pn.second digital data; an o
intermediate ic,ub{?;:t‘ra[t%\4 é?e%tlﬁclgl%g}r:%tﬁplég.c%ttﬁ%’%ﬂé&& 8rigliftesratsemunication

cir C‘ﬂll-ﬁ% g comprismg an orthogonal frequency-division multiplexing  (OFDM)
demodulator to produce first digital data based on first OFDM signals, and an OFDM

modulator to produce second OFDM signals based on second digital data; electrically
coupling the conductors on the at least one integrated circuit to a package substrate;
providing a heat sink comprising an antenna to receive the first OFDM signals, and to
transmit the second OFDM signals; electrically coupling the antenna to the wireless

commumication circuit; and thermally coupling the at least one integrated circuit to
the heat sink.

In general, in one aspect, the invention features an integrated circuit package

comprising: at least one integrated circuit comprising a wireless communication
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intermediate substrate comprising an antenna to receive the first OFDM
signals, and to transmit the second OFDM signals, the antenna
electrically coupled to the wireless communication circuit; and a package
substrate electrically coupled to the intermediate substrate. [0007] Some
embodiments comprise a method of forming an integrated circuit

package, compiising: provicitg gileastamintegtated Gircuilhayipga;  (orpm)
pla&%&%ﬁﬁé@&%&@&ﬁ&%@ﬁ@?ﬁ@ﬁ% b”tegrateg] %rﬁwfﬁﬂr?;%qg? 92, n OFDM

wirel rfCOI’nmUI’]IC tion circult comprising an orthogona

frequet A itAsiB HGRipRSaRg ) b%%‘édb%ﬁﬂ toprsdane finsfital data; an
digitatdadatrase on firseQOF@NYsignals.dandias @ABM BeAWRISHIQ circuit the

prﬁﬁé&%ﬁ@@@%@}?@é\/& ﬁl aﬁgg&%g(,‘[%nd dllg/ta da%a %tp %w%gnals and

a erme te subs comprising an antenna to receive t

nSsirg]ﬂlﬁa % S&ﬁ&“t%%ﬁﬁ%ﬂ%H%l%;e@@r?alww@@@mﬂya@@m@éw the wireless
cd‘tmmglmn@ta?nemmuti,thendrwraelqss:k@gemumaﬂmﬁ @I&tﬁc@!@ﬁt%@ﬂ}’ed to the
caupling-the-condugiers on the at least one integrated circuit to the
intermediate substrate; and electrically coupling the intermediate
substrateStong strfacéinkatpackagessu bsmo@m;dﬁ@ﬁ@eggl 1m€%p§£ed circuit

aspreh dhecimeRtinn feabirasaninfegrated ¢ir ﬁlrgwt hacka e.comprising: at

Ieast 811& inte rateg circuit comp rlsmg a wireles communlca &J&lurahty of

comprising an ortogoHal e QueRelRaiGiErs FRmpIEkT ORBIMy communication
déiﬁé‘éil&Iamém@uc@ﬂrgtrdlggammlataﬁhqaeﬁkgmiw&i:%&@E@J&QH%FDM
anOFEMamosUbILE ﬁ&@%@;e@%%% %%%?%ﬁed omsecond

dl%tgéﬁago Wl ndrg ackage e electrically cou HE4E18 gtm OFDM
one mtegratedpcwcu ~the pac %ﬁ%ﬁﬂs?ﬁ@oaﬁ digiétirete providing
reBBiVR tARRFSIOT DM Tgpeip AR ctransmib the seenRAIRHOM SIBDAS signals,
thmﬂwtemg&a@tﬂ@aﬂ%@ﬁammt@f’gﬂﬂ@'%%éc&&mwu&! n%f%ﬁ% é%gcggtma o the

[0099];in9 neral, inone as ect t ion features a
formlnlggggngmtegrate%l%?r&ljl pdcﬁagéj%%hﬁ‘?é’iﬂ BB G dioRas lerseies at least

int¥Yt AHRIAREREGiItCHAYIh dCa thriralieyroe dotr soimsathe atdlesst wioally coupling the

intedeated aircsib sonprising e vdriass.cRIBYRICALQN circuit comprising
an orthogonal frequency-division multiplexing (OFDM) demodulator to

produce fRsE@igital Hatabasestothirst@EBDM feignads, mnmagr@m&&cmt package
modiptiidg: piodues WM@%@M signals basedansecond, digital

d lecgrigally coupling the, conductors on the at least one e sogrunication
c?%%?t‘ﬁto E(IE ‘é)%?‘ﬁ{ g€ subt strafgm cg%‘ﬁf r%%‘f?%ﬁfe‘ﬁﬁ&*%eééﬁ% ??élﬂgt (OFDM)

O@Wé ﬁtgrstcapga)duce first digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on second digital data; and a
package substrate electrically coupled to the at least one integrated circuit, the
package substrate comprising an antenna to receive the first OFDM signals, and to

transmit the second OFDM signals, the antenna electrically coupled to the wireless
communication circuit.

In general, in one aspect, the invention features a method of forming an
integrated circuit package, comprising: providing at least one Integrated circuit
having a plurality of conductors, the at least one Integrated circuit comprising a

wireless communication circuit comprising an orthogonal frequency-division
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to transmit the second OFDM signals; and electrically coupling the

antenna to the wireless communication circuit. [0010] In general, in one

aspect, the invention features an integrated circuit package comprising: at

least one integrated circuit comprising a wireless communication circuit
comprising an orthogonal frequency-division multiplexing (OFDM)
demdtplatsraé Prodveaitimdigital databhsedion figtQRRM signals, ard OrpMm

QI QAUIBHOINO Si ed on d
it e, et 1 e s G B o
' t

signals, and’to transmi ﬁ%ugelggnt SORBNCSEh AT iReblseshnae integrated circuit
eI%%ﬁ‘iEéﬂyaéﬁﬁl‘éﬂffﬁqwhg\mé&?ca)lfmunhcaiim&imzﬂb RQLLHDM signals, and
genetahsmoniasareld tFmyvestion featlres, rming an

in@g@é@?&%@&@gg%eh(égmprising: providié;’FgIg1 astg?%dsqtgg%qel% t%%erét%tgma to the

circuit comprising a wireless Communication circuit comprising an

orthogonal fresenay-cvisigrmyliplexing; emodulatorto . .
prg%%ﬂ%_ digital data bask%d on first. g%é%i%“%%%ﬁ&%ﬁ%%ﬂcm package
u

modUlator 16 prodiice Secont GEDM Siifils BEEERSH sedoiel diyitammunication

dtECPioviRgasEsse eomprisirapanl arfrennentoyréneiventhedist OFRM (OFDM)

sigialsdahbiadransiietiiessacans QFDMssig Bﬁ!ﬁiﬁr@?ﬂﬂ? MNeatleast, | orpm
n e

one.| ireult within & se;.and electrically coupling™
R AP TO OB TP BB R seend a case

asPEtP NS AiGRRA AfUTesS wviks distradib et gensy afRF) medilé: the second
coRipabingigmaimtennatoerenevediest Ry Sonsiss 48 42 NSt sesond ication

RFE;signals; a communication circuit comprising a receive circuit to
produce first digital data based on the first RF signals, and a transmit

ﬁircui_t to proghieealhasesendsi3k: signals hased ag.secand digital data, c?nning an
ashagisHaCE 10 proyide e first digital data fo.a host, and to receive the = °
second digital data from the hostran Bkte Al SRt nita iFieriare §taeaicd circuit

thémﬁ%iﬁn%iﬂ?@%?%ﬁ@t@ﬁéﬁ@mi@ﬁhe%eomﬂi&ﬁg signafhéQodsl frequency-
extevmabamtehiacand (DIeastanesdilehdopiadds.2 signalpathior gfé?ed on first
one

-4 firstRnd segond RE s een the communication circuit an
of the anter?n?g and the gﬁgﬁﬁ gn%le%tnoé HRBFPAESS P SR00r Tl siggals based on

co%%?SPgigc}ﬁ]ﬁafO@ﬁaf SEMaEREhB dFfEn e EpMprigecan integrated giteitt the first

coRpRding shelscenthionieatioit cireuitand e BXEHALA R HSHAGC 1east one

In spaee.eMBRINeRSihe. case; and electrically coupling the antenna to the wireless
communication circuit.

In general, in one aspect, the invention features a wireless radio-frequency
(RF) module comprising an antenna to receive first RE signals, and to transmit second

RF signals; a communication circuit comprising a receive circuit to produce first

digital data based on the first RF signals, and a transmit circuit to produce the second
RF signals based on second digital data; a host interface to provide the first digital
data to a host, and to receive the second digital data from the host, an external
antenna interface to receive the first RF signals from, and to transmit the second RF

signals to, an external antenna; and at least one switch to provide a signal path for the



[0013]

[0014]

[0015]

communication circuit comprises: an OFDM demodulator to produce first
digital data based on the first OFDM signals, and an OFDM modulator to
produce the second OFDM signals based on second digital data. In some
embodiments, a wireless local area network module comprises the
wireless RF module. In some embodiments the host interface complies

withsarlehstond Biedificationtselecied Bamdhe: dreup GempP 5@32?{15 af the antenna

PeriphesalGompanent Infgreennect (BEly PEI Express, Mini P
card: Universal Serial Bus, and Eirewie. SBife % et s 8BAprise a

printed cireuit beartlddavingsthe antgnna, the qg@g;g@i&atiqpcgﬁcuit and .

: s sing the
the interface arranged thereon. a printed circuit ROBRI "8
e e A U LTEORT e &t cmprebadinents, e

prﬁ? W&ﬁrﬁ%&@%ﬁ%ﬁ%ﬁf@%h@éﬁf@ﬂ?ﬂademmmgd@%dme first digital data
cormsadinicatieniitcAFand te.extesnal %@@W%ﬁéf&ﬁ%{r?@”cg?o‘idu?e the second
0]

th@rﬁgmm ' C ks emory to store the control ™
signal. In sog{eseggrgﬁggi}}n%%%&&t)@ é%%%éni RO G BRI IBkRiSH Anvingtass local

at éaéls_%Weo dROAIY SeTRRTSEsH S theckpwupiconsistinglofdmEE embodiments the
Staﬁﬂaﬁd?@Q@1&0]@@2:&1&&%&1%&8@3@1@@@&anﬁéﬂ, 802161 andl, 1o eroup

82201204 HIRBena e, ct, the inv n features a wireless
oISy, G s Ena VA Ty e S R PO PC

radiosfrequency, (RF :

sigfiw%jls%%f%r h%@%ﬁlﬁﬂé’ &t R igpriiee rredodifoents comprise a printed
amean kR o o e o AR EL PR o

asedf \
sefend Rk signals based n ge%on%é%ig%ﬁatga?%é)&%f@ﬁaéée niBEAg2fgrounted
providing ,t%en% rs 338?%{18%?%6%%%%& BRAtEr GEeeiv g hesepost glifitahtenna,
a4t f8ifitad Hosereseritalianteimaiintadate MeaAROMHERSNINGIR . aranged
firdteRSighale émma@a%ﬁ@%ﬁﬁ%@@%%é&%??&@%ﬁé Fth%i%”alscéo’ an
n

! : role) : al. In some

extennal; nay; and at least one switch means for prowdmg%f '5}%}1

path for the $|rét aﬁdcgglcmoﬁglﬁﬁoﬁgﬁﬁ%mbéhf@éﬁpé%myﬁhsEtbrleast one standard

comfififificAiigy Hifd Seroramsiaieans foEikEeivingats 412 exterah 1a 802,11y

arfehnagdnséridde nseans jamrcgordance with a control signal. [0015] Some

embodiments comprise integrated circuit means comprising e the Means

for comnilinfEaftig dfcPtive asresshariternbdnteEACE- NPT - froquency

o . a icati rises: OFD

e @g%&qﬁgﬁz%r%%%g@MBg%rﬁoﬂp signals, anclivl for transmitting

| & .s; tans Ior” communicating comprising receive means for

projuc%ng first digital data. based on the first RF signals, and transmit means for
Igro ucn?g.the second RF .31gnals based on second digital data; host interface means
or providing the first digital data to a host, and for receiving the second digital data
from the host; external antenna mmterface means for rece

na iving the first RF signals
from, and for transmitting the second RF signals to, an extemal antenna; and at least

one switch means for providing a signal path for the first and second RF signals
between the means for communicating and one of the means for receiving and the
external anterma interface means in accordance with a control signal.

Some embodiments comprise integrated circuit means comprising the means
for communicating and the external antenna interface means. In some embodiments
2
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first digital data based on the first OFT} ,1 signals, and OFDM modulator

means for producing the second OFDM signals based on second digital

data. In some embodiments, A. wireless local area network module

comprises the wireless RF module of claim. in some embodiments the

host interface complies with at least one specification selected from the

gl’(?;ﬁ% %?ﬁf%\g@m@ﬁ?ﬁwﬁﬂ@@EM@%&O@Q’;&R%&HS for producing
Xpresg]dviini bPLcardindniver ef! s, an Ife. some

en};?gqu]%@tstggrrggrg?dp% ircuitt}éggr‘%ér%%%’nCénha'(\:?lngl hé" é)ﬁfl??ﬁ% means for

means, the means for communicaEi arifife censarantehsiaineéfacdn some

mEEHOEFFaFIBd theresirssSonrd embodinvents eamplise PHPRYCHityircloss RF

boareiinieans LomprisidgtheaenRa. MBANS, &N haying.the .1e%ax%f’t§°e{t least one

co%M&%ﬁ%ﬂ%g@d%%gﬁ%ﬁeﬁ%al antenna interface means arrange

thereon. Some embodiments ComprsETHEEAY fof SHBYME tHeorarment Interconnect

sighat Din'<ohTaeraes dents; khB Gneards fonivomah MricaliRg is SeMpliatre. Some

wittnatdémstnoneostapndarssetacted fremdhe gﬁgggscgﬁ%&g ofrllg%l%llza means, the

stap .. 802.11b, 802.118, 802.11n, 802.16,
o o e 0 UGS s ATanged thercon

int8grated® &@Wﬁﬁ&&@@%@?ﬂﬁﬂ@ﬁ?@: eirfgiaisbomel integnatedneiidlite the antenna
compisingnd Wwireles sheomeanmn mt@ﬁnﬁi{ﬁﬂ&tﬁ}?%ﬁ?% %@%Qfe&%tgnﬁt? interface

elastigalv-Goupled othe af ne.integrated circuit; and a heat si
th%ﬁm%'fylﬁc’“%'edggﬁﬁe at |e1h§§t%§§%°%%e‘?§%e%%wéﬁﬁ,W%Iﬁe%irsﬁmang the control
comprising & an g@?@&fﬁc@lﬂ%mﬂ o terthewiteléisg conomuhicaticith at Jeast
cireait. feadainderted émbodiengmnisp thenwielessroommuypication )§U§Hi£, 802.11z,

COBTIBES; m.pr@%@ﬂ%@@@@%%%ﬁi‘é%’??dﬁ”'“p'exmg (OFDM
demodulator to produce first digital data based on first OFDM signals

received by geecamiteinney amgan, QFROM smasil Aok, %%@&%ﬁoﬂ%ﬁt package

ORRMpsighals faged:opse igital.data, wherein the second OFDM *
sigcna;ilslM?gre ?ransmitte by tk%g%gnf%%}fﬁuﬁor%oer@rﬂﬂf}girﬁe?ﬂé‘?lﬁ?é Gmmunication
least one fhrAGFaR IR SIRPFSaLs P hufacthiant lasseoondisestand cirouit;

wheéin e pakkhgesubhstatelisl etediscaliycoupled i3 GandUCIVe te hear st

busapsiesibe fikshssiaca.atiheg e integrated circuit; and ©
wherein the heat sink is tﬁermall)? %&gﬁég%t g%sfe@i%ﬁfmcafl%cgpmt.

Iaer?st one I&'gegmedm_irmmamsome %ﬁ@&ﬁnﬁﬂl&tﬂ%ﬂ%ﬂi? rg%mprises: an
rousmas g i AL TS o
mteggra ed circtitCoffip W‘QP g%%@@égggcewﬂdoherthmmmamw an OFDM
CirBRE A s o dntemate OEDOMitshamIarisisgifR ISR ANELAMISE wherein
In semesmbodimenissthe WEleSSited by the antenna. In some embodiments, the
at least one integrated circuit comprises a first surface and a second surface; wherein
the package substrate is electrically coupled via conductive bumps to the first surface
of the at least one mtegrated circuit; and wherein the heat sink is thermally coupled to
the second surface of the at least one integrated circuit. In some embodiments, a flip
chip ball grid array package comprises the Integrated circuit package. In some
embodiments, the at Jeast one integrated circuit comprises: a first integrated circuit
comprising a media access controller and baseband circuit; and a second Integrated

circuit comprising a physical-layer device. In some embodiments, the wireless
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-6 communication circuit comprises: a receive circuit to produce first
baseband signals based on first RF signals received by the antenna; and

a transmit circuit to produce second RF signals based on second

baseband signals, wherein the second RF signals are transmitted by the
antenna. In some emb_odiments, wherein the first baseband signals

comprise st ity aneherein o sonend bASERRN HNYR chand sl
CORMIHGR SEEQ igital data..ln.sp mbodiments, wherein the

antennahas a len tgéttﬁ%{]is a vul ag}?rtg‘&%%t%? 2RVl RGPyt (HEchtsto produce
and secon Fﬁf—g%?‘gn ° O%?ﬁ‘é“*éw%ﬁhﬁ%fégﬂﬁéﬁwir@e@s the second RF signals
s SR e
ro Gedpriensisting 4] 3 93;:9VUg L, 410, .
802,11d gpztfgll étgo%l%, and 802.20. [001‘% %?n?gseer?%la H%S%?Pé“%ék%‘é&s comprise
the invention features a Nethad FHoRRIY ARcRsiegimedtecuasackageh that is 2
co%ﬁ@in&aﬁ‘iﬂ@@idﬂfg%t%@st%iniﬂgthtediﬂrcuﬂdh@d@g@ﬁurg@%@ In some
conahbcidiracthe ableastOne integrates circyit comprising a_wireless
cogumynisai CFC‘E%E?L{?' electrically couplin ‘the c[g}n'?dhsctcor%1 %ﬁr\llafﬁewdfkl‘eégljeam one
one inteﬂ?rate Sireult 18 a package st tBE POVIBTHg athrdardn@02.11, 802.11a,
coftrrisiRg 347- hhteptial Ao &Pdally antifiag the antenna to the wireless
communi atioer}ug::ig(fui.tl;l and thermally coupling the at least one integrated

circuit to the fieat sink. [8’6‘315?]3?5%0. ePhtatite fratyseevidimgthedeast forming an
Onfﬁni%_@t%e?r@zgu Wm@?isesnﬂﬁmmgig%zﬁﬁh@é@gﬂ@@? ﬁ'i'i%uihteg%ated circuit
comyitNg dIMalid AETES/RRMBIOIIehang Rase . circuit; and providing . .

a %@E@s"&%%ﬁjc%{gunc &gm{_)riiin%@% physic;&f?f%vlgre e%lﬁ%giﬁé)ﬂé]cl?fnpnsmg a
general, in one aspect, the Thventiorc %¥%§%W#ﬁédﬁé@wws on the at least
pa8R§d@t_et%ﬁ£f’;ﬁiri§_i‘ﬁ@%}ét%a_§t@kégqt@gbateiﬂecimui&idmgmigm BiMArelRSSrising an
commanizatienicityitoapiinjemesiale:subsiiate lsellically coupled o

theratleast ope iategrated, circuit, the intermediate substrate Qompnsmﬂ”““’ an
an antenr% eﬁ%tric"a%cgc{)j&%a[gdofg’ t%ge%ﬁtgggg%m%@ﬁiéémrcuit; and

a packagénsuhisttatenplenihicaly sRURIEHJothe intermediate supstrate. .
[O%Q,Hg\igg@grgmgt%diraptentsf%/h wirele%t;)al éo%hargw?u%?gaﬁgﬁg@ﬁguitcucmt comprises:
comprises.an orthp naﬁdfrcelqcl}flén%?f-’a?i’\‘/—i‘éiﬁﬁ HORPReAtRestOPDY er and baseband
deftisitiicABE R PriRgs freendigitabuta bisetl andtssQEPMFARARyer device.

received ?X the %Erﬁtenna, and an OFDM modulator to produce second

OFDM signals based on SEcBRith didfital HHOw freeiss e intwppt OREDM: package
Sigi AP HF Farts neaed Oy thet egrerhaitosomergmadimemtssRe communication

circuit;-an intermediate substrate electrically coupled to the at least one Integrated
circuit, the intermediate substrate COmprising an antenna electrically coupled to the

wireless communication circuit; and a package substrate electrically coupled to the
intermediate substrate.

In some embodiments, the wireless communication circuit comprises: an
orthogonal frequency-division multiplexing (OFDM) demodulator to produce first
digital data based on first OFDM signals received by the antenna, and an OFDM
modulator to produce second OFDM signals based on second digital data, wherein
the second OFDM signals are transmitted by the antenna. In some embodiments, the

Intermediate substrate is electrically coupled via conductive bumps to a surface of the

-7-



[0022]

[0023]

[0024]

intermediate substrate is electrically coupled via conductive bumps to a

surface of t 1,C 7 at least one integrated Circuit; and wherein a surface of

the package substrate is electrically coupled to Inc intermediate substrate

by a plurality of bonding wires. It, some embodiments, a flip chip ball grid

array package comprises the integrated circuit package, In some

ARl pa T o T et STy SR Jitkngy substte i
| 58 ) 1d b : :

circyit, and}za S(Iwa&c):ond in?érgét%%léir(%l% csgebmbzl}?s?n% aaﬂ%f(iiﬁi’flg%?f’ag\%é’.“ ires. In

In s.om'eeénmﬁgﬁﬂ%tﬁts? 8 \biHe1es!batithariestion shguit comprisesia integrated

re¢Eive girsiitao provure firsbbasehandsignads:hasech@p:first RE:5l0 @@IIEpTiSSSZ a

recrixadby i SN ABAAATSITI, JIRULL g produce seqond i

yand si the" BaLoht

signals based on second. baseband signals, wherein d circuit; and
. SECond 1

signals are transmi U DY RS A EBRIE Birictinients, shepfirstbodiments,
ba%@bﬁﬁ@@@némmﬁ@lﬁi rstdigitat chataj@ed whereinthesegond produce first
basehancisignals siaprisersecand digital data, me embodiments, ,
th%i%{gqga has a length that is a ulg%r frafé}tgi%jﬁJ ro%sag%va\?e élﬁegrfﬁaofafh a transtmt
first and second RF Sighals: in $O¥he iotniertadthasahrsiéseenals, wherein the
corfifATiAi &t GHEBASUTE Fs EePiplitied \biththe leaishane Iistestdarensedaciadhts, the first
frobnsetmrgmmﬁ@mﬁa@@ﬁfa&ﬁg%@r@a’%ﬁ?%&%ﬂéeﬁ%é}é"coég%%%eelgdnd signals

80 i , angd 802.20. [0022] In general, in one as
e oo 2 o SR iy ot B et et tha s

co?&‘r‘ﬁ%@pﬁ%f%io‘?ﬁgﬂaﬂé&@@éﬁ@imégfrmednstrcm hecingl aplurafiBant m some
combotbrssithe dtdeastadne insegraterd AlaUILLRMPHSINGAMECISS ot least one

co ieatl jrcuil: providing an intermediat trate comprising an
RS e s EB oA lan 50211
circu?t‘ 2?%0%9%&“}%’(2%%&Aﬁ’t%%z&&qdﬁélté“g&@-the at least one integrated

circuit to the, intermediate substrate: and electrically coupling the
intermediigtegé%%%t}r’ig %)ng %S&’r“’f%%;%? APEOkeGe StbSHute. Toths] 1wl forming an
sofﬂ@@ﬁ%%dﬁﬁ%ﬂb?E?E?/&?ing%@mgm@ﬁmé@i@edtclﬁmqt't oaBPtSeSited circuit
providimg a fitstalitegrateshditetsitComprising a mg@i@l@%@%ﬁ contreller

‘ S i ; omprising a
anghasebang -ciGuiL; and. Iding a second integrated circuit -
comprising % physical-llayer? g}éicgﬁ&éa%I%nggﬁgﬁl?%%é@%@&,cﬂﬁpmmg an
invaéln?%_ﬁlfe %%g% iGRARE ote cint Pk Ay heowipeisingc amteasicarien cirouit;
inté@ﬁémalbirwimﬂ@mgpﬁsingaadmhteh@s%@qwn&mifé%g@%n%irfi}{ggx%%acircuit' to the
pastags-aus assaiaelicaly souplsdlp g atisagione integiated e 1o

surface of a package substrate.

In some embodiments, providing at least one integrated circuit comprises:
providing a first integrated circuit comprising a media access controller and baseband

circuit; and providing a second integrated circuit comprising a physical-layer device

In general, in one aspect, the invention features an integrated circuit package
compnsing: at least one integrated circuit comprising a wireless communication
circutt; and a package substrate electrically coupled to the at least one integrated

circuit, the package substrate comprising an antenna electrically coupled to the
wireless communication circuit,



[0025)

[0026]

[0027]

[0028]

circuit, the package substrate comprising an antenna electrically coupled
to the wireless communication circuit. -8 [00251 In some embodiments,
the wireless communication circuit comprises: an orthogonal
'Frequency-division multiplexing (OFDM) demodulator to produce first
digital data based on first OFDM signals received by the antenna., and an
OFDM rhodulatordmpsaduessesend,QHRM signals based on second

1

digitahgatay whergin. the second QFDM signals are transmittéd by tEmPrises: an

antenna. In some embodiments. épﬁé&%ﬁg@ﬁt}aﬁm@@%@mwwmmce first
cod%]ltélg friecBR it e s vh serfaserefdhedtbjeast enedntegrates orpy
cireoituisomepemiboedissenis, arlipehiphall grid araypackage . :

COmPrEBRdNoIICORIRhe IR RACKARS 10 ﬁ}%:n%@ﬁbﬁ%g?@%d&a’ herein
Ieastkong mge(sasgr%te_d Circuit comprises: a .P's téﬁ‘%‘%@é} éﬁé@ﬁlé(ﬁﬁbﬂémg:nm, the
a media At EEs Edntrliier aMdy sasehuhuisinsuitaridatseepneintegmied ¢ e
citetiit eomiprizing al physitaknlayer devicaikseme #mbag) rgﬁgl'%sﬂéﬁh © 15 packags

uce

wirelessseoHBURiGaoNR £ifcyit comprises: a receive circuit to pro
ﬁrﬁé;I gagé%a&g Cﬂﬁ'ﬁ%ﬁ; basgglHJ c?rl:E f%?ﬁg%ignaig e SROABY S dfiteshdsast one

and & transmit ciredit ¥1PPidude S8t ot RE sig i basetmissacanthedia access
b4SEBaHer Sieshars ahtreteincitie setandRfisighals e aNS D ohysical
amdgande Hresomesarakading firsi.baseband signals compriseirst
d@g@\gagﬁ;c%ﬂqowhrerfin éhe Hf?&ﬂ%gﬁ%ﬁ% %?%&Emigg%%%pmesr a
digital dafa. In sorhe emb &%sg?ﬁgl?%ﬁé SEmeiiadsoa lenyRRbatislarcceived by
vﬁﬁaﬁ?ﬁ&%naéfiaﬁm@ﬁfgﬂhr@ﬁtm firstcand secomed IRFssigRAlS N,
sorsetambeiime)tsthe wirgless.coMm ication circuit is compliant wit
atigastone siaadar qa%ef cled from éhgg%%%gc%of%‘?s ing B fEERY the entenna. In
standards 802.11, 80Z. 115?%8(55.]?1} BT TReRse fins!8digits dand and wherein
88%ﬁé?cféé%f?ﬁw@?lmWas@‘scwmd@mt@ﬂaf%t%%%M@Qgents the
obfdermadana iktegtatest Gl Ut : ising;.providing. at Jeast ’
oreritegrated Gigguit having a IEI;T?}% Kﬁgﬁéﬁ% u%’t%gr%{eﬁﬁgeﬁla??gggr%ﬁteam second
integrated circuit comprising aeW‘f‘reﬁé%é‘vmﬁ%u‘fﬂégﬂéﬁlﬁmm;Cfel@titriisadb&npliant
cé"ﬁﬁhﬁé SEARFUSIBRSBA Hrdcatbdseroribdntegnated oirauitio AEEE standards
p&ekdde Mibdtrat8amprisionylan antenna; gns glegtrically Lgoupling the

antenna to the wireless communication circuit. [0027] In Some
embodir#érﬁ%‘}?ﬁ%vi&in@f@t Rsastloribdntegnated diseuitGOMBIISEST of forming an
proiagisigd ﬁimdhtqgra{egbpimﬁﬁgm@ri%p(gv@dm dia coess controller .
. d L) : . t
anskhasaband,iteul andiproviding = second i C

quiding a'se egrated circli
comprising a physical-layer device. &l least one integrated circuit comprising a

| ommunication’ circuit; electrically coupling the conductors on the at least
- one mtegrated clircuit to a package substrate Comprising an antenna; and el
coupling the antenna to the wireless comumunication circuit.

ﬁ second

ectrically

| -In some embodiments, providing at least one integrated circuit comprises:
providing a first integrated circuit comprising a media access controller and baseband

circurt; and providing a second integrated circuit comprising a physical-layer device

In general, in one aspect, the invention features an integrated circuit package

Combrisine: . . .
prising: at least one integrated circuit comprnising a wireless communication



[0029]

[0030]

[0031]

[0028] In general, in one aspect, the invention features an integrated
circuit package comprising: at least one integrated circuit comprising a
wireless communication -9 circuit; and a case comprising an antenna
electrically coupled to the wireless communication circuit. [0029] In some
embodiments,- the wireless communication circuit comprises: an
orthogonakifre quensy-divisioRimultinlexing, {QF lator to :
preguce firstdigital data basegg(;n first OFDM g%égﬁs%g}e%dé%/%ggegy tt%ethe wireless
antenna, and an OFDM modulator to produce second OFDM signals
based onisecond digitatidata:Wwheseiy; s€ DM signals are .
tra&g{g%@glbyré ﬁe?@ ANA,; Some bﬁ?ﬁegg&%%%%%gna Package™mpnses: an
ically led Via' comutiete Wiodé@a Brofothatuce first
le 458 Fhe e §RIEE Wirdlit. (PFEOMesimmiadimeints] dflithehipbatgtidd an OFDM
arraydpaskagepothpisesshe DIEURAteR CiGUi I, S9me, :
embodimgis dhe R Ig@%@ngén@g@%%&{%%‘? %g%r%%@?d;aﬁ%%dl data, W'hemn
inte&r{ated circuit comprising a media Actess Bonth5NIEREHEbaS@Banambodiments
circUNPENG AREEERE MisGratett réarlbopappsidgviaphsicaiviayer@evics. surfice
In e brbociments: gheiiselass LORMMEIONHUCICAPIISEY.A o1t ar
repeivecireihin pioduse listhacaband sinals bpseq on st SighalS™

igna
re eived[ b o hde antenna; and a transmi CIrcaitto

eive t | YRS TReGHREREE, the at least
signals basad 0 SeEbHIBLRSED ah i sighdrsraipéein e seronthRE media access
sigRBIsCales tethBmittaabyithe antennsedim s emeemRoginents ihe;
basebanesignals6RPVRAHER dikskigital .1and wherein the secon :
be&%gg@rédcgicqﬁgjcg corHBris%se%)n% tﬁ’eﬁ‘g%%ﬁ%? n SOMB &HBB SiraHSomprises: 2
the antenna has a lengt &t %egmgaﬁlﬁ%ﬁ&@%%@wﬁv@&fgsmnﬁmgaceived by
firStaABISERENERRF BRprals. tirsome emidimenisnRIVERISSS based on second
carasabiicdagion Bl .CuWil dscgomplianat it one standard selected
frcgg}gg%r%%%f cgr{siﬁn(% of (%EEFE stan%}aar%’jlg;ﬁl %ﬂi%&i"i’ﬁ%@éﬁé gatenna. In
802118, 802.11n. 802.16 and B62°20. §683 HABRHerdlshdsieehdpecarfievherein
inVBhBTPREaRaREE A datRel epforningeannihtiigialedaeir QUitPRAEKBodiments. the
comprisin@aprolsding afalelast engdntegrated pircui ising.a wireless
the g&least one integrated circuit within SHE EES e ARaralsaiealfrasuiingmpliant
the HRthrEP R (e WirkIdes! crshsriemiSeationiciraioufD 031 NISEMBE TEEE standards
enfBadilments] peositting wtdeastieneontegraged giscuil cagpprises:
providing a first integrated circuit comprising a media access controller
and baseﬁ@aﬁaneral, In one aspect, the invention features a method of forming an

Integrated circuit package, comprising: providing at least one Integrated circuit
comprising a wireless communication circuit;

I
C
substrate electrically couple

] @ta physical-

. providing a case comprising an
antenna; encasing the at least one Integrated circuit within the case; and electrically
coupling the antenna to the wireless communication circuit.

In some embodiments, providing at least one Integrated circuit comprises:
providing a first integrated circuit comprising a media access controller and baseband

circutt; and providing a second integrated circuit comprising a physical-layer device.
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[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

circuit; and providing a second integrated circuit comprising a
physical-layer device. -10 [0032] The details of one or more
implementations are set forth in the accompanying drawings and the
description below. Other features will be apparent from the description
and drawings, and from the claims. DESCRIPTION OF DRAWINGS

[5%09;13; FIGnE shows ar/Wi-AN cemmuynications module %%'%“S%t.&dt 2 A0St anying
s a personal Cé)ory&uter according to a preferred embodiment,” g

10%?1’1?1?3 FEhots T WEAN cBritilmicbBnd bt e tdmipsrisingeart from the

exféfvaIP aptetifadineifacefor tomndcticigian external antenna. according

to a preferred embodiment. [0035] FIG. 3 shows an integrated circuit

package comprising apesicseeoRIiS according to a
R

preferred embodiment. [0036] FIG. 4 shows a manufacturing an
imegra_te§w0“i$mmag@1mmﬁm@ﬁ¢3ﬁi@h§i%§9@95ﬁﬁgt@@ BUHBuch as 2
acg@g%ﬁgltgoglg{@ﬁg&gﬁmg(ggl{{g@g%ﬁ[%%%? bFI&%. 5 shows an integrated

t late

circuit package comprisingan interme suBsWé%tComprising an

antenna déicordinghtova prefervest ershodimentiJO0381 LG g’o?z%??&?h% an external
methad. of %nggt%mg%g&?%ratgg ci}g%:eurirg 2E)ackage comprising a
interrr%(??g}‘ate substrate comprising an antenna actbilitfy 6@ iBfkerfaga preferred
emBOAHEHT10039] FIG. 7 shows an integrated circuit package

comprisin upstrate comprising an antenna according to a
SR T SR —
int8Y ARETCetFOpHERAD & reatrprsiAE bodiokage substrate comprising an
antenna ?@rqgng}too a pglrefertrhedd embodiment. [0041] FIG. 9 shows an
integrated Circuit package compsift P YRR stRg [k SaRRshsarcuit package

acCOTEMY R prafeirdd-emprotiracmt 2f0042] K Grde showsraferetheg ®diment
manufact%rf&g §”Siﬁ'(t,e rated. circuit package comprising a case

comprising’an antenn a%bdf&ﬁ%aﬁ?% ﬁﬁ&%ﬁe@?@ﬁ%ﬁ@d@ﬁ@ﬂﬂsmz@] Thtermediate
leathRE g Re B eacHrafeieneacermdral usedrisrdshisispesiication

indicates tg;ﬁn%m&er of the drawing in which the reference numeral first
appears. - ows a method of manufacturing an integrated circuit package

comprising an intermediate substrate comprising an antenna according to a preferred
embodiment.

FIG. 7 shows an integrated circuit package comprising a package substrate
comprising an antenna according to a preferred embodiment.

FIG & shows a method of manufacturing an integrated circuit package

comprsing a package substrate comprising an anterma according to a preferred
embodiment.

FIG 9 shows an integrated circuit package comprising a case comprising an
antenna according to a preferred embodiment.

FIG 10 shows a method of manufacturing an integrated circuit package

COIPISIME 2 Case COmPIISing an antenna according to a preferred embodiment.

The leading digit(s) of each reference numeral used i this specification

indicates the number of the drawing in which the reference numeral first appears.

-11-



[0044]

[0045]

[0046]

[0047]

DETAILED DESCRIPTION [0044] Embodiments of the present invention
comprise a wireless local-area network (WLAN) communications module
such as an orthogonal frequency-division multiplexing (OFDM)
communications module comprising a host interface. The module can he
fabricated, for example, as a PC card for use with a laptop computer.

Other embodiments of @E%ﬁ%ﬁﬁ'ﬁ other implementations. [0045]
icati SdiEl

FIG. 1 shows a WLAN commun connected to a host

104 suchras.aipessenalqe [ rding to a preferred embodiment.
D e S Halbnagh ey nevwork

M &#&%’82 comprises an antenna 10

sigﬁa_s 8 an §rﬁ%ar%‘?ﬂft RIPSinals #1028 commuihiestioh cirogithd division
aﬁﬂgfﬁﬁ?@%té%%@l¢mm@z%é&g§g?%&ﬁ@é&ﬂgh'&m@.@? interface. The
preferably-aranged rea gip i ommunication
CiFguit Jelngﬁc mprises a receive Cﬁ%ﬁﬁ fl%to p,rg{fﬁ(%r @?té‘#gaatiaf%) computer.
based on ?—85|grr11aﬁso %@,rﬁﬂguéet%ﬂglrﬂﬁ henimplgnsrsguee RF signals

1.10 basexd on digifal.data received from host 104 ayer host interface
114, CommunicatiPnacircuﬁ%Z proé%%éﬂaplrgllstéﬁl %ééf 1 f§é ORGP Gpst 104

hoot infarfads 114 KEBRWSt ASTRTL1BE Fefér abheco prisbsdimeetiaodule 102
aééwééﬁ%ﬂéﬁgn@ %@M@‘ﬂmm'ﬂéq@ﬁﬁiyétmb@géﬂg) BOAA to transmit
pRysicagdayeridevice %Mﬁ%ﬁ&c'l’:‘fwﬁ&zhéhm 0 egaﬁo"g‘?co@d' gt .,

wellknown techniques. 'gggnzrﬁ#jcircuit 118 preferably &o prisdS & ace to
MAC/BEB transmit-cireuit 124" AR FEHtEaHn freanast P26 Praetesheratet board.

di ) i bodi , dule 102
accor Ingdﬁlﬂﬁﬂﬁ@%r&ﬁ%@i‘pﬁ%éoﬁbﬁgggea?(%eé%é%%l‘ltgo];‘ r.gu’ %@]@}fe digital

isdzft gl natsw'th opge. or mare of IEEE standards 802.
Ry §éé’.ﬁ_%i?‘, B4 Ui 2 200 pirgiohall rid patibnal RF signals
sthidersdann tieimlednts sGiferernbadintents hthe COMMHURICRIQNGIECHIL. 114,

cGlopiises an RV demogiiat odulatar for use.in a.
wirgless.LAN. Q47LRIG. 2 s ov}\g{ gqu\ﬁ_g,ﬁ@ g)%%én?g):ﬁg#:l r%%é’ﬁfé 5pg interface

comprising an external _gﬁ?eerlfﬁ TntEFFREE Ton s corisastingrary kxtendabaseband

a%ﬁﬁ%&%&é@%@ @8 prefeirent embuysimenty & lementsrk08) 1360 circuit 122

mhdulepszzﬁnec@sd@egqabeafélmawvfp&esméﬂ?'ﬁ%ﬁﬁ%g‘r%j?’%g'et ];Oxig Ogreferably
rface

FlGmbfQweviers. le 202 also inclug external _antenna interface
204]?)3313 switch 206 and an a@ﬁ%%aﬁ”rﬁ%% 2/5618131 astarégtetermpseircuit 126 that

eIt ARterHas oAl PoN e dncbaimpleentas asbetinnesionbatle 102 is

attows lamtextérnaleantenos: 2L 2EE B £ANNEH 2. Switch
2065pt0vidsm sgial ALIOLRE sionals TS #0201 50211
ion circul hd eit

ign
communlcbat o Gireuit 112 ahdl Bithr 10 éﬂnﬁ%d national standards, and the like. In
some embodiments, the communication circuit comprises an OFDM demodulator and

an OFDM modulator for use in a wireless LAN.

FIG. 2 shows a WLAN communications module 202 comprising an external
antenna interface 204 for connecting an external antenna according to a preferred
embodiment. Elements 106-130 of module 202 are as described above for
communications module 102 of FIG. 1. However, module 202 also includes external
antenna interface 204, a switch 206 and an optional memory such as a register 208.
External antenna interface 204 can be implemented as a connector that allows an
external antenna 212 to be connected to module 202. Switch 206 provides a signal

path for RF signals 108, 110 between communication circuit 112 and either antenna

-] 2.



[0048]

[0049]

[0050]

[0051]

-12- 106 or external antenna interface 204 in accordance with a control
signal 210. Control signal 210 can be generated in any number of ways,
For example, control signal 10 can be provided directly to switch 206 by
host 104 over host interface 11%t, can be stored as a flag in optional
register 208, or can. be provided by antenna interface 204 on detecting
an egtesnakaptenngla. ;| iments, modyle 202 is compliant
Wittgijggﬁ Qggoreboef |EEE ks%e?r%gg(@%lg)%gﬂo &‘i‘é’}%oé?ffi}%@g%i@}o. Contro}
802.T1n, faln6 ar%glr%?ﬁ%t. ot HegioTist ane ratfomalstaptiards; tandignal 210
the 4ike?fouaB]dtrsénss embodimentspbost interface 314 somnlies Mith Aty .., .
leastoont aspeatificationsalacted fi. e gr comprising complies with ”
at !%%%%@ﬁn%g%iﬁgggg? s Iege &%érg’ t%gegﬁae %[cgr\ﬁlﬁir?gir%' fiperaierface 204
Component IRterconnec a(‘&%m é?-é%&ﬁf@%%;@mi BORPE warkiie 202 is compliant
UniVErSarS SFidPBiss CANd Firesiire agith862embadiments employ ofheh 1, 502 11,
speiéifications oo ostinterfageAd4. 9949} Embadiments of %ge (@fese”%’ ’
invention comprise an integrated circuit package and. méethod ¥ %rming
the same,LWW@Féfthérirh@@mtedscirhum p'ﬁﬁkﬁg@:cqmpriggﬁﬁpesamn% least one
andmimstimesm&%atqgog{cg{t?prg@[gbj;)éﬁrﬁj%lemented in.a flip chip Tbaﬁ

o

. : sing .co 1th "at least one
9rid ARYH(EG .In a FCBGA, the'integrated circutt is Faly
coggéa téda%)%%%)g% o fcle;?%ﬂt) i &8 B SBIBEF BEI R e hbervlRage sudnsthateconnect
IS

ed'td tePersitBeaPdthRghushlder batisopehe BNAerSIderabing. omer
packaiyel; Emboimenis ofdhe datearaied Grslackage can be used in

embodiments of the communications module to house %he communication

circuit thefairoboBOLFIG ﬂ33@Qwsmﬁﬂiﬁ@@@r@f‘}ééitaaaﬁl@ﬁ%é@gircuﬁ package

enna 5 according to a

cormptisiathal Heatrsink B2t LOMRIIS] { .
prqg{é%%gg&ma%pt.ﬁgﬁte ri{g%’ %@%’[@ %lgcr:]l?a%%r 8 TP RALhARS comprises an
FCBGA that can glssif)}g?el S5t PO YR HeredfiRr B 2mipleattitidrinthelip chip ball
th%ﬁéﬁiﬁﬁiéﬁm?Eﬁe@ggacm@@@mm%?@eﬁ%@ﬁheonnected toa
cirgagxagar retl ethtRelAeah RC t It I ut whi o
embodimentsSf dhe gresent inv%{nio’;}ﬁ]e r%%%é%%ib%ﬁ%ﬁatteerﬁ% %?Lﬁ%éé%\g}e cireutt
embodiments of the present Cl)ﬁlven?igﬁ%%lﬂﬁtQ%ﬁ@dH%k%GﬁsbaMems of the
caﬁnb%gfﬁ%%?}e%%mﬁ?@%rﬁ%thér usrégratechbisditit PACKSUING communications
techrdidgieswivietheursently-xister are,undsl.development. [0051] Heat

sink 322 comprises one or more antennas 315, which can be attached on
a surfacg%éaﬁw1@2@?mﬁf@dmmm&bgmkd@%oiﬁp§%m§ a heat sink 322
embogimengsaieatenna 315 according to a preferred embodiment, Integrated circuit
package 300 is preferably a FCBGA that can dissipate heat through heat sink 322 In
additi I ircui |
1tion, the thermal path of Integrated circuit package 300 extends away from the

circuit board to reduce the heat load on the circuit board. But while embodiments of

the present invention are described in terms of FCBGAs, embodiments of the present

nvention are not limited to FCBGAs, and can be implemented using any other

Integrated circuit packaging technologies which currently exist or are under
development.

Heat sink 322 comprises one or more antennas 315, which can be attached on
a surface of heat sink 122 or formed within heat sink 122, In some embodiments, heat

sink 315 is an antenna. To accommodate size restrictions imposed by the size of heat
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[0052]

[0053]

[0054)

sink 315 is an antenna. To accommodate size restrictions imposed by the

size of heat -13- sink 322, antenna 315 can have a length that is a vulgar

fraction of a wavelength of he signals transmitted and received by

antenna 315. A. vulgar fraction consists of one integer divided by a

non-zero integer, as is well-1a own in the relevant ants. [0052] Integrated

cirgyit. pack Q0 includes a integrated circuit 312 configured for flip

chi n%qunfj%%?ﬁ%?gggﬁeaa&r%ﬁff 315 et b I compagedaction of a wavelength of
cortiiIafioNs SEréHs fot trarismitting andror Jeseivingldata Q¥R consists of one
antenna:3lbddarexamplesrditedrated creuih 312 can comprise a,
communication circuit comprising a receive circuit to produce ﬁrs?f‘df’&%l

d gé?j;?;ﬁtéﬁrﬁ@@ RP@;@ggmgc;@@Qdmy%ae&e@ ﬂﬁ@%@g{:cﬁfﬁ?cgﬁt@ﬁs Whfigured for
cirdi ogune sesondRF-signals-pased-p o) Igital data, L
whereipthe se roarﬁgrr%ﬁiﬁignal are transmitte%‘ e;/et%éar%e%ng§§?§§efhgommunlcatlons
communications’ Circuit ¢an ¢ r%i)ﬁggeévﬁﬁgd%a%c‘é‘é@ cefiierasebandxample,
ciréﬁﬁ?%@ﬁé/@l})%nala? ﬁﬁysi@mplla&y@mm@a&x&&h%iﬁlﬁ}e@%&wng a receive
conieatethtpradtenra 3B gTheconumunication wgfg%gre e“a%%%%ma 315,

comgpliant wi -or mqre of IEEE standards 802.117 2 11a)
802.519,%%{%%?%%%%%8 5 507 Bthet-reGigRar drgchamopedond digital data,

stalA%rdE, BRdthentk& i e smbeaimistrs, irecommunisatinn ieuitnications
comiprisesan @kisdemortdiatesard ap@FRYRadHatos orvse i

: . ; RE/BB) and a
Wirglgag: b AN, {Og@@ﬁfpﬁ%r 316 of the iptegrated circuit 312 is
electrically connected t0 {he afé%%a?géssﬁ e%éé‘i%@zé%&%%deti%tmpéli The

318 TRE RIS FE Bup L Sigrshhy wenpdisne avitbmanyratentricdllEEE standards
corfdiictiveSfiratdrialiélchas P/Stesalden 1A0 580, WIowR S5AMAREAG e sional and

andametalligiepateds palyinglic;studg, In additi n epoxy.or other  ° o
suitable material(é JOed etweﬁgﬁ(]tlﬁie %o%n%ueéﬁgg lﬁlr%%g’ﬂg I BEsEgn circuit

as an embeddin S HRiCE oFRfL GEVO BID B8 Indoprévidee in a wireless
mekhdhical support and moisture protection. The integrated circuit 312

may be at agged to Ihe&ackage substrate 326 using any flip chip
compatible* BSNdREHsthoti Suba BéearipthetoniprdSsion]satdelingonnected to the

encapkigationsant ddltesivesnfiosw Eﬂ@l@iiﬁr@tﬁl@%l%&ﬁ%é%%m%)s 318 may be

intgprated e j .heat sink 322 for ling hea
e e ) PR R, oy

awa« from t %ntea%r(i\ted %ircuit 312. Th _

any thermally c%’_n st ﬁ‘fe?%lt%%cﬂ?%”é@ﬁp@ﬂéﬁdhheddiédy, an epoxy or other
corftitietire s, Torenindelratechcitotit GlRimay: bouatiached I8ty 4 o
sinkr3Zeli @ @MYaterial for the conductive bumps 318 to provide mechanical support and

moisture protection. The integrated circuit 312 may be attached to the package

substrate 326 using any flip chip compatible bonding method such as

thermocompression, soldering, encapsulation, and adhesives.

The other surface 320 of the integrated circuit 312 is attached to a heat sink
322 for coupling heat away from the integrated circuit 312. The heat sink 322 may be
made of any thermally conductive material such as copper and thermally conductive
plastic. The integrated circuit 312 may be attached to the heat sink 322 by any
attachment item 324 that does not thermally isolate the integrated circuit 312 such as

adhesive, solder, and press-fitting by applying a mechanical force to the first surface
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attachment item 324 that does not thermally isolate the integrated circuit

312 such as adhesive, solder, and press-ratting by applying a mechanical

force to the first surface -14 of the integrated circuit 312 or the package
substrate 326, For example, a thermally conductive epoxy may be used

as the attachment item 324. [00°5] Package substrate 326 may be made

of @nyisubstratematerial uitable f95 call grid array. mounting to a device
sugh,as.a.sircuit board %I; guté?tra (35 A plurality Qf% con ﬁ'cﬁe/lg )ﬁarlﬁjé’f%ﬁdhemany
are provided for connecting mtagrafetf GremePadkagt 400 to a_circuit

board or theudike. {0056} d hesnumbgt of integrated circuits 312 in L
ing\;g{;agrerg circuit package 30Q g%:”&)rding tog_ém' osdllltrjﬁsgﬁ %Igfl{ﬁ%%r%&%e for ball
invention 15 notlimiedtc'd éﬂ“ﬁn%)lﬁ}héﬁc%llmfﬁﬂﬁd@aé‘ﬁ integtedciruisrality of
Sl@W%Iéﬁihimeéﬁié@thm@Siﬁgjeémt&gta{gdn@ig%igdp@%ﬁ%é%g&oo 0 2
fortacaimudtiehip medule (MCM). For example, an integrated circuit

package 300 can include two integrated circuits 312 where one of the

P 0871w g 0D g s o el -
circuit package 300 %omérisin a heat sme&g ncg’rﬁﬁf'ig jéegrf%ﬂf’@nﬁély practical
315 according %%aper M8 Sertibodinebt. Melsetaiod cothprisesingle integrated
prﬁ\lii‘dliﬁg’%%%&%ﬁ@ﬁémﬁ@glaedmﬁchip%dehia\(ing:a/gopgllug&&rﬁgg,egg Qeprated
a fifshsurfackagvheteindateatatied ciigyit 312 comprises, a wireless

c ication. circuit (step 402), electrically’ coupling the condultsie one of the
e AT 15 1o M Rl Ry itside ool ceseb By
conductivecbumps34§ Q%t&[qoﬁoﬁl@opgqvﬂiﬁgfgc%?ﬁt sink 322 COQ'f‘ﬁ”Sing

i

. an 1 reuit package
a%@@t%}ﬂan%}é (gtggaﬁogg, %ﬁctrlcally coupling antenna BEithe packag
wireless commumicaton eirc

_ (S(BPPHEEY dRdHHEmaalilScowplidpa to a preferred
setBhedsmaac Mgt i€ gratenttiesujir3liitgsheate sink 32 288844 Wircuit 312

[0858hE £ shevsardptegrated Clrgul e 500 comprising a .
iny‘ermg%@tse substrate 514 comﬁi%ng aﬁg %‘%%rgi%g ggléag:or(afﬁ 1f§ L2 comprises

preferred embodiment. ntegrated (icit Hiokaglscrienlly preraanty e conductor
mrgaﬁ%a PeBGAHied carbbidhdiyadissipate appraximatehiihe S conductive
arhoumptdl Ieadtas aconyentienal figshin;pac .much lower cos
wig@gpee@&qgmyfcﬁggm h g?sil:% S f%ggﬁﬁ%gnﬁméﬂﬁm%ﬂ path o5 st
integrated circuit pacEggeg_Sﬁg%l)I()t% éﬁ/é@efr?ﬁﬁe%ﬁ%g GrEURBBaREQD circuit (step
rebh 76 ResTH ePFEsircscbodrauBuEvatite dhegimeantsefithe12 1 heat
preisérit22 (step 410).

FIG 5 shows an integrated circuit package 500 comprising an intermediate
substrate 514 comprising an antenna 515 according to a preferred embodiment,
I'r.lte‘grated circuit package 510 is preferably a modified FCBGA that can optionally
dissipate approximately the same amount of heat as a conventional flip chip package
at a much lower cost with the addition of optional heat sink 522. In addition, the
thermal path of integrated circuit package 500 extends away from the circuit board to
.reduce the heat load on the circuit board. But while embodiments of the present
mvention are described in terms of FCBGAs, embodiments of the present invention
are not limited to FCBGAs, and can be implemented using any other imegrate’d

circuit packaging technologies which currently exist or are under development.
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invention are described in terms of FCBGASs, embodiments of the present
invention are not limited to FCBGAS, and can be implemented using any

other integrated circuit packaging technologies which currently exist or

are under development, 15 %0059] Integrated circuit package 500

includes a integrated circuit 512 configured fir flip chip mounting that is

attgec;ed i@tw?hmémecém;ckugstﬁzt@ mmd@‘gﬁmmgiﬁfé Slael m(?!éinﬁ gured for
anfenpras suthatcan:he frarmed; Jar ex ; Dy etehing intermediate
supstrate 514, To a%?gmé?odate size ?es?ﬁngﬁgaﬁ %n%ggg yif{é ZEOGfPTIses one
intermediate subatrate 514, %ﬁﬁe%g‘ﬁfsaéaﬁoﬁa@@ﬁlﬂéﬁgmthmhi@g intermediate
vl:ﬁwﬁﬁtfﬁég?jgzgéﬁmf@@gﬂg 9m§%m3®?mgww®ﬁ%rﬁ%@%?%@ﬁnedmm
aniebsiea] 5.4 Atepwatgdcireu preferably comprise ,
cogqqhggicati?n% circugg, for transmitting %and oar r%cae}/\}"}ﬁr%%% aC%%P f'a wavelength

antenna 515, For Sxample fhISGTAED RireRiEse2 Ean comprise a

communigation el cuitGomprisi lye circuit to produce first digital
data based o%%igﬁt RF signals rné%glf\%g%% antenna 515 ARG H FEAEMmifrcuits for
circuit 1o produce SeESHIRE SHRa0Y Hadigen sdéontvdigitabulatantegrated circuit
wﬁér%iﬁafhéos@mmampmgnm@aﬁenrahsmmd@yﬁat@an@&%l@e IH%uit to produce
cofirmunijgationsCHail GaNHRMpPHSE ' S controller.an :
baagplﬁp%%{,l@ uZ%Igg an hy sic%IW-Igg/%?rg e%éqé%?%‘laﬁl-ylﬂnt%a asgé?écﬁgaﬂfansmlt
connected to antenna 15 THeeomRRiRTcaErrereligiapfeateraiigrein the second
commp iRt Ofenemitefeby IEBmstahtidfts 802 inBARKE 3ir802 JebDomprise
802. 14 8a24dn, BaRidleand SUR20-0MNGHREANA) AN NAIONAl o

i > . Sl
st gp\_ygﬁhﬁn t +ln some bodiments, the ommunlga%o.n circuit =
coqrg ises an%él%ls\f/!l% él#ngg Sféﬁ%rggnt& AT EEBM Modtifafiermeainmacircuit is

wiFBEEE P ANF ORI} AVHiis 0BarPace BreobEEinteniated RITUL, LR i51a, 802110,
eldéidaly sohnetedd thaninsumediaiesubsitala 314 Yia GONAUEIYe ¢ 04 e
y

bumnes 538 Ihe.candyct mps 518 may.be formed from any
ele%‘%tric%%ondﬁctive ma}%r%%’s& as Wgﬁcfgl%r,c}élﬁ‘,ntAﬁ?%‘%%%faAnOFDM

an Ot CSRMpe st fatuts. imaadiitioss BAXpoxy o

other suit lal formed, between the conductive bumps 518 may be

used as g‘ﬁ?n%%%gﬁ nqrgjt%?r%lael i%lyreﬁ?gt%r‘fﬁﬁﬂwgdﬁfﬁ?gl@%’ SeevieRied to the

meBITAREHRL sPRTE aihd HioTsturestottiotiomiipe fitegiated eibwti®d Bumps 518

maydyebattached foothewintelmeriate SuRaHate SiAMSNoA0Y élg'ppg%% solder. Aq
n 3 ]

compatifle Pondi thod such as . thermacompression, soldering,
enca% ulagtlio.(r%q g?dggg%é%i\%é.%é Clﬁos%%lé’ GHmmivds. Ineditign, an epoxy

suffa %WB??ILFGWB?At@@Eﬁ%@i?M@mSthG conductive bumps 518 may be used as

an embedding material for the conductive bumps 518 to provide mechanical support

[ device

and moisture protection. The integrated circuit 512 may be attached to the

ntermediate substrate 514 using any flip chip compatible bonding method such as
thermocompression, soldering, encapsulation, and adhesives.

In some embodiments, the other surface 520 of the integrated circuit 512 is
a‘.ctached to an optional heat sink 522 for coupling heat away from the Integrated
circutt 512. The heat sink 522 may be made of any thermally conductive material
such as copper and thermally conductive plastic. The integrated circuit 512 may be

attached to the heat sink 522 by any attachment item 524 that does not thermally
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attached to an optional heat sink 522 for coupling heat away from the

integrated circuit 512. The heat sink 522 may be made of any thermally

conductive material such as copper and thermally conductive plastic. The

integrated circuit 512 may be attached to the heat sink 522 by any

attachment item 524 t1 at does not thermally -16 isolate the integrated.

cinsgmﬁlﬁl]s?the@swﬁhesweitsilmrmfﬂﬁ pressfitiing %@@gl}%{}g &hass—ﬁ tting by

mggp@m - ' ce e integrated circuit 512 or the '

interm ed%i% %{f&%&é%@%&j&é% g}(%rﬁ%?e?%%hcggafgfc%ﬁfaﬁ% @Ry 12 or the

m%}%ﬁ@%@ SO Etchheneiemps24 {0083} IThecimtermediatecy may be used

subsstrateltBdishistelgctnically connected to conductors on a package

substrate 526 via several bonding wires 528. The intermediate substrate

5i 1 convets MFERAsIHEUTRTG B thedntegratettalguibBad intorwicertaad@rs on o

ot thcombiftand exaserbe A ANE0SS O IO BRA ML i 514
[ ‘ Gircui age. rovides a low

reg%st nceEt%B%%I ﬁhﬁ%ﬁ%@ﬁ%&%gﬁgﬁ@%ﬁﬁwﬁ 15r§é§ﬁ§?€d"€?&bﬁ@l@%ﬁng to

thé?%%&@&ra&fisﬁiﬁ%?ﬁﬁ%tﬁ?a@ﬁ@%éé hidaBted. andabBition, SheithetmBUBGA, the

paithicar ahel infegratqridingsit Parkage B00 exiendeiathe beatsink 528 for pear

awaydram thg packa a , thereby reducing the heat load of
tr%@%ig e, ! ée%ﬁ?etgr%?fg&rcir@ﬁﬁpamn may be

cuit board ar circuit substrate to which t
pacckag"é"%%%}es C%ﬂr?é%{él&%@& Prmabgrenl cheuinackadecmayt package 500
erfpleca teubsthans sirst [P asanexposiveas.subst aiestsed for ﬁ@% reducing
patkages Adionalissing e Inemeriale SUbSA S redces The
wiging pitchsrequirements o Bgndm wire equipment used for SeiBEsRpd cireut
thé%%n ing Wires g%?ﬁtﬁ 4] 3%1(5%% SUi58trAte 52B Wiy Bk padeaf employ a
any St dbetriratsriarspiile for balbugtid asealy HI0PBUNY fackARVIC I ditionally
suctigs eirauirbearskor substrates Additionally,a %%%t Ia%gr 222 ,

s oxy or other suitable material may be inserted’bé Vg rements on
inﬁ%ﬁe S'Elgrgu %Pa{?ggl%%nriaf)%ﬁ%@%%ﬁ?&@@@”@ﬁ@@ide addition
mechanigqalcigiepaitsAaRiuradi ive bumps 530 are provided for
CONE %;IIE ?Ir}ltg r%axtegt circ it,r?ggiaggg%&(%?f %?&r%gtﬁf%%% %fgﬂ%ﬁﬁz&ble for ball
[Ogé%% ag’nur@ er'bf infeGFatEd BiFcuits 15 ieyihridsehenitpadkagionally, a
50U PRCELIIFG @ efbodirmeAPS LY theofiresentiriantion is My e ed between
oniaikny dieactioabranber efdearaled aieuits 212 ¢an be implemented

A ; : . chanical
\(Nl\l/l Cﬁ)gﬁ_lr)\géqdp;ﬁ%;%tggo Gircl IIEV P ckage 500 to form muftlchlp Moduie

). For example. an Integrate umps 530 are provided for connecting integrated
circuit package 500 to a circuit board or the like.

The number of integrated circuits 512 in integrated circuit package 500
according to embodiments of the present invention is not limited to one. Any practical
n@ber of integrated circuits 512 can be implemented within a single integrated
c%rcu%t package 500 to form a multichip module (MCM). For example, an integrated
circuit package 500 can include two integrated circuits 512 where one of the
Integrated circuits 512 comprises a MAC/BR and the other comprises a PHY
Furthermore, while embodiments of the present invention are described in terms of

FCBGAs, other embodiments are not limited to FCBGAs, and can be implemented
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circuit package 500 can include two integrated circuits 512 where one of

the integrated circuits 512 comprises a MAC/BB and the other comprises

a PEW Furthermore, while embodiments of the present invention are

described in terms of FCBGAs, other embodiments are not limited to

FCBGASs, and can be implemented -17 using any other integrated circuit
pagkagingteghnalagies which currently exist or are under development.
[0066] Fi%y shows%?methorau %%ac% Z%ng'gllan %5%98%%% HESg StEEFRt¥ KISt or are
pac%ade 56 Wﬁrising an intermediate substrate 514 comprising an

antenna $35 acearding, to a preferred embodiment. Method 600
comprises p,ro,vidil{ng a%lergg%}%ri%l e8§e USHEUR B 2 h AV H b aderifopackage

patteh O fiRg: Surpicanihaiem ntegraidd cioouit512compisesE 15 according
witelesscommunitatiimeirc uitdfstap &QQ))OE{EBM@Q% Vigtermediate one integrated

supstrates514,compris ntenna 515 (step 604), electrically coupling = ™
an (?p?na 515 to the,wi%@%@érﬁ%&ﬁ%g lon gﬁ%LﬁH&%‘ﬁ E06y cBIdatharigd circuit
u

couptiftg e mw&&esﬁﬁ%@ﬁqﬁ%@rﬁ@@éi@m 502)ipintedingdiai@termediate
subisams st viarapsetnf congisatives IBUMPS é@@)ﬁ%ﬁ%@tﬁ@ﬁ)y%ﬂblm& anterma 515
e

elestrigally eRupling.in jat rate to a surface of packag
substrate 526 via a Spécl%%%iiﬁb%ﬁg%vsﬁsggpsgéézst%8%’163?.&[/0%1?11%@1? conductor

shows an-iht8Ht et hakk&Ry&romedinsriihgratpdikage sedisifatenductive

726'8ptiding an £08hrmd 1Santeatling saintefened emBodimentie 514 1 o
Integrated circuit packear.£0f is prefefably. @ FEBGA. B%E‘@?é'";‘

embodiments of the present invention are déscri Oenéii\r’i' ermso ﬁt—%éé%s
embodimeHts Gf tHe presentnirgentonaratoplinited t@@ﬁ@%@gg a package

cagu‘@gximplme@gggp%' intgegrated circuit packaging _
teghnologies which ¢ rrﬁcgllr%tI%&g)_(éi%s}g%gj;1 gréﬁ u%ncﬁgf O&él\;légioﬁ)m%rﬁge[ | embodiment.
pg&aéf% U5 L AP 756 8E M TiseY BiseabhidFE BitanRas Whilewiiobdomants of the

bePTefERhs Biarserfadesofipatkagersub st ate F26\6r ERMRE RN e present

paﬁk&gﬁ@u hstrater 7260 t@cp@@@gqapﬁlai%%geggiq}}%qgﬁrgﬁgieé%}ggﬁy other

Slﬁﬁtg @(%ka e sytbstgaéﬁe 726, antenna /15 can have _

vulgarfraction of & wavelength SFReLgiss Mharnfiteenind rstsived bse under
anténpgrarenta vulgar fraction consists of one integer divided by a
non-zeroﬂtc(f(%er, aﬁ?is Wellaknown in the relevant arts. [0069] Integrated

circuit gackageg%g(ﬁl SERiGes8 ritegTates enewt 7aereonfigures] 706, flighich can be

chistas @.ﬂ’qmﬁg@ Ipiteigrated piduitd tatpreferably 60MPHSES within package substrate

COMPBUTHCAI@RASModate size restrictions imposed by the size of package substrate 726
antenna 715 can have a length that is a vulgar fraction of a wavelength of the signalsi
transmitted and received by antenna 715. A vulgar fraction consists of one integer
divided by a non-zero integer, as is well-known in the relevant arts.

Integrated circuit package 700 includes a integrated circuit 712 configured for
flip chip mounting. Integrated circuit 712 preferably comprises communications
circuits for transmitting and/or recelving data over antenma 715. For example,
il?tegrated circuit 712 can comprise a communication circuit comprising a receive
circuit to produce first digital data based on first RF signals received by antenna 715 ,
and a transmit circuit to produce second RF signals based on second digital data,

wherein the second RF signals are transmitted by antenna 715. The communications
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circuits for transmitting and/or receiving data over antenna 715. For
example, integrated circuit 712 can comprise a communication circuit
comprising a receive circuit to produce first digital data based on first RF
signals received by antenna 715, and a transmit circuit to produce second
RF signals based on second digital data, wherein the second RF signals

areittansmitted hyatenna. 315, The.commumnications . -18 C"‘;‘ﬁ\/@@@m and a

c isea,media access controller/baseband circuit ?MA&I%‘I’:’%
p(f)g/ﬂs'il;cg:I:a%lgllzj}yg/16 de(%i\éleC?Pﬁﬁ?r?att eIECtFEaly alHneRteats hritermeetnes.715. The

THE ESHHTGHRRAGER Eiréuipispreftr ablmpbrmpliahh with OR@EMATERONE standards

TEPEEIstabtaids 3802.11 8892. lolag 8021116,,302.1 N, 802 16, -
an%@%?gtm%ge%%a&gﬂ?&n%go%@gn%%%312?’ S i Feonal ang

embodiments, the communication GircUit®c Hif dEDMImmunication circuit
deTiSatiiD AN HMNO Eomr AbeialarndomuE ia wiseless i AN uR070L Ayireless
first’stirface 716 of the integrated circuit 712 is electrically connected to
the package substrate 726 via conductive bumps 718. The conductive
bumps 718HFAyBE2fSrHERfEm anyeeteatricathiconductivermalefish stched 1o the
as RS soldentAn2 dgi alloys.afAbang. A ang metallic coated

poj ' ition, an epoxy or other suitable material fon Sl 8 may be
e ALl o . i

métertdl B thécopitiTetiod B Ans D7 18 honsrovigedn ethamitabsUBRRRARMr ofher
meistaés protectid nfofhednegrated t@jécggnﬁ%gtm@%%ggt@é@e% fo the
ondi

pagkes&isubstrate 726 usi flip chip compatible bonding méthod
such .as %hgrmocomrﬁ)gs%%o%g;%] %}%1%}115}? a@&f&tﬁﬁYﬁﬁd%ﬁé%W@sﬂppm and

[Ogﬂfuf‘ﬁee BEF LeRtadder dofearatedinagrated girouiy 742 istagiionallythe package
atfaibfidtto d2heatsink 72% foflgoupling h@ﬁhggy@yefr%ﬁgﬁlgwt%ggﬁgg such as
cin@@&?&%ﬂ@p&@ﬁﬂ@gﬁ{eﬁg g&%ggg%tbe made of any thermally

an

conductive material such as coppe ‘thefmay &Shtfictive plastic. The
integratedoirotlit7 42 faay 10 @ﬁ&l@@@&é@rﬂ%@dr@%@%27@%&){0%% attached 1o
i ated circuit a

attagh t+ ] t thermally isqlate the Integre
71&&@3@2@%@? thél %!?resagﬁ%v %}’eé&ﬁtﬁﬁ% By SR lhddRaiptipnal heat

forda" totheHirdt )ﬂ%@@ S AR nfesgFasty drndiedti ontheripackaiess copper and
substraly 26norti exainple, 4 RerMAlGORHUGHVEIBROXY, MAY, BHELE the heat
asshe atachment dtelnfad: A0£2} Packaog sybsrale [26 may be made

of an trate material suitable ermally 1solate the integrated
Clréﬁﬁuﬂi sugh as adhesive, solder, and press-fitting by applying a mechanical force

first surface of the integrated circuit 712 or the package substrate 726. For
example, a thermally conductive ¢poxy may be used as the attachment item 724,

used as an

to the

Package substrate 726 may be made of any substrate material suitable for ball

grid array mounting to a device such as a circuit board or substrate. A plurality of

conductive bumps 730 are provided for connecting integrated circuit package 70010 a
circuit board or the like.

The number of integrated circuits 712 in Integrated circuit package 700
according to embodiments of the present invention 1s not limited to one. Any practical

number of integrated circuits 712 can be implemented within a single integrated

circuit package 700 to form a multichip module (MCM). For example, an mtegrated
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[ [ [ ircui bstrate. A

rid array mounting to a device such as a circuit board or subst
glurality )(;f conductive bumps 730 are provided for connecting integrated
circuit package 700 to a. circuit board or the like. [0073] The nu.mber of
integrated circuits 712 in integrated circuit pa_ckgage 700 according to
embodiments of the present invention is not limited to one. Any practlcal
numibay ofrintegratéd Cireuitsit12dcanhe am@lg_%m@mtggé\e{fﬁ@&%%@%% one of the
. e & .
integrated Cpgggg-gaﬂk)aw as %Qp égf r tichip modu | -
exgﬁgp e, an inteérated -19 cirscwtl%%éﬁe mﬁ(‘ﬁﬂﬂ%nﬁ%%s 2 P_HY
integratedréitcuitshé2 wheeenenesobithe infsgrated ¢ Ca'lléltls {2.50M gg'lciu(est(sjpackage

, rises a PRY. [0074] F shdws a niet :
gol\gec)é}:/r%gﬁ?gégﬁan Qfxrﬁ%gtgg %%terét%irjégt (ALREGEE 780 BORAPAsIAg according to a

paBIE%lfég SHEHaRe 7Bl oMh Sith S8 a‘?ﬂ@mnaeilﬁr_agﬁbﬁ@ing @&t one integrated
prefesrst eribodiment cMetihad 8PMHCOMPriSEs Bf %\ﬁ@cﬁga aj,|eas L oNg. grated circuit

int euit, 7.1; in onductor pattern on. a first surface, _
wherei E‘?ﬂ%%fi%%ﬁél%‘é S REIeL itamieaahy coupling e

cirCURt (S6eF 6§f,nél‘é%ﬁ%%ﬁﬁ?‘€§uﬁﬁﬁ‘gi&ﬁé2d@r&z_lpmb&grasstérxtmm imtegsatestising an
cirégiera2 iféSa_Lﬁad(agmmmm%&mjzggs%t.%n@{iéﬁg%Bg%oml heat
setpficondygtivesb a%clﬁéa(ﬁi%%ﬁgg?%‘ét{]ﬁ%gé f\’)g lorjal e

08). electrically c upling ante 0 i g Wireless communication
Cc [ _ _

c(:%tr%ﬁﬁ%ﬁug%?ﬁeﬁn %@Jf‘?@te‘ﬂ’%ﬁ“&ndb@m@%l|yq1q@hm|w couplihgsarface 720 of

secBiigTaiaie 720 6} tintegratethecwin 122gsepsiors heat sink 722

(step 810)F 075] FIG. 9 shows an integrated circuit package 900

comprising@‘césé 27 COnipHEFash @ﬁ@éﬁna@l@gacééfﬁimﬂpr&ing a case 922

préfemBt ersbudanentCake 822 Kande MBEgfRlastic, GBI A% can be

' i - relevant arts. Integrated circuit
e e A G i
pa%@ ea?e% ci?c 1rte C%g. i

presertt invention af ErbddPtefmebss FEEBRES, ambgmeMths of the
pré¥EMinpeaHBRMarsendtdimited to E@ﬁgésmh | ﬁg}ggﬁﬂmgh urtrge% {[ye present
img anjoothes dotegrated qicHitRREkagINg technologies which curre
giggéggg under . deve ment.éOO?Ggﬁ:ggge aéﬁn%%r‘gﬁ?%&eBWQdeﬁérény other
antennas 9d15?15vuféhpc%r§ D Sttat PR eSS sirhiek oPeeeséli 2existiormede under
withiY 2488935 To accommodate size restrictions imposed by the size of

) . fa
case 922, ante 915 can have a length that is a vulgar fraction o
wavelength of t%%?scla%gsﬁﬁr?%iﬁ%%ﬁ?j FelcarasdBy antenna 81 5e Attached on 2

surface of case 122 or formed within case 122. To accommodate size restrictions
imposed by the size of case 922, antenna 915 .can have a length that is a vulgar
fraction of a wavelength of the signals transmitted and received by antenna 915, A

vulgar fraction consists of one integer divided by a non-zero integer, as is well

-known
in the relevant arts.

Integrated circuit package 900 includes a Integrated circuit 912 configured for
flip chip mounting. Integrated circuit 912 preferably comprises communications
circuits for transmitting and/or receiving data over antenna 915. For example,
mtegrated circuit 912 can COmprise a communication circuit comprising a receive
circuit to produce first digital data based on first RF signals received by antenna 915,

and a transmit circuit to produce second RF signals based on second digital data,
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[0078]

[0079]

[0080]

[0081]

vulgar fraction consists of one integer divided by a non-zero integer, as is
well-known in the relevant arts. [0077] Integrateq CII’C.UIt packqge 900
includes a integrated circuit 912 configured for flip ghlp _mount!ng.‘
Integrated circuit 912 preferably comprises communications circuits for
transmitting and/or receiving data over antenna 915. For example,

integrated diecuit 912 Ran;gomprise @ CAMMUAIGAtion.circuit comer singa .
Lr(;t;@};g (Cirguig o ﬁ%gucepﬁ?} digital data basledél on f?%ntﬁ;g : %lg‘naﬁs‘do u;ma 1§ns
rec iveizl b§/ antenna 91a5,m§n1 aa%%ﬁgrﬁﬁfgm%iiﬁ%&é%@éédmm ) and 2
sighls' Bsédon sstisndidigitalttatals -2Bwwhersin theisecand RESIgN2I 15 The
are‘ithiaaniUc'thbyE'ﬁmlem'm)ap%i%ﬂlﬂ:>m§/a gwﬁﬂ*%ﬁmﬁﬁﬁ% (g%r;?h&EaEE standards
: i C er eband, circui .
)t s
Thé"¢d ﬁ]ﬁ?ﬁé&fﬁﬁﬁ H}%Ji@qslﬁ%fé@awr@nmhmmhpﬂ&Ozrqmﬁ{&x@c'fauon circuit
|EEEahdards (BUM L 80adklnr 8021 1.4 16r802 116,803, 1 in. 802,16, .
ang 862 20, other regional and national standar_ds, and the like. In some
embodiments, the communication circuit comprises an OFDM &1 A
demoduIa&oﬁxanehafm@Emmédﬁﬁ@r%%fgﬁ?c%%C%L%%ggg%%%&[gg%gmd 0 the
fi integrated circyi S |
the o S e Q3L Lo oal 856 PGP dueRwe9 15 ey be
buiaEe %%ﬁ%@%ﬁ%&@%@ﬁ@@mwwmmwﬁﬁmﬂ%@ﬂ%%JMW
as PbiSnasdider, And Agtalioyso AR anthAD %ﬂ@ﬁﬁlﬁﬁiﬁ%ﬁe& ROy or other
polygsie stides:dn ﬁﬂg}@@%&{i}%%o eOEOIE 1e1<r:t\S/UI ble m%.t][ejigal Orbee used as an
be%weoe he coqduci e bumps 918 may be usétfa ug?Pse d’é%fg
materi a %ﬁtﬁlg g&#ﬂ ﬁ%l%’é’ BRAHS G rB pre Vit tmethadicalestippost ashort and
MORUHBISr Gt oT HEhintegeatet &ircid1 mapmpe gitaghed 19 %eé.he package
paskageitsubsateRe using any flip.¢ ipc%%npog?{)lfle e mgzé?}g)bd such as
sughLas hermocompreﬁ ion, soldering, enca Suld on,%ﬁ‘u . h -
AniacHHogampression.” ol W%@ﬁﬁé&ﬁf@mt@@%@a@mu ARdnna 915 can be
cofitfietiva BLEAPRLEA 80 b istheteComventional wg@ﬁ@t@@?ﬁﬂﬁg@g :é%f, by other
iahpurpesedntereaigetRIoyided egpecially for antenna 915, - -
e e
suitable Eflor ba?l grlane%rray mounting to a device such as a cdlrfCUIt board or
su bStrat?P&mﬁgéméQ;%&%ﬁi%gb% s %%%%nayr%&rs%ggeematogﬁal suitable for ball
Co'gﬂﬂ%&?gy'%% 51%%1% t%lrgu eelace SL?Ch as a circuit board or substrate. A plurality of
conductive bumps 930 are provided for connecting integrated circuit package 900 to a

circuit board or the like.

The number of integrated circuits 912 in integrated circuit package 900

according to embodiments of the present invention is not limited to one. Amny practical

number of integrated circuits 912 can be implemented within a single integrated
circuit package 900 to form a multichip module (MCM). For example, an integrated
circuit package 900 can include two Integrated circuits 912 where one of the
Integrated circuits 912 comprises a MAC/BB and the other comprises a PHY.

FIG. 10 shows a method 1000 of manufacturing an integrated circuit package

900 comprising a case 922 comprising an antenna 915 according to a preferred
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[0082]

circuit board or the like. [0080] The number of integrated circuits 912 in
integrated circuit package 900 according to embodiments of the present
invention is not limited to one. Any practical number of integrated circuits
912 can be implemented within a single integrated circuit package 900 to
form a multichip module (MCM). For example, an integrated circuit

packagsi 200, cayin ' ted circujts 912 where one of the =
integrated circ i?si Qggtgggnwg;ié@ég%%%@)ﬁé%ﬁ&t gel%%te%%rlﬁlﬁ?%ré?% circuit 912

P Vféﬁéltﬁf’l ) BABHE AidiRy ¢ wr6on oF heapiufadtgririgdaninte retedmprises
ciréu %ﬁﬁﬁ@g@@wETﬂgﬂj imigc;ica_(s&)ﬁ) ZZ)M@@? Iéﬂﬁ)iggz (Sﬁﬁamﬁﬂﬂﬁgggké conductor
ac RY 49 prefared 2k iment., Metho omprises ‘
proi\?igrilng %e(aggé?g %tnegrettegd? Ccitr%lrjli]t%%d%ea\si}ﬁggs%g%o%C%éz Bir hafterh gapductive
a first surface. W ef I ihigrARRECH CatE T2 comprisas mwirslmss 015 (step 1006),
corffiflinfealiorPeRbniE (Stepri002), elebtricallyouping the Sandustor: %step 1008),
patiem-anintediatad:ekeult 9o pakage ybsiiate dabiia a seto
conductive bumps 918 (step 1004), providing a case co?mprising an

antenna %5 mepem@g% : imtﬁeﬁﬂ@&ﬁyi@mjmmgt_@@tmgg% tgal;;}g ‘ﬁg:%%leﬁ% cribed.
CONIRSESIQE GIrGHIT 4993), casing Integrated circuit _
within case 922 StegbﬁlOfgl . OOSZ?%H%?HSP Sf%qnowé%g%gﬁfgtigﬁé’ GF thgde without
invenx%lonrf‘lgave_%een astPibed ANeviitRaless, ithwill baaniiderstéodatiately, other
variBircH epificans pe i ibemadepwithtut folepaitingfren. the spirit and

scope of the invention. Accordingly, other implementations are within the

scope of the following claims. LLOYD WISE. Claims 1 A wireless local

area network module comprising: an antenna to receive first orthogonal
frequency-division multiplexing (OFDM) signals, and to transmit second

OFDM signals; a communication circuit comprising an OFDM demodulator

to produce first digital data based on the first OFDM signals, and an

OFDM modulator to produce the second OFDM signals based on second

digital data;



a host interface to provide the first digital data to a host, and to receive the

second digital data from the host; an external antenna interface to receive

the first OFDM signals from, and to transmit the second OFDM signals to, | oYD WiSE
an external antenna; at least one switch to provide a signal path for the

first and second OFDM signals between the communication circuit and

one of the antenna and the external antenna interface in accordance with

a control signal; and a printed circuit board, wherein the antenna is formed

within the printed circuit board, and Wh@%‘i‘ﬁ‘%he communication circuit

and the external antenna interface are arranged on the printed circuit

board. 2. The wireless local area network module of claim 1, further

compns]ng al MIGISRSIRRRLAESREHERTY fREFIRFRINRAESHE circuit and

the extefnaintsriaana riesiaedirt 3 th6YoRIMRGUSnENR NisRIBSS IRGSexing
3‘?@4\” etwork module of claim 1, wherein the host interface complies with

R99RL Rt §%®%W8W%95Wp3'98ﬁ1§nsmg Peripheral

Componasrtitteraanniest (REWX J3GHRKRTESS; Mini PCI; PC card
Universal S@%@US and F ww& Er%ge wir Iess local area network
n

module®t ARSI LG Rbri i Sirdif iR afitairgareon the first

dotdniMesitheatgranuinication circuit. and the external antenna interface
R S T A e AP B0 basea or
Imnngcthbgﬂal data;

a host interface to provide the first digital data to a host, and to receive the
second digital data from the host;

an external antenna interface to receive the first OFDM signals from, and
to transmit the second OFDM signals to, an external antenna;

at least one switch to provide a signal path for the first and second OFDM
signals between the communication circuit and one of the antenna and the
external antenna interface in accordance with a control signal; and

a printed circuit board, wherein the antenna is formed within the printed
circuit board, and wherein the communication circuit and the external antenna
interface are arranged on the printed circuit board.

2. The wireless local area network module of claim 1, further
comprising:

an integrated circuit comprising the communication circuit and the external
antenna interface.

-23-



communication circuit and the external antenna interface arranged

thereon. 6. The wireless local area network module of claim 1, further LLOYD WISE
comprising: a memory to store the control signal. 7. The Wireless chal

area network module of claim 1, wherein the communication circuit is

compJO,iant W%at Ieas} one standard selected from the group consisting of

IEEE ‘Standaltl§ 8835358055 &reB2naiogosnodylees. erim Boxherein the
hasidiBE2{20e-24mplies with at least one specification selected from the group

comprising:
Peripheral Component Interconnect (PCI):
PCI Express;
Mini PC;
PC card;
Universal Serial Bus; and

Firewire,

4, The wireless local area network module of claim 1, further
comprising:

a printed circuit board having the antenna, the communication circuit, and
the external antenna interface arranged thereon.

5. The wireless local area network module of claim 1, further
comprising:
a printed circuit board comprising the antenna, and having the

communication circuit and the external antenna interface arranged thereon.

6. The wireless local area network module of claim 1, further
comprising:

a memory to store the control signal.

7. The wireless local area network module of claim 1, wherein the
communication circuit is compliant with at least one standard selected from the

group consisting of IEEE standards 802.11, 802.11a, 802.11b, 802.1 1g, 802.11n,
802.16, and 802.20.
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