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*159159* W RELESS LOCAL AREA NETWORK COVMUNI CA
MODULE AND | NTEGRATED CHI P PACKAGE BACKG?&MM”"MMH“W“’
The present invention relates generally to !

wirel ess comuni cations. Mre particularly, thasoiso
present invention relates to a wreless local area
net wor k communi cati ons nodule and integrated circuit

packag®VIRIWAIS 80DAD CATe % RE Al N BFEWORK the

CHNMERNTATFONS VEGDUER. AND INFEGRATED

ort hogonal frequen exi ng (OFDM
signals, and to tr%ﬂmxaﬁ(m%l gnal s; a

comuni cation circuit conprising an OFDM denodul at or
to produce first digital data based on the first OFDM
signals, and an OFDM nodul ator to produce the second
OFDM si gnal s based on second digital data; a host
interface to provide t ' ngital data to a
host, and to receive t g‘és,iég’;)ﬁir]%u igital data fromthe

host ; X | a r rece h
first gh[%f/l Efé’s&ﬁ 1&%@&{] rJalEtE? tg@lge%gltl tt§hede\36§e£ gor wireless

OFEVRBHR A ogIS ¢ OT%ﬂ?méb@gi?ﬂbratheaﬁP@nh mvention telaies tme wireless local

SWirk£ Reth@riPE AN indRicatiSristRedulp At dintedfated Hifedfil faskagand
second OFDM si gnal s between the communi cation circuit

and one of the antenna and the external antenna

interface in accordance SPMMARYntrol signal; and a
printed_circuit board, wherein the antenna, the

comuni EaBFasTRLAR QDG asPechnige imention faaturas 2 avitelass docal area network

| NfrRAhRC CodipisiAg:" anJeskeih ttb ereRéivet Bkt Céﬂlﬁiébﬁalb%ﬁlgency-dmsmn
Sone nbodl{:@% co se i ntegrat.ed cir
coWﬂH PGS t ]g@mf?g@ | Sﬂ cf% cHifsmih necp @Fpé\finé}@als 2
tagt@nmrﬂcﬂﬁ@’r élfamﬁ copfp3nip dﬂOEBNBdﬁhoduﬂﬁom%’r@&{ée Gkst digital data
ven es_a ea ne
R el BRCHA SR LT B BB e eons
f r @Eﬂi—‘é\t‘lwg@lwb@edmn sedonil pdignal ndptd; GFBb)t mtegfaab S0 pasvdde the first
f0 f o8
OURSPRITIL108, SRCE N SR TR s m e
pr e@taemm@tqrfapgto mchméhe ﬂ&é@m\dmatmfr@meaﬂd tostran@mihe second
ISLQDAIQ}M’SI @BQ 6B BhGhmaTRABS S QWP dd DSigndl path for
\{1 M\s/f and second OFDM signals between the communication circuit and one of the

anterma and the external antenna interface in accordance with a control signal; and a
printed circuit board, wherein the antenna, the communication circuit, and the
external antenna interface are amranged 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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[0006]

*G0002* second OFDM si gnal s based on second digital
data; host interface neans for providing the first
digital data to a host, and for receiving the second
digital data from the host; external antenna
interface nmeans for receiving the first OFDM signal s

trans ing the second OFDM signal s to,
B PV G Ra Do sootmeh B Bh el Rk IgaREe Theans for
f opsroprdm/g thenijrsa dsglgm dhtapat & hbe ahd gof tdc%ivu@'ltﬂxesﬁﬁ&mdlgltal data

en_t he ans for .conmunic
oroy He R B B e BTG T rEtpe ire: OFDM signals
anfremn and mretrinamttmgam;secnndxmhd[amgmlwd, fan @x o] fafifenna; and at

[ I co e d
i: %gﬂlc%neﬁbg\gﬁg I?on‘prl Si gc;g‘ﬁ?lﬁé Hgnég }:1'? ctgﬁ‘%ﬁ t§efgpd OFDM
angigedebesveen the means émmmump#tmgeandamesf tHeOfEatis fd)mrecewmg and

?ﬁ%%i%%%lgp gl?tr@glft%ﬂgxg% e gf%ﬁné E&Y%Eédra& @{tﬁ” ego ] signal. Some

i nEBBPdimeatscicorprise cW?’@flnglramw ma@s scqn@nmn&rtba means for

netyimnkinicERNETAHY BaekRihal hritehhd infePfRE hithfld an
ort hogonal frequency-division nultiplexing (O-DV

dermodul &t géneta:l m @téu.isge(ftl thetineintioh akatGs an basgd teﬁrl:lrcult package
firs nmodul at or .t roduce

cceShamhut o s 1 hgaid e o ¢ aiteliat oval ea nevwork
packagensebet rcaceit edoagtrisingakh yorﬂ'mlgphﬂdﬁé@ehbbedﬁzﬁsﬂrﬁ agiltiplexing

onﬁ){:ﬁf&/ﬁ%eﬁ{oﬁqm‘f%rr tﬁyr&%uc@'ﬂstam D89S a slég tpg S{I%l%ljflﬁlgl signals, and

coupl ed ‘to one i Heegrate
he&m OFCNV medrgier t prgduens senereh@EDM smahlbasfdtdmsetmdsmgual data;

a&&@%}uﬁsmﬁé‘ ‘éleﬁﬁmtaﬂ?@ﬁﬁﬁlblgd tt{‘ the QthEF d)ng:%ated circuit; and a

SI Enal S, e antenna_ el ectr cou

i etk (BT CoRupIsd g et ﬂeas{ m;esptegcamd circuit, the heat sink
en‘e@d ﬂﬁﬁg 311@!3’(6[1{1& &ﬁre@eﬁ@‘tlﬁ@ﬂrs@bmrﬁﬁﬁlsaﬂnd 1 e HsAiefe second
b %“% agﬁ %I Q_Pcﬁlﬁrow fl | east one
@J\Qt ST By A repupted thecaﬂmrés ¢ioFimunication
thexraht | east one i nt egrated circuit conprising a
wirel ess conmuni cation circuit conprising an

o r t hogoSamef embodineytsd cothpiign anmlethoﬁl ek lf@@nﬁQ'_FQMnte grated circuit

PR i SR Thadile sl Doy Tt pluratiy of

seémcmr@mg |ag mﬁtsonfam&gr@tnd sicwhdompysingla wiia¢less communication

eI eftuit Cabinyrisia Uk I”(?’tt O@nﬂonﬂjéba%teﬁé}zgfg{héxp i tlﬂl%‘?‘é (OFDM)

gﬁn i& ‘ﬁl ated Circ
gfiwigton i, mepducs Hist él@ﬁﬁwaé% h@fc r@na‘ifﬁfeﬁa‘ﬁlalvft Henaly end en OFDM
t henddutsdr tﬂﬁﬂbﬂlﬁ:b geing O}'EDNI sﬁ@-xalst b288 Bh sedon@ dfBGPAMa; electrically
S nt% ctrl coupli.ng the antenna to the
w PRI R SonieR ik oh R &Y 16 che B A @ package substrate
coppiwdlgg nﬂmamnlt e@sprisimgar Mitepfatbetcetvd bl fitst OFDM RBmals, and to
hegbnsthitkhe second OFDM signals; electrically coupling the antenna to the wireless
communication 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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[0006] In general, in one aspect, the invention

features an integrated circuit package conprising: at

| east one integrated circuit conprising a wireless

conmuni cation -2 circuit conprising an orthogona
frequency-division nultiplexing (OFDM denodul ator to
produce first digital data based on first OFDM

SFHRHE sCompEsias @rDMrtheseRalat Brquencyhdisisinte BRlmekigEDEPFDM)

sidgnakislatda se grodicsReomgital Bitd Bhsed %h%‘lrstaa?FthgﬁﬂE dhatg OFDM
subst L’zt e el ec%{?l cal I%e%ﬁﬁﬁd to tpe at | east one.

i ML ArPGe Sece SHealsa ’é’seéu%tSF%&”él digital data; an
Cmt'pnmédnrng sabstard ebctcdlly cagéd & tHéeatflb£s$ton ated CerU.lt the

naI S transmt the second n
Sciiasf Bl o PR AL Ao 9 ool crel OFDM Sgials, and
cmmrtrmmnmathemecmdr(bEIDM sigineds,ahe a@ﬂ&ml&lﬁﬁdlryado@pled to the wireless

oo ERHRL Ted o Okl SERRE RoEoBR ARG s o e

amntﬁnm@gﬂas’éwtr@iercw t package, conprisi ng provi di ng
at least one integrated circuit having a plurality of
conduct¥me empadigienfse sAMPHe & methpdapedomning uant integrated circuit

C@ﬂﬂfdg@' &ﬁn}héﬂlg r6wGidin@ o4 it (el 19&51'3%&3 I@%Hrllflt having a plurality of

n‘g{g %I ng rt hogonal fr uency-
m? W34 1 %fﬁéiw c H’éer%a&s swt pempfl@}a&@ewzrrplm communication
dmgmal cdatpasingsmh Oclirttfolgbﬁ:il Gr eﬁq@am@on aﬁﬂmﬂne)%QM(OFDM)

t rodu
E‘H’r?g %?odlt? R od&gff st gqt??gasegrpnl ﬁgg/f gg@als and an OFDM
S ub@iulﬁbletocmﬁmaessen@uda@FEM ergnalstbaséde@xe secend Afyifal 8&h; providing

o1 i B0RLE: s R RAmblBRE T bt 3 FEiHYE T EHOFDM sigaals,
w@éltémlﬁanlsemnddﬁFEM signals; eleetrically abiplingohplantegna to the

t RRIrgeRMHk NS c ARl HRuR! clERR e@rblly ‘agﬁpl r%t t?xg rc%h@%tcﬁ“s "HUWhE at least

to the internediate suhbstrate;

c ARSI iRETaG CIIPH 4P e |1§ﬁe€n§‘115f§t Fubstgate;pand §ln6frmal%y gfoupling the

pdntengediatekabstateto af UHREH oft MpARALS @bstrath, One aspect,
the invention features an i ngegrat ed circuit package

conpr i Sl'nrynexal iheas bs;ﬁ:ﬁﬁ the irR@HIE fafikrésCat it tRéUIOpackage
a wre

ncat ircuit co r|5|n
or RO ¥ 5t & olretated SHER | SorTEinens Viress communication
densdiil aiomprtsmgpramumehdgons]t fegidna}-dtiasien bagetplexing (OFDM)

o ﬁ%@%@ﬁ%ﬁ Al i Ao OO RM gkl iem OFDM
a mpdHptaEdo Fa’é@@ﬂél OFPM csigriajs bangp| aed s¢cond hiégitl data; and a
| emskaddn SubistaROEBEECaIG EoMIIEd thDfe é%a@&g@a%@ﬁ?gﬁéh circuit, the

corrpgl Si n an antenna’to receive the

siRATETES, SURRIGRIE SOMPHISIAG At anteRaadte desriveooMizst QFRIM signals, and to

antapndt He eetdnidc@FDM sign#lk ethel MtdnR8 eMdckirflaBi§ Toupled to the wireless

Corgmml cation.circuit.
mmunication 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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[0010]

[0011]

[0012]

[0009] In general, in one aspect, the invention
features a nethod of formng an integrated circuit
package, conprising: providing at |east one integrated
circuit having a plurality of conductors, the at

| east one integrated circuit conprising a wreless

co nj cati irguit conprising an orthogonal

f PRy el e LT b femaaylsiot o prosiorgieCHENy Gimbtad ap st OFDM
t _csim:;sd e ar OPEIMdhE%AiLﬂagr dﬁ}%@dﬁ&%@t é’orﬂrOFDl\/ﬁEigﬂ;lgM(a)sggl\%n second
Si and an ator, to prodquce second, .
1 SR o2 e AL BRATRE 1hF Penk Salih heckt agat prsiniggrated circui
cdapl paalgagetsabstoaiel yomnprising antaneenai td reasive drefiisd OFPM sRdals, and
ci N ate.c risin n aptenpa

£ Qo cinemit e 2o OPBNEUHRRLT b8y SROBICHTY PRl B piEina to the
t HergesCRBTIDMtiongiakis: and el ectrical |y coupling the
antenna to the wreless comunication circuit. [0010]

I'n gendPeieneral, 1pgae assab tthe ivention Saturesnar insaguated cizenit package
| MoggrRimed 261164t i dnePREdERAE &I‘eﬁﬁrdoﬁiﬂéngaﬁ'wirgl@s%t C H%Hnication

integrated circuit conprising_ a wWreless comunica
iGN, SOBWERIE ) aArBREoRBYORANIPEEAUeseY - RUlBlng  (OFDM)
gme_mqmuemr?g pfdaaag/ﬁrst@eg_md dht%:tb@ﬁedtcﬁx Msf)QFDM Eig!h&lts,&ngM an OFDM |
[ sed on si ghal s, apg.an

ol el B §ol PRt DEDR: sacly:ar i Sonal digtehata: ma a case
S eesmIisitigoant ﬁiterdntta;recﬂimb the(fﬂste?F]DMrﬁgﬁzﬂé,m@daﬂ tr@ﬁﬁrﬁi@ﬁ& second
t [ [ ] to transmt the . .
sg(c),g%g@ b, 6%\37 glh ég nﬂ%ﬁf@%ﬁ%@%@@ﬁﬁéﬂpﬁﬂ% rtg% a5/ oo fpfeymication

t OCME- wi rel ess communi cation circuit. [0011] In
general, in one aspect, the invention features a
met hod 15 S§nsFaki iy OBR 2spest.efieatnuentinn featurepacketed of forming an

C OB Aibd) Girciit HcRALYY RnprRfmt Bﬁdi’ngt agﬁe%Ete%ngrip @%&a‘ﬁe& circuit

conprising a w.reless caomunication Circult co

ancr%illirﬁ ﬁa}’r’“‘?lFSéq‘i?éfHEVn%ﬂC\ﬂ Sre GAFRTISHIERR egthogrBirequency-

S_eahi&iﬁdn&thmlltiple_ainy (iomma) gemsa%@:tgﬁltot Iﬂrgdllii%:ﬁ%stb?@% dﬁg. based on first
[ si.agna n nodul at or roduce

se@gﬁy %ﬁg\ﬁs’sﬂf%nagl @F]BE)QE’(E?%BWO%% E’Eﬂﬁlﬂc?j?egﬂo{’%p%éﬁ\’lé}gnals based on

presgprll degital clatee woviginigs 2 npsacomptising aant ante@eLity @edeh® the first

fi Si I ] j he ;second CEDM
o1 Qnopt Hegheo ) Pt Sex RO e eaes Pt st oe
wi FfgRateh erqiswithinibe easecand degttisallycopplingtht heteam ®rthawireless

t Ocdh@uMicit®dreSfcuitconmuni cation circuit. [0012] In
general, in one aspect, the invention features a

Wi rel esh paftrdl; if ofdiaseyt, th&lverBeh ieuneiRr VLR Alio-frequency

an@glﬂnao receive fi g_rgt RF si nalﬁy, and to transmt

se d’n %cfrﬁ?féﬁlgg, arpanienna o r . Ve StRy signals.caggie framsmyt second

a REcagnais; @ comirintoatig eitugie chinpfiking 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
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[0015]

digital data based on the first RF signals, and a
transmt 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 fromthe host; an
e§1ernal ant enna |nterface to receive the flrst RF
Ghidnd seqoamREafanalybetvsens tietcommunieation ¢irRt and gmeadfghe antenna

t Qnd @t SdrBAlNAtenaR iaRRE iR AtkoMank e85t L%t Mlgﬁil to
provide a signal path for the -4 first and second RF

si gnal Sdaet V\&ﬁbbdlﬂemﬁo"ﬂdiﬁﬂjrﬁét 28N iGtepfdted @H&lpngorﬁ}gnsmg the
the antenna and. t cg ext antenna interface in

acommpnicalon crEuif a crgg gq.péqnna [efgHfage. &p gpme embodiments, the
e rcbnnimmlacmtmn civogit cc&&pﬁﬁ&s I aﬁht ©BDhat Qﬁnﬁdlﬂﬁt@t fo srefdd ﬁ"sﬂﬁgtal data

! M I ERL ORMAERN A0 OV Hdielion faprogiice the second

inferface. T'n sone e
CIQE;QIMt sigupipbissé on mmI@:@Mtdedmahabmre drmqulﬁmelm@ea wireless local

f 'aE-e%t ndhvgit fﬁlodﬁ’i@tc% g?l@ e QWird108 1%'] rﬁc‘gdug:qgl r[]s%llbsodunents the

an OFDM nod roduce thé secon
S|bg9ﬁ"'clllr§ﬂ|§%§‘§eﬁ°fﬁﬂle§e¥¥6hdatd egstt efe @ptcaficationssiested from the group

erthagiieR t& M CRhBofedt OG
e g}?f @%’g gtepﬁe sé?gg o é mrﬁorﬁeaa%iﬁﬁ "&%i‘p%@%&'é EM}m PCL; PC
ROt Srital GRS oI FiER i (907e PbAgimepifo comprise a printed
; mécit b?glﬂlhammehi ﬁr%tex?hnaf gxrv’ﬁotx]rhgtgtﬁéﬁibﬁ cu‘éﬁffPiddSEﬂ)l('xQ rg)étemal antenna
%ﬂeﬁhc% arrﬁ;&;gcqp%eaeonuﬁl 91&]? |cg§é1}t é@ar@ugavu% dbe I%.ntefc’lr?a mounted
F.thgwm éon&mﬂ)czeinbcxds nemprssecopaittd eiréuiPhodrld eSmpHiifig t etantenna

e ni, cat | circui

R 0 AR LS Bl Sl s
a ?rp‘m & ¢rabedimpeia cdmprss Agneniery a0 kene) &erﬂmmnbédgnal In some
t r&i&@ﬁneﬁ@%e%ﬁ%ﬂ@zﬁfoﬁ S4B issgotﬁ’%‘lﬁ)iﬂt %[?@ b L, standard

boa t he ant enna
&R{Fﬁﬁ?ﬁc Iino cngEmucpn%ﬁala Ré IEEEe"rtﬁaiaIdﬁnB%hh 802.11a, 802.11b,

| rB0ariflace02ar I BQER U6, ahA80een. Sonme enbodi ments conpri se
a nenory to store t'he control si gnal . In some

enbodi rtangalcral he Qenassitc tld PReidnC Batures a GRrRL
(E{? C‘{r‘i’ ast _one s{riégﬁdard se] ect d trom the gérsﬁfﬂaw frequency
cdhe? & E

GYTPIERRE: JPeAR dPriecsiying frst &dosignals, *B@Zfol Tpnsmitting
8Czeantly RIBOdgrklyy, m8a®. T c@mimﬂﬁ&tﬁ@ c{nﬂ@ﬂiﬁhg' fbcelve means for

W‘-’;{fg&g‘:lé%g 'rﬁgsé %@%&?%ﬁ?&cbasea m&g@vﬁgﬁﬁg ! e%ﬁg %.%cf Hdnsrmt means for
mEEASICHRG theaseqng; ngnpétbasgﬂ on geraind  digited dat; host interface means

t rtaﬁpfavtdmg the HRCARHaIRGESION RS, arliERP ?ec]f,eﬂﬁng the second digital data
rising recei ve means

3’“?1310{5% %&eﬂlﬁ gmeap deHaGsamEansOfPrisecivingsthe fiFst RF signals

s i ﬁmmJ ad Pntahdnaiti the IRRAE H}Oglgmn& LY [PTeY é&gerﬁilean%%ﬁémaﬂd at least
gc S baseoron Vs1 cond di a#é dat a; _host

o AR EARC e TR  aiEd wate fPr 8 Fr g ecundt BF signals

t deswénnsthe mcwms ffor cormnenicatig tdte o 60 Bk Meshs! A r6@Ang and the

external antenna 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,
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fromthe host; external antenna interface neans for

receiving the first RF signals from and for

transmtting the second RF signals to, an external

antenna; and at |east one switch neans for providing

a signal path for the first and second RF signals

be gvveen the nmeans for communi cating and one of the
OEPRA

RLIGED 10T LR HRG AR TR ISeE [demagielatea means for producing

i nfimst ﬂ@ael ﬂaa%dgmlﬁﬂledfr&aOFBWstéﬁalt@ QIQFP!FQM %ﬁ(ﬂﬁﬁtor means for
enno 0 e lntegrate I rcult

e R TG 1O A it 261 i el Gee In some

exqrsquarlnema,t énmarelem dod¢ah creamatveork | mo&mﬁﬁco@:{ﬁm% MR areless RF

B%'lﬁf TR RSmf fH SO Mﬂ&ﬁ%enﬁqag R{J%% %acegcqn‘%ﬂcaa Xyith at least one

ator neans or produ
ba@é@f@ﬁlqm@1¢qT¢dsﬁOI®¥m\/gmugmhﬂ)nsmgtPeﬂﬁﬁbﬂahﬁdmbaﬁ@ﬂt Interconnect

ne@qg); f s b
second P(}FIgEﬁSféQéa' g}hg ? pt%eg(g enc%%] %n{?g %A]S%%na? BZ{S ascg? gg\glre Some

| oTRPOdimER(s rorpmsk PRBERI @reagnpeard eseanh daving ¢he astefia means, the
lTDﬂBirQ fof c&bﬂhﬁi‘caﬁﬁg sBhe @R TRRLS. RGN0 ?i‘lﬁ ans arranged thereon.

erfac Iles Wi.th at | east. one _speci

%U&? é’ ﬁéO@PBEFpP’é%WSr‘i”éﬁuﬁgbqﬂéi imstaas &Pmpnsmg the antenna
Coxmrpame and hatiep conmeads fof B@in,‘mu.rﬁ’@hn%&ﬁ& RS extMnBl arﬁgﬂna interface

P eri al r.ewire.
erBEats it Bieho, SBlbitne 2Rt o aeindap Soring the contrl
haSiBwag; Ilnﬁ@mrﬂl@bﬂdanmmmb: mehes foneanmuhivating is comphant with at least

oo AUt Selected frohl o G BRloilL STIREE MGy Bz 11, 502112
pr $4% K, §pggbg,t808ddﬂ£3%1émgnd:8%2® sing the antenna

means, and havi ng the nmeans for comuni cating and the
ext er nal? SFREEINA In§t26PIchdbe insation deatng el itttégrated circuit package

Sogdin | SERLG GISHTH{té SelBARRi 9
cont r%—;fdﬁ@@ nal sor% ggﬁ;&?ﬁeﬁgmﬁ%q whjé‘ﬁsﬁ: Gommunication

RO é‘éﬁcﬁ S %‘bﬁfﬁprlF‘étﬁF £ompled focths tat 1%&?@@@@@%@ circuit;
Seihmi:a beatfsimknihehealty conpledanshs ki RestnelifE a&tdaéii%ﬂftdﬁle heat sink

80%%}5%51 %Jg}ar%g] el C%’l élx ngEIeg %ch&]ﬁ%@ ciozg:e%]?numcétmn circuit.

t t d L ka
conpri sEhsoEE é‘f*ﬁ&éﬁ%ﬁh%%@efeﬁ°'a¥n3$"'+refﬁ‘9""° it cqrpggises: an
- Sithasonale feaRamaN CButpD multplesingt COHDMaaieagﬂuhtdaStbr}a-b&uce first
| | |
e @i@ttall &ah 45806 gt @PDM‘?}%%EIS Leaoﬁgl h d%!?tgn%,] 204, an OFDM

circ heat si nk y cou

I e’é‘§au]8f?é tp rﬂ"% 5t58ePndi PERM signpls hased omisedond digital data, wherein
c otierseSIngORDM: Bighsls arcedr;ﬁ@hﬁﬂt&iibi me%%ﬁdmtéade*@nbodunems the

njgation circuit I'n_sone
n%te%f& %n 1rmem ﬁ{eﬁ\ﬁ‘lrf:lélit £uprl ’&%p(rgagﬁ apd asegond surface; wherein
c ot}qgrpagl%e sahstrabc ishebegtnrally fcoepiod Ivtayco@idumﬁiecbilmps to the first surface

m‘lbf ﬂthg:a? t@%@ag:ﬁ ;H?l?ig,lt rglpgl?]cgﬁeg% F@E is éaglanacljly coupled to
th Céﬁ@(@ﬁq@l‘fagﬁ af the abidM one integrated circuit. In some embodiments, a flip
chip ball grid array package comprises the integrated circuit package. In some
embodiments, the at least 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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nodul at or to produce second OFDM si gnal s based on

second digital data, wherein the second OFDM si gnal s

are transmtted by the antenna. In some enbodi nents,

the at least one integrated circuit conprises a first
surface and a second surface; wherein the package
substrate is electrically coupled via conductive bunps

t COmMBUNiPatoN WiFnitaemprisés: ttheeceive cFast topedics Syt Atseband signals

Cidaget bn fﬁﬁ%ﬂ@%ﬂs'}ewﬂﬁedh?g'ihesér?&m aﬂc!jgrtfmy[ﬁ’f circuit to produce

coupl ed to. the second surface o I"'ea
i MEERhRE$igmriscigsed on pecopddasthsnd ﬁmhllS,SWh%relﬁll the seqolnd [RF signals

badrk t@hbﬂu&ﬁrlﬁytkﬁaﬁﬂﬁm Q@%fﬂeséﬁb&cﬁﬁleht@t %Eﬁﬁf%e first baseband
enbodi ments, the

circ
o ST SBRT Bl o AT PasE Rersesen hoastsgd aials comprise
ci secena digitaingutd. 3h sgma embddAnats 8Ssran Mhd Qitérﬁfa 1P length that is a

ba\ﬁﬁgl Q?IH&J %Et L Cgl(ej:le?'}%%e Stgxe ﬁré? %Pat us|1gtnals In some

en@dmdmnnts,, -ﬂtehwn‘alessalcemmurﬁcamommmuaaisl @ﬁ\n;ﬂiahﬁ WHth at least one

ng qa?t?%%le@tegq‘fcﬁhvtﬁe gr{)\&g'cton&gtgf E ;ngﬁf/' %ns stag‘g??ﬂd%llla,
@nhid, 864l 302 dABME02.16, m‘:d;B@Z 2@ produce second RF

si gnal s_ based on second baseband signals, wherein the
second TregicgsHaiy OHQr%PQCtt:aﬂ‘mﬁftVte@t@plbfeamhes aninethnd . of| forming an

SQ@E&g@ifS@(ﬂmﬂtﬁackﬁfbero%hﬁ)ﬂsh% fﬁrbﬁtdngaﬁfs h&Rd ons! iGRBLSed circuit
rise fir i\’f %lt dat wherein the_secon
bglggé %1}1{531 BH&\c]t Std?‘tﬁ indegrasd £ircpip comprising a
tsgwaehmmmmricauomxteu mlédﬂgcaallytd%ﬂﬁllin@&& @bnhaasltsfbn the at least
raction o wavel e
8k, e 05 AP0 Sl FlSYENEERLE B0 LR comprisin an
- tzm;emar eleetsisalty nonpling e amtenia withe wikles® ofthinaRicatérd Eircuit; and

coefly fling PRI N A iBELEEA GRS ficfbat B
802. 11byy §Q3e khthodBRdusl Cﬂ}ovfiﬁé 401ea8Ngh Q’)%

]
In gepgral , in one aspé i nvent i on ee%% ?%gc i comprises:
nePII?BHinaﬁ a figyt FRIRBF2EA ClTFWf EQmATisEg @imesiia accpsscdoageller and baseband

C OEtRduits bfidproRidiivg &kdtgndinttBash
havi néﬁa pf’rural |gty ofncon uct orcge@itt %%Hl}gr%?%gghﬁlgﬁwy&dmce'

| nt egr alregereral Cini dneCAPEYt, the H@vedtioMifERh@S on 1nte%rated circuit package

n,Gi.rcuit: electrically couplin
CRBAL' STieBnc SIS hiredeBl Gl FBRR s Bise b5 copgunication
a gafakt'{ga lgtmmbdlaIGGSprraivledbcng:aﬂyi‘mpleﬂl tokhe QﬂMathbﬁégmtegrated
ancir@ft S BrterfileBGtd bitirht c%1 ns1 §|% et anané r}g}ca{;llc})r coupled to the

wre SS conmuni catlon Clr =
c otipeleay commuaicatien sircu equrﬂ pgcrkage dubﬂhlatbmltcthmllyf@upled to the

hegfterletlate L1093 8L. | N some enbodi nents, providing at
| east one integrated circuit conprises providing a

first lm%amat@ﬂb@dmnemsttrfeo S
and baseband ¢ :ﬁgﬁe'le%é %Hgnﬁgdtﬁaa&fc%ﬁ comprises: an

con olle ; rovi
o hSeomhl GERSeneg tin bl fesinis (CEM pibadstor, aymroduce first
dedlgael 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]

[0020] In general, in one aspect, the invention

features an integrated circuit package conprising: at

| east one integrated circuit conprising a wirel ess

communi cation circuit; an internedi ate substrate
electrically coupled to the at |east one integrated
circuit, the internediate substrate conprising an

arft dpath o8f dpiesiates Fijcudlo ppHewhersin hesurfabs of diss package substrate is
C Biid 2B Lo BPle itd (ﬂ‘ih' fnterﬁ‘x@gm?e RAARkadS gsé' Pﬁﬁé]ﬁg%f bondmg wires. In
el ectrically coup d tqQ th e I.nternme e substrat

[ G6DF] PP RS i Hepthall gRd agayepackase GﬁWHﬁ$Q§a’thp olntegrated

Clcfnféuit a@@g@rm%@me eibod BRI ARN A ledst %ﬂé‘ﬁﬂggfat‘éﬂ\é{rgﬁlp&mpnses a
|§ og ; denodul ator to pro uceflrs
gt R i %ﬁsmgrasme O S5 GhalFalle apd basshancircuit and
t heseam(bmmrat@dlr@m ot sirialph Rl cat-14yer @é@@BJQ@sc&ﬁé? emBodiments,

d d| ital data
EMS\;Z%%%% %{%@ﬁﬁﬂa@% %1? %]g?ﬁ t4 éwaceb‘{p {:Jﬁ%mt o' produce first
arhaéﬂ?nlad Slmabd?me@nbd'dﬁtrﬂﬁtsgnaimmcelwm byrikeliaateana; and a transmit

SURRLE AL Srddice F%ﬁﬁ'ﬁaglgﬁal? %Hﬁde& éle'cgmf Bgs%g?ﬁd é’ignatfsu Werein the

to a sur a(;e 0 one
ci §eeend RF ;menajh arechransenitdes bﬁdbe aftenna Ipaipkrmganbodlments the first

s upsbtaal @..1%1;1515 c@h@ﬁsé ﬁfs@'di@lta? 95{9] S WRerkiGht Féc%ﬁ&rﬁgéeﬁ&ﬁl signals

substrate On INg WMTres.
e g o Qidhal Bt fisopia ki et apleuiesse & longth that i

COV[ﬂgarSﬁﬁctidﬂe of f:1 @@Hvaleﬁgth of ri¢li firsPagH agRond "RIS%T@als In some
east one_.ntegrated circuit

Ol?(f érggnts,athef}v rg{esq FOBGTBHOR | TIEHIL 1S cenRliagt pgthaat least one
rres!amlaai: selssied drim dhé egrown dohsistaipast] IEEEﬁstaﬁdaranlgbZ B, 802.11a,
n -l ayer
SegpNfyl ?@?ﬁgf@%@? 15h déb%ltrqt g&!‘?@jhgé g a physicai-fay

devi ce. _ enbo’ W rel ess

comuni gaki C &@p Cj L&

produce f rrfs?:tElal gggg% Sg ﬁ%e%[asedc%ﬂrgi &’E& Otlf%nmng an
si BHREraed sueny senckies; H@W@ﬂn @rovdinga at ﬂ@@ﬁs wnt integrated circuit

Ci ifthd at SluRNBHUE RoBOEMNE e & I
basebl;asgéll Issll r%gjjs &herel n tr?e %g%oﬁnebﬁﬁ%atg@ ‘%’%ﬁ@%mpnsmg a

t r ¥H§ cpfien SiEwh rP&OVlfinsWt@ﬁtfélbﬁt%ﬁb%fatet ¢RINprising an

f i aigénnabatetrivatly cogphhg tieo aftehs® téﬁ Ithé twﬂjél@st &mHddidation circuit;
cond .h seban

a
seglgﬁwggc}% C?éﬁ?m&a 5 Coinlqu LBe R H‘Eéhs?sonet ’Ir{gegéﬂ?cbﬁﬁﬁmt to the
hagltq;meémg:t lsubstrate; |zgldaelevtmlcgl;hy douph::lg @he dfiteAnediate substrate to a

m%ﬁka%@%?g&’ékah@?uﬁsh& t and second RF signals. In sone

enbodi nent e w re ess conmmunication circuit is

conpl i apt sdthé Rpodleasd ﬁg‘ndngi an gét dor?egh'ggggﬁtgd cErRit comprises:

t he %dgnéo gonsu st n of
80Bro 2 Eﬁélfite%te Siyouif g@mpgggg 2 medimagesssrongrabier and baseband

80&rctlit; abdprdRdinga gRBAA Htegrhtdd @RHEniASRAFHsing HBhysical- lay r device.
invention features a nethod of formng an "I ntegraté 5

ci rcui t Iipgevlesadein mrmpd:cﬁl the invhavh déahtred bn iR8Shte@ R cuit package
' n&?ﬁp{f‘éﬁg z‘ft' fegsl{ one integrated circuit comprising a wireless communication
circuit; 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]

having a plurality of conductors, the at |east one
integrated circuit conprising a wreless

comuni cation circuit; providing an internediate

substrate conprising an antenna; electrically

coupling the antenna to the wirel ess comruni cation

circuit; electrically coupling the conductors on the

at | eabt some émbetjmanisd the mdreldss tamnirenicatiohecifili 8é@prises: an

SHHﬁ&gbﬁEleﬁ'e@Mc?lcﬁﬁ ibh Crﬁﬁl#ﬁﬁle?c&%pt( IEIIQMIQU egqo:&gf ror{ei%ogx%gjlce first

supstrate t ace 0
| fgdeindata hased awfirst OFPYYistam mewechby the enfenhe gmdt mdOFDM

Cirlo@ifiator GO 'B%dh&‘éssecoxﬂf QFD‘?UI s Bdsed oh @F:c[eogxrdaﬁl gal data, wherein
ci.rcuit SgBMSJ ng di a actess contro
bHeSHTE §iep: Séﬁ%trarsawad By the asenmadin semeyerabaskiments, the
Cpmkblgd sub@tfﬁfel 1§Ie[@tr£ba[l?)é§1h;ﬂédl via%ﬁu&ﬁ/‘é' Buaps(t8 A2k fabdof the at
nera dﬁ &b t he tlonfeatures an
eta%g"PStl Brafd gt n %Pé‘@eeem nts; ¢ §ip ehip balh grid grray package
| ooreppises ettie antegmtdsd coogt pﬁcblmge aIﬂNsciBrﬁb Ge%ﬂ)oﬁﬁﬁ@ﬂﬂl | 4 @ata& qslast one
c cae strate electrica coup
Htfg#t%d t&{}glt onectn rg%gratggr%p{t CoﬂPéYH’ﬁcRé@%ha access
smmorllat @ncbbmpbm m@uanarﬁm enomd mk@attéd aaiuhmoﬁ@uﬁingch physical-
U oiybNevidd 18 L6RS eﬁﬁ%n@sa%e%u&'eg mPcat%) cinipkﬁ comprises: a

sofre, enbodi nment s, | ess connunlc
cHTHIVE SEguit émpr%lr%éﬁbh@ﬁebmdeammd o SirdRF signals received by

MeHet drfpdresi aﬂd( Griddhnid eirgsul
dhgesg dedat ¥ ed c)i fi rstdfjl ﬁgll\l/%és)f%%g g&?%%é%ls%asqg on second

e HERaLs; \5{ CTER BeERFONERE siemals are tianwRiged bS’éb@ﬁﬂtCnna In
Obdhe smbndlh&ntsaﬁmcﬁr@mbaiﬁmﬁ@@ﬂaﬂlcbﬁi n@é‘ﬁ?st dil%ﬁf &it8 and wherein

t signals are tr t t ed
R R R S hnsled st P CRtagls somermbaciments, the
i sntemmcham achength thetiplacdlgir fraeog O€ biwsreRHERRe Brst and second

S Rﬁrf SQ%[%DSO f tslgﬁ'{ aémbéﬁgrtlts 0 e I i ?ﬁgrcg)}rfrgmg{;;{tégxl c:"brge* &y gompliant

&ﬁtbr &tsb'QStt@m% nsiran@:gd aiebadtedl frcmm the pgrok@ gensidtingSONEEEE standards
eghRdi /eNt8a, 80121 B, sbLABE 2099 1n] SO0 hELHLhd CUi t

conprises: a first integfated circuit conpitsing a

medi a &ch%ﬁé‘ral Clﬂnéx{eobip%fzt and u%ﬁ@ﬂqgatﬁfegcaub{eg}oﬁngf ?orrmng an

SIC

ondt |dnte *gﬁl%”cu't .conprisin
é‘@?%r ated) gr Bd FORRPRSNg:; R@le%laés@ast one lntegrated circuit
chwmgnmphmmymfr catiductorykid &ﬁffeasﬁoné 00, fédcélfc‘&H:' donbpfising a

band. si.gna ase I rst
Si gngﬁgg &é’é@'ﬁ%@gﬁfm%’ clg Eﬁh’a ﬂ‘&g ahg F‘?ﬂﬁ’é‘ﬁ‘iofs on the at least
C pne itegrated pm@dlll d¢e agmcloapd sREstmtcg B@hgnggg ad aﬂﬂ&lnﬁaﬁ G@8A Glectrically
n ignals are
aﬁs gt t e%rgby th an{rglﬁ%act bl??m caoﬁ’é‘ EBSdi ment's, the
fl rst lﬁ@%@ﬂ%”&n&(ﬁﬂ@ﬁﬁ ﬁﬁg?%%%% ida5sS En{j llrgc!e%gi!ed dcallrtcuit comprises:

d er ei the secqnd. b nd signa
BRJiretintegrated cuoyitSomPrisgsOnAdiABegesy ertroller and baseband

ClI‘Clllt and providing a second integrated circuit comprising a physical-layer device.

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

comprising: at least one integrated circuit comprising a wireless communication



[0029]

[0030]

[0031]

antenna has a length that is a vulgar fraction of a

wavel ength of the first and second RF signals. In

some enbodi nents, the wireless comunication circuit

is conpliant wth at |east one standard sel ected from

the group consisting of | EEE standards 802.11,

802.1la, 802.1 I b, 802.11g, 802.1lln, 802. 16, and

gPACHI; a[l@)oaze]asq ﬁoﬁl@ﬁéiiﬂél an jantesne tésqjacztlly chepled to the wireless

I neeetuEtiog@idhigs a net hod of formng an integrated
circuit package, conprising: providing at |east one

| nt egr aheﬂmtié le@ribotlimdnasy | thE \@n@lle&kr @&rhhﬁﬁnﬁsfau&?rb‘?ﬂdﬁﬁ Xotnprises: an
t one inte rat it conp

Irc
FiRee iR EATIsG RGPS dPEEIVY Bampgtisiongp immeduce first
t rrhgmmmea cnnﬁtsln@PEIMl sigsdls r@i&ﬁreﬂrﬁ}eﬂ'feairﬁ%rﬁl hfdliah OFDM

ol R BAGE AP FrotHRS LALE CRRTPE S BhalR Lty SRR oL ama, wherein

c dhenfsrensk | MI m«gmlﬁ arg Ofm;mﬂtﬂl dyntheententiareSunse embodiments
r | i ses:
I S e
nerfithe atcléésé §ne ifegraied @rrcwhdn asstrariwdiménts; ui flip chipball grid array
pr;ﬁ\éké’ge%nﬁarﬁc,QQ ﬁﬁqmeglta?éalréféﬁﬂ p&cfi{% fn gcﬁHP Hn%b&gneﬂts the at least

i.cal - devi cé
%@c‘fl eggaﬁ ?W}’é%‘iqn??ﬁ‘sf’%ét figs mt%maﬁeﬁtcergmap@mwsmg @imedia access
paabhaagﬂer andrhasetand gircuaf; ah@ Q%éco%ﬁ%ntb@ﬂa?é&r &lced cSﬂnbﬁElgg a physical-

W|rel S,.CO ication -9 circuit
TR G, B WACOERBRTE B SRIE spmyiAbpe srewt paraprises:
Wi Iiee¢1v§s slrclubwmmdu:catf refrbassbrand isignals ®A2<H orl firs$ BF&signals received by

e'@@%@%ﬂﬁ Sand qu%rﬁﬁl it ch ??ﬁ :5]:% ate!ac?r{% g:r Con atls based on second

nprlses an ogona
mipasehsne @igngls, ormmin &@fﬁmméﬂ?&r sxgmalp peedinarendiitedsby the antenna. In

di M@ém@&ﬁﬁeﬂ@stﬁg ﬁ?ﬁ b.fclée'bﬁﬁd %ﬂ\f% g&rﬁpﬁééfn@? o g'ltﬁ/lecgt(t:aoﬁad wherein

the ante n% rod
Se5954 a§ehﬁa§ ékﬁnéﬁ cg@eaﬁmsqspgd ﬂmltabléata Invsoareginbodiments, the

t hantaeraad a%% $hag b SuBhe FhERRSHR 4 %%961% £, B€ the first and second

a nna. E;}]%()Hlents conprise g
ts}%’tab* P SO © D e WiRFless comuBIGATen skt ist eompliant
a with f st cleast afnet Siandatd lsﬁeétéd diten lthlé L@i B6hststin g Wst IEEE" standards

2ot PLARTE A, PP W o e
erbod! BN beneriNh 3he | L3S 8 LALES ;«eagggspg' R pf forming an

conpri ses [ r'st I nt d crr
meltegraied cdreult cpnskass) IC@fnPalﬁmgbase‘bdmg of deasi tone antﬂ:geuted circuit

Segdnstiding Qg Ratlshs Cédhﬁﬁﬁﬁlcé:tﬂﬁp iréﬁlpggﬁ)vﬁ)cmfgc‘ £ %ase | cB¥iplising an

devi.ce. |In sone enbf i ments,
g

c offtiEHTIe: SRgastRedhF at, Stwﬁﬁmeg@éed eircuitewithinethe icasepiand electrically
pr coipiiag the Sierna sethaReredss damsnARa86n eRclit. r st RF

signal s received by the antenna; and a transmt
ci rcui t It gorpe eibodinsees) poilingl 4NRhs QRSBELPNRS REORH 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.
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[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

baseband signals, wherein the second. RF signals are
transmtted by the antenna. In sonme enbodi nents, the

first baseband signals conprise first digital data;

and wherein the second baseband signals conprise

second digital data. In sone enbodinents, the antenna

has a length that is a vulgar fraction of a wavel ength

of the Thedetailsred ose comgre RRplsingniatisns dra setdivgh in the accompanying
eradinge iR IﬂehﬂeéMiFnﬁé)r?%%l&Q.n@fﬁErCPetaf PLL Gifi Gl T, #aﬁent from the
conpliant wth at [east one st andartgl1 Sel'ect ed Trom

t Hiesgion and sawings gndfropethe claimpdar ds 802, 11, 802. 11

a, 802.1 I'b, 802.11g, 802.1In, 802.16, and 802. 20.

[ 0030] In gener ag,ESi cﬁ@@ﬁpbmwﬁvbgventi on

features a method of tormmng an integrated circuit

pac K ag€p1E QEROWS h WL ARS &H:ﬁ{lﬁgat?otns lrr?o%?ﬁe n?cﬂ)ﬁeét@& 9l ﬁcﬁs? (sjuch asa
circuit ~conprising a wreless comiunication Cifcult,
prRsysaheprepwerAscaBing e iprnefeand emhedimeat. encasi ng t he

at least_one integrated circuit within the case; and

el ect ri T&F 1% SPeBR Mg theommusirtionso madulenrepagag an external
C OdiftdtHaC Bitér@te Cfof Cétinhect{d303h] edtBmaP MBteaAP OdeoMMeS to a preferred
pr ovi dj.n tat | east one integrated circuit conprises:
pr%ﬁ’%“lﬁlgna first integrated circuit conprising a

nmedi a a S er. and basehand circuit; and ..
o ov dl FiS 2 6B98 R ek FarsR Ul SEHARE cobfiie el Sk comprising
physintainal asgendingdy 2 peeferddenbodiRientThe detail s of one

or nore inplenmentations are set forth in the

acconpablfd-ng shawavd magtherthbft trenvefastoringtdno mtegrhied, circuit package

o 3 i | . 1 1 i pt.i .
S Spiptn 1 i S L A B
DRAW NGB .09 3wk 42 InhRvns %h%f‘%a@ﬁf%@“ ebrﬁﬁ%’%iﬁé‘san intermediate

nmodyl e connected to a host such as a erso

cofStale CORPHFGR AR 2RENa2 FCaTERS B BREEeH sEvedinpend 34]

FIG 2 a.W.AN co i cati ons nodul e conprisi ng an

ext er nZFP&gﬁt%ﬁm ?HP%@L{F%W%BWHE&%QMEEJ It@?%%tl package
antenpasidg ao inempdiate substrefeartgdisingrdncditermataccdr@®gd a preferred

Fl@?ﬁoﬁﬁ%ﬂ? an integrated circuit package conprising a
heat” "SI nk Conprising an antenna according to a

preferr ??G.%H%Mﬁnteé%%ﬁ%ﬁﬁh%&ﬁé% %\%@%ﬁé gopdacﬁige substrate

0
manuf acturing an integrated circ ac
c oRPFPPEFIRG 23 AHEER2 LR IRd A Areierrgd ambadimenha accor di ng
to a pr$1‘é rred enbodi nrgn . {0037} FIG 5 shows an
i nt egr ated &if St @ P&t a@eo GifprIasURgE afh ipfegatpdFiEguét package
s ubsmpfitig C0 PRcUage MUbARIMtARLADASINECHD aflichfla ta8cdtding to a preferred

referre odi nent .
P erfn%odmgen?nb d t
FIG 9 shows an integrated circuit package comprising a case comprising an

antenmna according to a preferred embodiment.

FIG 10 shows a method of manufacturing an integrated circuit package
comprising a case comprising an antenna according to a preferred embodiment.

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

indicates the number of the drawing in which the reference numeral first appears.
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[0044]

[0045]

[0046]

[0047]

[0038] FIG 6 shows a nmethod of manufacturing an
integrated circuit package conprising an internedi ate
substrate conprising an antenna according to a
preferred enbodinment. [0039] FIG 7 shows an
integrated circuit package conprising a package
substrate conprising an antenna according to a

preferred enbodi éz(l:ﬁ flcg@ows a met hod of
manufacturing an in egra CIrCUI ackage

conpri t an_ante
d?*nﬂ&%f‘ﬁn%@%?@?% SR R RSt OB E iR 8Ra nevwon

N qorreyHeatioas cmodulet spalekay eanc cmthotgenai g fquasg-division
C EHYI 1§J&1ﬁ‘%q (@FDMY tc%ﬂﬁ@lrﬁ&%hg ' I‘H&dlﬂ@ caﬁ@glglfngrﬁ st interface. The

enbﬁ Jg 0042 FI G 10 shows

%“r?t %?‘érg*?xa@@ée o gargdekuggewith a laptop computer.

cGM&ﬁb&ma@mkmﬁwﬁﬁ@ﬁﬁﬁﬁh&h@ﬂ gaﬁﬁﬂﬁﬁnaﬂmﬁgﬁﬁﬁd'ng to a
preferred enbodi nent. [004 he |l eading digit(s) of

eac h r 8i@r bsioewnaEL AN desgeiuniBatidik %ﬁﬁ&cv\,}'] d2 éh‘cf’i\ahécﬁéli to a host 104
n | C

A L B e i, o 0
DE@@RII%EI'&W{@@D&M)G Moﬂvnmdh@-ﬁ@ﬁudnhﬁ (IFIF)SéiQImls 108 and to transmit
'( R‘Pe@fg‘ngﬁ §OHP! %8mﬁ1u‘fﬁcragbﬁ Scc'lréu?thal ar ad oPt %%sg oigrface 114 to

communi cat | ons

f F%’E{i’é‘ﬁwtw Bosh 4 04, riwhich preenr ﬁft?gab@}CFBMged: onmapnintedtdirons board.
nodul e cgggrl smg host |nterface The nodul e can be
f abri c&SOCEYNUREAtIO SCHPIt d 12 gemprises areceive eircuib &l antot produce digital

I aaﬂaqasmwb@ml m@.dl@'l?fl?gﬁggdd Hﬁ%kzrgt Qiécilfg“ 18”2)#%&% RF signals
VR Besh o R % 12 oie £ A4 ovea sk intardape 114,
s@@hummeatmarcsmnnll 12 agvid ey dlgﬁslocta@h NZR fc?h&t FIOffSGErr I8f3t interface
e rises an antenna
rgg‘gﬁ%/%gﬁtg Io- 1? 8re9erab1 n?‘pglisﬁsr?a’ing 13 ggcesherntgller and baseband
t EMAHBB) regeive; cgn:aitsl 29 b@d aqahysmhlayeratem (BHLY() wedeivkledscuit 122
a ni.cate wit

ﬂg&t %pla%%é ah&ﬁ-&ih%at? %1%#96%? rtgnge dn S pH n‘il"ect'J18 fis preferably

are

cFPlElEPfeSbﬁaMéC Bowmsnubmw dadi ad mR}amtrmm?x circuit 126 that
cemt&@%oﬁmgﬁewﬁ-lﬁb%%é tfh wgqg : rﬁo&ihﬁhl nodute 102 is

il % on RF si gg
CEbRplEt ER 5o 3 otiie o HERE, synasts 52l b $0ad 102 11b, 802.11¢,
d|892ﬂbil 02t 16, 230 30220 Mhd't lfegﬁﬁﬂhhﬁﬁi natlﬁgailgé‘fﬁ{damgs knd the like. In
i ni_cati on.circui Vi

e efbGaiichs, iR EoR bt Shimbrices s M Gtemoytator and
R@aé}m\’lamdnhtor fot 8sqpinef wirelebs/LANOPri ses a nedi a

access controll er and baseband
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 anterma
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[0048]

[0049]

[0050]

[0051]

(MAC/BB) receive circuit 120 and a physical -1 ayer

device (PHY) receive circuit 122 that operate

according to well-known techniques. Transmt circuit

118 preferably conprises a MAC/BB transmt circuit

124 and a PHY transmt circuit 126 that operate

according to well-known techni ques. In sone

enbuiorrxtarsal antsgod entdrGRei294 it aeqokdzant withtaconte] SgndIRNe. Control

of & I 02.1 | b 02. I1g, .
B3 10 585 08 B ol Aoy, B0 v RO rimgle contel signal 210
nat3loPraproyided dhiregdy teuswiteln @0p iblyehost 104 swerehost interface 114, can be
enmgegtdnent it i GRb| AT ' n.

G e I USRI D0 br cah b sro HEEP b Bl pteface 204
wi PRARELNEAR exE%ﬁ?’PtePPGﬂ% I8 sems embpglispgnts, module 202 is compliant

cowithineadr! 96fe FDWER sZda@eBoni13] 862 30, €421 1821802.11g, 802.11n
an% ﬂ [ gégﬁc 204 for, cqnnecting an 'external ’ ’
ant Gk 28 B A e aions epd Priiens! spdisand therikement s

106- 130y, 0f, dyl 02 are as described above for, :
conmun Iélatsf)%[r%sgrrrrlg %ng‘n%O%’%s? lf—‘feﬁ%"i. 1ell—AIO\}\?@ 165 gtily| & least one
20@6&%@2@@#&9@9 é)@:n_erthfal gomtmm;aidir:]g eohipties 2\0141;:1 & least one
s Ly . as egi ster

2\8& .eQ e t%{rgﬁnﬂég %dtu@ P@gg) 5% 3%% e&?ﬁex@i‘ Cftiporient Interconnect
i il velrfeeBxpressa Mish#6d: BE eandit UniversakSariel Bust end\@irewire. Other

antepEBmeR ehﬂl@ﬁotﬁ%&?ﬁﬁ%ig?ti%% oo eabite @{‘f ch 206

provi des a signa signha 0

bet weenE&BonkEn€24 1 108 pré’é.'hﬁtciﬂgzénti%ﬁ%ogg)giigiﬁﬁ :ﬂrgt%gﬁ{%h%%&‘lt package

-12 4[06 or. fex{oernal antenna interfa in

ac &8t Bathed fof ormipe bASHRE. ¥heaae piqprated sirewt packpgmedmprises an
21antemm dnd aydewst anethtéghatad Yirt pRFer@blyWRYSemdn®dd in 2 Th chip ball
exaapl N Si 0, can be .provjded direct )?
T U e e ot M S
bePackegs substrateavif |salfer mabptTT]EHlpickagg satistriate?38soupledCidNthe circuit
be i [ 20 on det ecting.an
ex?ggwg%l? gﬁlr(gp%%gp %Pnﬂﬂé glr‘r‘éi%éﬁd&%f%n%ga% %W]é‘%i‘@@ts of the
i SIGERREG ircuit\packagmeambenvsed of enfBBHims¢rmNdErtls communications
80zwodile t8Q8usbiiRe cRAudit rpcg.ﬁcgilt%tgn%reﬁpz' 11in, ~802. 16,

and 802. 20, other regi onacf ational standards, and

the |iKBIG [084%s 4 iSO ! St i

114 cor.rspl i es V\{ tsh 5 I@%Cgtseé.r%ﬁgﬁ rﬁgg%%ef%vga%%ﬂgﬂrysg{e% ggltgaétosmk 322

f r M T Ae PP 38%3 ? 2Porgdingip 3 mrefepedtemahodimentt Ineggated circuit

s ppaskhge 30 Grprsfetabtyt 2 H#CBGMNAD emtga@%iga@%ar%ﬁdugg heat sink 322. In
e 3 connect . ; ress,

ek e GAONSIL  BERNTERL e L CRTES om e

hq ggu.l‘mm wéoiﬁztbé E’{@Bblpa(btoh ghe sipadi Bdar?.t]itsmrwhﬂd)émbc%dhnents of
o) ; : 0 e..prese

i nyenﬁtri, oﬁtr cgﬁlr e gnsqlgﬁigde I a{ e%bg?g%g’lpts’ B’EBR@S{?D{%&# ghe present

@WS’&’% prer Betndimifed e As,pet san Hee implegeateé dising any other

Ci infepirited agioRGE pROWHRTES 8&chABlogies 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]

antenna and at |east one integrated circuit preferably
inplemented in a flip chip ball grid array (FCB®&A)

In a FCBGA, the integrated circuit is generally
connected to a package substrate via sol der balls.
The package substrate is coupled to the circuit board
t hrough sol der balls on the underside of the package.

Erémdgm Nfen@h 3tB&an lhaveegn@ﬁg@d tHat [CalihilgRafkane dﬁrlwbv?elength of

ts,of conmuni |ons du]
a6 1SS FRBTHIN ¢t PO ER AUTISTER G i Yo IEB0 B} op hgss of one
s hm@exalhwdlad byraatonezeto integet, P acwalff&nSON ucmﬁmlbﬁdﬂﬂ artd
heat sink 322 conprising an antenna 315 according to

a pref emtegratedrbipcliinpavkagd 30Genchitieda mtegrated cirpat KEDeonfigured for

. h .
t hiﬁ)iguahm]fglfgt&ﬂtzrgqyln%m&gg él%anﬁ%ier?@g p?qtgxgpp}ﬁgg tclgmumcatlons
of lecmté giont teanspiittingi andierc kegiyirR) @atex beerd sntamvasy 31 §.0For example,
t hi%teg?zltéc? HirEmp 8aH dcahoco?@qfée F:&ﬁmﬁ?x@ﬁtn#rp @)?ﬂﬁ{] c&Hﬁnsnilg a receive

circuit board
i nEERIt B pTeduee élé%tcdflglbaé datarbasest ors first RECEgmALs received by antenna 315,

errhmda ﬂﬁﬂhﬁlt(ﬂlrchhetopﬁrﬁéﬁét sechily Rt élgﬁhl@bﬁseﬁoér% Ldoghé &bital data,
ot her

| RGP B8 BRPAIE siBek 207 RGTPUEHHBY Biias 4k cipe communication
cumcmm tan eothptiseon media ubckss coﬂ&Mﬁrﬂbﬁﬁ%ﬁhd c[r@ﬁ5¥MAt@@B) and a

t 315, which
A SR RE R S BodBlE BSp3iy WILSREAS1s. e
WI cmuhleafuors pinguitl E2preferabdy wemphim dvithe nhe pr hrevad of SEPEK standards
31507 51 aﬂgﬁairihe%?l IbTo Qqqg gltne 86%%@2%1%%62 81%2 Jegional and

i mposed e sl ze antenn
cahatipagk stanqlaéﬁgt z0dt Walikes Ty some garbolimets, dhe bmanunication circuit

Wa?z’&h St linOOFDIM QletdodiRlcy dddass BFDNg dm@tﬂgatﬁf" & YRUnPY wireless
ng\ga 315 A vul gar fraction consists one

r divided by a non-zero integer, as is
well-kn he ant_arts 00 I nt egr at ed
circuit %&i%ﬁacgégg gﬁi"‘dﬂ@%“éedl %@ﬁ%é% dxielestRealit copmseted to the
g (1)p£dkgge eubsfrate 326l vip cm’(duptwmblmmpm}}lf IThe edicete tsmhgs.uzts may be
Qrmuni cat.i ons cui.ts
A RGBS B g s
Fopf @uam ég, amdm@galm eojatgi polyiteri8 sRidsain adiditiqur, |ameepaxy or other
co [ it to
SRR A tih) gbﬁﬁé’d be szt tgé c'ag 1?ct1'§r§°o$l§%/p%R’?_.f§S pe used as an

produce I rst gm ase
r e EBPGHHNB natFRIab HoT b eonductiyribumps Hiddaiproiie mﬂchamcxal support and

pr m@respz%%&ﬁoﬂ:mbgﬁ@bﬁt&ﬁ%ﬁ&l@@l?%%%edéﬁcﬁé’d to Jhe package
data\mr gln the seco RE .signhal s a}re transmtt

by SRHFBIn o7 491 5US 1R, a’%nﬂﬁ’n EHip | (9H§1Pa Ble c bopdiagn method such as
c ottErinseompreesios saldersg eacapstlatibg ahbagiedaee ci rcui t

(MAC/BB) and a physical-layer device (PHY) that is

[0054] el ectri dAklojharcunfact 820 vHthennegrated3difeuitT3e 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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[0056]

[0057]

[0058]

conmuni cation circuit is preferably conpliant with one
or nore of |EEE standards 802.11, 802.11a, 802.11b,
802.11g, 802.11n, 802.16, and 802.20, other regional
and national standards, and the like. In sone

enbodi nents, the communication circuit conprises an
OFDM denodul at or and an OFDM nodul ator for use in a

yviclfehe'ﬁﬁeg(;jrﬁﬂhld cﬁrﬁ@i53]é21 Ar e §:|§ck§g|é _ﬁLﬂﬁlﬁlat%lﬁz@Fmt tg)@amd ptle, a thermally

i : circuj is elecirical nnected to

¢ PR SpBH Lk be B s efihinsifiind 932 bunpe aie.

The co Y b ornmed from an .

el ectr r}‘c}gﬁ%}: sggﬁg%%? %%é]%ﬁa%t%é?? Al Otfsaﬂg ﬁu§§ra§bylg}qnélo§ugép1§ for ball

AEridagiTayamogyting tf a Algvign dudty as amircoithmiatd or sdstrad. A plurality of

PQlonBEdtvE bakid330 bt A AR e

sui?t abl P rmﬁ{l%r ral f o@’ rgrglgg%g{}v\cgﬁec? ﬁg)ﬁ%:ltg%tﬁgtcfr\%/‘élt B?ﬁlfﬂge 300to 2

31rcHapord qidlsdlikes an enbeddi ng material for the

conductjve bugps £1_8_, to provi de nechani cal support and

moi st ur PpPBPEET Phrttegtiied; Aratiisad b iviintagrated3 tacuitipableage 300

atdcosrdig tb @nibld@infkae e predbt lifing on £bndi Hinli® 430 ¥nd |4 practical

CE‘J&%P%O at tﬁbl %ﬁondl.Fg ﬁEt hodb such as o ) _

¢ HPIRSE Gliplsgtatosh, SRCHIIAIA e Dsrisumienred orithimpasingle integrated

adhesit peskage 3084} ﬁ'ﬂge aqiditchip umdcﬁx@@d (M@@/I)?]Foi 8fam pkle, aél 2irzxtegrated

i nt G - ttached to a heat si

(ol RRaE 06U Sant o 4 RECRR el o1 f ot one of the

31ptegrates ¢iesaits 31 hrorgpiseraMAE/BRadé thef otherycotripeiseed PHY.,

conductive material such as copper and thermally

conductilffe 4 showsta methpded00nebopanufactuting eni integtedreiycubtepackage

at30acdvabristhel HBed1 ik TIMbordsi ing I

324 t hat dogt ‘i?f{ hermal |y | é@g@%ﬂtg@?%%ﬁ:}ég{m&{o Enpreferred

ci R m%"f2%/§‘ﬁ€ 490 cgawggq:svgr’ovg@pgj@f leagh@ne integrated circuit 312

priesvingfd ¢dndngtobyatRPbiY b gt SufTed) Mk fedl it Q881 ELclif™ 2 comprises

f'i%ire e:usrface - l4at0f the.i ?t%gr %ed circuit 312 or the

pacKage SubStPErE $26 T Hy (& nA‘@ b, eleetrigallyngpynjing the conductor

g qmngmobw entegratey ameyit (342 us mpagggdmba&%t@@mgm aifstef:‘Eﬁ' conductive

g rate y be made of any

o o mgs B s 2B 0BG b et SR 172 oqhpriig i gatoita 315 (step

nmotif0i electieally emiplivg astepha 835 do ¢he ewivelesbeamehudication circuit (step

S UdsE ! AfdethenAlyéplih i Y 0.ar -

prqvi gl%d for co}unne t %Sosfeﬁ?ﬂeiggr]g%gé 32???&%%%&%@%%@ to heat

t 518 3¢ StRi410board or the Iike. [0056] The nunber of

I nt egr%ﬁj ci,rcuits. 312 in integrated circuit_ package

300  accor di Y e e Mt Sirsuib Paghge HOBswmprismgest intermediate

| ssubstraté i 5tidt exinprising en aﬁnmgam 'aﬁfﬁrdinﬁtjmoﬁrpr%%ned embodiment.

i . G .can i npl e in a _

o AL Buld B 318 i SR ity SEmEget g e taat can optonally

mudissipai¢ ppproximiately ME\ameFonowx afibk#, as arconRé@iphal 89 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
invention are described in terms of FCBGAs, 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.
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[0060]

[0061]

[0062]

circuit package 300 can include two integrated

circuits 312 where one of the integrated circuits 312
conprises a MAC/ BB and the other conprises a PHY

[0057] FIG 4 shows a nethod 400 of manufacturing an
integrated circuit package 300 conprising a heat sink

322 conprising an antenna 315 according to a preferred
enbodi feiegratadeiisyl padeige RPrindedespr mtﬂlgcb.tﬂgcmiultl Mdasbonfi gu:ed for

Offip 'cf P%ﬁﬁﬁ? el B Cal W%hgd% anhﬁ‘%éhﬂ?%l e%ﬁf)‘&ﬁ e 4 tg%zct prises one

on a ace ereln i rcul

c ORpRPSeantennag 318| gk can ﬂ?ﬁufﬂr@ad,l o eiampld, tby( stchipg intermediate
4Qadstra8d ST4. Wo%k:bﬂﬂm%@h‘lﬁlsﬁi&regﬁ%n&%nﬁgﬁts&{ by B %g% ﬁ)lEEnnedlate

|nterat d circuit 312 to a package bstrate
Subiiral S Vo ABERE V1 o hiye ademeth dhat ps agulgar fsaqwmfragvaelength

heﬁthesslgﬂmﬁrz&sﬁ@manalre@lm whiana 35> (step  406),
electrically coupl ing antenna 315 to the wireless

commnlln&gra'lmi eircniti 312( @teﬁfﬁrab@o%bmpﬁﬁéé cb@biMldaMons circuits for

n urf ce 320 ated circuit
T T O O b
ard l2ntaggroentpetse Gi cmmntlmpauimglecﬁoaommmng aimgeivdcircuit to produce

t
oSt BRtRefa paa BSE I SeAATRELN A Ay B0 433 transmit
ciGeyitio pwékawcgrld)RFssl@labft@smly segond dlgitabtthtEGB@‘-‘em the second

t R sizams aRS railitted byhiel 1S, R ?"c Ghidns ﬁﬁuﬁ%gﬁ comprise

anount,. of heat as 1?9 convent| onal

I ppac
a driRadia 36esss COREONG+ 31d:t heschand MC/%B ériﬁlysﬁélallayel’ device
Si (EE’HS@Zﬂiat lsneladﬁlbdllyoébnnbdfted tb hafenhh 538! %@Eoﬁﬂuﬁﬂ:"aﬁ&ﬁ ircuit is

circ ac aﬁ%’é ext ends W C{ﬂ_ circ

bd4r fac C?IBB O et MRS ftan Sc%%llbéQ? dla, 802.11b,
Bu&OZJ\HJgL SOEﬂﬂmc&Oﬁdﬁt andf02. DG qticegeFbnali aAd @atib s@h@ards, and the
deﬁ&r ' bﬁxd sblﬂe t &ﬁﬁ@dlﬁgntgcﬁf%scbm??n%ggalt ggg%%‘éo&fs chaﬂxaseé afp OFDM

present i nvent

bedsmgsindatenand an3FIY mogulaoh fr vseiregwitless LAN: cui t

packagi n%gt echnol ogi es_ which currently exist or are

under devVESGYHa%R 210 afhe yepted wireyit 412t al¢atmeally connected to the

paﬁkag@dlagosub@ﬁétacm ﬂa'c@h&@d’tﬁ%?%ﬁ § 5. tTtélgondu%thg burmps 518

conflgured fOfr chi.p . nhount hat is attac
an@¥ & fREErh @msaawsql?%@%a by1opndyetivecmptsripaish 3a &b/ solder, Au,

noAg, aliviye s HHEAE,haid xﬁaﬁllf@%oﬁféﬂ&B@%éﬁst@d%aﬁpﬁcﬁhu&y an epoxy

et t | at ate. 514 acconmmpdat
o1 GO PG PRHEETE A Tt R ot P e Bt Bimaay oo used a
s ulys embedsiing hategial fomnlze Sdructive bnamps SllS &ﬂ}ﬁtbhldb hedchirfica support

Vu!irgia &5@% Jﬁ&e&ﬁona TRV § f% n{h cu'cu glflrgnadje attached to the

transmitt recei ved y-ant enna

| MnbgEEdiste subsEairtd 14 1ming @f)eﬂabblydpmnmahbbsbondmg method such as
Coﬂﬁﬁﬁbdﬁ{ﬂr%ﬁncédl@éﬁntgseﬂ ﬁsulit{o%néﬁﬂr LdeRigeand/ or

receiving data over antenna 515 exanpl e,
i nt egr aliesbrhi¢ EMbbdiments, the other surface 520 of the integrated circuit 512 is

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 that does not thermally
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[0064]
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512 can conprise a conmunication circuit conprising a
receive circuit to produce first digital data based
on first RF signals received by antenna 515, and a
transmt «circuit to produce second RF signals based
on second digital data, wherein the second RF signals
are transmtted by antenna 515. The conmuni cati ons

cilgadaie t the aintegatpst jcireuit 5 12edich as cubesivontolder) end gmebs-fitting by
bag a AREAHiSH) forRdo anP TS GRfacd BY Ble g%%@@d ﬂ%Bth or the

that ‘is . electrically _connected to ant enna

c SRATRTde isBhstats e L tFor §xamgpler @ thasmplly: epmsiuctivi epdxymay be used
one tiy ateh et itenEFR . st andards 802. 11, 802.11a, 802.1

| b, 802.11g, 802.1In, 802.16, and 802.20, other

r egi oné]fheamtbnmﬂllatbtnﬁibstsitarﬂlar ﬂsileo@@@hlw%nn%dt&ﬁ to l:cBhductors on a
e c i.cation ui.t conprise
T T T e N
a ophvertselip dbANmopoleel df thefintegtatetiudifoattes 13 iftookire BGnd mounting to
| RERRLA % SAEV. S LE Sl Rt aLaL PRIt ol Ly .
SIBtGgI'FFPél é@ﬁm@@pwebiﬁﬁp@rmees aralpwbeesﬁsbmnedthémh}mu‘ty for heat
e'g%ﬁ&r‘éte‘aahﬁ Ytlﬁo "iﬂ’t\égrtate\ﬁe c‘ﬂ%ﬁﬁr 'Sg% d§d" CtHatlaspoe}%{' S&ﬁﬁﬁ&tgo% 'may be
pcﬁ’i"?ﬁfﬁgﬁoé‘i@@ clicadditiom i ¢ iheéﬁfa antheqfohy integratsdrareuit package 500
s Leixtembdh eo et }&.rafj gihk fsm rwhybggngtﬁa pﬁc!ktﬁéér: ?lgg&]g% :r%teh@‘%% reducing
c ol TR 188 BT s S s TP il b o G omtesated cirui
armlc]mgesﬁm ds pronheattd. oAlsoT ke iifife@@tadt et lpﬁékatge 5&12}' employ a
H?ﬁh&&t@%a??yfsdm%)?pe%? Ge a%?v%ﬂgﬁtr aglélgﬁf f?é %I& glga@eq] Additionally,
t h@mgn@mnmes@imn substrade 3 1dg redmoesa isau diing rpitcBNfbquirements on
P R A B e
to an opick iubB@eﬁE 586 Mayean by ot‘?@ﬁ%ﬁh T nfﬁ]‘é%gtable for ball

fromthe in r at ed c;lrcwt 512
e BB a2 o R orh mw@m Aedigtonally, a

assupp@zm dtyenpzh suedrasah Eyox@%%ﬂﬁér'sﬁﬁaﬂ?é Adfdral m%}‘ Sﬁ inserted between

. attached to t
L PhfEREBA R SShLEME 51 255 Hinkap o 38 do pHads #ition mechanical
t hesppet /y pluralmysqfl catductilve bluntpe gr:a ataﬁdjplfblvfd@dl ifbr Sochdedti#@integrated

| b |
R T
i nt egr afgd n‘ﬁhfbﬁf“ o 1§13c%ra?éd tcPSulté By £ put \I}E ”g%‘i;égﬁ%@ gkage 500

514. For exanpl e, con
usasgording forranbeditaeninekthe ipffénmtamennp@ Gt Lifitited to one. Any practical

| et b fainteggatBs icirdties 172 dad 1Rl B 151’11&?:%%%&/1&1%‘ ré.eﬁh‘?g integrated
t o..conduc ors(gb%%bﬁﬁack e Substrate 5 Vi a seve

o HP ighipgapdle (MGHE: Far example, an integrated

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 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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converts flip chip nmounting of the integrated circuit

512 into wre bond nounting to conbine and exceed the
advant ages of FCBGA and PBGA. Simlar to FCBGA, the
integrated circuit package 500 provides a | ow

resi stance thermal path for heat generated in the
integrated circuit 512 so that power dissipation may

ba&sing @ap AHSH Hitegrated pirawitipadkegingttemhnologiasavhipacirantlytekist or are
| Rheg'RLadpmbACUI T package 500 extends to the heat

sink 522, away fromthe package substrate 526, thereby

reduci p9G. § RBoweatméned 690 d
Ié@ﬁw t substrate to. whi tfﬁgalﬁir%délgl#ﬁa gﬁ%tg‘%rg led circuit package

SGEPEEHE A IEE&‘HH%Q:@%&“ Hrale 2 14 pempReiBg @At a@épn@a 154 §iagcording
pam; kgpyefenad embpdimena Methbs tGD&toaniph@és provRiing E‘te1>é9§ Rk Yxﬁegrated

TR NG L -
W|5rl 2 ngmpnsasht wiggjeisrconemirscation cirouit (sigp 602) epredidin@iintermediate

E‘%age su bctsot ate f%l %% HJ&BQ gclleglga%?eg(g@ gﬁ%“g%&s%%bFE antenna 515

m§@ dre wireless Qogmpgmf:zmonbatclult (gtep B0aY, rebortrmalintdonpjirtgotha conductor

deuit&s cfnl'iﬁfég?a%@mfdu'itcﬂ'mtto k?ﬂt@frﬁec@é’tg%ﬁ&%la{eagﬁ via 2 set of conductive
dl t1onal @%q % support | ayer as an epoxy |n
Sttt EkPe ORR: and aqleqﬁﬁyalkye coyplingt mtprmediatee pubstrate 514 to a

I r&hﬁ’ﬁdﬁi&ﬂp&ﬂ&gﬁ&bﬁd&ﬂ’aﬂﬂ@éa@ﬂﬂal&?@fﬁgﬁd SRS 55 AtGepA?).
to provide addition mechanical support. A pl ural [ ty

of condiiGt i7vehdwsps ﬁﬂégkrﬂtl‘aé amwt gaﬂcag@rmoo{w@@hmﬁg a package
0 a,.Ci rcui
¢ LR 39 Glsritine REGERAG. S, heboBing U6 ‘¢ ireleed cbociment
i Anfegratagcarced peckaga |7f)0 Pk Eegabl @ F CBL@A OBl wihiild émbodiments of the
t t mte
ool AL ate s, ol 80 ACHOAS PBhodifht W b prosent
cathgélon ¢ deb Ameitedwio FCBGAS i angl eani h¢ emppidneshtedc hsingliahy other
Pagteaaesdd
e?@nﬁ:%d SHollp RRKE e MShAdOLies (U ol g or @ wnder
BIERe integrated circuits 512 where one of the
mtegr? circujts %2 conpri ses a MAC/ 13B and the .
ot her oﬂﬁ'g‘i‘ staty tsﬁ%P%Pé Qs JEensah dd9 nerhich can be

ofattableedpore s esnifactmtvﬂpddkogb st trdRSTIs hiefbrinBd arHs Qékage substrate

t ted t
T, R R KGR, Rty B s SPhiSgranigrae 26
cian¢arng 7@&@9@@&@9«1 leogthrtbitdg iaesgahifmbtiaiof ewtawle@gm sf the 51gnals

Ortrﬁlﬁﬁnttédnﬂﬁr ref8VEd 89 Rhna [7996 ]\8.[: %ag’ £, 509%8, 3

manuf acturing an | nt eg Freui e C&E&% e integer
S OOVEHBY P8P nieBre R A oD harae s,
preferred

B R R S N 1L W——
onftipi cipgnentihg. Integrated circuit 712 preferably comprises communications
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 are transmitted by antenna 715. The commurications

—
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[0070]

[0071]

[0072]

[0073]

circuit 512 having a conductor pattern on a first

surface, wherein integrated circuit 512 conprises a

Wi rel ess comruni cation circuit (step 602), providing

an internediate substrate 514 conprising an antenna

515 (step 604), electrically coupling antenna 515 to

the wireless communi cation circuit (step 606),

e CBEY} C&L CPYPPESBI *inﬁ‘aat%?ée%omsreﬂ@rfbas@@meqmudn(MAC/BB) and a

nphgsgcmmr Cddvivdl (PISi? tha) 1sn51@étﬁeﬂhatctsn§éé%0%t8)@taﬁte 715. The
ste

c nJC 1 c g }l 1 c@w 518w;§t an
eI 8‘6‘P}”i b& PR} E‘é‘t} 1S RGESreRIE ropliant %%P (0% @015 4 [EBE standards
E 8024t 803 1 madeagth, s&ﬂ:smlgaemogfgﬁ S%lQ:flgaa:EH glat;]zato tdvfhé?fregonal and
I‘
RGP pBRd R BRI 768 Ciienig e Diketibjesion oiu
s@b@@ﬂ&seﬂﬂ @@Mmm@u@oramdam @M /thbdwlewe rfeh 0§ r0a avireless

piefigrred enbodiment. Integrated circuit package 700
is preferably a FCBGA. But while enbodinents of the

pr esent I t
i Tt e T

t @afg@g&é& StfaWd”éa\ﬂa 5@4%}/%%@%&1 81 Jha gondnctive hemps 718 may be
| rfbmgerda“t@d afiy El@bﬂn‘bal@ﬁmbﬁ@: fheehachewhepy, sSfa , Au, Ag, alloys
currently .exi s re un devel opnent . 068] ’
pRE I, %n‘ié@sﬁ? priase CB%}ﬁ‘g PPYymeng sindsy Iadditi larm @PREKY or other
7 SBitabid intdtercd rfotreed Ebbt\mh e(xli::1 Qonductive fafEHs0h 1 P ek g@ used as an
s t e Su strat e

T AR R o B DR bR O Gut e el ipport and
ofmysfuicagmtentiont The dn®ited givtwinrma2 Tihay denattatied ao the package
| epedfaed hode '§sn§%v%yga'ﬂ1 a@kg{:' W au@ W@) ll?lg%h’%c such as

the signals smtte rece
W"’Q&‘Pmﬂe&%?ﬁ»éﬁldémle@@@sbfatlgm@ndmﬂh@ares di vi ded by

a non-zero inte as is well-known in the rel evant

arts. @Terlsﬁ% - sA0erf &r Aptgerated dteniy & 1209 optiarially ettached to a

i Iiieﬁtgsrﬂt 3] @'d)r; Gt)lrmphng hgiat‘r)@{ﬁy' ﬁMﬁQHe Ergé e?%%:o;?rcgfg 'r'TZEZ Ognonal heat
%5%§“\Yn‘?&9‘1 ? 03 alfy; a?féihLFiqu AipteRipdl/sueh as copper and
r éh@mallyl god@cava\pmstlarff I&nm&g?aléd cir@fit PXBHAl e attached to the heat
i a rise i on
8002 0l SR LD 0 SOTEDLAAC,
dlcngtnéWl%la*@@ %a%ibmm; sbldes tanalfams@mtaﬂgsby qqﬂyl‘vigd rbc)thamcal force

%Eb glﬂzarszjsﬁrfgge:gﬁ gﬁe grﬁ g&glrfful %'Q tg e Bh \(Aiﬁ%g gs?.lﬁs%{agee 26. For

s CEBRB R thermgaliy %C’né]i‘létl‘fer@%mab'é@ md aathe fiechieht itah 624,
conmuni.cati ons -18 gCUIt can COfT'pI‘I se a nedi a access

cont r olfi3&kags subsitate 724 may be n@@p\@f BBY suhstratg material suitable for ball
e U L B oy
lgr géﬁ%yge gaﬁe PIQyided {qﬁ' CoREcyne mbyesatgd cirgyipackage 700 to a
Stcmqg@bg]gd or the 11ke
The number of integrated circuits 712 in integrated circuit package 700
according to embodiments of the present invention is 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 integrated
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[0074]

[0075]

[0076]

[0077]

802. 11, 802.11a, 802.11b, 802.11g, 802.11n, 802. 16,

and 802. 20, other regional and national standards,

and the like. In some enbodi ments, the commrunication

circuit conprises an OFDM denodul at or and an OFDM

nmodul ator for use in a wireless LAN [0070] A first
surface 716 of the integrated circuit 712 is

el actuti padidage ctnemt excltde ttve inpaeiked aisulastmat @hé@6one of the

b R G S T et YR B R e R R Y

such asgfh/ I - of AU . an :
and_net al _i?c?g%oégt ggﬁe&)ﬁ Fr%@% ngrjtn& géséﬁlqn LG %ﬁ&&ﬁmt package
epOIR COMPREIAR A Pagkiacatbatraiat7ahi cemprisingeah drdenmaeri St dveording to a

cop@esiddv embodiBent IfictY D60 USEHri i ' i
191fér i.aj&af ﬁé‘{}t henco guct ive bu gge;bl H)tvgﬁg?%idlggeg one Integrated

mat e

me A PHrOngHdor RPTER GRed BrshsBdGeo W herpir integrated circuit
i N7 EYeampdses iarwiitless7cbnyi citorpditanhelp t892}, ReecRRGN76upling the
su??s]&dr fe 126 %%lin% any f.li gt ,@Eltﬁ conpati bl e bonding ., .

nmet hod - Su&h 48 °IR %go?’rfﬁ” SSi°0R, 2 RAGKRRSrSURgfrate 726 comprising an
$ 2 Mp?rui At via, 2 md)fadhémme_sliurrﬁ?;?%_ﬂ (s@peﬁoag,ﬁlﬁlbviﬂﬁfgf &$tfonal heat

| is i onal. L

ac 1281725 lep DORERHET Ll Sheuh i Bl gmmunication
f r s hdstemt &§p.aeed aptionallyt tiamallgpeaupiing s eatonds surkace 720 of

72218t RirBmES1 O RABYndiNRk YZfﬁgzg%bj ve materi al

such as copper and ‘thermally cond ive’plastic. The

i ntegr afed 9 ghewist ary kgt deiradi t
sink 722 by angﬁnégigﬂghr?gwe [ tgﬁlg%%%gt%ﬁggmﬁﬁghg 2 case 922

t hEYHBIFE (B AT ACeRTEHEatoet PressTFesh graboriment €lasa 822 can be
adhede of p}as‘?ct,@efami?,rtﬂ aﬂ&&)}?ﬁerfrhitéﬂidl,?am v&?ﬂ?ﬁ#ﬁﬂin@he relevant arts.
ne | .1orce 0] e 11 LSt . su C e .

Rl el BebSebl s prekibuie REBTA B iviRleambpgiments of the
Fopresentampéreionaare hi_esm‘ﬂnleﬂyinCteﬁ'%icJ) gf %Cﬁﬁ@kmmgn&ﬂs g5k present
as: : . age, substrate

72éﬁdr%r§*y‘&%té’??°n§5§ Bty ECBSache gty APEGIRaD Bitioaay other
balntegrgier d cliewitpagkaging rigchnolegickewilieh suuofendy exist or are under

ci gevdlbprh@ar d or substrate. A plurality of conductive
bunps 7%0 are provided for connecting integrated

circui t (aseR2YeomPhsdsbrd orCinbfetlirlterdd80d5 Of hich& ah idSattached on a
[007% Th nun@gr oélné{e rated circuits 712 in ) o

i nf%ré’ Gt ¥dTFreai ¥ PRER g%t%dasea&%%rm AgFopgnodate size restrictions
enfogosedrins thef sitd ef paeseIn, dnmazglgncdtnshﬁ@_ta hen@iH 31712:[ t;s% vulgar
on er of integrated circujfs _

o g8 gLk ARl RGNS 55 LG ) it 15
payklgge frg®ntaonsists wf anerintegec Hividedthyd gon(MedAntede)as is well-known

eXaNBleGeleMhtizpt €9rated -19 circuit package 700 can
include two integrated circuits 712 where one of the

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,

integrated 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]

integrated circuits 712 conprises a MAC/ BB and the

ot her conprises a PHY. [0074] FIG 8 shows a net hod 800

of manufacturing an integrated circuit package 700
conprising a package substrate 726 conprising an

antenna 715 according to a preferred embodi nent.

Met hod, 800 conprises providing at | east one integrated

ci Vesuein tha seaend I%Slﬁmdi) AgUTarsmifted byermtenma @ 5. iThs tcommunications

SLUixfcﬁﬁeoanV\’!Hi"ﬁ&ise 4 RRg adRds Qbﬁt 6’11e'i‘/bas§%%cf: QR THAEBB) and a

wirel ess comruni cation circuit

el Ryicalclayery deaemI(PHY ) t that m:cﬁlmmaaw granteied tonantenna 915. The
I rﬁo@:ﬁﬁ@h@ﬂmﬁl difedittis ﬁile%”eltaQ c&ﬁﬁl‘feﬁ&g%vlﬁxun?& §2%8re/ GPIREE standards

t t
155080 87 a2y 58%}1&7.8@'23@305& bnetnd RO2(20, ek zegionl and
72@"1@’3519@31‘815533 aprd elgd likealnl york® léﬁibbﬂhﬂ'le%ﬂ;t @R Borfitrinic@tion circuit

f%” 51 5 NPT e "Dk ot ap Jpre wrees

AYr at ed CI rcuit 712 to optional heat sink 722 (step
810) [0075] FIG 9 shows an integrated circuit package
900" comdyrirssisatface Yebsaf the itegratep cirsiingl s eﬂaemtxecrarlig cﬂihﬁ:ected to the

aC&&kﬁ’gferﬁbEtPat@%’G Gfaecroh&&tﬁr%’%‘ﬁ%rﬁl@igz  TEESRaiah vgB U 18 may be

p astic ceramc or a
meﬁ%mkﬁ‘]gﬁﬂ any elgeincadly souguctiye mtenall sichgps Rbéth srilderyidt, Ag, alloys

pasikagand Wy, i ddRhethRic adohded BpdtEREA: sfRHE. I?t’i’fHdgﬁmnr an epoxy or other

enbod 1gents .0of .t he resent, i nvention are

t e jeiaformg Fdnthe sndugive, bumpn(918) mewrhei wsed as an
ar enraidirg miteral fODtIE@Bﬁﬁ\&;tlval’bdn@a@l B& hroRl RIREERical support and

+ olBRRe b, T FANER Siditota RS 8 shdened to the packsge
desrobgee L6 [usmz6]an@asihp 92:21}!: Omﬁﬁ%ﬂﬁﬁ Ohitmdﬁigf nﬁ%ﬂxod such as
an e surit,a

Ca@gﬁ'@n%lé?m% 's%lﬁex‘h‘?é; 8 C{gs iﬁﬁfﬁz anq?. 8d.§ecc.&v6: g 915 can be
si dectpeallyy peuplegh lfif%@f@édﬂtwlltt S by zondictvasemd2918, by other

angsaBishhb t
fracti OIIEY &)fét}g@g\gs gilﬁgrn%?% g% ({}hg@h ?@%gg%?meﬁongect provided

antFPred d5Padtenna 915. A vuI gar fraction

consi st r divide a non-zero integer

as is \Agﬁ?(a%%i@ﬁ ot ﬁggﬁ@y@ B89 ? Fptsybstrapgpferial Sugltable for ball
| ngedpate thapintioglitd apieicagachQl & deduitdesrdor BiRERR! Aplurality of

i hi
c h%de‘i’llgd:l}g tu%étﬁxg?p%%:o%p{ﬁ %wdre%]f%rr%ﬁ %@!gp tlrcmgrggegl ciiit package 900 to a

coﬁfﬁbl#ﬁb%l‘d @tbe likg.rcuits for transmitting and/ or
recei ving data over, antenna 915. For exanpl e,
i nt egr at B DEMbeniof igtEzTatesh cirowity 942 in integrated eatuivpackage 900

CI ﬁcQ:Utding3@r8ﬁliBo%1hﬁ§ht§‘of ﬁE %i'éé@nt 1ﬁ{'£rﬁﬁ5htls ﬁéﬁ lﬁ’ﬁli)e%l{g %BE A} practical

?Lg'ﬂﬁ gat?bas d.on first
4 Y15teerap Céfc?lﬁsaﬁé?m‘:@n cber é@plpm@mieqb voithin e sxggkgnmtegrated
RFc1mugn&Icka§Ra€EE)dodBrrﬁ QaRe chipGhbdlle ¢ACM). 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]

-20 wherein the second RF signals are transmtted by
antenna 915. The conmmunications circuit can conprise

a medi a access controll er/baseband circuit (MAC/ BB)

and a physical-layer device (PHY) that is

el ectrically connected to antenna 915. The

communi cation circuit is preferably conpliant with one
oremipydemenit. MEEERod t189Q apuipris@ORrotitling3B2leadt aqneSiRgtdtdrl circuit 912
8 : : r.egi. .
i AR bRt D 2 st PR Whcfehn il 18 LEOUOPY compries
e FHTHESH t SOMIMWH CRUNIN BiFTUafiem 1802)c glectricabysoipléng the conductor
OFfdMetle bR Gtk tafdd @nghitegy Zq:o%ﬁﬂkqgé %&8%%0%21‘6u§iﬁed £kt Bf conductive

mﬁreliéﬁéaA .]k@278] A first surface 91

i PR stepriQifh Poaviding agjage 943 eamprsigamantenn 218 (step 1006),
t helectedlisagRiptit B ahienh® 992 6o Vieaw FOIBEUEIm EniPHITRSIRAR - (step 1008),
The onductlYe ygps Qégﬁggékfe fg&ﬂfd from any

el FELFIRUPE P EDRHEGUEEFY NAASELen(SieR 18h0)sn sol der,

Au, Ag, ,al|: . Au, and and net.allic cpate )
pol mer f'c né?%%g_ &]I‘ rl]mggzg}qfagiﬁ?s a#dé?)%ﬂvwoat ﬁ%Ye Feen described.
sulNedrihglesaitibwiilh be fupdemsthol ehateanoth modifivdtiots mey benmsle without
91 e SerAld I rial r the ..

coﬁe uct ié\agﬁ_%{ﬁ n%%égsf)gﬂtt oﬁngs\g/?éﬁ;gorgghgn%n?gwgogbpéc???rd’élﬁg" other
noiaplgnentationsege wathin the scanstod ghedfollawirigradaiims. 912 may be
attached to the package substrate 926 using any flip

chip conpati bl e bondi ng nmet hod such as

t her noconpr essi on, sol dering, encapsul ati on, and

adhesi ves. Antenna 915 can be electrically coupled to
integrated circuit 912 by conductive bunps 918, by

ot her conventional types of interconnects, or by a
speci al - pur pose interconnect provided especially for
antenna 915. [0079] Package substrate 926 may be nmde

of any substrate material suitable for ball grid

array nounting to a device such as a circuit board or
substrate. A plurality of conductive bunps 930 are

provi ded for connecting integrated circuit package 900

toa circuit board or the like. [0080] The nunber of
integrated circuits 912 in integrated circuit package

900 according to enbodi nents of the present invention

is not limted to one. Any practical nunber of

integrated circuits 912 can be inplenented within a

single integrated circuit package 900 to forma

mul tichip nodule (MCM. For exanple, an integrated

circuit package 900 can include two integrated

circuits 912 where one of the integrated circuits 912
conprises a MAC/ BB and the other conprises a PHY.
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[0081] FIG 10 shows a nethod 1000 of manufacturing an
integrated circuit package 900 conprising a case 922
conprising an antenna 915 according to a preferred -21
enbodi ment. Met hod 1000 conprises providing at | east
one integrated circuit 912 having a conductor pattern
on a first surface, wherein i@tg?rﬁ%at ed circuit 912
conprises a W reless communi ncircuit (step
1002), electrically coupling the conductor pattern on
integrated circuit 912 to a package substrate 926 via
a sety of ' ( 1M risiRg:ovi di ng
a cats1é 92 O\ggan%%lb\sh?%aé%g%@gﬁ%%harﬁgq@e(st e%)msiﬁ%ﬁ),

el ectani @aténnac doipiacedearirgtnoeth8ddnalo frielhaency-eivisisn multiplexing

ni.cation circuit (ste Q .and encasin
ERBR U6 EHs o I inbmitgecand WOl 98BaES oo 1050).
[ 008 rRekioRfcirciR! jons of the invention
have%]b%oémﬁg'escrIPEecéﬂcmﬁg\@?tEﬂ{eq ess, it wll be
underst @FDMhdemodulatars toqutodiesa tfirsindigitay data rieebed on the first

Lt hout departing fromthe spirit and scope of the
C#n[b IgRaIs, &&or dingly, other inplementations are

Wi t high OFDMCRRRIUtoF 6 ;5r‘€>Eh€éVi g §bEHAE -OEDR IEgn]als Based on

wirel ess | ocal area network nodul e conprising:
seconddigitabdatsgei ve first orthogonal frequency-division

CrOMA PSRN Erta g e 6% Dt 9l Rete Bhacst ias receive the
<Iebivh dbed #6ni PeMdaduce first digital data based
on the Tirst OFDM signals, and an OFDM nodul ator to

pr odreextemal endeanoFeiface trrecaies the frst Gebbhsignals from, and
di,gi tal. data; a i nterface to provide the first
Gt (R, oo koM So8AE Foa BETTY #HehhEecond
di gi tatllegttiohd SWiREH hﬁPﬂmdé a%{ﬁgggﬁh&m%r tABIRENAnd second OFDM

interface to receive the first™ O signals from and
signals dpeiwieent the soouNdNICHIIN Jiirgdil and mneanf dhecantenna and the

antenna:. at l.east one switch to.provid .signal path
Fieehaniefne,iEHacB 1R Rioipce YR tpifaleidadhapnc
conmyigiatddP Birelit Boiard 2WHeRNR thE drtenAd! i ommsunib&tion circuit,
external antenna interface in accordance with a
anrhtheogexteinghantennednteriacerare @resngedi an theaprintedivicuit hoard.
the antenna, the communication circuit,

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

an integrated circuit comprising the communication circuit and the external

antenna interface.
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and the external antenna interface are arranged on the
printed circuit board. 2. The wireless |ocal area
network nmodul e of claim1, further conprising: an
integrated circuit conprising the comruni cation
circuit and the external antenna interface 3. The

the Shost TRCErPRES BETeR ARRHOR Horbld oFichim"™@*Wfidtein the

h&faptdrideet EGmphies enatredt ié&Wdﬁ@sgé@ﬂ@aumwlecwdn@om the group
Peri pheral Conponent Interconnect (PC); PCl Express;

CCM'IPTISIPQJ PC card; Universal Serial Bus; and
Fire Tph?%} Pﬁ@*ﬁpgﬂéﬁﬁzﬁdn‘?‘% (Igéﬁa netvv_ork nodul e of

cl ai rising. a pri‘hted circuit board
havi pg| Ex@radd;enna, the communication circuit, and
the external antenna interface arranged t hereon. 5.
The MWinidP@Es | ocal area network nodule of claimli,

furtP&r pnprising: a printed circuit board
conp TG t he antenna, and havi ng the conmmunication

Ci r cUintversal Sémaleausarandl antenna interface arranged
t hereon. 6. The wireless |ocal area network nodul e of
cl ai Fri@W'ﬂeurther conprising: a nenory to store the
control signal. 7. The wireless |ocal area network
nmodul e of claim1l, wherein the communication circuit

is canpli Jie wiirdleas loeabtareae netwodarmodeleeof edlafmorh,  further
the group consisting of |EEE standards 802.11, 802.11
campgisingil b, 802.11 g, 802.11 n, 802.16, and 802. 20.

-24 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, 802.11g, 802.11n,
802.16, and 802.20.
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