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*159159* W RELESS LOCAL AREA NETWORK
MODULE AND | NTEGRATED CHI P PACKAGE BACK ] mUm
The present invention relates generally to

Wi rel ess comunications. Mre particularly, tHe!s™
present invention relates to a wreless local area
net wor k comuni cati ons nodule and integrated circuit

packad/ IRIIBESS10€) CAlueARE A NETIWORK the

COMMUBECATTONMEBULE AR IRTEGRATED

ort hogonal frequengyYEprp pi ¢! exi ng (OFDM

signals, and to trafs E’é@g‘?msi 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 tgeckidgbunpoital data to a

host, and to receive the secon Igital data fromthe

host ; e (I ;ennaaih i er 0 Jecegi th .
first Chaiarent) IeRn dolits s RRERID o Bl e wireless
OFPIRMINEAHeLS. Morepariasilasih the prssant iavention [relates tonewireless local
S Wkeh Gt dtk RbAYWAEcatiofd Siddhle it | nd
second OFDM si gnal s bet mggnﬁtﬁgiht%%%%tﬁpggﬂ%ﬁéggr cuit
and one of the antenna and the external antenna
interface i n accordance SHMMAR¥ontrol signal; and a

printed circuit board, wherein the antenna, the
comuni® §ERGR & PRUAPECta g ippention featrreala winelessrlacal area network

| oA CONPESng! F AN GRENAR fohPediveNtiRe SHh&atnk1 BPbhey-division
Sone , en.b0|§gﬁ cqggrlse n integrated cTrcuit _
COBHPIERRg (HELODNHAREST 08 Py SEREt aseEarFe QR reigaals; 2
arbmfnmidabibe cirage corhPisg ad OFDM 8eRbdulkior wﬁroaﬁ&%&ti(digital data
:TE)e Ihye ti ﬁ‘n fCﬁ@f’ﬁl{;eEgﬁ Wi ael eé? h\gcal u?r ea net wor
oo O, thep 1ot ORP M s, G QP DM, gmadulaser ty progigsniae second
; QTN signali ;biaséd)bn sevértd filgital Ggay ORI méﬂﬁb?l ® pra¥e the first
. LF ond . si gnal.s:; ns fo
R R TR TR A S ——
preptrnnt injerfacedo retegie i firtDEDMasignialo frotrh end ite stmsaiDMe second
S| SFT81 Ssi gr it o OV IRAY LAk Ao, TPRASR oh8swhER gougljo%etahs?gnal 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, 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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-1 second OFDM signal 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 means
for receiving the first OFDM signals from and for

teaosdriQEDMg signelss based dor Fsebdrl difita data; f Aokt ei’ﬁ%e?faﬁ@'means for
n st one.s means, for _provi
PFR, o8P il AR oY 5 S Sl e Bt e
bzemethe htOIate exterred afitennimtarfane erwanmgarfre@bﬁtzmg 18 firsDOFDM signals
s r er.nal_ant enn
TRy MU N S
gjga‘sé; ongriwdighrmeans. for ppmiding @ sigiab@radt 6ot the izt ﬁd@m OFDM
t
gihrié Bithdert 1he HIBAY For Rmm 30T 'a%? | n%jf?}?arfnaaéﬁ dprieceiving and

nal antenna 1 nterface nean
i the oRdernalpantenny fterfargemeansnin @mondmeamﬂam equted] esilgnal Some

Cd::ﬁb‘ddnheﬂac kogPrise Oiﬂi’égrﬁb&‘gcu it ﬁ‘a]@ﬂ o&?nr#rﬂ\&ﬁgrtﬁ € eans for

ar ea

circuit. co i.S a Wrel ess
COTRHRIEEHT l%"l‘ddi"? g’EFF‘EnaE %mﬁmas}nwga%m@mm ogonal
frequenc i.sion mul tiplexin OFDM) denodul ator to
pr oducj(gl ganega\[{ i f&ﬁetaapefa,até%a “b‘é?é’gan %?ﬁt‘ﬂreﬁ gn igEPmted circuit package
Smmﬁsmg amdieasannmgrmd (erSbid CobBridfrt 4reREL A Dol etwork
s&g&? sq on1 scecond di %Jlftal data; . a package

rate TEH CRMPHSRg 1 Sithpgonal efrequengydivisipne multiplexing
i GQE@MéldemOdulammto prqﬂmde first higgital Satakbdsbe bﬁﬂrét}omwpé éﬂja.ls and
t cui t heat sjn ’
c%n%?%“?#d‘ﬁ% Bl SUBTTEM Figntls pered qarygpond igital date
st §AGHage sghﬂraieoekeetatﬁ@lm couphhed ¢ thenat leﬁﬂbhsibsmgg:a‘ce‘a, cifclR; and a

?égr?ﬁumg}ilﬁ{c g%e?%%ny gﬁx %d C‘B“&% 0%5 eggogr?e Wi t’eﬁeﬁl{cgnt the heat sink

CERTRPTSRE 3 xﬁ-badtodvpcepm en‘.'gS’aﬁFDM sggnalseaind:iortmnsmlt the second

POBIRg el b Pt SixitinaPEIRMEAI ng.iLeqr at e
ircuit having a plurality Oﬁgcﬂ ors GmL s%ommumcatlon

I‘éLE\ "one integrated circuit conpr|3| ng a wreless

comunjcati o ircuit conprising an ort hogonal
fr equeﬁ%@ RIRY nl?%‘f UG RAtS, FATRRIIsE xR rfﬁe‘g %) forseing dwl mtepgrated circuit

ppasitags cbmpsisingt grdvidingat Zeabpsgs! uﬁ@grfateﬁséu M in f
sj | at.or roduce secong adz]ﬂﬁmyo
SRS B, o B B s oot r e e pmmunication
COTPIY neprepTésing naw c oothegmml t fesqagndyedisisioan emhrﬂfb%r@ FDM)
Chhdtatbi® e Y DR asd &
ettt MRS BP0t A0 Chitl ol B oron
Wptor t%@ pee secpnthOFDM signals bessiorChdbhd d@ﬁtall daita; electrically
e¢cmplmg €ed ¢ohdGEeR br'the! 419 RN bEO BedrBtel WGl 1L pagkage 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

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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communi cation circuit; and thermally coupling the at
| east one integrated circuit to the heat sink. [0006]
In general, in one aspect, the invention features an
integrated circuit package conprising: at |east one
integrated circuit conprising a wireless comruni cation

cu’a*;uetl I SothprishfYP ks S bfto@hab! HQEAHILAiTERAYSREYpRXHST AOFDM)
B e et T prolicB iRt e C

nmodmllawroto pmdpceactamdséﬁmm ﬂgﬁ%s‘mge@loﬁbb@ﬁd @ital data; an
r subst r at
SRR LA s 0D T SR B g, e
intermeidiate substrate comprisidg manmmmtto atcemmha firsti CDEDM si gnals and
N | OFDM s
LS b2 LSRR I Bl ol MM A e v
edramunicetidn yeivwitpl @d tao packag rembetsate electrivadlycadoupled to the

ﬁitér&ﬁ:'di te b9 package substrate electrically coupl ed
EHT'nterrngdl ate substrate. [0007] Sorre

enbodigpRit SmEQRIehS eco%ﬁ?stehgdm‘&{hoﬁoéfnf 51%9%%8 circuit
circuit package, &rrprl sing: provi |'eas
PRAKEEF: A ERPTISITE: PFVE as.aﬁéeaa emﬂegmagedomrcuﬁdwm arpdyrality of
t:ditfduatori enstat RAG drRtiaEERAIED cHLEE YbhpRan] %'Vﬁkélgssacommumcatmn
tess caonmmuni cat | Cl I‘C it co i Sing aw, .
Bt e PP e g donrPREvAL | JFedHaROL B i inisging  (OFDM)
darmdimllam o pltoducrzelr frdudigitili dasd bekied loh&’gstlﬁtaFBl\@ﬁ s,QRd an OFDM
N ul at or
seconé0 q:dgéﬂ? (Ihg;g %‘a dgd%gg%gpgﬁn@gﬂé@% % Feend ga@gglggata providing
pn dntiettnedjate aubstrateecoreplisin g as udntdnnatie reveiverths ifing @FDM signals,
r t al s
4 30 Wbl 0 Stckfia it Rl BB AIRL Siplin Hle 'ftenna to the
(Y@Lﬁ!ﬁﬁs rfgTIpnieation rWrrﬁmlt,odecallw celpmg tho comdictoat ionnthe at least
%hE Gidorat€d Q&L G0l ; édl&g %)Bgua&g,”%% RiSicthy ;c{(])glphng the

| east onelnterat Cl rcui he | nterne
é’%fﬁ’é'{l?dd%tésu%ﬁ‘réteéP éé?’ffﬁ“&ﬂ |apackegs yubgratte i nternedi ate
substrate to a surface of a package substrate. [0008]
I'n gerfBr8&ReTal in SR%2REHe the iny Retiar Farvessom intearaledbeireuit package

ICgfl@@ngl:gg cdit gba:sg uunte %ﬁgimﬁ cueﬁlmohﬁdrﬁﬂl @f:vgl‘rrfﬁss%t c&ﬂﬁ‘xumcanon
i i rcuj i

S i t“OEEMFEsi Hg c&ﬂﬁ%??ﬂog% ﬁcg.}enpy g&’ﬁlsé?fbyl%‘ll%lﬂléﬁ (OFDM)
rd@htodplatnrltn QradoFOMst digitnbdath Bheed dnofinst ?HDMES 418tand an OFDM

al s

el $5'Rohee 30 QDS 1B AR LS o BRE B R ana o
packnns sjlhgtratal elemlwllyammcd pacthe gt Eakh)Sdﬂeairﬁegrated c1rcu1t the
?Ja@l?atg’e' s‘ﬁ@g’&-éfe COmp&Hs bR hfendtio 8A%e A% LIGEBALE 51gnals and to

circult
transmit 'rhe 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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package substrate conprising an antenna to receive the
first OFDM signals, and to transmt the second OFDM
signals, the antenna electrically coupled to the

wirel ess comunication circuit. [0009] In general, in
one aspect, the invention features a nethod of form ng

Qﬂultlbﬁkﬁlgr(@}‘wyHérﬁé’dﬁlﬁgf‘f&(ﬁ%ﬁnce‘zﬁr{p&lﬁﬁﬂn&t Bl o | diﬁ”%fOFDM

ast _on egrated circuit
C%WEFG &Wd{loq%@t todprednge segnst @%DM sxguals based on second

Ccﬁgi}t)e[lldﬁtan Gle@tncﬂli ehi%i% o GRETBAMH e R B8 e £tGeMst ope integrated circuit
frequency-division 3

nprising tho onal
ﬁ%ﬁ Wgr{t Ta%%amaafe@aa f%feﬁﬂ@él@lﬁaﬁtst DM signals, and

dib grdnatnitckht ae&]ﬁﬁe@FDM kighsls; @dPMecicandlcoy 1ﬁ{gdm€%g:n9§(' to the
gglle%c%r to. %toduce §econd OFDM si gnal s based

185t 5" el ectri cal | y coupling the

d t ed. t

 pacreelh th 0 FnckEI5Y iriifio REM Sl Fbiniegrsigy sirpait package
tevanprisingt aOAEME singniategratedcbirchiv dongpisinig at Wiels€e @ﬂzﬂmumcatlon
Q.:Wt\i/: c%g‘?drﬁmga ngh, e!:ﬁl‘fcgohglﬁ %r)églfc%]gf Id %@i&%\ﬁﬁél@gﬁg (?)FDM)
gréerx;@qdétﬂator ta pepice dipw cligital Aataibasednar Hrst OFBNV ISEgslaBnand an OFDM

| AbBCIERE RpBihEedcboRPOERAL si Qﬁmakeﬁ secBhd ﬁ;{gﬁﬁf @aj% ;i 30d a case

integrated circuit conprisi reless co

CF IR S BhFH PG Iﬁcﬁ“@r hedy é'fr@FDM sigualmapddp Waskmit the second
ITD!FDIMJl stetialy théREMnna dﬁémﬁéﬁlgz%uﬁlé’d Rb otﬂU C@ug]eéss 'beﬁgﬂwucanon

di. ttal data based on first DM’si gnal s,
ator to produce second OFDM SI gnal s based on

second.. d data; an case i sing an antenna _

to recd %gde%%e 4 |°P§tasEffgl\/ﬁ’§ HiYERto n £ a? mgthedi of fomaing an

fmttgmed ©ERMt spaghiages, cotdpeisarp: epfrﬁﬁdﬁige?t fléa%g'lo?ﬁ ﬁ%g?ité‘dj circuit
C [ Cjrcui

Sorkild b it s QM E ool fpris ofonal frequency-

nexvirden mﬂltfplnxmg@l‘é?rM) dcme@xlatoecb puodﬁc:u ﬁrswgkﬂgﬁta based on first

c one, inte Cir,

c OB Stels, 21} BrDM HodlBRR o SRSl BRIt bl psed on

apecopd rﬂé@gﬂx daty; rrguidingy 2 abyicomprising! 4ri phiexhn go (r€¥eN the first

dg}mmql r

(OFD s&;@fs b B ﬁ’ﬂiéﬁgtnfh'e sstorfl %Fbijld u%ﬂ%lg’r ch gq%eu%t least one

sBigaTge ‘Eﬁ%@ﬁﬂl&i tgc E?éf%e@do‘ﬂec%%@%ﬁ?uﬂl% tbalantMna to the wireless

prawintihicgtien crcwét. conpri si ng an antenna to receive the
first OFDMsignals, and to transmt the second OFDM

si gnal & gemerasimgnt hepeat, the dstentioe fedt'ﬁl%@&r ﬁh‘@ﬁs&c kdtdiEquency
V\Mﬂo&ﬂg cc?rggr?smga Qndan%tlenen%ttg Irgcfaelnlrey ﬁrs% s1gn stan% tg rt]rtagsr]nraﬁt 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
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conmuni cation circuit. [0012] In general, in one
aspect, the invention features a wrel ess

radi o-frequency (RF) nodul e conprising an antenna to
receive first RF signals, and to transmt second RF
signals; a conmunication circuit conprising a receive

dirstend seqond RFougrads lﬁet‘wsént thel Icginl'rflhudiﬂbﬂ cit&&tﬁ@ Qn@@raet dt8he antenna
[ ans CLICU uce
hd e oot Uithta ublithc id LARRTRES ﬁocoafraf’ B g a

host rf 0 e first di data to.a

host , IS%% t%ﬁtﬁoééclglm\?% t%g%%géé;oﬁﬁ JigeTaL % dSFSPIF  EompIReNE  the
[FeEHRUnigatien cispwibknd thetextersal ianteand ant&rfa@ me@nu emlbb@iments the
fcbfxﬁ'ﬂunli_ﬁnéh Qf?allfsccfrﬁ F%Q?II']SM &e%g laéc{)r r ﬁ'st%?gjta] data

I gn a S t 0 enna,
%ﬁstFMas@aém and pat OFDM niddelater fol pmﬁuc&ntﬂe second

! i t
e e S T i o

iFteehey & coP@Esesethg; iFeless Rdhmasiules |lg saine en®ABhents the
Soste irterfurd mqil&s Cwit'@ratSEaﬁnoﬂdWEﬁéHﬁéaﬁGngée{i%%dt from the group
| on circ an e externa
SRR ol COMRAR ToleBhsBst bl PlehEnpress; Mint PCT; PC
@@rdn Umm@rsal oSerizl rius; tand d?nuwme Son&n gﬁwlh%h EE? E'&ih?ﬁé&f aDIBF'DtEd
t ta a ed on the firs
Pl ROt Barnd the b i BrBrure SR sk, Tndcths evtomel antenna
@}ﬂm‘fm grangsdbticesnon pnnteah d:mtugl ‘Ebc&ird dﬁvm%(kﬁb 3ﬁt|'éﬁna mounted
qphe nodul e
corrp(?r? s@ég{et eb% &%éezﬁgegéﬁegﬁ%mt% CIFCH‘“ 8%8’6?%%@‘333&
haping the pommpe eatioangifoni sandi thi axlterhﬂaai‘tememterface arranged
&B&%rf ISoatd CRIPL]
Per,i 0%her al gﬁﬁgﬁ% i g%ﬁ)h%g%ot% ?‘g%lofc B.TS EQE%E%% In some
C(?H?Jﬂum%}ope‘i%o&lt Se¢dmpliadt witarat! least one standard
Fsereemﬁr@omsnaeg th SRS OBPE | stéhddrdd 8. B 8@ 116182111,
t he communi cation Circu ]t
%2 ﬁﬁe@xﬂg’r %\‘g g 3%22 interface arranged thereon.
a pri rlh de CUI t__boar E}aw ng f he_ant enna nounted
t her eoft. 5°88%k BriRSdiSREH: H%W%efea“wsl atvareless rediptfrequency
H&& dnadlotepedrsprisgng: Memtfemﬁaewm%nﬂrshR\F' fgnd18) eand for transmitting

CRPIAH ipgAat ci nd t he ext.ernal antenna
A 2l &g&ﬂ her é°8ﬁ]mu§6 EnBJIPRUAE sTeceinprmeans for

| nt erface %53
peuping, firsd dé,zl edatah based romr thie ﬁ;nsgﬁﬂ sighils, S&m?h-ansrmt means for

HTORUUIPME SecdndRF BRI A8 Q&b idiral Sl By BBifece means
ot Bredtding R trs

Et%ltdéiﬁj@radhosgmxdlfmr r@@i¥irgl the s8€hdldifhtal data
ﬁﬁg}gtla @ostSQ%tﬁirihg anfeda %ﬁmfﬂ:{é%\z}g%xtgl fgog &quﬁé]the st RF signals
%?[81 01r' ﬁ' ftpggtgg ﬁagn RF signals to, an external 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 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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(RF) nodul e conprising: nmeans for receiving first RF
signals, and for transmtting second RF signals;
means for comruni cating conprising receive neans for
producing ,first digital data based on the first RF
signals, and transmt nmeans for producing the second

RBe signalfsr tmnmdnmmn@cmﬁ;ﬂqséb QOFDM @8indduld@® means for producing

£ t he f tal t
f R T R v
fATeAtcing: thasiew@&t@"lahd ségmiabsn hasddnioar evofd NBighsl Ueta. In some
reeetddinBkst e vﬁfc‘ie%g l&zaésﬁ %cﬁ)vog{( lggc??ng:%{sgq, thq wireless RF

transmtting
dJRedHmaf Ch'*ﬁé I SQ%@FbOdments \lthd; bbst rm!tarfaca‘ ampilies With fdeast one

gspt‘édnﬁ@éﬁonofeﬁ%ééadggro#x ?o%oﬂgﬂgﬁg%rﬁger%éoxggg%%é Interconnect
n@ 3 By Express; Wiiay Pgﬁ,dP@hterd e&mecmw Sexisl ®uspand Firewire. Some

drh 16
'[0015?@ %%r?e%?&)%‘éﬁ%ﬁfgg‘%ﬁpoﬁaﬁ%&ﬁ%& bk dhe, B4 means, te

1S TR ITTLTEIA S a0k g s3ternal anteanarinitréase mregnsambrtghd thereon,
eS‘xdmc ralbodithens @oinptiss pasLd rfﬁ‘l%ﬁﬁ bdatd %S’éiﬁs LB the antenna

JBekite nlF BVing O SR SRS rRE ai 1o griemel antenna interface
basws ammghk tharctmt SEEPMshioditades caf Dﬁ}q%@%ﬂ%f’ Et%hﬁé the control

Js b
se%iﬁ'dﬁ]cdl}:b e é}ﬁs ttﬁleemg%oﬁlém%ﬁ alslsg(ow?)iléqlté’ggl at least
| eneast s¢legtod iﬁlom‘rﬂndlgr@upcmmrstmg&f TBBE wtan@hids 30K 1, 802.11a,

ngeiu] B, 86221 &l g 1hA, mggé?ﬁq)eas nts the host

i nterface conpl i1 es Wt ‘one speC| fication

sel ect pdod h
o r{eﬁ%irngﬁnﬁn g%ehﬁ{gg?ea@ 5 gggnte%atﬁfl cisgyit package
F‘E‘? RIPSRE: (B \Fasts gpe sg?graqed BUECUitaemptisingiiar wirelBssreommunication

ecihoudl; agsakcia Etrd4€ eRREtrighl -
by ﬂr‘?ﬁe aﬁﬁgﬁ% ¢ Té@{ﬁc&dﬂnid;%o; th?%?'iégs{@ﬁ:niﬁ‘fegrated circuit;

%tﬁin% B’ 1 %81 leasttqnsrinteratads dizcul, the heat sink
necmprising am getenia sectidally cSepTed Mhe RO SomBIMRdafibh circuit,
printed circuit board neans conprising the antenna

means, Inmsdmieasmbofimbsts,réensifetyss Q@Pﬁﬂﬂ&h%‘ohnﬁr@ﬁdc&ﬁﬁqses an
SHESE SBLER0 AILES LGl R (AR e
coigitalodata shagmapn first QBRI exgbeksummd by hiee mama faﬁﬂ an OFDM

CRBTRRIAAD ' 83 secod S
| ect eoazggé?nd%ée&gdrﬁgugﬁgyngés‘ TG o Of EEfeD tdé Efi Wwherein

‘sggon M sign sg(pztremsguttngm thepntSM2. Ihi mmﬁ@ﬂaoﬂﬁnents the
aﬂdeﬁbﬂ%n@%teb@ﬁﬁ@;hch@c ?ﬁie@'a' firs'su2fiGe ?’?&) g%zi(ogﬁ Stirface; wherein

vetlonf es.an, rate circu

%EFrg“‘ alg? Balse Yucﬁ%lsﬁl é{tae‘d’ndmtb’lmbﬂm@@ﬂ@thcsﬁmgsurface
aOlehB et lzast onerimmegriatediciretiit; 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 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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circuit; a package substrate electrically coupled to
the at least one integrated circuit; and a heat sink
thermally coupled to the at | east one integrated
circuit, the heat sink conprising an antenna

el ectrically coupled to the wirel ess comruni cation

Cdoﬁﬁh‘xhﬁlcat{ogoélz:]ntlcﬂm?ﬂg% ﬁ@ggbﬁﬂgxﬁt tq F}ieoﬁ\é\%cr ﬁrgf Baseband signals

onmuni cation Clrcu npri ses:
foases en dystdil signals reﬁgnfeddne;hqqg)t(mDMd d dransinit afronit t® produce

I%Qcﬁii&CRFfsigfn%ts bagécgéﬂ ﬁcoﬁ’@%ﬁ‘sé?ﬁﬁ@ glgﬁgl f&vfx%@%cond RF signals

nals re el v e_ant enna,

glﬂaﬁf@r ﬁt?d%@m@ & Remerembedigatss wharsit thenfirst baseband
stgraioc o s*eeﬂ totifital daeaR] Whetd '
are td;?n%%iiﬂ:l%ﬂb? t he antenng cl'hn&?g?r‘gﬁe% 1% %@fs%ompnse
feond figyal data. In some, embpdiments, whegein ﬂé"o%ﬁi?m’éé'@sa length that is a
Smﬂgacﬁ'am af Semvdleﬁgthf af:&he\/\ﬂﬁf enf sdchbga H@cks?@'als In some

%ﬁd&%t- [ ?‘ el ec%rl cal | pI ed vi.a. condyctive bunp

Pt es PP P FEeRdtt 1sorrenplisnk grith et i least one

Cﬂtmd seleeted virmem ehen gtdﬂ@ lt!«mtlstfmg1 lsf IIBEEh@inmatdsy802.11, 802.11a,
mph%dsé?ug %82%?&%9 13 %cf‘gﬁ%g the at |east one

mtegréted rcui i ments, afllp chip

bal | t .

cirou s famh Bﬁﬂﬁ%ﬁécﬁg‘[’n{#@ﬁn‘%}]? olef} 8 5854, forming an
dREErFied Gitgtit Paskagsuicompoisivg: sprovidingf at d¢ast nhegntigeted circuit
mavmg | ﬁﬂlIBf b 'cBﬂiuﬁto??%@ ﬁ’tcﬁ‘isctsoﬁeog'{‘tée%heg C}r&ﬂ comprising a

aseba Circuit a second 1 nt egr
%?%F?Ss?cﬁﬁmﬁmﬁ pRan cEpuity gleetricadlyi coup unm theogpmductors on the at least
ejmoﬁntmé@ cirtie toverRkRSR sbsGaBWRdi&hE ALt & r%&s L omprising an

S ecei ircuit to produce first
si 3?%& © e%"a"%l %WPY% @t #@%ﬁgﬁ?&ﬁ% Wiksless germppicatien circuit; and
ahermaily coapbingthe maleastione fite grakdd dieulh® HeGRat $9cond RF
signal s based on second baseband signals, wherein the

secondlnRsors¢ gmbbdimeatse pt'aﬂa?ﬁlg ?tt Ei:tbdnd ﬁﬂgeﬁ%t&& RERuit 'cBmpnses
e first bhaseband  sj gnal
Ziica dﬁ?ﬁ"ﬁ*ﬁ%ﬁ%“ﬁ'ﬁ?%‘ﬁda%wnaﬂa S ionualigmd baschand
yidinsa sﬂgmp} ingaprateé civouit dorgprisihg ﬂpﬁ}%wal-ﬂhyer device.
some enbodlnents wherein the antenna has a |l ength

that i85 genegal) @&ﬂefdﬁﬁ@f,ltbﬂmenaon\dmlhremgm fntegratie ercmt package
fdongrisaiyd Aereed CoRRinSdo9ad Sirduft S8HBHs ul?{% ?,rgr%m %
i S conp

Wi. relt(_e_ss .conmu |cat on ciycujt ?Sncg?mumcanon
| BE" 3 drite EP%‘ﬂ S?@ieeé etnceily mouplsd g dhy at trast e ingegrated

ccﬁrduEtEEhesmmmmdld& ﬁBﬁ:ral& co&@%sih%a‘m atOraldibs ?a@l%r b led to the

2 and In genera
~endb e RSk aion My aad & peckasn byieGattcrlsarnabyrapualed to e
iini G@guedmatedsubstrattu t package, conprising: providing at
| east one integrated circuit having a plurality of

conducknoseme temebodimentsy sthe owireless eghaiancation Catichit comprises: an
CHgbRAINEedhency-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
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wi rel ess communi cation circuit; electrically coupling
the conductors on the at least one integrated circuit
to a package substrate; providing a heat sink
conprising an antenna; electrically coupling the
antenna to the wirel ess communication circuit; and

tah %aﬁfil hé‘ 1&@%&3&61?”9;{ 6 i 93?8I‘!r‘1ﬁés)%{rrrle g gﬁ,gfla%t &9 t?é %gclg ot Gblirate is
ﬁﬂe&mceilﬁgoamleql dadhe Weﬂltatﬂgiﬂéﬁﬁéle diyra piuralisy mﬁr‘opwsg wires. In

RoRY ShbehiRehts! 8t NibNEIRYHAIE
medi a qi@eég : tcontfl-rh(k))l I&}g? t%?}d aﬁ% n%acgggg)g F ks agle integrated

(FIGYit 8P SEBREMICERIHS ébe et leastone mmaﬁeé ichguiacomprises: a
Hhvtsiheegt atécﬁMﬁ:ﬁutdd%&ﬂﬁﬁl Tg[aplgg@ih acPesg 8D Aler ahﬂ‘ b%ﬁand cm:ult and

ect the i ventl on eatures an integrated circ
&a@ %%f FiEUcompnsngA physiral-layer Va@eeén §0TRE embodlments

(tbémﬁltﬁtsfs}gcdinm/uﬁﬁhtﬁﬁﬁ cEOITEBIpAsbONa rédef+e! hﬁcux?rﬂo eproduce first

|nt r redi at ubst e ectrlcall upl ed
SRS APl Bi5PE b St R Sl e B e dispipss nd 4 transmit
s:mtnait tapeoduoerpedond (RF signals bessdooresezohd besebhnd ﬁ@ﬂzﬂb &fherein the

SRelCRrNERCE SRR tﬁ*ﬁ@% <R oA AR e s

ghapétszgna{s@gmppsq: ﬁrs_f,@hts fateindewhereintthe sedond beseband signals

%ﬂéﬁ&%ﬁﬁé‘*"&?@.@%ﬁw TR i &l e AR ooty hat s

pYBERIC amqnsp %.vgwwlg@apé tha st @ndf sacond ADMignals. In some
Sélﬂ&ﬁiﬁcﬁﬁcﬁiev%epﬁis Eeﬁnﬁﬁ&@l%%hﬁlﬂﬂﬂ 8N w1th at least one

@ijdzrg}or to pt{_o uce second Si cial S

s drlgetediomethe giAwR eppsistings of d EEdst@FCbmlSB@hél,SSOZIIa
ag02.11b286211 1 ¢, @021 n! §12. W) bENBE2.20.N sone embodi ment s,

the intermediate substrate is electricall y coupl ed

vi a cohd gé!tdrall;a lemsasp&tﬂﬂﬁutﬂvaﬁtﬁ)rpﬁ"ea&\h@s 'a7m%ihohe@tsfonmng an
0{1]1?%{{&5% %tg ) 5%“' td and wherei.n a SIirface of

package suost raat §% CORRIEYE: RIPVMING, ableAtt (et Wéegrated circuit
|hﬁmgmdplai:aht)s @iﬁslondm@oﬂsytlm pl iemstl odiey imtgrbed diingit compnsmg a

arra a%kagﬁgﬁgo rlsegeé} du%%f‘@FChl bal%’ﬁt’g‘te Comprising an

p%ﬂik@@e elqcmoglivrecwpbnghthfemmnna he the wiegleds communication circuit;
| glbegEale dosdHngUite E&%Eﬂo?seﬁn @e dt! o34 Arﬁ gx%éatg&j circuit to the

clrcult conpri si ng dia access contro
bEEBEAte skestiate; %nﬁ!d eleﬁ“’@éﬂb reeupling ghetint¢rmediatei substrate to a

CQiffick SF BPackapb ¥ tiserale: | ayer device. In sone
enbodi nents, the wireless communication circuit

conpri Eesomea efqthodimients;| IBIGWdIng et Paoduse irftbdrdfed circuit comprises:

b d t RF I d by
¢ REVRRRE A R M e o Tiding cumidif B osmo e IS eseband
Reirgiityand provisegla second dmiegtated virbain dompasiak 8 phydied 8hyer device.

the second RF signals are transmtted by the antenna.

| n somin gensorli meontesaspedietheiinwdntion features an integrated circuit package
comprising: at least 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.
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[0026]

[0027]

[0028]

baseband signals conprise first digital data; and
wherei n the second baseband signals conprise second
digital data. In sonme enbodi ments, the antenna has a
length that is a vulgar fraction of a wavel ength of
the first and second RF signals. In sonme enbodi nents,

t he V‘H%rﬁésermmﬂﬁghﬁa%e"%% &L to roméqlﬁag@' Lant, with.

at_ | east one standard sel ec sapnt comprises: an
ewbegoael ﬁ'@qwc}"@E‘ES@ﬂdﬁ@]éPESH&O@)EDM)&Mndduéator to produce first

8@&alllizﬁa batkd éa GirsBBEDM Rign %ere&];évedﬁtgg R0 %ngegna[ %Za.r] OFDM

he T nven

I t
a6 Sreife o OFAM giapelechaeed onisecqmictige, data, whercin

&mrqetozﬁil (DEDIVDE@nhHIaP@tr&ESHhﬂ@iSB gﬁ%dtgﬁrﬁgﬁ?%cggq[ &gfr)]gd'ﬁntents the

t con tors, .the at
PRk aboBetslif EloticRlly SoTied, raceondhotiiedigmps o & strface of the a
teastoma i@ piated cfouttuli sonpy eMbetimentdNa FIRS e4i array package

uhstr ntenpa; el ectrlicallé
OB o BRI o tf pedkBet o borms ‘euindimenti oret least one
mtq:gmtctﬂ circeit ecumprisel:| ¥ fstupitégrged ftﬁrcﬁﬁ%ﬂﬂﬁrﬁ QNmbdI§ access

t d
e
gqyggqlq—vaqeem gorge embpﬂm@tsothmdeisagﬁnmmhsiﬁc&t @:cu[tQQﬂ}'éhses a
Fdtee @ﬁcﬁmﬂﬂoﬂﬁ&% Brst Bés(w%fél bz!.sg rﬁf‘é}g%f o =t ?etcgwed by

|rs

ircuit conprises: . provl
g?er %ﬂﬁ?"fmeéﬁ%@l Sansmih Cinel to H@d@@ssmnd rlﬁT Isena]alwsed on second
basbRtnedont M whiérkin @B '
el T TS Py a8 Sl H3g g Higana. 1n
§ER. FRPOdmy E)sng’ a%ﬁ@&se band s1gnalseRmpsise ﬁéﬁtdwl'@édaa, and wherein

ithet sequral iedelpindCdigrial DEHFIS seCMART fisd] "&Qta s&rﬁ@éﬁabg Inents, the
|ntec ted Ci tgxlt co r|S|n a wrel ess conmuni ca

&t treEIE as alsn FEcheR of a vevelenethl ofjthe (ﬁ@lﬁfilaedl second

RF $Igtmlsaﬂ.nlsea'£et erﬂbﬁﬂamﬁﬁte,gﬂ]atveﬁeleﬁ:do%%ﬂlﬁmc%tltb% tﬁﬁﬁhqg gomphant
SI.I nna el ectricqg cou

Tk Rl G B S N k8 e, F00P 1congrp 6B SPER rftandards

§8%é1,e&9@ddnan&0a 51b, 8A2 1hg, 1862 &4 R, 8020¥6, ahd 802.20. Ci rcui t

conpri ses: an. or t hogonal frequency di vi si on
mul ti 9t &*neral, (loFm aspsaodid dnventiom fpatorbsce fdtict of fonmng an

‘iirhtlgrﬁt%li Elpdus Bﬁék%ge Y eo%k}lﬁﬁﬁrﬁ) %ﬁg‘@%@ Nl gadi e%g Ievrgggstﬁgj circuit

%ﬁe anteﬂlﬁﬁ Sg_ to prod
YiRE 4 § s%QildBﬁméSeébmat dragt ong 1magmedemmu comprising a

W&lﬁﬁ@&ﬁﬁlﬁ@ﬁbﬁlc&ﬁaﬂts 8¢t8cAIR, 2O
ant en L. some enbodi l?nan % t he ﬁlgq%age JBET PR at least

oae Ftetper CHPRY %&P&F’é‘t&e\ﬁv sHatm eRrEpTia8 paréptrng aad electrically

souflmgehointeia tatthe Witrelts AeniERBRALRECI Fcuit. In
some enbodi nents, a flip chip ball grid array package

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
comprising: at least one integrated circuit comprising a wireless communication



[0029]

[0030]

[0031]

conprises the integrated circuit package. In sone
enbodi nents, the at |least one integrated circuit
conprises: a first integrated circuit conprising a
nmedi a access controller and baseband circuit; and a

second integrated circuit conprising a physical- |ayer
deMu@e . antiNa ST RERPEINEEM Santddg We{:tﬁlcﬁ (coupled to. the, wireless
conmuni.cation circuit conpri ses: rec Predi £t O

p?%&ﬁ%‘c?tﬂqr’s‘imﬁﬁseband si gnal s based on f| rst RF
signals received b antenna and a transm t
ci r cui fn ?@i@é‘x% Ie5% saEnURAEAEiEN crrcyBcenmprises: an
barsleizansl &e@reabﬁdw\im Qi\ﬂtﬂﬂéﬁm@W%&fﬁiO@ﬁ‘ﬁb? t@r@'ﬁduce first

t n  some enbodl nment s
‘ﬁlg‘ﬂ?ln%ase %Sﬁ a‘?"@ﬁ@ﬂﬁm’é deeiyest byitep anferapataad an OFDM
amddwiater ¢o I]Dl'Od:UlQe ssend roF DS sipas b&lsﬁh@zh §edbﬁﬂ”@1ig1§£ data, wherein

FEE 0ol DiBly de L2 BAIEARP Y, TB Bienie et eophomiments

ofomaprésefd p@kaa‘milbse:@tg nttctriaﬁllylcgmlﬂbs vid congdoetive bumps to a surface

e i dion cir
Rt Sone e g aT AR IO MR EnR o i B rid aray
thﬁgg%ﬁﬁfnh%ﬁ% ithe integrajed ¢imret B&kmgharld som8@tbbdiments, the at least
ihlépratel 31:&111{ Bomp$§is: 1alﬂrst %@#teﬁ%ucﬁﬁ%o{ﬁ%ﬁsmg a media access

LF‘ d? 11: general, 1n o

lle’b §“8“1Frépﬁ Gd‘e@ﬁndfléhﬁaﬁgi eireuiticotnpgisiag @gphysical-
Clalyemdév1¢ba<hk ﬁgﬁe e@xEtﬂéﬁﬁieﬁﬂs Nihe \ﬁ&ﬂyésddoﬁﬁmﬁ:?cin%ﬂgﬁrc? i gornpnses a
i nt egr at ed. gpurale%

t Bt B f e st Sl ased o it Rkcsigmals received by

\/vtheeamgmap andranranamitotironltrte Yrodusel £&bkd R il?xx%@??%egu% second

 BEBANCHEREE Sloh 16 Seon R riggla sre rebalicd highe smtenma. I
58@3@ ﬁ%mntsc?mﬂm@sﬁm aignelns manipasée irir%t \(zjulgintgin@a‘lﬁ and wherein
B LOA b o 2 Ll SR S ROIET b Shrtments, e
pa%t\qp%n has ealengtﬂnihag;ﬁfe@imr{gémtwn ofi atwavell&pgtthtane first and second
oo s R sge R e e PRI M B s comptan
pm laleastagns, stapdarg se cftg@) d89m| the (grpiep abpsistingooR [EEE standards
agpRel, 80201 af SO2ETL] QUL f@m 8%, 302, ﬂ@&?@é@i%ﬂ circuit

package conpri si ng: east one I ntegrat circuit
conpr i i ngneraljiin reS&pEAITHH iiRhEGH fe Rtk '€ eﬁrgd foﬁm’ng an
cgﬁg g@gpc n ant enna. el ectrjcall cou

%‘%‘Hnﬁ% 68T | GHRRESIRE: | ProvidR o] lpast §@nemtegrated circuit
eﬁ@@ﬂnmat& wnrﬁessmpmmmmsamwauﬁﬁtptr@ﬁdaﬁgr@%aﬁe comprising an

?m Qﬂiilitﬁil’;ﬁals %)% casi} r&% lﬁwﬂ 051'@ u ncglﬂfi %&F icasg; and electrically

dFeHRL Jeillg thl%l erwaéeéhedwr ¢1¢$§Dnmﬁm¢ailogmaicmtr ecei ved by
the antenna, and an OFDM
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.
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[0038)

[0039]

[0040]

[0041]

[0042]

[0043]

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. Sone enbodi nents
conpri se a package substrate electrically coupled via
conductive bunps to a surface of the at |east one

i ntegrat e r e

bal | g’?illie dﬁjeg%?sadfﬂn% grtr{o %e&qqggonst 3¢ Bet nfa g_%}réﬁg&ccgmpanymg
dirpwings g&&@éssmﬁtl@b lcenb@iharefﬂasuest hell dte lappartnt from the
QfeScri L}Ktto%gdfﬂtcﬁ%ﬁg GHA BofAAPLIAGS: @ first integrated
circuit conprising a media access controller and

baseband circuit; and a second integrated circuit
conmprising a phw&QRI-P"ﬂI@;NeDIdBWINGE sone

enbodi nents, the wireless conmunication circuit

conpr i Bs:1 shows e (RLAY eommpwnitatians prastiecavnhectad to a host such as a

k}%—zﬁﬁﬁ[‘&)rﬁ cgo}aﬂ,%r an?pefgﬁgggmg{g ﬁ{cgpal s received by

antenn mit Ci rcw 0 produce second

RF si gpgt S2 bsﬁ%ﬁ/g @WERNOM&%B&%? 5131' Eféa%)?q% an e| 4 external

the second . RF signals are transmt nna

| Ftenreninterfisd fore Fannectinge an pemphsatsanal ep@daigs to a preferred
cenpodifent.i rst digital data; and wherein the second
baseband signals conprise second digital data. In sone

enbodi Mt$show3an mamfbﬂ&ubﬁﬁ ¢bhptikiag a'h‘éaﬁsmk comprising
vulgﬁr fra%tl ofazf_\iwacg Q& theflrst and
FANgeCQane 0 & Prelrired om ‘51‘5’(9 ‘ments, the wireless

comuni.eat i,0 W|th t | eqst. one

st anda -gésé'l gjcot%} &d ;ﬂ;@tm)f hogoﬁ?léﬂ}ﬁ%c%‘&ﬁ%l y ipieerated| gipguit package
stempiasiulg a h8@ZirkicompGizing ba anthida dddordifi9ed ﬂ.ﬂ@ferfﬂd%.nibbﬂunent.
802. 16, and 802.20. [0030] In general, in one aspect,

the i nW&gt |50ﬁhq’vesamr1e§gmterdetchomt qﬁacka:germmgpanng an intermediate
i m&%&t&%ﬁ nlan A K?&&mﬁ@fﬂ%ﬂ%ﬁk&?&d ePJb%gmﬁ:?%q{g at

| east one I'nt circult €ss

comunipggt '60§‘hd3#sr GUIhEt;ho«ﬂ)rcEV hﬁnﬂﬁcﬁrﬁg e Qigcﬁ{ package
ant enna; encasin e at | east one I Ategrat CI rc

\/\/F?‘Fi‘Pﬁs"Pﬁémdﬁ@Engdéﬁ%I SESERiErGogRATISPE Wﬂnﬁgacwémg to a preferred
asin®odandm. t he wirel ess comunication circuit. [0031]
In some enbodi nents, providing at | east one integrated

ci r cui FIGoAhbwesn infepaddtinghiBpddihsd cérﬁfrfﬁﬁ?taeﬁackage substrate
onpr sing. a ia acges rol | er and
cgéggﬁ]& y %gccgrr%n P &Hraf 85“@8 Li nt egr at ed

circuit Ogo e ' S -Iav r. devi ce. 0032
The. de il P S AR M BBl H (tegiaded, bouit packege
f GPEPTISIMEL h@aatag@rﬁ@éﬁyatmgommmgngm aatednd hecording to a preferred

degfboldhémn below. Qther features will be apparent
fromthe description and drawi ngs, and fromthe

cl ai ms . FIGESGROWY btMtédrabiRMMeMePackage comprising a case comprising an

antenna 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]

[0033] FIG 1 shows a WLAN communi cati ons nodul e
connected to a host such as a personal conputer
according to a preferred enbodi ment. [0034] FIG 2
shows a WLAN conmuni cati ons nodul e conpri sing an
external antenna interface for connecting an externa
antenna According to a preferred enbodinent. [0035]

FI G 3 shows an | RERHER RESERIPTHANkage conprising a
heat sink conprising an antenna according to a

pr ef eeRpdEReE Phih§Pr CS[COOBWFHMIGMnm\mwaelm Ihcal-apda network

r(wmmtwmrﬁﬁmaihd gt %Hcﬁ'l@dsdéhr Qi th P .
r| Sl ng @aﬁﬁgt nSI nk nmprisin EaI}] ant ﬁa ac@é)ler(llpyn V151on

Plﬁ%ﬂ&ge rP&BHP‘I‘FéFﬁ“OHP 0Watle FRomprisingh 8vipshAnterface. The
|md)<hxyaf edrelst fabricated, fopetaagie, CRMOPC Thildfod Risd Wltﬁranﬁﬁifoﬁtcgmputer.

SR STRERITH R Rl GR5Y e’ srehmgbione hod of

manuf uk i rated circuit
compr 18h B ARG B e Chlcntano e KB Famegied o 2 host 102
asm:lema aemsonadli computer aagoorting ted prfest emedm{cﬁp%dule 102

coEpliss a6 AOHALSE b b RO KRS sE R N0 A Ramsmi

RE  agnals eldoerm@gnmnucan[o@mlﬁ]:mtzl 1G28 ahiows hastmiitb@ekeof 14 1o

f@ﬁﬂﬁﬁﬁédﬂ{ inat
conpri si ngwgggggcllggge@g% str t e cok‘p ﬁég‘ﬁprgﬁ?de?ﬁ?ém board.
accor didigmimicatid @fakriag coﬁ{ﬂ%géé Q?&%xve[c%%ﬂ&hlg L p190ducée digital

e ted cir ackage co
B 1L Pt o Y5 RS 108 ch, BSpoteis ctiowk o1 80 stbuce RF sigaals
elriffobksed in d{gﬁl@ﬂﬂ]ﬂaFIE l&eﬁ}k@Wﬁ'oﬁa H&dthath Sfer host interface 114.

t ka
o REAI S 11 s 265 Higal Safh 2R DadhclH ey boss nkerface
prrldf Begedrt cmm:bn dil ﬁprdferab@%ﬁipnﬁbﬁa hﬁaﬁl i&,Ges@ ichtrdife} 2Rd baseband

e@%&lcat e)%ﬁg n% %&ycﬂ q;@r tllﬁgeqve circuit 122

rtBelepperete aseordingl tof Wﬁliﬂmawpemhruque‘sl I%‘Eﬁdd— Eftuit 118 preferably

DESSRET
i nventslg)ofla{C%ic‘)A[rrcgrﬂ iﬁggﬁ%?%&g{gts 48%:%4 ggeﬁé’f%F jeircuit 126 that

(RREERG 2eORTHDM it el vroiseh quesc fin asmarenﬁmﬂhmgm; ahodule 102 is

fdoamﬁﬂtcmdldﬂb&i Qfore B4 n 0

e OB S ri% ?ireho 2 n?ﬁ%ﬁ@&’f SRTTUNRGA 10211,
: 2.20, other regional and 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 2 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.
Extemal 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

-12-
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[0049]

[0050]

[0051]

nodul e can be fabricated, for exanple, as a PC card
for use with a | aptop conputer. Oher enbodi nents of
t he nodul e enpl oy ot her inplenmentations. [0045] FIG 1
shows a WLAN conmuni cati ons nodul e 102 connected to a
host 104 such as a personal conputer according to a

l. t
R RN A LR e a T
$15Wel il carpbe geperated in 2Oy nambmwﬂmaysal’onmmple Wontrallflgnal 210
deH r!iu%%fl?‘i@ sg&ﬁéh t2@6 LY %Klg%%%tlgtalgfgce 114, can be

b Be
104 ich are pre er y arr nged ona
chtPeedias afiagrial ontigpaler hi waan e wovided by Bb@nna interface 204

t
8 g:?ﬂétli%gx‘gbagsegga‘%géﬁ:%é&%? Qﬁia Ig%&rglgteﬂxbggﬂxqéfﬁse rx%cﬂl!let M2 is compliant

cTME e F180%e0 prds 802615 802.102,h8@%HIb, ®92.11g, 802.11n,
dBQd.16landl 802120, 3 hérae glowacinfl n@%ﬁh@%né&ési %}AS fthJ‘ﬁigé
provi des

interface 114. Conmuni cation circuit 1

di gi t aln datna &ﬁaoﬂmdmst hdsPdinferfike hpﬁt do'?dpﬁiref; a@ﬁh #14east one
erably conprises a

116
g %ﬁ%@n{s%foélcf dl H Hg tg‘gs%rﬁ'&ﬂ (COTg %@om;g@él Wgh at least one
Cc smxﬁcathm&lm@d ﬁom‘@ns igeaip- dm@tsmgel?/eri;ﬂxefa? @6}1'1;{0%6&' IMRrconnect

Cgf'“ml. %%% r'?‘%e’msm rcugagg’l g n’%& g?ﬁ% léus @Bﬁ-’g:ﬂlieyé@ Other

eimenis capion othe:r mmﬂcatim fanhbsalrft’ebﬂaderla Asmi t
CI rcw t 126 that operate according to well-known
t echni a gdiments; phithe aressnl ingention qongtudse ahGRtepmted circuit package

B0 1 aon S ohmBNPLElsaR) et 4 e kBl BEaE oltegd fomprises n
6]% q(ii?an eyt Eﬂ%‘?ﬂra@g Glrﬁ%ﬂt PEerablytimpdemented imal flighehip ball
e st Sl
£ SRS Shose ARG ellh i pekper st Fro pemcAVIOe cireuit
cbmrdrthmgh coklentaill eon? e m&midlsSbﬂ %eaﬁacﬁ@é%@rﬂﬁbodlments of the

4! face 204 far ecti an exter nal
ant g%%g an%:g{t C%a D A ef‘lé‘? nﬁﬁ“ﬁ‘b"ﬂ?‘?ﬁrﬂ f the) eqrampBications

1o®dulRgo dpuserhie b@nﬁmﬁlaaum ascumhen‘eirbed above for
conmmuni cati ons nodule 102 of FIG 1. However, nodul e
202 al §§Gihehavaesn dxtegrated circaittprokagei IGOeascﬁrﬁpﬁsﬁQé he&t sink 322

t h
ES%ﬁ“ﬁﬁ“Efgf o 2 %Eﬁnﬁiigﬁn%@?*ﬁt 8 P ST BoimleRl e Bated cirnit
i RpfkaRe Cif Breferebin A R GA that gen dissipate hwat theoughrivat sink 322. In

aadditiog tBd the@ab
ms an aﬁm& &ngzhm a?sgacl)g%() %B&?a‘gay from the

Pr.ovi. si gha
be]trv%gﬁ aﬁ%l"ﬁﬁ?ﬁ?ﬁ%ﬁe an (,°B| the gyroui} heprd; Bhewhide tmbodiments of
- i greégnbinventiosr ara Ideaﬁlibedl irterik @F F@B@A@@ %rdedlments of the present

l, 21
aﬁﬁ@ﬁﬁ&ﬁ%& i%tt Bngteﬁont f"ei?:Gisgnad canobe C:11?1{3]1311'1ented 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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signal 210 can be generated in 'any nunber of ways.
For exanple, control signal 210 can be provided
directly to switch 206 by host. 104 over host
interface 114, can be stored as a flag in optiona
regi ster 208, or can be provided by antenna interface

t |
208 3700 oHELRE L 0y ShOR B S R £ e o7 Wiysicpets o
die e gansmitiediandueeivad byantentzs3 1 BAovulgly, fr6ian tawgsists of one

$pet HvideBOPa h6n-z889n 180 2055 vﬁélﬁ@r{ %F%]tﬁg?elle\aﬂgarts

natl onal standards, and the

embodirARpfafed HRSIt p'aEl@a%EfB@G SnditdesG qg@gi'aefecd Whduft Ab Jo‘ﬁﬁg‘l&red for

1:gem ficati on sel’ected from roup conprisin
éﬁhﬁhﬂ dQynting o dntegrated Gt 3p2 reiesably Gompeises cemimunications

fctremiw lier grraﬂmtﬁ@gmnd/@t rtgcé?eﬁllgpbﬁﬁ a&ve@zﬁﬁé}ﬁhﬁnﬁls JFor example,
press; Mn PC; dr

t er n nect é#? gL
a?l cgétr } gom%%; ,a;lqogwnpgcat@h@pcmtmmggecewe
e[rpmo;o ptodece Sysedigithlodits baedoarfiORE si g,ﬁhl@ réGRdlpkAanterma 315,

[ 9 s_of, the i nye n conprise

aaﬁ 8|4£1n%regr a? %H&g{‘ trt% ch{duﬁ%éﬁ‘%ﬁ’gsﬁg r?bgq"i‘}ét ﬂa&af?foar secgRthidtgtal data,
twherginrtes sached K $ignalntre gransmitte bwmténrma}.lKag‘ﬁe communications

[ nt.e

%:B?%’ft“ct%ﬁ;crogbgrsg Eféﬁﬁ ?ﬂ&gss {:mgleozi‘l%}/g ﬁﬂﬁl if b@%C/BB) and a
Physicarlaus QWBBO& rthat ECBBATicaly aqmnsgcchttedamamxauBIS The
| BrBRRREMohYcifk b

eSSt it AR e SN g
iﬁ 2 j 8024 42,89 lﬁPo%l%@Q%rllsaWZslﬁmndw& 2Adether thgional and
afatibhd sﬂﬁiﬂéﬁt&? anEMROHk TERt Soned einB@duﬂeﬂEse%@E@rﬂmﬁhchH&ﬁ circuit
%ﬁm. @w%ﬁﬁnfmgﬁwmmSo
comnmut F%ﬁ? ulatpr, apd, 78 OFRM @Wﬁ%ﬁﬁ‘?fcfﬂf i4sA In a wireless
diANuit therein. [0050] FIG 3 shows an integrated
circuit package 300 conprising a heat sink 322

conpr i Aifirst sarfacni iofahSifeaated g3 Ipls%léwﬁaﬂ'yrc%ﬁnected to the

3‘9%’% Pyt R Rty e SR B Fondoh ot 318 may be

hiesmed ﬁ'ﬁRl gyzledtucally¢dndvictivg material benhras|Phifi fol@dr, Au Ag, alloys
i r.ate fromt
R0 RS T UM A - ot
bORARle Baterigh forEed nlsbupare Hes corrductivee bpmps i inay dret ised as an
aérﬁbe@ﬂﬁfg’ iedal for #RrcoRdRtvE HREDS 3(]j @B%%éch%&ﬁ&ﬁpon and

pres i hventigQn are not limte
btélo}s‘ﬁ“ﬁ? SHRISERRR- | enﬁlt%ﬂﬁte%tqi@tmt PR @'{}ﬁ’}’ab@@ﬁ@qﬁh@utq the package

paxblnge NG26 eaking cglyedlighicEp Céﬁﬂiﬁﬂﬂ)é/ Botlddd ofneﬁfoﬂ Such  as
d | k322
oo b el k. i i aa-ff %qh@aapégrggﬁ' "o

i grzf ac'ghé) Ethgxe %&I %50 o%%h OF or cu-cmt QIE 1sh St%gchgcll Tr!f a heat sink

322 for couplmg heat away ﬁ'om the mtegrated 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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sink 315 is an antenna. To accommpdate size
restrictions inposed by the size of heat -13 sink 322,
antenna 315 can have a length that is a vul gar
fraction of a wavelength of the signals transmtted
and received by antenna 315. A vulgar fraction

I + 4 Ll fe er
GO Bl al 0841 G081 AL o8 DTG b nty gyt
cARAIGHEE eRPXyi e ussd ek Bigatiaconemdlenudd. a i nt egr at ed
circuit 312 configured for flip chip nounting.

| nt egPatkage spbstiate 329 mapbemadaof gny: sihistratsanaterial suitable for ball

GEiaTaARly CAbhrRiHE toCd AEMEd SuchOds § cABSIFbbAdNG ﬁ%@%ﬂé. A plurality of

recei ving data_over antenpa 315. For exanple, .
i°ﬂ%<§’§P§% Bmps 2301 proviedlar CRUIRHRS MtegrelsdAiipHitpackege 300 to a

circgitibdar @A e 1ideNg a receive circuit to produce first
digital data based on first RF signals received by

arl;t eanalell’:ﬂlﬁ_nberagﬂ iﬁ’egraadscgﬁcm_it@! {I;Z:Jh% i{ﬁégﬂfé&ddﬁ’@.ﬁﬁ 9?%&@6 300
n ed _on second diqgi ata, .wherein' the |
T B0 SuBRRE BRI Rl e fion el i e e apfracicn
cwmbeniof aniegrased circuitai 312cean deripiplarertedr®dihin aceLgs integrated

£ al L L1 bt 1 ngd a :
Ty e i ——
caiThié raskiageo 38Rt eannmc RS . tWhéntegmtedunirastsi B2 oiliecalicne of the
i - :
‘msprelas bl 3000 rhal s WADIRSS LS QbulEES
802. 1G1GAAkHBRE - 22Rethl R0 dregAattuARE an ?%Y@Lgircuit package

ndar ds, ang the | l§e. I n. sone enbodi ment ]

FARERingoh et St 122 ComppisFiean amleRpah) iearoringicon preferred
asmbodiméXtDMIethstl KO0 @bmbtifesUSRviding aMléRt 888 intb@dted circuit 312
[0053é]S Aflrtst ai{Jrface %6?121‘ the inte ratg%_mr,cwt )
PR B QodotPT BAeFS S8 A SYders B DEFP InEgeRtsg@rouit 312 comprises
gautva'reﬁm eco&ﬁﬁmﬁbaio?oﬁchmd:tt ;gsmp b,onpsdlacxa?alww e?\ﬁmﬁg UGk | s ductor

unns e. I rom an eclr al, .
Jon Dnc?ﬁ}\%rg Q%)é}cg rclugln? 3 E]g ﬂo gsp%?%% S@ép'ﬁt@ r’:’J,z(t;’A‘G'fl %A?ﬁt of conductive
alpurapyss31 Sofstepu4@d)dpragidiemd heet ainki ﬁcmﬁlﬁthu%gat)zly aBtehsa 315 (step
S S I+ O e Sul tapl e.. . .
saaiPeoqfle Al tolee sARAEPREY (8 'd bifless BerbBiucbon grouit Gep
b0 send therraally eqvplingliarsgeomst surfask 3R6roftihegrataddeirtitv3i2 to heat

bgiﬂpgzze(%&ptqoﬁr ovi de nmechani cal support and noisture
protection. The integrated circuit 312 may be attached

to t heFlgaoké@avs SURSEALE c3dhit Patiige DY édmﬁsﬁg 8 intermediate
conpat,i %‘% bondi. nrgﬁ rret%ﬁd sug{w as thernoconpression,
SHOREHE Y 8%%% &t'i BHenan %&ﬁ%‘érfi%st.o EGUSEF}TCQ'h@DbOdlmCDt-
olntegratedi ciraudie pﬁc‘l@g@ﬁm Ewpnggi;ﬂ];ﬂyai ﬁl@'diﬂleﬁqt(l‘%Gﬁtltgat' San optionally
ag; at, sin coupl i ng heat. away,
f@%ﬁf{lg gpéfﬁ%‘@@ar@%’i%e B ATITDS 3 hediaS  gopbenticagl ﬁw‘a&yackage
bat 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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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 attachnment item 324 that does not
thernally isolate the integrated circuit 312 such as

adhesin@grafQl GRbit p@ﬂ&gg r5g§ Schideb 'ariﬁ’teg?été%pc@}c%{t 2 Ronfigured for

r}ﬁl‘ nlcal force.to the first surfac

PARRPHRE Rl i atagbeddp ap prterpedialg éummléttbatsmpnses one

E@Ymcpeaﬁmblﬁmas B1sheaimehd Ye fognsClok Ve%aﬁgfaégyebyggﬁélsuiﬂg 1Hf%ﬁqed1ate

gi{{e hment i tem 324. [.0055]. Pac

éﬁ'%stwgi, QeRFEOTHOLALS nggggiqngtg@srm}p@pqdaby thei %@bﬂpfe\nmnedlate
ksabdtrat?fllq aﬂfgﬁﬂQ/S mwih: Havg atléh lf}faﬂlﬁaﬁrﬁ Er?ﬁ%oﬁ dof atwavelength
Ci L, CUi rd o s ra urglity of conductive
IC%-%S %‘?85 {I aa° eﬁ oﬁﬁ‘%‘é’é‘?%ﬁ@ i nt egrat ed

Ci r CuUiqt e rcuit hoard or the. like,
[0056]In e ndﬁ% cul 05?1 i RfeéﬁrFfal?eﬁoxEPPiﬁﬁl pmmypipications circuits for
itransmrtting dndfor wﬂwu}(ga@dtagear%iﬁennadldr gon @caﬁﬁple mtegrated circuit

e Dol Ty s e
st @éﬁﬁ te haspdean first IREwSlands m@eyedrhyegttaumdﬂx jand i ttansmit

R}%Q:'tiﬂ@@ p_?dané Sechfd RFai istb'aQH dh QQIEA &g{t%% whefein the second

eﬁg ) anlnte ate circuit_ pac
F%%lstaﬁo i) dali’)é%\u gmacdidt Eh%immtlm&mﬁlttch[ecompnse

| 1 i 0 laBEs€ IchBHIDI S &11%&@953{& AAACTB Hﬁ %anyeé device
gé%ﬁén Ogg ?etH@a CC?IWF&@‘? & éﬂtelé%% g&?t%@é&@g@mca@@ circuit is

qmafera‘tﬂy ogmplidret atithsontkordnreNBERSI A Hafls 0211862 31D 802.11b,

od t 00
oS0 B o Do S04 E0h 2B TR0 DR P, and e
dike. hbvisoge aembcnhbmcnts; thpatommunivatien f ¢ifcdit Sothpee. an OFDM

P LB O AL A
oD W ST B LSRR o

312 to . a package substrat via a’set” 0
pitgrmedinty pubstpte£04) viamopdudtive pumpisest8. Shekcod@@ctive bumps 518

cREp Me&bﬁﬁe@ﬂoﬁn&gf@g@cﬁéﬂ (c%hﬁﬁ’ct}v%qgﬁtenﬁl &b a's.?% iy solder, Au,

c ng antenn 0 the Wre conmun
{gﬁc%} Yg("g @éban%éé’)an JRefallis spatat Pplyarsuisl steds. In mmm an epoxy
sonr dtheresubable ahated] dgimpddastteidntt ok tilvO bHSABE 51 §h’ﬂ§ be used as

322 410 1G5 hows I nt egr at ed

c%nr c’l%llg gcé‘a[sg’éﬁ%ﬁ?iﬁug‘? fawltgeWnEBWQF &nechanical support

s@r%b?tmwsmrﬁmotcw i Thergniepratedt egaat SEh ) aﬁgorbkil aﬁadhed %o the

P t rat.ed ci rc age

PURLSEE, SRS g SPGB ALY s
crmocompressmn soldering, encapsulation, and adhesives.

In some embodiments, 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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di ssi pate approxi mately the sanme anount of heat as a
conventional flip chip package at a nuch | ower cost
with the addition of optional heat sink 522. In
addition, the thermal path of integrated circuit
package 500 extends away fromthe circuit board to

rlﬁﬂéi@ ethk Ngitdpeatd lcpag: oot F\fchlc 'raf.{;/ gaﬁbgsnbeo A fyer B eé"&?’ p's%s& %;tﬂ.ng by

nbodi nent s "of, the presen ron’are o
taepwgoir- mechenisal ferpsdaithe first wrfac of hecintagratedioianit 612 or the

Qﬁt@nﬂ&i teisibétaet $1. FOBSARmpRNS |
si.ng z;%é;ot her | egrat edp ci Pﬁ?ltaﬁ%ac éﬁ%%c’%& may be used

taéél?ﬁﬂﬂ: cur rently exist or are under

devel tegrated circuit package 500

i nclu ?rWFé’ﬁPe[ai"’g’ %‘F rsgﬁ eosricablyit Gagnpder foeonductoss on a
q:hbkngmumtramg 52610da segeral Ecﬁﬁh@gjwtr@s QIB ITHeSRIZRAEBAE substrate 514
subs 14 that co r| ses e e{{gr . antennas 515

tCI%Y 1pb 1p WHE%U ¢ prgwue bond mounting to
|qotrémﬁeahdae>e:ee¢ ﬂmsadlvamtagﬁldf FCEBG@D QCEITHBG%I Sidil&eto FCBGA, the

d s ze I nternme
%g{altéz;ﬂ; an gn%@@&(gv can? hlzg\\/ve rﬁlﬁtgﬁﬁtﬂ ’ﬂﬁajt Path for heat
mngratcdf rlactheonnt@gra&dmuemengﬂh sof thetheposvegndissipation may be
tdcenamohed. ﬁpgddlﬁ"&ne'tﬂg (éhekﬂ%‘x g%tfln&athg’ %étegllape% Qewit package 500

y conp

I&%%%%at ed circujt
ite: the heat sigk r53%r| %"éa}f @‘Pm the apckage sibsgater@bothereby reducing
rae @t 10gd datiee Ev@it ke Bf‘ @11-51315 sutfsateS¥ APRLE the mtc grated circuit
i nt atsgg circuit S%é mprise a conmuni ¢

ipr§oTReged, Alseit leﬁeg@mdt Cirgiip rP@@Il‘Eﬁgé mﬁ}’ r@nploy a
dsuysﬂ'ab tisl inadimsestnsive fak setstites Sised ﬂirSPE@Reﬁ EﬁéeQVAddlgonally,

AR O e bR R e e TaBIa Framifements on

standing wiRE egiipmahtuisad fortattacting tedbnbgarited ™8, 515. The
communi cations circuit can conprise a nedia access

cont r oPdckegesubstrats SRGmuky(HAGARE)f muaswaﬁiafaaﬂat k3MBTe for ball

d ' : | |

1A B8y biphAlling OP4 dbcE R 4s £ B GRPE BE Symaf. Adgigonatly, »
ciﬂPBPIt aa¥er W23 Bchree ap epontdt & asheri sBiEgbls matmtial dmy 86 2nskited between
S%rﬁﬁanatesﬁ%s&itp 514 802 padckdee S%trhtts2689 %a&\ﬁge g@%tﬁ%n mgehanical

802. 20, Pé ecﬁ:tci::?onal and nat1 onal sta

| 4PROT 4 BivREYE Sumpses 30 snproravided; fon cotinecting integrated
cairquit ekagers 00RO circleibékil af ele 1d3d an OFDM nodul at or

for use in a wireless LAN. [0061] A first surface 516

of the’IhmtImg‘fb&r e.nT mtergcaned ciréditd S12!@cintdgeabd X:ucult package 500
glecﬁ_{xegot &entk DES rnedi ate supstrate, 514 v

c on rgig r?éesé%mﬁ?ﬂtmés B@ﬁﬁ@t@l% onWmacucﬂ

f oumbet 6F umtgatyd efireuity 15¢21Ida§( bmhﬁpllfembmed NgitEh | Akin glécﬂltegrated
agirR 0 n

met ﬁ’i’s‘% % iR F:ylmerl C s §§u1Frq\4‘§fo‘{}% gm’aﬁ Sefoipjrerated
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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or other suitable material formed between the
conductive bunps 518 may be used as an enbeddi ng
mat erial for the conductive bunps 518 to provide
mechani cal support and noisture protection. The
integrated circuit 512 may be attached to the

luﬂhg éﬁ‘? Gth%i@ ﬁlt@é}‘ﬂ%& cAbEt Eé!cfta gc}ﬁﬁ%éﬁieérs %191{]!:urre nl it or are

15%3 bondi ng met hod noconpres
£y @Pm%‘ﬁcapsul ati on, and adhesi ves. [0062] In

some ?Z(? ‘g fénants tg %bger surface 520 of the
i nteg OWL 8imead 6PY of pampetering, am Antegretedneitcuit package
b6 tompriking 28 mﬁnedzmuelsubg:rdﬁezsuﬁwpn&hg %tﬁ?em% 515 according

k‘m ig‘{?@?ﬁ“g FW@P‘?WBE rﬁﬁ%i"fl \55@8 r@%ﬂ% Erléguim atsl\éésépmermtegrated
amchit A2 imavihg acomductbt petterh ast & ﬁrstTéﬂﬁfabﬁtvﬂﬁ%ﬁhqgtegBated circuit

ached to h Si nk, 522
315 Eitbhrion iRt on B RIER Bt Uien ST ormuoing enrgtermediane
nsgbﬁrrateeﬁ ldiremiprismgraataattnoa 5&5ii(sters 6@4)$¢ledfmaﬂly&£8m9§hg’ @mtenna 515
t a mech
?%F%g\htreg@&dcoﬁglﬁ%g%iﬂsoa?ﬂgxtq%ﬁepﬁ?% Y cg'b 1y ézau &etconductor
P39erp ontipteeratad @ropitdil3ite infannediate eulssnzate ﬂdrwa)aaﬂaﬁ'pbﬁcorﬁucnve

b I t h
bt e Tl o R i S R

S e A ML 520 step 610).

packa rate 526 via ,several bonding wres 528.
The | %?g‘r #egf“?i’fse 30 Bt ed gigut @G?K%Pt%(%f cPmpobing 2 package
isobatriaten §2® feotripeisingt e raageeﬂa CT15C dédordidg tbn;% ré%ﬁ@r% RAfR diment.

and gex ant ages O
ERRt it 008 260 B BRIR AR o YR Hadr smpsiments of e
eresenti invprtithagre B6¢iEdomi wess afIRCBGAS, ea:txmnsmcﬁtla _GanEgli present
r e t |nt r.at circui.t

PEIHoR p aet IpERCLARERCAL, AR HAL B Rrtmee brhe 0y ofter
apfgeretegn CHP‘HE nawbam isehniolagies hwhicht egrentlgd egist it fare under

FRéMes8em00 extends to the heat sink 522, away from
the package substrate 526, thereby reducing the heat

| oad @ackdpe subktedié ! :
ﬁg taﬁeztg;ent b gg@gfl%r a‘{?stEs %hg C%‘farﬁorgéglgérﬁ% 9713 which can be

Aiq8ia SRS, of Fhekpan exteied/4s @rcﬁmlecb adtém package substrate
&np! ’Dg/aa:onﬁmmﬁtef ﬁi@rdsﬁﬁhoh§uﬁ§o§e& Y RRNSLY 6F g%kage substrate 726,

Addi t
SHREhA 188 B o e 508 P IS Teehion ekp veeclendsh of the signals
\jqapsrmjte@ atndlrecagvp;d benreehsa G ms hoﬁﬂgﬁg&ﬂutlbﬁ REikie " Hne integer

ldg‘gg%{;e s u%s-t% %ngtlfékg%é-h% g 'r'nce}g EFﬁVaQ{J%gsf f]at e

Mt er ifafeg i AR phaka unt ]

evi ce s%@n as a IrCL%b aybgoar‘é‘ia'%r algl{aggatt%?%cm 2°°ngg“red for
Bli BB ABPYDYINg o 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 antemna 715,
and 2 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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support | ayer 525 such as an epoxy or other suitable
material may be inserted between internediate
substrate 514 and package substrate 526 to provide
addi ti on nmechani cal support. A plurality of
conductive bunps 530 are provided for connecting

AP MR AR M L B
iphyslqrﬁ BYehtdeyicsi (FALY) thaicisaglectsomly a@mc@ndngo taptenma 715. The
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t t ed t
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exa ra circuit kage 500 can

CREPUS ﬂ@@%&%@&t s RDM pevtos fer g ima wireless
iDAMNgrated circuits 512 conprises a MAC/ BB and t he

ot her conprises a PHY. Furthernore, while enbodi ments

of t heA firsésweficei7n6 ed tthamnt@a%ecti@ﬂmitl 1ads electr2all$ cinected to the

ECR
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fo A @nd Wpdehd GeataliO REBBA po Po ggxgegﬁ éu'\:cisGh@ adiB8E, gg&&oor other

00 .of rmnuf acturing an | circulrt pat
ﬁalzis PRI NG AR iBshEeRe P ioadediyst bumps 318 may be used as an

%ﬁﬂggflﬁr#g%tﬁm M%B @g%cﬁ%gv@r&l‘ixg bty f@to vﬁe %&B?ﬁ&ﬁ%upport and

JREISTR SR %ﬁt’é’é‘ r B{fgrated E“ﬁ‘éﬂrﬂﬂg ﬁlabfdml @EP@Cd pat ther package

Qfbsirdte r 926 S usihgCcany WHES echipi NogpafbRd tS‘dn'Eiﬁ-%‘ é% such  as
ptB rises a.wre S.S conmunj catl o clrcgult step 2

PRSP ROMER B FCAPSulahigR fdiaghesiviese onpr i si ng an
t | t [l |
225%?@3 ?]?E Wi re? 2%%5 i e G C ﬂf‘%‘ﬂt?@ép IOEgP%Bg{Yg%%;th to a

dheat sink GAR Ifgr coupingigat sveayc fmmutrhb dntegiasddt €ifonitoT12. Optional heat
| t r te sybstrate 514
ED2E bl oL WP ARLILE AURRY B18 8 s o
diheeraliycepmiyctive plestisg The integrated atrouis G’Pb% tmat be Sttathed tathe heat
S f f

728 S O Y W AL O g
| T A2yl pY eﬁ”ﬁa@@@eﬁ‘ quessdHing by ngplyingainagrenical force

Stebgit Ifakesuffie GFNRE istkitateaniftnltennagr’
pref el(i% gq;enbedl ment Vfrlgnet e%ﬂat ed cfr%%ll%%%ka e 5}8 26. For

| 4P Il ‘éﬁ% 88 ﬂmﬁ&aghraﬁntm@ 724.
presen crlb inte

enbodi fr’r%CI}}cF % {l{b ?ﬁea}zs&ag © m? rﬁnVéH ] aée ppg{erqa} fHiteblg for ball
t grid-@B@Amyouating tan d@mqerqubbmramﬁuusbdagi 3N YubBRl A plurality of

conductive bumps 730 are provided for connecting integrated circuit package 700 to a
circuit board or the like.

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]

integrated circuit packagi ng technol ogi es which
currently exist or are under devel opnent. [0068]
Package substrate 726 conprises one or nore antennas
715, which can be attached on a surface of package
Substrate 726 or formed within package substrate 726.

T c a S r ctl .0Ns i nposed b
ofﬁ“g‘gcﬁ t7 gt&r énc%% % PSR d7f§°%‘£f‘n)§ll1 v‘@h%{e one of the
| imtegrated (hHJﬂ-llts §12carupyses aMACYBBand theothevmingitda PHY.
the signals transmtted and received by antenna 715.
A vul 18r Bewisonmetiedi $10sob fapwieciuning ger integratedi emicitiy package

37663901% D8880e s@Bsthate 86 ko ggg}gg'aﬁ %%nﬁe}l% @Brdgg to a

art nte rated circuit nclu
|PFF§§§EQt@EI padiment; tMethod B rempBeest bﬁowdmg @t drasp one integrated

NELEgRit TIQ. havitiged cah@tbtérl pabtei o h2amRf ?Jr?ic%bbv}ﬁe ?rmﬁtég?ﬁ% circuit
szgunlcatlons circuits for transmttin or

QFPPFSSR) & (MATARRS e ORHREH AR OR LUt fter 39 |e};>ctncally coupling the
| edrigetat paltepn ba lﬂmt&grlﬂea cﬁﬁmtmﬂ'@é a§Rcken geOBHAIE 86 Qcﬁngnsmg an
CI r,cui t”gongrl Si ng recei uit to roduce

PP 713272 3t O cBRutye Pumes I §iaten §04barowdis,optional heat
amﬂe 1R2 (idp5806)aeidctacilt>actﬁngiﬁag anﬂem?u 713 © Peadias %Sﬁlﬁﬁﬂlcatlon
| gita e
Skl S0RRo e BpREHAN. aferelf osPliRt an faOdstriag 720 of
c@ﬁmaﬁe@aurmnﬁél?—tmwtmnailhmt suﬂ<n722((|s1@p|8$16) a medi a access

control | er/ baseband circuit (MAC/BB) and a
physi cEIG| dyshpwaedn detegreied) cirgwit packagk e®Q(r icomiptiying a case 922

CQ&BﬁﬁElﬁQ aﬁ Q.nﬁﬂfu? '9‘1@ aédotdin F}@ Al &ﬁﬁdcﬁﬁF@E?&g 522 can be

or nore O

S e COlTp i ant wi
| EaAR & Blestay Gor A 05 Gy Dler PEBMTELL 45, ¢ S03-leyn BOe tdevant aris

8 QtedrBted 3tB0iBP2kEEs 960 ﬁ%efﬁﬁﬂlﬁ?bB@ﬂg Bﬁ%ﬂlﬁrﬁlﬁbodlments of the
st andar.ds, .and t:ﬁgﬁﬁl}bes In some_enbodi ment

c BFSERY DXFRUOR &F dBripRSes F Cd@mr@@ﬁﬁa@ntapﬁ the present
almdveanozﬁéfﬂthﬁﬂhaﬁotb FOBGUSS 2h@ cinVbd @hERchRl. usm% any other

rface 7 t he i tera d ci.rcui
%%Zgr ][siteel ¢t uﬁtlt Y )ﬁl%ntﬁé@f’g%etso VYIH& %ﬁ@?ﬁ?ﬁeem“ or are under
sulovtlopment726 vi a conductive bunps 718. The conductive
bunps 718 may be fornmed fromany electrically

conductGage 92 cemprsessanshorasorbirSemmse 194 8y whish, caAgJe attached on a

alshg¥se oPEasdY 22Nt t

studs, In additi onﬁ@me&‘r‘?tﬂiﬁ %Lfé Icl) O?@tagﬁuln?%é‘?a@ S12€ restrictions
Ha

ndF@P%cél >f Bientize BECaREeh2 enon PUSt sanehaygnp derglls thatys a vulgar
ba"radﬁ@@l 08 viveleBpACsihg ngﬁaise&d:ﬁﬁu&éaf aﬁ&&c@@@%?tsaﬁje‘rﬁga 915. A

18.t0 rOVI e mech anlca uppo ]
PYipn op ES‘F r?? 8pF ey divy |b(y amon-#H9 ieses: asae welkknown
t ontlfeerekeamk age

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 9135,
and a transmit circuit to produce second RF signals based on second digital data,
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[0078]

[0079]

[0080]

[0081]

substrate 726 using any flip chip conpatible bondi ng
nmet hod such as thernoconpression, sol dering,
encapsul ati on, and adhesives. [0071] The ot her surface
720 of the integrated circuit 712 is optionally
attached to a heat sink 722 for coupling heat away

fwhereinhthe isedondIRE signalh bflirinsfhRed E}J&%@ﬁﬁ' 91*3?%%; K

7 be made of any thermal [y conductivé ma gpunications
SR St £ Y, abcha Ponkaliabesehend promt (MACBE) and a
i phtyeigeblager dbvicmi(PE—ImZtha’a%is F?eﬁ%ag‘thdﬁm%&a& hg ;}ﬁ?ﬁm 915. The
S : : a I T em a oes no

t ogénrr]tza% ?%tﬁ%ﬁs%%@ts tpﬁggﬁgﬁg'e‘@?rﬁi’léad‘t Wity eng ¢r ore of BFER standards
a%ﬂ%alsli, 36214 mxlbaaea.prg?@zfﬁlh; Bm%ldgma]gpb%bpgth@r regional and

i | : | rst surface of, the

PSR SEhaal o Do [t sEbRa et g Femmunisetion circui
FOmPTER% 3P| @QFDM derapdrditby 200 redUOFDWE nejdRleyor Y 26 iHSEWireless

asANhe attachment item 724. [0072] Package substrate
726 may be made of any. substrate material suitable

for bahlfirstGhtEcRI TRy tH@HEéérQ%dtg ot ?f%’li;cegerc ucC@ M%EE{??% to the

1

circuit board substrat €. ura

&ﬂ%ﬁ@g%@%ﬂm 9%% SIF wegustye begmsdd8i Fap ¢ontlegivettathps 918 may be
ciormed fropeaivadetriddytconductiGh L d t |i ke.
[&Ozg]angggg nal%@‘oer pi i ni Cglr O?t&%gé r%:all ?%Iaggglfbﬁ ?dner’ A%, Ag, alloys
i ntegrat e SR ]ﬁacé’ﬂtggé POeNG siads- dn raddition, an epoxy or other
evvijeblicmatesiabfortied ptessenthel BUMEREH R bins: 948! By TRUYER a5 an
OfEbe RLAGL G ecgu(ﬂ‘oﬁr %f |n'tgzgrat eg, circurts 7

can, gg&ﬂ?érrp enent ed w-thi-n '8 PSRy PES tprayids mashanicaloupport and
p‘ﬁ@lsgf@ profectian. f"ﬂ'ﬁmﬂegmﬂidl | adftiaft ?f?dtﬁa@ 156\/@!%0(1)1850{0 the package
exBERILE [ gr.at ed:- circuit package, can

i ncl ude tg\%g juﬁi;ng raia&%egh%i r%g‘ll?l t%°%%%1§?°g\3&se Bethode such  as
| REERACRIPECSEIon, solderingl Zncapsplations and MERReanAntcABa 915 can be
ogleesi aq?nm' &5t | sh a.met hod 800

of manufa ﬁ_grii e .gﬁ%%tte&e%tﬂé léoﬁr)glflo 8‘%@8?5’@‘8‘”7 » by other
CWF#& & R%t@]@ogjgp@ oAty 7 2peialfpurpcse figtefddnnect provided
agspedialdy fbt antefie091H.Nng to a preferred enbodi nent.

Met hod 800 conprises providing at | east one integrated

ci r cui Package hibgiratg 926 6K He | .
sy d gyc Mgeg Lein ?nqt eqr gt ghgci!er cgﬁ%n?%ﬁs}fl%&clgﬁ%{rj?g%%taye for ball
V\#E e?‘gss com’r‘ﬁ%i At egﬁe cg}laba'? 2 QEHE pogubyr, substrate. A plurality of

efaaduetivediumps O30 jatd provitbd foreRngettng intbahi-g Eﬂcﬁga%ckage 900 to a

| et RbRbGhE fid t 712 to a package substrate
conprising an ~antenna 715 via a set of conductive

bunps oy di:hg t.ianal heat. sink

722 ﬁ?}? ngﬁl %)%p °2 %%ﬁa??aﬁéy“}%oaﬁfi% JRigRRatadn Sirgut; paekage 900
t &N TE °é§§)°é§h%¢@b@ PrsAentdiventivt is(rot Emit8A8) ond Py practical
aptmieen adfl ntdghaedreirbitsCOMP LA %eainfp?&ﬁ’{]n%ds l\Jvritfhflan Jigg(ie thegratcd

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

2]-



[0082]

integrated circuit 712 to optional heat sink 722 (step
810). [0075] FIG 9 shows an integrated circuit package
900 conprising a case 922 conprising an antenna 915
according to a preferred enbodi nent. Case 922 can be
made of plastic, ceramc, or any other material, as is

hendoe t |
\F@glﬁgg%@%“]ge:ﬁxs(}dpfoeq e(lfog%@{h s %&@Mg % l?zgwg}xf Qnt%érra?eld circuit 912
dvpiogiarpendecter patise orpi 5§é Aerfaqey wheieonintegeatefosionitfdad comprises
128 4/ir81 04 cgﬁﬁ%%angﬂt&@hﬂe(@{eﬁ Rf025 hélec&ﬁ@é E?%Jlﬁgeﬂ%'c%ﬂducmr

are not |limted can
d’éﬁﬁ@ W PteEr pef mrpwf é@? 4@ écPaék%&?u$‘{bS‘5§§ R @.vmg a set of conductive
wRedpR18qs o/ illirh Qtzﬁs\e 22l r

I 0 m=.~ntteIS 87? ng Co hpgggn%oaﬁeﬂg?ﬁ ?rgrl 3 (step 1006),
Y CQTBI i FoBynuRicaign ekt gftep 1008),

maenaa&&gqmefg@mmammtmrzw&aﬁ eask32? (diep agmyynmodat e

size restrictions inposed by the size of case 922,
ant enna fimbeanfh &nplemehteﬁ@tsh dfhite lisventivnl Base been described.

faction of., a. th the signals transmited
NGB8 iRl YRR hat VAo Agdietdsi hh be Hiade withou
cdepgritisgs ffm ol i spirégend diswipgebfbyhe inoentivar oAceiréipely, other
' 077]
?%%ﬂéé?ﬁﬂ%dgﬁg%ﬂft?mg%%%%gégg%%ﬁﬁ% gf%m’égu nt egr at ed
circuit 912 configured for flip chip nounting.
Integrated circuit 912 preferably conprises
conmuni cations circuits for transmtting and/or
recei ving data over antenna 915. For exanpl e,
integrated circuit 912 can conprise a contmuni cati on
circuit conprising a receive circuit to produce first
digital data based on first RF signals received by
antenna 915, and a transmt circuit to produce second
RF signals based on second digital data, -20 wherein
the second RF signals are transmtted by antenna 915.
The communi cations circuit can conprise a nedia
access control |l er/ baseband circuit (MAC/ BB) and a
physi cal -1 ayer device (PHY) that is electrically
connected to antenna 915. The comunication circuit
is preferably conpliant with one or nore of |EEE
standards 802.11, 802.11 a, 802.11 b, 802.11 g, 802.1
I n, 802.16, and 802.20, other regional and nationa
standards, and the like. In some enbodi nents, the
comuni cation circuit conprises an OFDM denodul at or
and an OFDM nodul ator for use in a wireless LAN
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[0078] A first surface 916 of the integrated circuit
912 is electrically connected to the package
substrate 926 via conductive bunps 918. The conductive
bunps 918 may be fornmed fromany electrically
conductive material such as Pb/Sn sol der, Au, Ag,
alloys of Au and Ag, and netallic coated polyneric
st@lggns | N addition, an epoxy or other suitable

mat eri al formed between the conductive bunps 918 may
be used as an enbedding material for the conductive

b 918 ' - i cal t d i st
o of Lt 1 oA InRiaeAT ER ROKAER oBtEBG:ay “be Tat ¢ ached
t o t btlepatbagentegrdtati reicait 23enpHEimg adliyeibbs Roffthihication circuit

con‘ga,ti bl e bondi ng net hod such as thernoconpression,
CBPHeEBng, encapsul ation, and adhesives. Antenna 915

can o . g ; . .

oo B GG AEhgguaL Sty Rl REENAL ST pilieer o
prafduicatiisstotigitalciata based pndirsp@E DM sigmapn smd nt er connect

rovid ecjally for antenna 915. [0079] Package

D Lbe e G2EP B iRtk to Rt B shiprst BEC it desal on second
ditjthf ddtaeah@r ball grid array nounting to a device

Such as a circuit board or substrate. A plurality of
condacpackageuspisteBe eleetrisally iabepiddto dbanscltiasy one integrated
i nt. ted,circujt ckage 900 to a, circuit board aqr
it 8 2K Ge bs BT, GADerSEe Phebir et Eees fie 1t OFDM
sighals) gl abegassmituine BBEKRUCOPDN 65A8 diti drifenna electrically
enbodi ments of the present inventionis not limted to
conried fpihewitetassfommynisationfcircuitegr ated circuits 912
can be inplenented within a single integrated circuit
package 900 to forma nultichip nodule (MCM . For
exanpl e, Theiimegeatati @itcuitipaekade BREKkAAE: 900 can

i ncl u?}e two integrated circuits 912 where one of the
i nt P& B NAckage1subsiiaiei ise slectrgatlyBBoupledt M@ conductive
lto GO S6 R L] 0.; ws a net hod

bl%%g tg% rranéucf%a@ttﬂ?idr?ge%grt]%ﬁ%t]' Jétgepzlgﬁgé Céﬁ%pguit package

900 conprising a case 922 conprising an antenna 915
according,tgo a preferred -21 enbodi nent. Method 1000 o
conpPi sesApTﬁB\ﬁrﬁ‘? E’@‘ﬁaﬁ”qd@%@lf p&%@""ﬂ%ﬁ@ﬁ?%ﬁ@tﬁ the iegrated circuit
padikage@ivdigien @, conductor pattern on a first surface,

wherein integrated circuit 912 conprises a wreless

conmuni cation circuit (step 1002), electrically

' - t.of. tt int d ci it
G20ty S B AREE P katerdt AALET BetoR abdtatvsast one
ingegratedditcUiséapA®dt) , providing a case 922 conprising

an antenna_ 915 gstep_1006), ,
a first integrated circuit comprising a media access controller and

baseband circuit; and

a second integrated circuit comprising a physical-layer device.
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electrically coupling antenna 915 to the wirel ess

comruni cation circuit (step 1008), and encasing

integrated circuit 912 within case 922 (step 1010).

[0082] A nunber of inplenentations of the invention

have been described. Nevertheless, it will be

understood that various nodifications my be nmade

wi t hut  dBpaintegigted eircuitepaghaget ofisthisc dpevhgreirhdhe wireless

j Hm.' [ngly. .other inplenentations are
C%I)VIH} hi H&%tﬁ:en é}gcg‘@;&ﬁ%%eé&fol lowing claims. Claims 1. An
i nt ear psceileC icireuit ttoPpRICAER FRSTPhASIBAN §Ign|a1%.a?das%fon first RF
I on

integrated circuit conprising a wreless conmmuni ca
stgnaleuieceived iyt thei atgenma;sincthogonal  f r equency- di vi si on

mul ti,p [ d tor to oduce, first

di gi ?ahéﬁgﬁ% b(:?sée ?n%ﬁg%gcﬁ—ﬁ?@ d’ﬁ% §19ngisy basegrom second
besebdrat mighals pivethren theosecERPOVRE! §igAbR 176 efaf¥mitted by the
second digital data; and a package substrate

apief@ i cal [y coupled to the at |east one integrated

circuit, the package substrate conprising an antenna

to receive the first OFDM signals, and to transnmit

t he SeconThehifdgratgdairsuitipaekage enBrimlszctrical |y

coupled to éh? wi rel ess communication circuit. 2. The

i nt einerein toe firslinasghand gionsils epmphise firstitigital dataeand

K i ' L&Al (a, .
Condiae st g sBLing Bageband sfelsyodifiid Spirlt digitgl data
integrated circuit. 3. Aflip chip ball grid array

package c rising the integrated circuit package of

cl ai 21 1. %E'I'ﬂ gfﬁ?gﬁrﬁﬁ@a&kﬁgﬁﬁ clgipidage of claim 1,

wher ginRréildhalant&f™d hede lel i€ Villddr4rdcti

conprises: a fai rst i ntggrlaeb gg?gfa?gfgtﬂé%%ﬁ%io%ofaa wavelength
oftiwi firshand secendthRFosigealsand baseband circuit; and a

second integrated circuit conprising a physical-Iayer
device. -23 5. The integrated circuit package of claim

1, weerei mhehmtdgra®dPTircuit package of claim 1, wherein the wireless
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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comuni cation circuit conprises: a receive circuit to
produce first baseband signals based on first RF
signals received by the antenna; and a transmt
circuit to produce second RF signals based on second
baseband signals, wherein the second RF signals are

tran m'tt?‘d %/ﬂthe ant nnak . The jntegrated circuit
packdge o greted qlicbithackage Cpm%"ls'%seband si gnal s

conpgt kst bhélinkigehtedl cidalt®orpiikin qu'a I@gat anﬁﬁﬁﬁ@%ﬂon circuit

baseband si gnal s "conpri se second
comﬂp@gm ed circuit package of claimb5: wher ein the

v ePingrRoadsel; AEbPebdPbiyelof abbliRnd TR “seogyator o

proumrf&me@ignalrdmatba@@a lorofrsPOFDINsTEnkIs 4Ry ei n the
W reless communication circuit is corrpl lant with at

| easBNdABDM sl atos &0 eredure seecnnchOFVicignalsbsiseti orysecond

3 %:E ndards 802.11, 802.11a, 802.11b, 802.11g,
d@(;)tgl %QOZ 16, and 802 20. 9. An integrated circuit

packég@smmhpﬂsmg amlank@ffd t®Recdivl eE @ﬁ'ﬁdOFD'M‘éidnals and to
mprising a wrel ess conmuni cation circuit

tréﬁﬁ%\'tl then gesandr PRGN nsionalse dbenaytennai elestrically coupled to the

nodul ator to produce first
!}ésftsg%oeréhpﬂlég E?\rgﬁﬁfl rst OFDM signals, and an OFDM
m)dul ator to produce second OFDM signals based on

secogg ital data; and a case conpriSi nlg an antenna
to réfeiv ?H@teﬂrfr"@@ CUCBMP@Pbﬁ%@fclaﬁa&éu hergasmprising:

Egﬁp?ggg ﬁq\d & re eezgcttcr:ugg g C % #@J&f tav%obumps to a

sitiace ofe@rattledsmne:megramcamnof cl al m 9, further
conprising: a package substrate electrically coupled
via conductive bunps to a surface of the at |east one

Lgéﬁgggt gg‘n@ r%}ﬁ%gbatll@'ld é[rgg [ﬂ!& gbg ?@ﬁé s%d ﬂ'\e gé’rated circuit

package of claim 10.

12.  The integrated circuit package of claim 9, wherein 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.

13. The integrated circuit package of claim 9, wherein the wireless
communication circuit comprises:

a receive circuit to produce first baseband signals based on first RF
signals received by the antenna; and

a ftransmit circuit to produce second RF signals based on second
baseband signals, wherein the second RF signals are transmitted by the

antenna.
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package of claim 10. 12. The integrated circuit
package of claim9, wherein the at |east one
integrated circuit conprises: a first integrated
circuit conprising a nedia access controller and
baseband circuit; and a second integrated circuit
conprising, a, sical -1 ayer device. 13. The integrated
ci rcdftt pgbﬁdg{j?é@te&%ﬁwﬁwc %?@?ﬁ'%"ﬁe"% rel ess
COMMYheb&hitRE ﬁeétrb”age' ba 8 BRIrats BonBrisBGRA\Eg Al ikt

produce first base ang Si Hﬁ%égg‘@gﬁ@ﬁﬁé’t@g@%l dﬁ#’ arid”

si gnalhereisdbéesedoby babebamd signals eorprisé seoemd Higital data.
circuit to produce second RF signals based on second
baseband signals, wherein the second RF signals are

tranggl tt Wehﬁtég?&ted%ﬁﬂ%%cké 2 of fiaich 3. Nt egrat ed

circuit packageof claim 13: erein the first
basebdeteipithadntentmpas sdehgtrsthadiigiat\allgatafractionnof a wavelength

re] baseband signals conprise second
0% ﬁgpa%@t@ségﬁ@%ﬂgn?lﬁt egrated circuit package of
claim 13: wherein the antenna has a length that is a

vul gar fraction of a wavelength of the first and
secoifl. RF Thegindegrateb cirthié packageaot dlaiim Quiwhereirk dige wireless

ot el R Feifen! Wi 3 deesas latiias gelocted from the

it | f, t
oEslpeomilpon IEBE sgrasrieans i, 60d 05, bEA 2 g0daudPcoz 11

88Ad 63@pd £§2.20.
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