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W RELESS LOCAL AREA NETWORK COVMUNI CATI ONS MODULE AND
| NTEGRATED CHI P PACKAGE BACKGROUND [ 0001] The present
invention relates generally to devices for wreless
conmuni cations. Mre particularly, the present
invention relates to a wireless |ocal area network
comruni cati ons nodul e and integrated circuit package.
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or t hogonal frequer@m I%}EPI exi ng (OFDM
secon

signals, and to transm signals; 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 gharkigEdung 9ital data to a
host, and to receive the second digital data fromthe

host ’f;"r%"eﬂ@ m\éﬁﬁﬁ'f‘n%lhﬂgger%eﬁ%ll 0 heClW&st NBr  wireless
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Si¥eh 8ok Eéxﬁiﬁuﬂﬁ;aﬁoﬁd ©6@lle BAd thté@hted thenit packhgand

second OFDM si gnal s between the communi cation circuit

and one of the antenna_and the external antenna

interface in accor danceSWHMMAR¥ont rol si gnal and a
printed circuit board, wherein the antenna,

cormunitgenesHl. i oraaspectafhg inyration fealkisap %lﬁqlesﬁdacal area network

i ﬁfo@ﬁfeaﬁgmghgmgr N QRENHA tbheed@it'demﬁ(?éti ghﬁ&gbnbl euency-division
enoodi ri se ni Nnteqgrat e Clr

Ble¥IRg &ﬁggi\i)wﬁ] aé%u i2BA ¢P r Lgrimit 5 Seconde @M nignals; a

aa@mﬁimldaﬁble bﬁ?ﬁﬁcorﬁlﬁﬁkﬂ@ arl OFlgmn dembdulator modﬁcﬁbemtst digital data
elnve n w el e rea net

¢ Bestico e Bt R Senety b aSOPOM Sed Rt Bioiftsge second

f mDMnmgnatls \basddonon snmndl gilgexl dafay OFHAY) irterdazl ®, pzamﬁe the first

I%%a 8&3% tathogtg an® %oﬁ961g%@%}\ﬁ%é&ﬂfa%%rt r@%ﬁo&%e Post' an external

hrcating conp neans
prantstum irgerfaqedp rdc;egvet the rsta@Ethhsgdala rﬁronh @nflite sransoribihe second

3' grw:g oO&PM IRy LnﬁExQHa g?ﬁgé ofn@ wﬂEﬂwg{o%etahs‘?%na%paﬂl for

0002~ second OFDM s based on secon
dé]gqiﬁrshegq sgcape OELRd spgxg}@sber\wen the communication c1rcu1t 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 arranged on the printed circuit board. Some
embodiments comprise an integrated circuit comprising the communication circuit
and the external antenna interface.

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

IEARGATROM

*159159*

i

*G00002*




[0004]

[0005]

[0006]

providing the first digital data to a host, and for
receiving the second digital data from the host;

external antenna interface neans for receiving the

first OFDM signals from and for transmtting the

second OFDM signals to, an external antenna; and at

| east one switch means for providing a signal path for
seband iQIEPMamiEnglsc bazdoPDMecendy riagital bdatap dostt bdenfasgnmeans for

;g'ggldﬁ%:ménﬁl“s@tdﬁélﬁl g g 1kt taH? ﬁ??%nfﬂé tﬁeeg&'o}{ﬁ Woital data

external antenna inferface nea

s othg et cwicrmel anteant mueriage gpeans fmewmﬂb@i ifipgt REDM signals

ﬁ&rﬁ”ﬁ!ﬂid ?& trdHsReftAEade @,ecroﬁaI@Fmpﬁﬁgnagrmrarﬁéﬂ&nmﬁmma and at
maans commnfogatl n and the external nt en

It anpase\@whetaﬁ@s FERYIdng eigRalapath ifar Higelimt E@EFGCOPﬁQFDM
dl@é@ﬁbétﬂ'@eﬁ gRiteRs faﬂcdﬂikhﬁﬂk@ﬁi@gjaﬂd bre bt th® AMADRT receiving and

0 r|S|n at le one i ntegrat circuit conpyi Si
the gterp B%aa|mtsale%ﬂ SRR K 2CERR \311 erFOeFrPf: 51@5-, Some
mllb’mhmﬁnﬂsg .compaist ho:gegatedg rc;h@tmn@r)(eadls ngﬂnpﬂsx?g the means for
mul tipl exin enpdul at or. to produce first

Pgilc %‘dotglgg%ﬁﬁtreﬁa’a&—ﬁ\ﬂcg'ﬁ%&ﬁ, and an OFDM

S
d I
L'Scﬂn ekl B G 8550 SR SN SheP B RRRE Py rokese
eaouprisieE:tad least oae mféa@tedomcuutmq;gpmw aovirelesst local ragleaanetwork
OdhuficiHfo dxf ReaR! éo\fnﬁ;r%ﬁ%%ﬂ &%Jr%g)ﬁalgtgrrrhﬁéﬁﬁl cﬁ@i@mn multiplexing

Integrated clircuit res

alempdulager toerpdicer firpkdigtriata basedl an firgh PR signals, and

i @Fﬁthéchﬁa@? duQ: svbisd OFINL sigda®s BREEBRRecond digital data;
electrica to the wireless communi cation

2 PREKALE SU P%B’H’é‘u&ﬂ%ﬂlﬁﬁéﬂt@e @bigst Qre MR Girewit; and a

heut rﬂwélg tﬂiﬂaﬂ?em\%ﬂﬁj t& ltliéi ut tieasp e atie ﬂ@(ﬂbﬁﬂcﬁitnﬁle heat sink
rovi.di ng_at_ | east _one i Lrey

HaPiTng g GptenB iERredhe Ff CHDMEsigtals, podith ot dip second

OFDMi $igoalspthies antgnea \mlafcatcmﬂy caupiedite athe owirelessr eotnnunication
&0 ‘Trq} i sing an orthogonal frequency-division

multipl exing (OFDM)  denodul ator to produce first

di gi t gbm%a&ﬂb@ td r&mfn fisd o %@%ﬁd @2 aifo?mg%ggn aiﬂteg':a@é circuit

nmodul ator to produce, se ond
peakege Qﬂl@mmg dupwiding ackenstcclel Iyltegcaigcblcunlgt vhhvang a plurality of

Ly |

CORANEIOtBe AP 1ddoRd nit@ﬁ@t‘ed Q,'i’t%uit rHo Wurefés'é Cohfhication
package 'substrate; provid g_ eat si npri si ng
SHCHht EPTRETEIBE r Allei %hqas’ealf i §<ﬂue@f=mn§$1@n alléumalﬁlﬂmgo (OFDM)

Hézﬂﬁﬁﬂhfor ?&hproﬂaf@ﬁﬂst QDM gitg r&aéeal orﬁﬁ@@bpmlsighals and an OFDM
e, ant enn e W.rI eSS
GREB o bR sr e @f%%ﬂi}ﬂlﬂﬁ P70 CRSCPUHLE B gatE electrically

cou;égngathe donductars tont the at easthamt insdgndted cRO@6}o 4 Package substrate;

h Loventlon fe
gﬁ)&zcgrgg%a élggtcsqﬂgu&?lgpac 2 a'%ecorrprreg?lﬁagh gf%mi @g’?,fw S gels, and to
fransgit sheestcond (QHEMcslgmls silemyricallyi caeipding thwanteniactatthe wireless
communication circuit; and thermally coupling the at least one integrated circuit to

the heat sink.

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

comprising: at least one integrated circuit comprising a wireless communication
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-2 circuit conprising an orthogonal frequency-division
mul tiplexing (OFDM) denodul ator to produce first
digital data based on first OFDM signals, and an O-DM
nodul at or to produce second OFDM si gnal s based on
second di gltal data; an internediate substrate

el.ectri caI ou o th t |l east _one integrated
GP (coRming By ERRE s MESVFRY i Baipr [ RHgIEnE  (OFDM)
afetrednrtdrao lpe@cmca dirdthidgifal data HkEdb:s e WRDMaRshalst @nd an OFDM

t co nal s,, the ant enna
SHA0RIbE b "5oRRSn MR RRns WIS MR gl da
gnﬁeguedlateaﬂmbsmatp abictiyelly wospledtte the ac fleasicand ihteneld ettﬂ-cmt the

tlﬁtef—xﬂi@d&%ﬂﬁr&ﬁﬂﬁg E@rhgnsciﬂgé{i CF%II?. [t? g Vﬁ:gﬂgﬁrs‘t ﬁ%lgﬁl}/la%lgrbals and
dp TEpsmit thmsska QOF&MWQHQIS@E utenni dlactricatly ceased anthe wireless

IO RORL AR nCI 1 Vigh ur, of uct ar
t.he atrﬁl e%gt Cgrﬁglltl na?ggra a gg(%er Csﬁ)%) a)éeon%?mﬁgr% coﬁpl%d to the

wpteanediate sBPSHAE- cation  circuit conmprising an
ort hogpnal fre uenc% di vi sion mul tipl exi ng (OFDM
dermod uY oG Emkg &ngta@@ihP%IOfdﬁllﬁll%%dmmated circuit

fpabBigeQE&MbﬁBngﬁbﬁ)mdiﬁgﬂ aBlleaCF6M i e tond: Qla?fn%dé" bRirality of
0%5819030 o %llg%? lE\[sed %2 .second digital data;

rovi drny - a SPRAYFEELS Wtr%@rb%?ﬁ)? Marekgss £RMmunication
anmceﬂnaconmme@a ae brikoddnabt fiERDMcyidivigios, mamgletxﬁlg (OFDM)

ST S0 AR Lt gm0

atpr teeprodied sepnd OFBN| sigmpls based @nckacxtrxdrcﬁgml dab#} providing
Ehfn ﬁl?é?ﬁﬁsma%nﬁl sﬁ‘ﬁt@ Pofthpedi n%ﬁnc Hﬂt& a to f%%ewe Elh gl signals,

substrate; e ectri ca coup “hedi

sa&i‘SstPr%%némﬂfomﬁ sspeda OFDHM %gr;?é%keé@:@'l@lﬂtysqomahng tHeO@M8Ina to the

| wirglegtes thmuhidat®ie cidiRe |
i nt egﬂrtat ed Ci. r?:m tcglgc glegtﬁm &)Yl Hﬁ%%§ Fss‘“%be at least

i TP eOeardad Sinettii P nlﬁfqr@eﬁ’g“-tea S\}\‘i’ﬁt@teesa@dc@mﬁmﬂb’apo@hng the

dhteemediaeaubstraie won AiRfaoe bhegadialge kimadancy- di vi sion
mul tipl exing (OFDVM)  denodu ator to produce first

di gi t aln gtatml,haoed aspect,ithe inventvh 3@@1&1@& 8n iBsraRA C%Wpackage

N e L ——
liEssitr | eomprisingougn edrthoganadb :ﬁteqhmtdmmmnl NhelgpRix@s (OFDM)

t
bl S BB B gl T o
thedweien el roitge siegend QFDMemgmlemdebmcsmnnamﬂgm data and a
C{ﬂbﬂ@igéd stk trbfee e ML RABP TouSRAMN Ik ?&s{” F L{txttegral;ceodo c1rcu1t the

ﬁene I i n one aspect, the I nvention
e

FiCHgrame @n%%@‘?%t fedreeeive (e fipsh OFIPM, signals, and to
crampmitsihe GecqdoOFDIMIGighkls) GRSANtGHA d18MREHIR! &flpfdd’ OUhE 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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having a plurality of conductors, the at |east one
integrated circuit conprising a wreless

comuni cation circuit conprising an orthogonal
frequency-division -3 nmultiplexing (OFDM denodul at or
to produce first digital data based on first OFDM

Shﬁﬂ@;mxmg\ro@mm QFe,lRMda?r%J R gﬁﬁd\?c’% dfﬂ'%toﬂgﬁﬁedsa?r Cgiilo)?%\{lst OFDM

Qn _secon

s based
é‘%ﬁaﬁnﬁ’dﬁﬁ’e OFEbY mﬂde}aéordﬁ ArhducgtseandsOFDNE signele (asedesh second
Cidfgetdi Hatat Qe@né@@k@!ﬂl@ %Iﬂ% é&{dﬁct‘ém f 'Eﬁgea‘gpoﬁ@ rﬁ%@ted circuit

receiv irst gnal s, transm
| B BEEkaNE Uil ftRITne e G toreaes {hecbuh UM signals, and
aid eansmit ¢hd beondi OFDES sighaleun eREAIAIE bhlide tHeCMOha to the
'Qv&%%@%mubﬂa 5‘1?01?51101&“ the invention features an
Ui

integrated cirrc package conpri si ng at* | east one

Gl r ool £ EneEel B'bhe SRUBE b Dol SEES e PR ] Grrcut package
MePEPPHBL ﬁfg 16(a€‘FW m‘@emmh lcatwit comppisingus ewifrélest commumcanon
d'cﬁ'bﬁlﬁl c ?ﬁsﬂ?seﬂ O&ﬂ'fogﬁﬁ%} Te eg%ygﬁlgrlfsidrbgggﬂe glﬁxmg (OFDM)

~

modul at or oduce se
s demaduaiogia Bﬂoda%ﬁ frst digitalhdata besed corfirsi @FDY! aignalsy mzml OFDM

t ehddaGed b
S B TG S ah Lol AP

t GOTRESRE 2B 2BEnnz fodrsrAve Aot Srst QDM signaly, @od 19 mansxmt the second

g@fiDMl sigh#ls,othe asteetd eldchecallpyediiplean td eRd Ll{rl?éleé communication
of formng an integrated circuit package,

conpri'sing: providing at |east one integrated circuit

conpr i el es ni.cati.on circuit copprising .

an ortﬁ%%ﬁgﬁam ?‘e{’queeﬁs {Tgﬁv 1By gt Huq%??lbqse%lﬂ gp Iming an

?é‘ﬁ@ﬁ'@tedt eircuito PWIT?G@LC eompnsmgd ipgvidihg ;jat RaﬁaSﬁéi 1ﬁfé grated circuit
IchsH DML ulator to rou

sec o%’gsg |e%§Ics base ﬁgn%cgléocr%lpa-’isﬁligt 4 OEFEP%OM %‘equency—

pidéNisign ﬁgﬂ%pleﬁaé (QERPDI @nrcgiuéaﬁomtpemc tiostrdégied] datattaced on first

f IGF%M S, ahd @ﬁ“@’«Dlﬁrlﬂo&lﬂaH ?cp {l@onc'ae @%gﬁé[ D'\/}stbased on

nals casing th | east o e egrate
‘ihﬁEQl g%t%r %’éﬂ‘(ade%g ectaise awmgn%@gj [@hi mgezmetqammmathe first

t @EIDIM Mgr[aﬂﬁ Qﬁd to Qﬂﬂmﬂltﬁﬁéé&ﬁd QFEM & e%ét) %}%J&sn’lg the at least one

g a e nven i on

i Beied ciuR SRE R Ehtss SO alepirra b PemiMghs SRiante the wieless
anpmnmldauonen'enme first RF signals, and to transnit

second RF signals; a conmmunication circuit conprising

a receilyegenenal; untomecaSpcajdﬂmelmemtﬁin fedtuged alwigdlest RaRPHequency

TR T TR ——
Mam@alﬁoétcom‘&l?aé@é erﬁupir owuiiplisinge feceise ofticgitttal produce first

dlgltal 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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data to a host, and to receive the second digital data
fromthe host; an external antenna interface to
receive the first RF signals from and to transmt the
second RF signals to, an external antenna; and at
Ieast one switch to provide a signal path for the -4

f naI bet ween t.he comunicati

S tr e BT B als R B AT iRE cBSTLRA PRE 6o antenna
amtdaﬁnn axiemad pfitanea interface du s@oudanve Mitha cmiot signali gnal .
[0013] Sone enbodinents conprise an integrated circuit
conpri Spmg tdmebodimemsnicompirion enr dnfegratertl cheviextempasing the
a
cSorERRRca b L and the Andl O E M bThGs: I s cbggiments, the
t SOIPMYEIGEROT PRt QATEHTSEE: @@EDNbé@e@ldldntor eprodnes fixgFdigital data
shgRaloh theNeksAOFENIN SRAU L84 o OPD tB{‘?o g%&‘aeg the second

O:DM si gnal s based on” sec¢ond d| gi.tal data.
PRl bagequopseenyl igital) datd la somest smpadiments) @ wireless local

C&@Efdeﬁﬁ&ktrhsdu% fcefn@ﬁﬁesﬂie eIt R R 'i‘nclﬁﬂl@tlﬁrgéﬁ@ eRBddments the
east qne

hos i nt erface es with at
B%%. Foﬁ?f%t&eécwﬁﬁn? %ﬁﬁtt PRe GPeiicatoBnfflpded from the group
PedsmpﬁanglPeﬁphmh@omplonémrlnmatftemEct( 1);; PECExb¥eRE;E86i PCIL, PC

M ni Uni sal. F@

o riverkal, SR Bust hof HiPGire Soke sRpHinRaHS comprisy @ printed

boucu:lt beard hgving dheantemaa ;hetdmmmmnaxmnomquunmd thethe,mal antenna
enn t C r

a pr i nt egﬁ‘&% ?: ﬁhtﬂa%‘garqd %ﬂ\?@ n‘gltchl egcén e%[n{gggoth nna mounted

t eerean Sonerembofizs mtﬁﬁmpnmmmts@ cacyt bmréd:ompmmlgtthe antenna,

baag %a@fﬁ@pﬂhb HoRfintdiSatRAl SRR anBd gﬂi\-f a.ﬁtlaﬁna interface arranged

conmuni cation circuit and the external anten
i HREEPITR SO TRIRIEBCNTE KEFPHAC 2 TRATROTY D GEATAERR solﬁmlrpmnsleln some

a effdBinYents) thE YothrhMEcARAt £ifduitS 1s9BGhpliAd \%ﬁHEat least one standard
enmbodi ne ts t he comruni cati rcuP

whtRclad Fern e ree CAHUSHE O AFEE SandardnE0Rd tgBohbla, 02110,

C@03i13k) 802. 1ah, BEEES,shdrgdards 802. 11, 802. 11a, 802. 11b,
802. 11 g, 802.11n, 802.16, and 802.20. [0014] In

gener alln genemal)anaspeadpect; lie 1m7¢1@uitin gaatireatuwieless radio-frequency

iR R el 0 R ot et ERE R K i, B8 for ranamiting

“Sa &E ME aﬁcmmﬁﬁos'@mmcmsomnsmg receive means for
T r
fBo e gﬁﬁgi‘%ata"%i?é%do%t oL Er R oy, ofd oSk neans for

(

gnal’s

t PAPAFT: ne e #62ondoRF spmaleased on ﬁecoswdccbgﬂalmatgu hpstingerface means
b«’:f§1e Profiise (e fitsiidi tiladatadﬁi @hoﬁoﬁd fo?trgécflﬁ.&g ﬂ'f@?é&%lad digital data

t he data _to
| ok LB G el SbleShe TPt g or Fepeah bergt RF sigoals
f6>ﬁcmti el faﬂtrems:mtm‘;gt mefsmgrlfaamﬂe fto r@cwmmtg%dt&&a and at least
irs na rom._ an r e
o 58 e Rty relng L Sieo mph R b Bvlog Shcond RE signals
| dmween 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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one swtch neans for providing a signal path for the
first and second RF signals between the neans for
comuni cating and one of the neans for receiving and
the external antenna interface neans in accordance
with a control signal. [0015] Sone enbodi nents

£ SPHIcats 1o Bl RHoliofE T ¥ AR B rbpie Producing
mdiasigligita) datapase dherfrt OFDEL i peal sreadsOF DM modulator means for
C%%Hﬁ@in%a%@ GeCRHIP ORI s % gfsqg dyl a§ %&TE (f\ g%{lf %rnghx some

produc] first d|g|tal dsed on 1
S|G§W8ﬁ§nenéhdAdﬂE§M nsrhese mt‘a/n& fmedulp conpdsesgthehwireless RF

s escatt SFOMnS i BNdhe éﬂ?o%@gn&ﬂs ocaF n-ﬂér%cte%oFg%ﬁteﬁlmth at least one

some enbodl{nants A W rel ess area ne
mSBEALCAEGRSriested Ham thy FevR sempwsingBaripkeral Comhponent Interconnect

SQF@D?MGW§MlﬁeP(DDSHC cade Undeedsd] Wl B3is; V\éntthl?éwue Some
speci.fi catl%g sel g'c:rted fromthe

CERBbrRRTes PRFPHf PO 1) FoeaRY BRVIRE fhe pRenya means, the
Pmeaﬁx foressymdicdtinRCind tl?@eﬂamdl anteinaShfepfacSRiehd arBBgsd thereon.
o buls b den O o B Rt RO el chibpiing the antenna
mEgass,.fand kayina thiecatdns gbr eomomuthieating end éle @néraiingitenna interface
' '?ﬁe%.ﬁ.fs %ﬁ'@n aﬂﬂérg@ﬁrﬁﬂﬂ? grn%@cﬁfngg{r%e cac’ﬁgprg%rﬁ%bﬁg q?]rg%?wég the control

npri se nted circult boar
aﬁ%@ﬁ%éﬂ S%ﬁﬁ@ bodimenisatheFacans éorrf@murhoztmganmmphaait iwith at least

ametsts@d&nts%w&edd @&h&ﬁ@grdu tc%ﬁ&?ﬁgg of B sidhd @9%’211 802.11a,

t §5§8Ht§0§1°f‘i‘%s§§22f 3718 76 R et s, the reans

for co&gum ca g is compliant with at Ieast one
st andar D ESBf& t“é DF AT @V%rutpncfﬁﬁ@m Jigtegrated-gircuit package

stcangaisig: &0Jedst, onSOJﬂtekﬂaaed cHOdt kol §x%]2a Iokirfless8O0¢mrhunication
ene

I 2,16 nd 8 in one
a&gg%? 4 package § a{% q?c %ﬁyegguaﬁdqﬂtﬂé@ Ahleadt ase tetggreted circuit;
pa@daglgat smlmhcrmaﬂig coapled @ ie Arleast Bh@ﬂritéér@ﬁd%hr&@ﬁ' the heat sink

R o RS R L ric)g%‘“éﬂfatroé‘a%ltcmt

one i Nt1g0éte InHok e her mal
coupl ed t o, the at fﬁ]égéltést tgﬁggllr %F% ?Tﬁ-‘&gﬁlag% cfmu‘[t hcgmpnses an

h&ZtOgP %ﬁﬁ‘f}i-émmaﬁmbtmlm OFBA) idembiiylatop dplpeatince first
tthlhﬂ datar Bés%ﬂsorpﬁf’@mm?m b1 kEceWell- b j@&l teddd, 3248 OFDM

Cl rcul

t
© TRABCtS oS HbR S DV Senals based an second digital data, wherein

m]hd: seglond ORDNIGHDIMIs demmdith#i=an tt!ie I@.ﬁfé 16 8n fsbing tegabodlrnents the
S receive

d f t
O o e R S e s
Oxmm@kgm!S@StIa’@ed elecirisaltyocmipitidgiit abncﬂﬁ:h@e b\hﬁﬁﬁ & the first surface
t g ueeaqngd: %%%%E@Q?cu?tr ?n& ngﬁr‘ssegg St s)fnk 1s%herma11y coupled to

antenna. I n sone
the second surface of the at least one integrated circuit. In some embodiments, a flip

chip ball grid array package comprises the integrated circuit package. In some
embodiments, the at Jeast one integrated circuit comprises; a first integrated circuit
comprising a media access controller and baseband circuit; and a second integrated
circuit comprising a physical-layer device. In some embodiments, the wireless
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at least one integrated circuit conprises a first
surface and a second surface; wherein the package
substrate is electrically coupled via conductive bunps
to the first surface of the at |east one integrated
circuit' and wherein the heat sink is thermally

C‘ﬁ){f %g%éa Hon. theut %Sﬁpﬁse%ugr@&eﬁ%@gu&ﬂ? oaﬁroh&%sﬁrspﬂéﬁband signals

I I Cul
babsedg firsh RFagigpals keagived dnpthiesantermpeanche érgn%rmé @ircuit to produce

Cist Sk RP gjtﬁglg%asédnorf'%snd BaRRh BB, WR&eiitht 8&3hd RF signals

one |ntegr clrcult conpri ses: fiIrst |ntegrated
cm&:tfﬁ-’tlsmléféﬁﬂm thengitennaedt somecaBRodiBRRtoMheeinhe first baseband

%Sﬁ% rfsE lfi'r;txt digbd d@tasﬁﬂcp%efem ﬁﬁrs@é&ﬂ baSéHaRllisignals comprise

risin si cal - evi ce. sone
a d a?ﬂh \?\?TP%F Q&I%e“é%ﬁ‘fh?ﬁ?leélﬁ‘? Hitenna kg ailength that is a
CQrmg”akSﬁﬁcuO@ becafelwmerengmUbf the @fsochnaesécbncstma@gh&ndm some

d RF I d
rAnet s PRESS P e PR PR SO o B ETPIREL S A least one
sisgimadbsl belseted diroms ehe rptolya sehsstihgs log rIEFﬁ stmﬁttarctsl RO2. lhb, 802.11a,

t e antenna. In
Sgﬁ@ﬁgaﬁgﬁfhgﬂ%bﬁl gﬁglﬁagﬁ£h¢??§t %aseband signal s
compr | %ér{e‘ﬂl dh gt aingc?t the Mgﬂ\%? rf@z{hﬂ‘eg g {nﬁﬁl%ﬁngf forming an

baseban I'gnal S” conpr secon
son’@gambd:mmﬁtgackmwmnsm awmm lahdeast |aagginkegrated circuit

I}ﬁtvﬂgs ngufélﬁlr)g ol coﬁ@&:ttér@ntl'l%f atalégﬁtv SheRGERaRl dif8it comprising a

first an second ignals. .In sonme.. enbodi nents,
- tWEehgRY %?Ié@ém@éﬂ% ﬁF%‘aE .eéff?ﬂa%lla'u@qupﬂlgg é%mndaﬁﬁorwa fhe at least

at ordeCa®dgr Qt@@ cu%ﬁﬂrtﬂaf o&@g@@ﬁma&r ?ﬁb‘hhﬁlggi Bed sink comprising an
conS|st|n ﬁEEﬁga qgards 80 2.11a,

go3teng; © Ci coupiBg 1, anispma &6 SOBpRUniGsH R pircuit; and
I 'nﬂlgﬂﬂﬂl)&d:ouplhﬁg direcat dcpeate, mtelgmtemmmm tonhd ket sinlkes a

nmet hod of formng an integrated circuit package,

conpr i simgomprembadiimentsit proealifg andedstbagiatgdtedi ¢cirmuitt comprises:
havi ng,.a_pl j f . r t

i nP@é’ﬁié?%g #%tﬁ%f&%ﬁteéﬁoc&%rﬁﬁg?ﬁi st 4 m%fh% acée%? 26ntMer and baseband
c oaimenti; ead poaviding e gédond émtegnatqdaatclu;t couppbing@ phiysical-layer device.
conductors on the at |east one integrated circuit to

a packade genmsal fners agpeely thei lngerdionezatusdsrin pteateds¢irmyit package
ancorﬁﬁﬁﬁﬁé‘aat $da8€ bhé GAtebdateOURbLD g:ohﬁ:%sﬁi@t @ﬂﬁ?el&s@ ddi@munication

Wi rel ess conmuni catiQn Ci.rg

coGPTHITAD FEeTERedjaln SEOSERY § f-‘ﬁ%@%lg‘rt e&unl?df qunﬁte dtegshone integrated
re@ﬁ'mﬁt ke ifteRddiate gumme ﬁﬁﬁpﬂi@lﬂ@ @hsantdﬁh@\élddtr&@llﬁtcoupled to the
east ,one inte ed.circui r|se

£+ Pl 3 cenia R SR Hisha Hebkids Sonef el cSupled to the

coiiterpddente autsbtlateseband  circuit; and provi ding a

second integrated circuit conprising a physical -1 ayer

devi ce. i 0020 einbodimreatsalthe iwirelags asqnﬂnﬂmcaubm circuit comprises: an

in S f n
\Sﬁ%é fegthyxﬁusﬁdléﬂbdﬁeﬁlﬁgc{ﬁ%)rﬁg% C(Wi BJélggnt%r to produce first
a \ﬂﬂgl@.ll @1@’@ easadom Sest QFPM 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]

circuit; an internmedi ate substrate electrically
coupled to the at | east one integrated circuit, the
i nternedi ate substrate conprising an antenna

el ectrically coupled to the wreless conmunication
circuit; and a package substrate electrically coupled

9 IE%? onienirnggpﬁga %{r@uiﬁugﬁf Ak fin .[ao elcﬂ'. ﬁlggl? ckage substrate is
enbodi nent's, the wrel’ess communi cation Cifc ki
coerpricadlyscounled torthtanjorradiste sybstrateybyl e \nlwibity of bonding wires. In

ol r ot bning
(ki S M Copool oy Ay gy g

tREUE PRekAes, Massinesmiydivenisoia ahiesst ane iptesthirseciraitgiomprises: a

GrioMntéggatad sirbas eshnSrkine s i Ha@bdsdondatiar andik@idAd circuit; and
t he second (]ZEMSL?rgaIs,are transm tted by the _
iSRRG INIFHAEE FECWHERFAPRERE & PhyHeal-layar dewsai larseme embodiments,

tSthbS\i/frelE?% icSmﬁilmﬁﬁat hfibﬁ: aiiﬁcnitcébiﬂ;bl r?éés:%&_e@?%’ l&{chgetobﬁm%e first
0 sur f.ac € :z  egst one .i,n rate .
cl?ats%ﬁ'“?; S‘%ﬂ?gs &ﬁgpeqnnﬁxgzﬁ flgﬂés SFCetvrd ByafiE gtenna; and a transmit
seitrsiitr tatprodise setarct RF cignlals ased gﬁ dedondtHasctant sigiats, 8therein the
S . I: ndi. n ires. |In one
S5 RO oy #%ﬂgﬁfédﬁf& e, S5 BrpoBBEaes, the first
cbwpbmeesgna&ﬁecqmnr@grﬁ;s gltaiidatg;iand pdlcm'xgﬁle_ slemrgbbaseband signals
e i{¥8R8LGhd &i?ﬁaﬁfati BRSImO 91%85&}&%9&6‘{11%%%&8%& 2 length that is a
conprises:. a Irst I ntegrated circuft conprising a -
mgdear deeten dont vevslegtae dwsébsnandciseeondt RFasignala In some
S@EROE meRise M bRkl  OrtrhuGOM Sirdft & RO%DIEA! whAYS least one
device, Ip s enhodi nents, . the wrel ess
o calerA EpRc et BRURpFUNSisUnE of IEEE s@ndsle 02kl 802112
pRoZ Ut 8023k, 8CRaabadnl16 igasos.2based on first RF
signals received by the antenna; and a transmt
g i rcui in tgengralydncanes expect tli&;isx'regﬁah ngdimﬁe@RF da @xlibﬂlS&D ofdorming an
a erein.t.he secon signal s are ..
CRRERRY SlACh RO LS, pRSHERG R oafstonis niPhgted cireu
f hawng Dpledapdisiqpdattorss dhpri densf ons tindgriddatkircldt @omprising a
a r.el qr= b i ._Conprise ..
o reli€ Sl pas Hh BRERANG of (BB ETRILAE comprising an
ha%teana;efﬂgqtncqllyatwupémg the (Angennaf toathei wirelsss gommunication circuit;
WeNBIrRADY todplitd1ehd bosducttd earnsg: E}Es§bﬂ@%t§ﬁa{6:as§i9ﬁt to the

enbodi nents, . the wirel ess, communi cati on CIrcurt

c SHpFRediAte \iuPHTalE F-%‘g et lly s QAR dths einéermediate sibstrate to 2
t berfgieaf packepesubstaitedf | EEE st andards 802. 11,

802.11a, 802.1 |b, 802.11 g, 802.1 In, 802.16, and

802. 20 In [s6fM22¢mbatdimens) povidifig @neeaa6 BAE tintelied circuit comprises:

[ r .nethod of . formng an integrate
PIERbER RIS R e issh Hefig aieese saafolland baseband
i ptregt;nd gravidiogiatsecdndviniegratedndirounitlcotmprisingapinsichlolager device.
the at | east one integrated circuit conprising a

wi r el eds gerarahin ek Rpecic theciniventiopr foetudkisreg imtegrated circuit package

| BbRpABIHEARE 1680 Bhe AhR PP LirdhiP FofMrising 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]

antenna; electrically coupling the antenna to the

W rel ess communication circuit; electrically coupling
the conductors on the at |east one integrated circuit
to the internmediate substrate; and electrically
coupling the internedi ate substrate to a surface of a

k 0 | nmbodi
P ov o oty Bt o SR Eor R PRIGRESE st samprises: an
prtbwcumah equéricysiivisinenniiipboking (OEDM)c demodslatog ta produce first
2G953ed of ép UP@Masn% zsaxse%gl%gg yc{.hr C%tgnnaaggd an OFDM

prOV|g|ng a secon I nt egra clrcult comnpr
preyylager) o] producediogprd ORI mignalnbased emasecond dcgml data, wherein

@?eos‘%%nd DFBM @Yﬁﬂis' 28 ufaﬁﬁﬁﬁke&%gqae bieR ah &m %'e&%'dpnems the

ac age I Ng: | east ne |nte rate clrc
Eé?h?ﬁ? §Pb§gatae w %aﬁé@élycceﬁa%ﬁmveaawr&wcnw bumps to asdrface of the at

Paeka@eintghatd leuie e smb eabbyintat) hetlp (hid bal glid heRPbackage
one i.ntegrat ed i)Cchwt t he package supstrate

COMBRESi H§ “RiFes FHTEvE inakagec ISpmEoEmpPeiments; e at least one
\mtngaEﬂScxﬂmmrwmmasdson fitst GmtbgratedSClﬁ'&ﬁ‘QEbmbﬂsﬁgrﬂe media access

SOMEO LB BenebREy sl AT PR BErelaR Gt fomprsing « physica-

fajtet detiexiln goxnErD) oddacmsmheamlasm cqsmmimmuﬁn cituit cornpnses a

| d

PR et cof kel SR SRR RS Y aly v v
SrDRRtSRRR And 53RN §irgwt &0 prafiuge tsa¢ondaR‘a slgmsr based on second
tasebakd @i@ﬁal@F@HEéarg iy s%c&{@RFf

etg thc antenna In
antenna. Jn so odi nent s e package s

ngSICE}PPFlF%%F% ;}h%gﬁﬁbwb%qd@m@mpw fbf@héigltaloiaéa, ‘and wherein
Stblé sa68d Bﬁsebﬁﬁi éignalt eaEbrieRchit &YitR1 &a Ch'sotlelem dalments the

t aflip bal " grid array pac
FOHERT Dace 12t Thob v uac FilgRiof R YGIenEth oF Showirst 2nd second
d?ﬁ)m@nmte nlhssonﬁdﬂ embbdxlmibaﬁst tlﬁ:nﬁu-eleﬁﬁ @&hﬁﬁxﬁﬁaﬁbﬁ eibiit is compliant

r rcuit co r| Si
SOBP ! 1680 fe leRbns PG nE, Sie Bty ECtRGng  CISPEEE, standards
S82dn d80hi ey BEL.¢ tb,E02digs 3@20m; B62.0¢, amdBOgsAcal - | ayer
device. In some enbodi nents, the wrel ess

comuriicgememh i pueiaspechntheiisesition fontred wemethbd Wit fokMing an
Hﬁﬁﬁf&@éﬁ ikt ﬁ@ﬁfé@ar&gnéhgﬁgl rm&ﬁg q f.lga.lstr She I:‘;%Eltegrated circuit

i gnal s recelveg
angi ¢ Phyaiiyon een%acshdthpzpatslp@aa:rs mae@mme@ @othprising a

h@ﬁ&%%nﬁh@ﬁ@i&n shRiteeRckRglly %S@ﬁlﬁqéﬁesdgﬂﬁaétﬁrsa&?ﬂae at least

transm the antenna. In sone ment's

(4P SR BB P g B SaED ppe cPrpSieing & EFnta ad clectically
awdpivpethe antenhh® the adretbsh aseRanitagb® Bidddt, conpri se

second digital data. In sone enbodi nents, the antenna

has a Ihesogtehembadinientsa pvcmh@mg dtriass i mfeg@atw\éﬁjcﬁﬂ%ﬁpnses
drpndad 3! At GF BN coortuntt e fholin Ropieplgrnd bascband

carepiti q;\dtprowdmg 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]

with at | east one standard selected fromthe group
consisting of | EEE standards 802.11, 802.1l1la, 802.1
| b, 802.11g, 802.1lIn, 802.16, and 802.20. [0026] In
general, in one aspect, the invention features a

met hod of forming an integrated circuit package,

co KISI rovidi ng. at Ieat one|nt rated,circ
i A y PRl the wireless

icmmgumb&tmbrx:mmmut conpri si ng a WI reI ess
communi cation circuit; electrically coupling the
conduclmsemgnemmﬂlmnﬂs,e&m wirghsss i coneguEtatbne cireuii tomprises: an

it @‘m&%ﬁsﬂé'@ﬂéﬁigﬁﬁﬁﬁbﬁ?wﬁéﬁﬁﬁ? oo produce fis

c@ﬂﬁ%ﬂnd%&t’qa&d enr u’@ﬁ OFDM eznpls| recsived byntbe dinteens,sand an OFDM
pfn%thQioE‘go g:&od&%%c&ianFDMg{@hﬁ%a‘ﬁle& ol stec&ﬁmﬁ ti’lec?ata wherein

pr0VI % fi rst |ntegrate cClrcult conpri si
] %Pca% REDM, fgsly are Apmspitisd bbn dhe cintenmiat Somdembodlments

PESHD Iﬁ’deﬂag k&g@ Quitsh triafat 26k 81 d’b'uf)féﬁ' Ha %Qﬁ’cﬁfch%é B8m#fs to a surface

ph Vi C 0028 i n._one
g%@&a? qaﬁte A i Bt bt dibFredel grid arey
ppadkage compriyesithe rrgegrwed lcasit p@cﬂ@gb nl&le@ha:t @fibsdimentk tthe at least

d
OB S Bt ST S S i s s
vvcwnﬁ@bs and pasebaridoatchtnandi a seaond int€D2A34 ciraulsém‘ﬁpnsmg a physical-
dafRd in S&Bg em‘?oﬁirr?&l% ?l?er%nfegsaé%}ﬁ&u%c ﬁon circuit comprises: a

Il ses:
nmcpwmcmmﬁgo pmdm fu:aséhmbm s;gnalsbp.eedmcfusm signals received by

distl 4Abniatad Qaﬁﬁgnﬁﬂ cfrwﬁo g}%@%{&é' %SPJE gf@%ﬁ%?&’ qn second

ul at or € SecC

t()g Eﬂ@gnt enha,. an
s HgnasHy %fémo‘iheﬁ‘é@ﬁdRElSW]ﬂ areatraaxsmmértm fhe antenna. In
t B6m& e£808intdnbikis) GiRebfeing i FrANSHmIRd fﬁyt difi€al data; and wherein

a t enna. 0 odlnents conpril ack age
R M TN PIRRFISS|SSEPA 4 Eitek At i semp smbedimmsnts, the
aasuenﬁam a tengthhthatis d edgdr fedveioh Hif QO edshgi BPth'etﬁrsﬂ aﬁhd second

o P ERE ot il e CupRei tegusicr fon gt s Complian

enbthd afmieasts pnd lstendard| shsted fram thet ggrupt @ﬂmﬁtmg Wi tIEEE standards
C%g@ﬁusm 113, kb $fb '86?%%%2%1 ecgi;&é CS%B&&@‘ "9 8

I a access controller®an nd CIrcuf

second pj NfRgfAt ﬁdoﬁé Egﬁébi th&® qﬂiénﬁ'oﬁgfe?tupgy £ kdhoa ! of¥8fming an

devi ce. I sqme enbodi'nents,
c SRipgAicd AT OH PRFkages CRBRRPsNgegTOVAdingettelonst ong dulpgrated circuit

prc@ﬂlbﬁ&nél 53‘&111'51%§£ Renehicfish Sc1?&ﬁtedp1%'01dflﬂé St cﬂé comprising an

nals recei vgﬁ 33 t he antenn a transmt
C

c. I P5aRS 1§§E SR% lwéﬁegwcglta&%@a ths casecandgelectrically

basefizigths ageahsto thbreireless ¢diemagiesfich st gnal s are
transmtted by the antenna. In sone enbodi nents, the

first fdmsehenembodimehts, providing et fledss tondi iglidkrltedd dirdtiit comprises:
a%?o%ﬁﬁé & kst 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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[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

the second baseband signals conprise second digital

data. In sone enbodi nents, the antenna has a |ength

that is a vulgar fraction of a wavel ength of the first

and second RF signals. In sone enbodi nents, the

Wi rel ess comrmuni cation circuit is conpliant wth at

| east one standard sel ected fromthe group consisting

of | EEE het dgtailerafone gpmore implgmentatigns g setfoph it apeempanying
8QZavkiki3s Mﬂ@de@ﬂﬁtl&p%eﬁﬂw [Cﬂﬁ)é’rol’eahﬁesgwmrl% apbite@N€om the
a%[%ect t he |djl;vent| on, feat met hod of form ng an

i é‘@"r%’(oé‘dmg TUPES Bt 8§’et o¢ ising: providing at

| east one integrated circuit conprising a wreless

communi cati on ci PRESCRIPANTON GENDRAWRSESCONPri si ng an
antenna; encasing the at |east one integrated circuit

Wi thin tiee 16R88s aal?V'LjAFI| @ptrhifRhtiohs restul ddigedtbe tooa hOit such as a

antenna, 1o the w rg ess co%qgunl cation circuit.
| Pesmal %Q’fBB&Frnaé’ﬁ‘Pr mgﬁ? SPrefeRgd SmbPEESat. one i nt egr at ed

circuit ses d| n a.first i gr at ed
ci rcui tFlggE% ﬁlhgT”ﬁga ?tIE%F}"gPFeFmBH’aS‘ng an external
baamdsrmad intedfsaeu fdr; ccamelctp'rgO\and exgrral SReans dcob@iffgtteda preferred

Jrﬁ%&%l {T‘pl‘l sing a physical -l ayer device. -10 [0032]
The s of one or nore |n'pl enentations are set

forth i -
descri p?l onrbe%}gg\%w %Q#g%gf eatl"1 gmeg%e%p%hmé aahregt ?mk compnsing
f r ghqnthena afserdingspiaprelamed embolimpnt. and from t he

cl ai ns. _DESCRI PTI ON OF, DRAW NGS [0033] FIG 1 shows a

WAN cofHan#cehomsns mefhed ofc swnutewang o, ivfegratedy eincuits package

RBPSAAR R heAEHK RnpREHiR aR! AHerin® afedd
e"%Od?”eng [0034] FIG 2%Shows a \?\LANalg%%ﬁ%geﬁ?doer%bOdmcm'

nmodul e FOEPHSI Skhcﬁ}@s an @tﬂgﬂttétwcuc@ﬂtﬁdtﬁﬁgd RbRbHAGE APrintermediate
con an. external anten ccordin
o SRS FonES e e GOSBIoRICE Prelaidyetbagiment.

integra ST VT a_heat s
conpr i Sffﬁgl ﬁﬁoyﬁst %%ﬁ%@gwf &%fatcgjr%gp%flgﬁ; tera circuit package
enmbomprising . an[i0B863d1#¢ Sibstrateovmmprisieg froghterina according to a preferred

mepihaGiidtng an integrated circuit package
conprising a heat sink conprising an antenna accordi ng

to a prefgl rego®ebadhiteited ERO37ba %,SI gt co ?ﬁ%ﬁgg r%g]gzlacgta%e substrate

integrated circuit pacKage conpr

sUBSTPHS B EHRFfNE? %ng%ﬂmaawaemgpr@é Ameento a

preferr i ment . 38 ‘FI G_6 shows a net hod of
manuf actelﬁﬁ :% gwﬁ ﬁt’é‘ﬁ el ﬂ?%%%@@tegmed circuit package

COoRpiupsisitg arpackiger subslirftt ccommidtsingn bR MRS | Kehdirdto a preferred
ant enna. accor ding to a preferred

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

FIG 10 shows 2 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]

enbodi nent. [0039] FIG 7 shows an integrated circuit
package conprising a package substrate conprising an
antenna according to a preferred enbodi nent. [0040]

FIG 8 shows a nmethod of manufacturing an integrated

circuit package conprising a package substrate

conprising an antenna according to a preferred

enbodi nent. [ 0041 PEFAIERDESCRIPTIONgr at ed circuit
package conprising a case conprising an antenna

ac cor diEmp Odﬁn%il%iagffhé Presgnemyoutianesempris® @42 elfisGodad-area network

rﬂ%&rﬁﬁ@n@iﬁoﬂﬁ”kﬁo@%@@u@ﬂ ad é.rpt&ﬂ{o%{)ﬁg Cﬂ'JqﬁEHct)' division

pg&ﬁ : a case. conprisin ntenn
?lg‘fﬂﬂa 1\% éPPBF’P‘éHC%’r%‘édPﬁ@-H% commgqg arm,ost interface. The
I aﬁdiuhi:]cadlml ﬁaﬁﬁéat&f f@a@)&rﬂpﬂé s QNPE cANBF Bbe WHRA Taftop computer.

o iR B Rl SRy oM ERAR PR appoar s

;)rléSeDE ngﬁﬂ"}’ W@% Enbégqfd Feﬂ(ﬁgscé{ng%tgg to a host 104

newbola.k a Pankoi) commtﬂnlmbrcmﬁgs tmdpﬂeﬁerfedcémﬁﬁ@ént Module 102
hm?g%ﬁ%x a&mfcgﬂ 6@%’6 C%lk/g I;(;rgcy;gén:g élfoi@ggnd]-tﬁéransnut

r‘réﬁjl%ﬂ@bn 1pe, faalgpma.me@hohoplranampﬂe ands aahB¥E oaerhce 114 to

S LR T B U SR BB s
shows @o\ﬁhﬂtﬂn@ﬂmﬁlﬂcﬁﬁtﬂlg%rx{ﬁﬂé@ £retbide CORRY ‘gqﬁg ch gl%dﬁ‘ce digital

o et lchpsEdoR K AndlS LBl 3 Saberei pspiiE L8 EmpraruemRE signdls

1(160t1masedam| &@taladata I3oe@|¢t%ﬁﬁe)¢l frE%E) hést AR év&oﬁos@ﬂﬁteggce 114,
aco ation circuit

RE
e A3 sravied ol i S bost e Ryer host interfce
1044 Rixiedte cinceit il € prefarkbly avtpaisgesimediadcsdss 8b@bller and baseband

Cl I.cat r Cul
(WFBB? Qelelve ec%l&@é@&O%’agmp yfg:al %yﬁrr e(tf’aflé Igcgive circuit 122
déhaé q@@tgﬁ@udmg RFWsil-dmaivs teCitiquend Teankmansinduit 118 preferably

Cigh 1 o] ks Sandl S
Gompep e i LD Bl 125 o
Er3i& ageonding to @@Hmeatepbmqur Bubemd embpdiventts snodule 102 is
dlcgtﬂip&hntdxﬁitﬁ oh8r o8 T IEE iy Ehas e 11, M0 IT18CK02. Ik 502,11,

RHBULR I ik B30, L el e timpl seidas and the like. o
cisomeiembbainenty] the q@nyRGiahti drediRYit @8 ﬁ@es(ﬁ"@’?Dl\@&é?hé’d“ulator and

CI R8Pl REL AL 5 Brcol dine FS el - knowr

t echni‘ques ransm referably

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 comnector 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
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[0048]

[0049]

[0050]

[0051]

conprises a MAC/BB transmt circuit 124 and a PHY
transmt circuit 126 that operate according to

wel | - known techni ques. In sone enbodi nents, nodul e 102
is conpliant with one or nore of |EEE standards
802.11, 802.11a, 802.11b, 802.11g, 802.1 in, 802 16,

aq% ?10 é{t&%iﬂ a%ttgﬁ{a iflt%%gmﬁ?agccﬂ %Iéc%g ajmg:qs r}.gﬁq stgﬁxal ﬁ%dContro]
|srg@a|1| 210canyhrei @sramd ioFDY miexted of wtags. RondxampleOEditol signal 210

r r 4
reskbesal gy assey © &y shosey AN 008 et 1, can v
eXtospdnas 2 @gmﬂeﬁp@nahrmatqc?émzomcmbe poowvitedttiyrantema interface 204

e [ {.
S R e

f SAth enpnpR, mose of JREEnSamdasds: 802 bF, 302 121 80Ri3wbn802.11g, 802.11n,

medalie, ?21@%0@2@%&@&65&9@1 £nd @hidAkl stabARNAd AL Gkt ace
204, a switch 206 and an optional nenory such as a

regl st &f 52&&: enﬁ)dd&meﬁtls aptteiiarficet QNAaAEEMBRA GAth RE least one

Cﬁeg e?ct nnegtor that all.ows an ~ exter.nal
Tcabion pseleetstl "o lhey PP, CBBTIPBE 60mplisy AR sbdeast one
prspwﬂ@sloa selegied|frompshiehgrbup cEipesing @efipH&8l CdhPonent Interconnect

6"5"%2 EERPar RERORCE 56, 55 Uoheted il BT o HESAR. Otter

émﬁpés erﬁyath%ﬁp¢%ﬁ0®pgm@|r hogiGntetlact t 1.  si gnal
210 can, be generated in any nunber of ways. For
exanpl EmRimeRs ofitmpieseat vention pemprissandindegtited cirujt package

t Qng\Whdtledd 29 Q‘oﬁﬂin?‘iﬁé sahith} wheRd th@qﬁtre a'ﬂéde&fcggtg:a%ﬂaée c%&lﬁnses an

be sto;ﬁg |not|ona
aa%%taﬁﬂeéﬁ @f%td&e@ ly snpleaestediing ihp chip ball

Ies@glrmy (@Mﬁ IﬂJaZFCBGAS @fefxg@e&aof eidE Qﬁ&gxf ésn%e;agms cbfifected to a
oo haER uBYtars Wid Jo3es vills. 335 Seskaceqtipsiai 1o caupled o the circuit
arbagD thr@fzh stlfier balésyborikd uaahdsﬂatdfahalpa&k@g@dmf dinfds of the
t S i.ren terfac

| A5t onAE(Hack DS AT v RS BB BoinERl BRGSO mications
frmﬂdlﬂh'@ hpuse thecosmpmimsicatipneinoypit thesema th at | east one

speci fi cat| on selected fromthe group conprising
Peri phdfifdl 3 Ghapsaanintegmated cisenit packag®GOP; coRPirisimeps heas sink 322

M dompPising AiCarRieshith 3@h&%ﬁﬂﬁ% toggrﬂr@fe #f%mb%ﬂﬂngltf B\Mg'i'a%ed circuit

er S i cat1 ons

Q he

L?&’?tegﬁflal?’én&%fﬁly {E@E@A ipaie beatitheugh bgaé sink 322. In
i mdﬂntdnpmeCt;thalq&ﬂaﬁf meggtreatcﬁduﬁl ta@kﬁ 30@%&%&15 2339 from the
me ar er.e rate
ci ér‘%ﬁﬁtbo%éic ag";jécierll1 ceg% hegtggggﬁn M}n g’%ﬁg Biit whilggmbgdigments of
i nthe greatd dn'oantioniare gesefibedainl tyrmsngdl EIDBGIAGQemBmﬂmEhﬁs Rf the present

|
Fﬁ?g‘aﬁg ed- %drt glu tEclf‘)s{0 g(;ene a%”l §7ndg G#h é’c?t ’é%Pl?’Be’&ed using any other

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

Heat sink 322 comprises one or more antennas 315, which can be attached on
a surface of heat sink 122 or formed within heat sink 122. In some embodiments, heat
sink 315 is an antenna. To accommodate size restrictions imposed by the size of heat
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[0052]

[0053]

[0054]

package substrate via solder balls. The package
substrate is coupled to the circuit board through
sol der balls on the underside of the package.

Enbodi nents of the integrated circuit package can be
used in enbodi nents of the communi cations nodule to

h he .co i catd on circuit therein. 10050] .FIG 3
SRHb S 2anEr R R P e beabaig @ BB dimsion of Agvayetength of
h&wtsi gialskir8@mittebanrresdiveg nastatendis . 210l gadeictdbmgoisists of one

SRR SRR RO PP e, BB eRclinat e TSR

oh DY g (
of | e eegteq it dedact 800 B Whoreblifed 0L RBhgured for
t B chin mAuntipgalricgrated citseet 8he miefsrably wemprisesh ommunications
Cicir@titst fdroahssmilittg %&/bﬁ_r@d@?ﬂﬂ%@%é S%‘%E &gé}ﬁapﬁﬁﬁeﬁér example,

i nvent i n.areflscrlbed in ter F \S, o i
e HEBRARITE MUY 5k EATHFRIRRIFE 2 cRTaRinieRtionr @it comprisingda receive
t eirbliBleAsrodacifieadighsl dafih L8R BhaHsURF JEnaR ¥R by antenna 315,
[ nt& rat ed .ﬁl rcuL:‘ Eagkagl n Eg@%}nol O?Flees whi ch .
cAPF EnTIRFBk PEEWh O BIoSUtHh BrPnd RN sTasivebrsed potrepnd gigital data,
Z iwhere32 thecsrapnd Ré?ssigm%is are uﬁ?ﬁlﬁitwdtlﬂ,ﬂﬁkﬁt&uﬁlﬁﬁ. ‘I?E ebmeffications
. at: . ] at. sink, 122 or .far
o Er SR Xeiee % SRR BN RER P ot MUBTHRE) and o
3 Physiealdayeandencra (PHY) dbaoimmsltatrizally z@nneged itotinterma 315. The
| EBRSRMhidYioh Nercai teorptiaft Wtn3e: n
can have&goflenétgﬁqfﬁg{ferig@?; O\ﬁ lgagjf %a%%i %ﬁﬂé% gia[é%hsstandards
waP21ldnBhl b 3U2Hdbsbrkies 802 4ABn302 ke and B0R @0 ebtheniregional and
anatemd sthdardd, Wil @ likd a6 oMk 6ABSERIeRO thd BSmmunication circuit
i nt eger d|V|(ﬂﬁ$Mggacg&g-zeromte]8er, as iIs . .
WEPTEPRIAGWAR | srapcnalen angd @8 OFDbE moduintergfoatusel in a wireless
cillANj t package 300 includes a integrated circuit 312
configured for flip chip nmounting. Integrated circuit

?12 pr _ef ﬁ_rsiksm;fa@os*ﬂ;ﬁrdfshasi_nm_gﬂmdg ic?aﬁi't BIBis &d't:dh@dhillygcggﬂécted to the
I. I VI a er ant enn .

RS pRAE3Sh O SRREIL B O LS 315 may e
cdhmed Gemiapy edsotianly conduetivs material sudheds\Rb/Sresaldarj AufAg, alloys
pr o N o) P e TR RS . | rst. RE. signal s

r edgg‘?d?/ 23& B&fi aarIlltEi er%%ttgﬁg 1%,%33% gﬁg&?fgtﬁlg#n %d:g}ttoﬁlr gntegoxy or other
privifaRle maEEalfamed; bptusen theseendyative bumps B1§i may be used as an
darfbedditpanfeRal e e iR baigeal i
PTG N Al e
c IRPFTHER PLOWRERAT, Bdegrate iqimhite? ¥ arah he catteshedutor the package

(\OBEBRY P60 asinghymiycdlip | auky &ﬁﬂ%ﬁﬁlé Pbbdiddanetid  such as

eltﬁgﬁﬁdc§al lré/s 1((:Jonnoj%lt ed to asg‘ltlagnna 5. The

cORTIN O AP SRR YRS Cppalionn A adhssiveaint with one

or nor r 802. 11, 802. . 802,11 b, ,

802, 118?}9%8%’%%‘#&53%%3,%%}? e%'ﬁ*ffifbﬁ“%(]-’ﬁgﬂs F‘gb%% 4 @ heat sink

a2 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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[0055]

[0056]

[0057]

[0058]

national standards, and the like. In some enbodi nents,
the communi cation circuit conprises an OFDM
denodul at or and an OFDM nodul ator for use in a
wireless LAN [0053] Afirst surface 316 of the
integrated circuit 312 is electrically connected to

th kage, subst 26 v a conductiye bunps 318.
TREDEORGSEAT BV PR e, 118 has <Be SUPSHHE d o r EAF Sgaple, @ thermally
etexiucticatpoxyamaychectsed @s tht ftachinegtUth 3. Pb/ Sn sol der,

Au, Ag, alloys of Au and Ag, and netallic coated

pol ynePackage gulsstraterd 2&adday be madamf aﬁpxwos&ﬁte%ﬁ@ﬁal suitable for ball
S%H aa@a? rH@ﬁrﬁ{noaﬂ) af Qé’ﬁed n"g rc‘:xrt A gP? dour]? \s/t[reﬁg K%?urality of

{ be usef as an
c 6erfvetivey buppadd) Je 81’CtV®dqﬁ®W|Cdma¢Eng1 amégratbd sivppbpickageB00 to a

meir&litbSur@ bPIRAkON. The integrated circuit 312 may be
attached to the package substrate 326 using any flip

chip quﬁeaﬁdrﬂﬂo& aoﬁﬂé%?gteﬂeélpﬁgtssﬁ‘ﬁ” n?sintegrgted c1rgnt package 300

deri ng, .encapsul at

t her
a&ﬁc@nﬁ? B@@Hﬂmfﬁwgﬂ&mwg ifFeatien B2wt bmited éo one. Any practical
i n@@bﬁbﬁdm@gﬂaﬁdl ¢ircditg 319 8dd d6Mafldiered §thirS aNkino1ddategrated

B L T @%ﬁw&vﬁehe@&eﬁéﬁéedﬁ%&% jp integrated

coirduit tiavkageaBed icah incinde aﬁvmoﬁuegrateaneu&ﬁt@rﬂ‘gil;%ere one of the
PR ool 27 it s MACAER R0 g™ i sombies S ¥ty

324 t hQiIGd@esﬁo@ﬁta rB&%MObyof ﬁl%ﬂ%%u}lhe | ntt%grra?etde circuit package

circuit SucC hesi ve
prPRE somprising ket ap}sﬁ}ﬁrv@rra)r:Man antenaf ?drScaa:cbnimgm a preferred

f 'ehﬁ;bdﬁh’érft apRthol4 @) cdh nbé%t E&Qﬁ:ﬁ@f af 'le{a%g ble %rgtggrg{edt cifeuit 312

p esu strate 326. or e
g’ﬁ&’ﬂ‘gﬁ C\‘Pé R ORE AR O e iR §’é|!f%f§, wherein mmm%wqmte?rm comprises
324wile0R6 i]onﬁ@ﬁﬁ@ﬁ@n oSt k& 289), rgy t]k?&l gﬂgﬁllp%g Y conductor

subﬁtrate tetré yg&gbl e fo bal |
e ol STt a2 fo dopaskeg piielBddp bR set of conductive
s (ostps 18, (sfeppdQ4), aprovidingf a hean sk 322 &copiRmed a%@aﬁt@ﬁla 315 (step

pr@g deggcrug%llly %ﬂgﬁrggt ?J%;'agg? (24 Td Ugrlg%};u' : acka pn GFCLIIt (step

| rﬂoébra@ﬁethemadlomouphﬁglz sacondmuagmaBeol of iifitegiatedPALIRPI2 to heat
3Qfhk fefli476).t 0 embodi ments of the present invention
i s not ted to one. Any practical nunber of

IS :’ltn e ? ; GPI-'I?Z* %éslrhgflg ;jahsng%%al’j?? @gglgﬁ EQB& g%@{) %%pg n§ art intermediate

_ %t@'ﬁ? ?ﬂﬁ‘l‘@s mm;maeibimp@rdlal tonz qyelatred embodiment.
Cllntegrmedo 88 TN ﬁt@féigﬂytavﬁo&l@iEG g:r@@ﬂ that <y Pptionally

CI . C Ui 2 one of integrated circurt
ﬂieegpwwef%ﬂ‘aﬁamﬁﬁénw o B o e comeersiopRivip 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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[0059]

[0060]

[0061]

[0062]

[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 ment. Met hod 400 conprises providing at |east
one integrated circuit 312 having a conductor pattern

on a f'IEtSt rf ace %rat ed circuit 312

conpri se§5%Y °“r°8 ftee achr%lqgﬁ?{i‘é‘% Srinieeraied ¢irquatt g configured for
461 chlglmmtntlng dhat ys ataoied togintiheeaiisty @%B&tratdoﬁlw ‘ﬁﬁtrboﬁﬁbnses one
i t ict a, packa ubs e Vi a

a%g gga%f Sg%@ uccstlljvth%tléag %5 ‘% g’ &B’R; 6}1% iRty iegmediate
henbsttenkl QI asoprpmiodate gilmrrestntmarr@)b&d bY ﬁ'& si#6f intermediate
e|s§§§tfa'té39f4 ¥nieRYP5 ] ﬂq&n‘?}mﬁg %ﬁ@n@%&a& g %rrﬁ%‘lqo? of a wavelength

nlcatlon circuit (sté
H1s Agpads *é@é@hfépds@dframvmmennaﬁégr ated circuit
312 to_heat sipk 322 (st 410). [0058] FIG 5 shows
an i nt SgEgRld SiTFdtiY12p FSfp aigblys 0ompdsRsr Femmynivations circuits for

| mia@sRth@ kel/oStHasil @té&é C
acgrdin Cro. a st e 3150 F B SR E eRhnd ciraui

cir Ui PRRSGE W@Cirfc’é‘f CIFCHE SPTRPTIFiRE FlréQFl‘FECB@W to produce
; st digitalogatd ?mldlqn ﬁrgltn 32? ﬂlg%ﬂs ?&I@fv@&'ﬂiﬁfxgle%ag 5;12 gﬁ@e transmit

ST Pl e I S o) S8 B T o
siRdksigpals alertr@dmuttﬂddw arttérma 515 embomhﬁlc@ﬁoﬂsrﬂlﬁsﬁft %ﬁx@gompnse
CI r e e.Cir

o s Bk R BTN L e i
Blﬁaml that s Alesdnieadlyt epnaected ¢o pntesEn 615.i Tive ndrmnation circuit is
d?ﬁ@fbtdbﬂ%ﬂcdrﬂpli&f REthneFrBRAS ol g%'tm%@? 117800 115, 802,11,

I|m

pr nt i are not

e@ﬁﬁﬂeh‘&nf}é’d 8% il frPd 802305 @ther Freiepah rad nationat standards, and the
pdikeagilag dr@@ heml odgrh s, WiHeC B t
u er d ‘ & r&fF&M Sc{jﬁé)%ioﬁli{}u?ggﬁlg%eﬁfeul&r i ?ﬁ{eg an OFDM
packe gt A teon tEing Wiseless LAY,
conf| g I n at attached to
an int e‘%‘%@% &e gl}g g‘“ﬁ% ‘% Q:{;‘r?p‘is eifégwé Hu comgected to the
rrﬁn'@n'aﬁdleﬂqrﬂbstﬁalé Sthatia canduetivé Gufipe, 5180 The XaaBh@ive biﬁmps 518
et r i rat 14. To.3ccomm
STEeY DO el BB ) ooy B icl? el L P BBl solder, Au
subStalleye ob du and Ag @né ngel@hg goathdpelymetiersgtds. Inhadditidh, an epoxy
VLUrgﬂlﬁerfsﬁﬁQJlé Biatdfal oY Hefdh e Qénd%@@ve F%al ? 18 may be used as

and .recei ved by antenna

transmt
I ﬁpeﬁ?r%‘?dQH‘gchFtEU?tfc’S@ (ondReivediunps SriSrtogeevide mechanical support
C(}iﬂiﬂumcﬁﬁhﬂeo protedtiog Ui T fimEgralenabsatit 14199 n?déﬂlbgr attached to the

B Eoftety o1e StsEcy fi‘é?@m':gémgé@imndmatm@md such as

c |th@:chomprqssms,| sotfesing esmebpsalatioh Gaadtadhesivgsoduce  first
digital data based on first RF signals received by

ant ennalnssb8ie ambbdimentanthridther 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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[0063]

[0064]

[0065]

circuit to produce second RF signals based on second
digital data, wherein the second RF signals are
transmtted by antenna 515. The communi cations circuit

can conprise a nedia access controller and baseband
(MACBB) and a physical -1 ayer device (PHY) that is

ele r| cal.l nnect e enna .

c8 enlﬂ& %ﬁra rcﬁcutlp 539 bf%ﬁ'ﬁgﬁ?fw@or‘?ﬁfqeﬁn?n%pfeﬁs'ﬁttmg by
oamlwngrmmcheﬁndai‘iﬁﬁcstt@mlmhaﬁm s8f2cel af tHROiRteprateal c1rcu1t 512 or the

e, M 8 g 6 b e

s enrthe abunend tem S2%he conmuni cati on CI rcuit conprises
an OFDM denodul ator and an OFDM nodul ator for use in
a wi r elTeg gnteppnedipigonbsirate 54 g5 elagtricaly ®ngeadd toheonductors on a

w@gag@&-u@term ﬁa%éx?erél%oﬁhﬁ%t\{/ir&agiy I%@riﬂt@ﬁﬁe%‘?até Substrate 514
t e I nter |ate Sgbqft ate vi.a conducti ve %
5 P0VoTts T1B GHIR ROPRANER e Imagraterrons TarineaviFe BRRcAgunting to
elcegbine cald! gxceﬁwmucadvaaﬁageatm@GAum PBGROARAI1&Ab FRIBGA, the

f met allic at e
péﬁ“ﬁ%ﬁ%ficc@‘i%ﬁgm ZS(P& P¥°<Y desa?l ‘ﬁokiflstmccofg 7 path for heat
S geharbled et thei aﬂtegmﬂededuhﬁt WBEN dhethatonpduet | #iesiPAtiBRS may be

5 d

e o O, T e i e 5
aredtends ot ﬂnﬁehep'fr@ﬂeéﬁz awayTheniti papkage substraedi2t, thi2by reducing
MRy Réat %Q@Si“fﬂi &R:uh%ard 8t Eﬁ'aﬂgé\f’%ﬁa’é 4B %}Léﬁ ﬁ'xe%ﬁgrated circuit

using an hi p atl od suc

t ReFiAse %%Q é%sqoaﬂw%dm HétﬁET@E%]umﬁmbrPad@Bel may employ a
adiBsita¥ehat [OR62ExY eﬁsﬁ@ﬁ?s@f&@@b RBEY for FEGA Yablelges. Additionally,
surface 520 of the Igtﬁag %éed circuit 512 is att ched

t S8 §}:ﬁ iy rERRedpate ¢ Subs 4 resiuceso i ivignaarich awayuements on
f ropmtingevirdéq@pratethised for attidhifl e bbginBeAtesSHK 522

may be nmade of any thermally conductive material such

as ¢ opﬂerckagakm:b@ﬁaﬁ% yhagdadtisdd ofeanyl sabittate m-Eféﬁal suitable for ball
[ ntedgrate rcui at ac{;ed to the

SiFTe 85 e o ot BT B AR B Of s, Additionally o
t rRapprt layer 325 $usblaatee epdry drrttegrsattale ciatarial tma$ b2 irsextdd between

%%9&1 %?Jbﬁpitg G4 mﬁd‘ﬂ?&ﬁgé §u'ﬂcs{r%{e' 33 t?%r?ﬁ&)eo Lcytﬁﬁl& Rechanical

ani ca
i rﬂuaawatz% d’hE'F]l“é'LﬂftCOB‘i@tWP bupps 53Rtase m@ﬁefos clameetingeintegrated

51drcuftPaciasdmbeo adirkdiIEbdRRE by tHeqfkduct i ve epoxy nay be
used as the attachment item 524. [0063] The

inter lTEﬂhéltn@nﬁ)@b%tf rl@fe@rzﬁéd‘l ciréui® 8¢ I inCRltdotate@ NeEH epﬁt.ckage 500

to co uctor L ﬁéﬁﬁe e substrate 526, via several

b oI &ror Ebadiments RETGE i sSpRiaYeRtionds Bek limite 18 pme. Any practical

c omueisdr soff intqprathd winmtn 51 Dganfbd hitplefiep@d abiidn cd Exﬁglet mtegrated

51 e rmunt | fo exce

ikt s s ROA R M o R TS i R e Frtograted
circuit package 500 can mclude 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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[0066]

[0067]

[0068]

[0069]

integrated circuit package 500 provides a | ow

resi stance thernmal path for heat generated in the
integrated circuit 512 so that power dissipation my
be accomopdated. In addition, the thermal path of the
int egrated circuit package 500 extends to the heat

7 e Aot B e BAL S BR%REE PR SR cprenly SRt or are
cumdﬁuldcvsimmtate to which the integrated ci rcwt

package 500 is connected. Also, the integrated circuit
packag8lGey skaws 8ymethods 6B tof amanufhttrii s amsntbgrated eviiit epackage

a I s
200 AORREA 3o St e 231806 w0 LA 15 scoring
WO # BEE mdc ﬁmb jmenk Methed 6A0 deopgiseypiavidingeefliepstrent integrated

ugiechif 912 Ahviag f&' ddhdier Eﬁtﬂéi'hrtﬂl Wﬂ'rﬁssu?i%ge \h%@éﬂ]l?tegrated circuit

ngfi (?Ig substr.ate 526 stra
POIOPIISES Iatvgmlgssfca{nnﬂ.g%qatlogrqlr&ulé ,(qtg@, g a3 intermediate
i;:nb{:{ulﬂtgflahomgﬁmsghamagﬁfmb 5 3(% ést% %Mé)bﬁbéfg%ﬁgncogpgﬁi antenna 515
FesstSortpugieaton ceni) Giep 08 ¥ igpling the conductor
i pattsrnedintegratedogtouetsd 254 41_1tarrdedmte k;aﬂs&raﬁd.lblsﬂ *hataﬁse’ﬁgﬁconductwe
(AR co BB 514 o
i Audepead package sebntmatepRékag e paoahuycpfaoond wites 528 (seepch 10).

t he I|ke [70065] The nunber of integrated circuits 512
i n i nt éfPat’ediRVy @i intgEeird geirBUD packagor Yingomprising a package

eﬁmﬂﬂafm nts @bﬁngW%Mh Wtaeéwmh tB of éﬁﬁ&@g@%mm

0 er _of_ i nteqrat curts

o Motk chtcBf orfiige 1PY I Weg ek g n é%?’%eélﬂa‘f’@ép ersbodsments of the

@césa@tGm591&1dm£aIfeQiem:1%ddlhhﬁ ieeik {bf I FIMK }AS(QQMO dHmERSs of the present
an _in ui ac can

CARRAE 8 noh el BUrcRdAL: RS RR S lkntek veing any otter

| mtegraterde gircuit cpackag:.ﬁQZteclmqubgﬁeSwchAGArE&tl@n éxisher are under
o;dlg % &g%rl ses a PHY. Furthernore, while enbodi nents
e present invention are descrlbed in terns of

FCBGAs, d.to F

and canP agf(%% E{E’QQ ﬁgrgo usgs n%% Jr ﬁa&; q%ﬁ% gg?b‘}s"@&h can be
cidfteched gma I@B@fﬁ‘ﬁgof Rackngd agqs@rgtwwaﬁznr fumed rwithjn eséleipe substrate
0"726r To atide@hodiey SLORERMions BRPGed By Ehe & §BP¥‘§ck§§e substrate 726,

EEQE g?g of manuf gt&} ing an_ inte rat ed

SblERg 718 65 BAHA adbanY A e Aon oba bevsIaeath o the signdls

C(nrmamﬂteﬂgamlnrcaﬂvgh Ig% Sﬁﬂeﬁnﬂﬂqgf di P@lgart gaciloﬁrct%‘h[ﬁﬁfse% one integer

o conpr iding at |eas

one 1| !ﬁ{@egrag?%%em feth ?S%@ILEWHS% & &HENFaE &S-pat t er n

on a fi at dCI cJui t.
conpr i slés%g%%mg él?ﬁ%%sps? %muoﬁl ]‘Bglf‘g%%a TECRHP °1(‘§’E%Z)1526‘€?2'§ig‘”ed for

pribpi diipgreunting: dnteguiegt eircuit 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 communications
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[0070]

[0071]

[0072]

[0073]

substrate 514 conprising an antenna 515 (step 604),
electrically coupling antenna 515 to the wireless
comuni cation circuit (step 606), electrically
coupling the conductor pattern on integrated circuit
512 to |nterrred| ate substrate 514 via a set of

conductive nd el ctrical
COREHE kb BB middle SRRGR ol Aty anS ApRaReGEE) and &
pahksacgaé-l&gbsievat e(P5D0) thaa ia plectriadliyt yomfectedned wintetga 715. The

Sg&nﬁﬁfn?ogn%gl)rcmggg&yerﬂlf Sclg%néﬂa R ohg LEWALS c& &F@E standards

circult age
7882.8 b2 Kian g()?ahlbirw@dﬂlg, 3051 kg 862 dbnapd 8)0232@;r01ﬁerrncgdnal and

eH@%aﬂ%&hdardé %ﬁgﬁl@tlﬁc@ 3\1“11 F)er e g.lﬁ-ﬁ‘ t%gfcot unication circuit

preferably

p FRBBTi§es| zm/@ﬁpMa rﬁleawéutaggcando@u QEDMemn@ulator HOBGAS in a wireless
epipagli mrents of the present invention are not limted

to FCBGAs, and can be inpl enmented using any ot her

i ntegrat ﬂﬂt §irfaeel 716 Bﬁﬂi@aﬁte@ﬂatécﬁﬁfbﬁﬁ|7q9'1§§1e¥\ﬁ‘ic§ﬁ% connected to the

curr.entl or._are, unde de ment
RRGRE stsbiter e o Btubtis Pl YR, TBF hadus i Butmnag18 may be
7 f&medhrarh asyeledteicalt ¢aardhetniv&3matanleHhEtaﬁ£P1§YSnQaI&éﬁgﬁl Ag, alloys

Kk
PR T B SR L) o e
oﬁuﬁdﬂka@@e@ Hermert betmen tharttoedmztnvaltﬁmqam h&\tﬁa}abe used as an
Hﬂ)te?dthg?ﬁatér&l fbrthé 95’}{ atf:ﬁ@é:f)ﬁrﬁﬁs g tg By 1§ hgm%éupport and

and retel Ve
ATWF'@&' POtQEEPR. oﬁh@ dh?}g@tt%i gircehd 12 ey ehe atﬂacxhledi ed thy package

a sl ?26 MGHEr an@S i ¥R &&g‘ﬁgblbn@gg reI Q& guach as

arts. [0069 Interated C|rc it |nc
i RIS PERreETiPR §Penas eestﬁSP&uP@oﬁnfl@fi esiyesp chi p

nmount i ui.t 712 preferably . caonprises
com’runlnlg’a?tci g E‘fer%?lﬂ ’Is&FdPteﬂa‘aQﬁls‘rﬁcPttl TA¢ iasanemally attached to a
r deef s»m]n@ZZi :fdnacoulphng ?git&wugr #am. thE(iﬂtcgﬁt%HTHu%utt ’/tlZ Optional heat
[ c S communi.ca

B2 Echd B of C PR el GrapRein eh (respper and
dutgmrmlllyotan@dtms @thstm The sitegrited st 312 ensi beesttdelied to the heat

R%“ﬂ@ P2 Loy ARk AR T, ol o ol el RBIoRS fpteprated

sé?ér@H TRE sushyaradbesive spldsn samdtpma-ﬁsgmgmy eppizingl:omedtanical force

C QBT al dupfase of r
cont r oiﬂ er/ bas Ba%§g#§ggtt%?%%%)dr2tﬁe %a@i@éjgeasu%gﬁﬁé%% For

ENYPmeRYiRa be used peibe ratte@hrns;nt item 724.
connect to a tenn 15. . The mmuni cation circuit
is pr ef%“ﬁ%ﬁefu&ﬁ?ﬂﬁ ?%\‘%P%bfﬁn%ﬂ?é’%@fly Fehstrater mptepipl suitable for ball
stgitiamais moGfitthglh, 2 86¥cd bach 892.cibkbit b8 drleibsBIR: Al flurality of

Pt e P e s o
c ovireuitiboandi ap thedlikec ui t

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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conprises an OFDM denodul ator and an OFDM nodul at or
for use in a wireless LAN. [0070] A first surface 716
of the integrated circuit 712 is electrically
connected to the package substrate 726 via conductive
bunps 718. The conductive bunps 718 may be forned

&gﬁﬂ@n %SQMT gle GFGOV 'cﬁl"i‘l 15¥1u89 W%Cﬁﬂt%ﬁ %@t ﬁfdé]?tl’&g?ff hﬁél?e?e one of the

Hoeggpted elr@a&ﬂé& %mm% # M&@% ang the gifur cpmprisese BHSxy
or other suitable ial for ned between the
[0074] conduéfEve shiha f‘?ﬂt@oﬁg\‘eﬁo aca%nrasqanen@m%@rcmt package

(i (] ﬁbﬂn phsihgra ﬁi&&ag‘@ﬁiﬂ:ﬁk&hﬂe\fﬂqowﬁﬁj t a.ﬁ;anﬁ:hﬁé/ i7d8 according to a
anj ca n isture protegtion
‘F‘??‘“é’@‘?da @h? direRl @‘46?1109 #ﬁ@ e Pretiding %éeaﬁ%\&wag@tegrated
sm&nﬁt Z n aa-ﬁag aumnalgcr@npaftém porchifipstoxurnfass, i wheelometighgied circuit
0] Suc 140 eSSI on
74 DR RLET, AfeichhELHRERIBEEE 8l OB, (R0l 85! N vicaly coupting the
t@flusfortpageinrmneigtegraad circwitiv 12 ®12 package sutstratd 726 compnsmg an

BLETLS 8, Sset lpntll P07 L4 0. o Riiona v
Pk TRay(step SHﬁ)sl elestrically conplingadntsnne o they wingtese communication

SHEkt aStef ORIRST aﬁ@dopﬁdiﬁfnlg%k:ﬁfnﬁl?ngb‘tﬁmél‘éte ap§%§ﬁgcsurf-£@§ 720 of

integrated ci tcuit
émﬁ%atpéznﬁyﬂah%t%?nt fstep 8HAt does not
ther éy olate the int grat ed circuit 712 such as
adhesitVe, OsHIUE a0 ntpersted Lircpit packags, 99Bpeemprsiag a case 922
rmembammgadn fmeea 91t50adcbﬁiuf1g tcSh peefefrad @ndodirhéht. Case 922 can be
%é,agﬁg Céerrcwct 712 o . package substrate 726

B cter i of By PhocBRitas Ao BRI WRY S (gt ats
éﬁtegnmdantcart Ipxa’eimgel%ém P2derahl @ FIBRAC Balgezhﬂa laﬁiblbﬂiments of the
7 st L at ria t abl e. f.or
E%%eﬁ@é)r\r?@ﬁgf?%y@%gﬁﬁ% ﬁb f?% Sﬁrgho Ps of {he present
dnvention @9&10@ lumtshbstFlCﬁ@As Aaqd vama bet iynpiémemted disirtg wey other

%%3%3 gg%%lqutéﬂﬁdg Wwboar%ﬁlor the?ﬁq RE, are under

[d3UTigpmTrie nurrber of integrat ed circuits 712 in

|ntegrated circuif package 700 accordin
[0076]  enbodi FsAL22 cﬁomm@ew@%@hfnqrwémm@@ﬁs t:h crmribe éitaehed on a

GefacABY cmeam 6ﬁ|fommdﬁ’®ﬁhm05asb ni2egmet Kdogimorldie Size 1=@sttnct10ns
Ci.T CuUi

W t t
SRS b B TR 1 ot Mo eeRedn S1 ot B5Pk BupnEmofbet 1 & vulgar
efxawtiph @f aawaveldrgtin af ¢t sigtale ltrmsnggtg@aﬁﬂae@ﬁémb)f@ aigltre]:nna 915. A
i - ere one o e
e el ol e oo p it €7 5 PRkt s Well-known
dhlties rebeyaptrarses a PHY. [0074] FIG 8 shows a nethod

800 of manufacturing an integrated circuit package
[0077] 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,

[0075]
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[0078]

[0079]

[0080]

[0081]

700 conprising a package substrate 726 conprising an
antenna 715 according to a preferred enbodi nent.

Met hod 800 conprises providing at | east one integrated
circuit 712 having a conductor pattern on a first
surface, wherein integrated circuit 712 conprises a

Wi X isation circuit .(step 802),
TR R N—
i neiEyHtatandeagiprise & ridla hoceas pmam/bawfbaﬁd &irBuif {MAC/BB) and a
C i ant Vi .set of conguctive
PR 9 B SR 644 05 06 TSR s 15
72PmBREeAtEnegircud] s areferslly goropligit iwith end enfre 3BIKEE standards

R IOTISMY SLAD 5L 8 800 oY g
t

i ntadg dardse @nd Jike olnopame wadbolzedntss i thi cd@mufidalen circuit
8 1€mpris@0 2B]OFDM d8m$ |t GEPA hGUEL : :
paﬁéﬂ%es 900 conpri si ngmgﬁ{:ggg a%zg co%?cﬁlsl,ét?\rgkognuse m a wireless
an ha 915 according to a preferred enbodi nent. Case

922 can e stic, ceramc, or any other

materi at %%%ss r&fafgc'?/\g{q g&éﬁ%\]ﬂ‘ie?ﬁte [FECrE P2 trgleciricadly connected to the
By e ey o L el
descr | egml n te%c% o]$' °§E%t%&¥?%ﬁ%3ﬁ%§ b¥n saider, Au, Ag, alloys
pr &fséntand A eamdi metablicecoatet! palymerel studs IGBQEARIona B4 ep&EY or other
besyitaple SRRk ' other Jjntegrated circuit

pasz:l%?%i ng tggﬂ_ﬁo g’& ?%egﬁ})! i EPE: é%r}drugﬁﬁl;?mé%?? sqﬁgoma&rb@ used as an
undere d?’@\)@i“@ﬁgﬁﬁg; é:E?QMIVQZ@IEEIPQMSct@p?vi&&ﬁedhaﬁc?lfsupport and
D61 stuin BrastiGhl -De:.a n.,a u ce

of @%ﬁg 55 or fornedtgmé?fatﬁ‘?% cggeég%.m'TBgaag&?}}?ﬁD{?aﬁ? package
si PESTAE PPR¢ iUSHE  a¥pdlRd cBip t erampatibée obordlie @2fod such as

anthemmofbbession, RoMeriny, | capashidbat af ul gar
o000kl ahs Aoy 915 o v

fr I of a el.ength.of the_ si
anﬂgﬁgﬁe%yv]%%%ﬂw%ﬁ%ateé e 9%8@ fondyative i tomps 918, by other
cotriventonaf typee of nhiegenneatiy iodas, By gc-glopnﬂ.%@s ' N
asesgéci&ﬁfigﬂ%%a Hﬁ the rel e\e/!ja%,nt gr tIs. [ O%;l?{e%ﬁg&rt provided
I ntegra ed & rcw? package 900 includes a integrated
circuit f QU L fli hi unting., .

| nt egr ﬁ%&%@%@g g ?g.r%a&eqeetpﬁ%qo?/tga&’é'pr?ﬁgg@é%ma%ml suitable for ball
coﬁéiﬁ?@éﬁi&ﬁgﬂg ¢ cdevics sholr as magismitt Hdard) oiﬁﬁlﬂﬂs&ﬁte. A plurality of
I eRdu¢tive BV L ganple.

i ntegrate ci\?cm’ﬁt %@gbfggﬂ?%rg%pﬁ}l?ég%gég %ggﬁﬁgﬁ%‘é’f?%age 900toa
ci #E t%%rpdr g a receive circuit to produce first

di gitalwdata based .on first RF signals received by

ant enna. 1505, d’?a‘n et Pircwtsy ng tint igtegraetli circsib packhge 900

RRecstiging te eoabditnents 621be pekselitahtertiod fot lnpfhd | '

t NeraRe B -alonal s 2pf Lransm ted by ant Sy

THs R grated circlits can be implemented within a single integrated
circuit package 900 to form a multichip module (MCM). For example, an integrated
circuit package 900 can include two integrated circuits 912 where one of the

integrated circuits 912 comprises a MAC/BB and the other comprises a PHY.

FIG 10 shows a method 1000 of manufacturing an integrated circuit package
900 comprising a case 922 comprising an antenna 915 according to a preferred
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[0082]

circuit can conprise a nedia access
control | er/ baseband circuit (MACBB) 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

Sta@9 rds Eg%ﬁ%b 0 2 lla, 802. é 02, 11 802,
B6PPEI g 00U GO ARt oioh 20 SpaBIaied Chcuit 912
Slhavndgrad&ndmtdr parer orke first Burfasep whsteirdintagrdted citdit 912 comprises

C PRS2 o iR ciroi TRk b2}, e EMIBE BB B concuctor
[ @@m@]ﬂ <m friteyated ipirfcnit @12 16 aopackhge substrate S26 dviziarsetibf conductive

o B3 R8G5 160 i ARIFK bR 2 oMt Bema 205 (gep 1000

bmhq&én@ila qerpling: anteepanld @rfblmvalnglem@mummtlby circuit (step 1008),
Cc 20 $Pl de Ag,
%Q‘éﬁf:és\’rfg ARSIt RLircHHI g{%ﬂﬂﬁ %&C z o(até 10 1“03[ , g

al l'oys Au “and Ag, nmet al meric
st uds. A Nnagged idgn unﬁ'l@m@ﬁ’tﬁﬁéfnso lofO e invebh aﬁ’al'fc been described.
ng&erl forne en t conducti ve, bunps may

elgss, éfnw SBeATHgC Bl VP E‘Pd’tfﬁé“%rm%béPF wade without

buteparting8 fram priey i giritmenbasegrl EURROT invedifdn. MAE&Irdingly, other

ed ci 912 be attache
to’g{ %ﬁégﬁoéég?e ng@t%g Cé)pg%ﬁl??f’ﬁawwﬁm P chip
conpat i bl e bondi ng nmet hod such as thernoconpression,
sol dering, encapsul ation, and adhesives. Antenna 915
can be electrically coupled to integrated circuit 912
by conductive bunps 918, by other conventional types
of interconnects, or by a special-purpose interconnect
provi ded especially for antenna 915. [0079] Package
substrate 926 may be nade of any substrate materia
suitable for ball grid array nounting to a device
such as a circuit board or substrate. A plurality of
conductive bunps 930 are provided for connecting
integrated circuit package 900 to a 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 nultichip 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
ot her conprises a PHY. [0081] FIG 10 shows a net hod
1000 of manufacturing an integrated circuit package
900 conprising a case 922 conprising an antenna 915
according to a preferred
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-21 enbodi nent. Method 1000 conprises providi ng at

| east one integrated circuit 912 having a conductor
pattern on a first surface, wherein integrated circuit
912 conprises a wreless comunication circuit (step
1002), electrically coupling the conductor pattern on
integrated circuit 912 to a package substrate 926 via
a set of conductive bunps 918C[awhep 1004), providing
a case 922 conprising an antenna 915 (step 1006),
electrically coupling antenna 915 to the wrel ess
communi cation circuit (step 1008), and encasing

i nt edr at e@ndniegratedgirguitinalckage asmmigihgé st ep 1010) .

have-heast HieHiellased U ER ol 3 widlpes Shminication oicul

comgdsiagood t hat various nodifications nay be nade
wi thout departing fromthe spirit and scope of the

i nvedl i @nhogenabr Hiequency-division multiptexing OFDN) adermodulator to

I+t AL 13 : fol | claims. Clainms 1. An
pWHPES?'g%tggg@%%S? ggﬁégggﬁstgﬁﬂRﬁ%&HSé‘Pdl east one
| nt egn DEONCiTotiuldtoc BTRFodldedsécoMd OFENG sigHER! bS8l | iisecond
Ci.rcuit conprising an orthogonal frequency-di vision

diglipk93}Pexi ng (OFDM) denodul ator to produce first

di ai t.ak . [ , ' OFDM
o bR AR S e 2 BTN AR S eg A Mot
cismiitpritie itermetiatdatabsteatei ooRIPAERGALR ér\tbﬁhéatberececijve the first

OE tr] caHﬂy caugﬁl}ed to the at least one integrate
ubi@NatsheaPat &4 nEANSTE Hipssecond MBM ssigoalan the antenna

| [ : ' i S nd to
cIBCRAN bAERIS 1o sy SrhmucHoR Ml Sam
el eca packade schstratedi¢atrithity voumbe 16 tHeORTBI R RdteYbstrate.
circuit; and a package substrate electrically coupled

to the internedi ate substrate. 2. The integrated

circait paﬁgﬁggggteglcﬁ,%:%&%%g{ Salhrg. i nternediate

substrate is eléctrica Vi a conductive

bunp&hereia therintecmediate heubstrate i elavticallpt @pé@dia conductive
bci YC#Jit; ?{Id V\/f%greif a %urface of the package

B8 {9 gruiriageqt dhe af leqst Pnedutsoeated sircws andht er nedi at e
subsyhatein ky i ' | £.€ 3 £l
. chip ball %r ??ﬁf?i%ﬁ?ﬁ%g&%%??gﬁ@nfg %’ﬁ‘éﬁECﬁ@éé’#’Q? Ieeg to the
intarmegiate su

strate by a plurality of bonding wires.

3. A flip chip ball grid array package comprising the integrated circuit
package of claim 44,

4. The integrated circuit package of claim 1, 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.
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package of claim44. 4. The integrated circuit package

of claim1, wherein the at | east one integrated

circuit conprises: a first integrated circuit

conprising a media access controller and baseband

circuit; and a second integrated circuit conprising a
physi cal -l ayer device. -23 5. The integrated circuit

pack&ge ofThel mitsyratedvuircalt npadi@gwi 6BIcksi 1, wherein the wireless
communi cation circuit conprises: a receive circuit to

CRMBNEAYGN SHCUILCIBRM®ESi gnal s based on first RF

Si gnal sedhEl - t : i .
circuit to prcgrgggg%sggtgdn%%R mg?%%%b%n@aérquﬁ%zf@gggnan first RF
sighetsoraceiveidgnathe, ambena;j and he second RF signals are
transmtted.by.th antenna. 6. The integrated circuit

pack &g dragpEmi zﬁ'rﬁ'Fg: IOWRIPEHEE 1 $REaNd: SRF heigBeBlsn dasegnans second
bBSEBANCE Esighals! vHérelf!thdaké s e

baseband (‘gi ghal s conprpsegg%%@gqlérgsbg‘s gtg?at_ﬁ%rﬂ[ﬁ%g by the
aniendgr at ed circuit package of claimb5: wherein the

antenna has a length that is a vulgar fraction of a

wavel ength of the first and second RF signals. 8. The

i nt egr at ed‘h@iﬁt‘é@!réteﬁ%‘éﬁﬂ%a@&a@ Bt Blafm suherein the

wi rel ess communication circuit is conpliant with at
| easWherringbe fimetransebrad tsighals comptise figstaligital almsa: sdricng

of L bersh3R8 88§ RasdbandiEnals hminas sacdra digfaldata,

7. The integrated circuit package of claim 5:

wherein the antenna has a length that is a vulgar fraction of a wavelength
of the first and second RF signals.

8. The integrated circuit 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, 802.1 1g, 802.11n,
802.16, and 802.20.
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