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'WIRELESS LOCAL AREA NETWORK COMMETINICATIONS MODULE
AND INTEGRATED CHIP PACKAGE BACKGROUND [0001] The
present invention relates generally to devices for wireless
communications. More patrticularly, the present invention relates to a
wireless local area network communications module and integrated circuit

ackage ngral, in.Qne as invention
If?eatur(ge{'i XWM@S %?i( a‘ OO m%%&éma to
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and to transmit second OnmEg s, a~commupication circuit
comprising an OFDM de rto'prodieéiatidigital data based on
the first OFDM signals, and an OFDM modulator to produce the second
OFDM signals based on second digital data; a host interface to provide
the first digital data to a host, and to receive the second digital data from
the host; an external antenna interface to receive the first OFDM signals
from, and to transmit the secoith ORDM Gigrdls to, an external antenna;
at least one switch to provide a signal path for the first and second OFDM
signals betiiee PEREBomiRYFIEaHoN ElksEit agdronadlof the arteimea amet wireless
Dot e B e 1he Aot e pOr ot o St aaefessTocl
the extlgé% antenna‘\#r?%{rggggé arog1 %r?aaﬁgelaqgﬁr ?Iﬁgegn&’ﬁ%aﬁﬁ%ﬁﬁ%oard.
Some embodiments comprise an integrated circuit comprising the
communication circuit and the extEfMaYiadiéhna interface. [0003] In
general, irinonee aspect, the invent:%n features a wireless local area
network module pc_ir%{bﬁrslf:nﬁsﬁ%é FOPFERRRANG FFEEd ANBEBIART local area network
fre@%&-mmn@em%mwwmgmlgfmd botisaasNitiBguency-division
seqanl SigDEIShVINeansiQ), commymnic mpyls! : )
de @@?g%ggg% fortprodfaﬁéi%ﬁrst (%élgl a %%n%%sgé&%ﬁ%h?@ﬂd Slgn als; 2
OFDM signals. and OF. DINFIHG RS &WPW@&%YHQ’W@Q‘?L&ST digital data
sedHEICIDF SigraleiTale disreke covidadigiBDMdtan ibshinterfage M second
g?r Qﬂm?lﬁgﬂhla iaédigdial datadomhastaand PHIRESING e, e}%%ggde the first

gﬁ?é‘lgf} fta to a host, and to receive the second digital data from the

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

OFDM signals to, an external antenna; at least one switch to provide a signal path for
the first and second OFDM signals between the commumnication 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 prnted circuit board. Some

PR 3s 4 ~ LG e g o i , P -
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 transmutting 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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from, the host; external antenna interface means fa receiving the first

OFDM signals from, and for transmitting the second OFDM signals to, an
external antenna; and at least one switch means for providing a signal

path for the first and second OFDM signals between the means for
communicating and one of the means for receiving and the external
santemhaOfteMacemmeansdssaceardapseivillia.gontpl signal .Some. . for

FOPREHDENIS i GORPTISE d rated circuit means comprising the means
gvr co ml?nigéﬁ%gmagr%éfhdg {e%%grﬁagf Cg’r[]’teaﬁ‘ﬁ[;%ﬁéﬁﬁ%’é’%é%%ﬁﬁ?@@ﬁ] Gpgital data

BfferHt° iHOon & AP ey eHTe mares BT integratedigirBuit OFDM signals
fa"“fagm mmm@@@eﬁs.@‘?@m@@@ds%fﬁﬂét{%9”29@%{%%1"%%{%'9@% and at
ega tion circuit comprising an orthogona ’
L TaN oA By i e fidtond OFDI
fﬁli%ri‘éfs S BASEY SRERFS O PomBigHairneh G D Memegitator teceiving and
frodutersecentDEDMsigoalshased.onsesend doiiahdata;, A package ¢

suhsiaaie-glectrigally. cou the at least one integrated circuit; and a
Iéeat sink th,erme?t“_ﬂiig/izl %guplgg%%“e at eS8t oSS gratEPERELAt, the hegens for

R OHTARR it traarrieamaniafficsti@RM signals, and to

transmi t%gn%%lo%i O%JgQSM sitg als, the antenna electrically coupled to

the wireleSs communication. cir (O S Bifidsh BB dRisarit e impris @ackage
SOMBHHBBE Flol AR § AR IRtegisirsdosiroilitoparkageg coRMPEBIATIREAIN G twork:
avieashone dntegrated ehieit aying aspiHEal ffﬁ%ﬂg IS, the at least,
ROEDBOIAIRshEIEGHit £O crligicrégi? irele s%%%{?nﬁ)mun ca%%%%z?rlghcﬁl multplexing
comprising an aortho onﬁ ?requencsy-(éﬁg%ﬁ%ﬁﬁt?@% %@?@WM signals, and
a%ﬁ 18P et Mt ighareh @Babe digndiss AciM signalsiiand] data;
@R suimchaiateiderseliven saeand QEDM signals pased gn second

gital.data; ' pling,the conductors on the at least one
%%ﬁé%d%ﬁ%%%?%?@%g% s%bﬁsﬁta SAShrBURIiNg et SHRkEbnthridiag sink

St TECBRR thEshrsY ORD Rr i giaTE) Aol dransmitithess8 cesecond
OFDM signals; electricatincodpline:ine auepRa todhgwirgless. .

ggrymunication circuit; and thermally coupling the at least one mtegrém?élclimcamn
circuit to the heat sink. [0006] In general, in one aspect, the invention

featureSanciniggradeacitsUlpackaoe COMMRIISING: & leastone ilnt% rate

S ) . : ated circuit
irguit, £ ing a wireless communication circuit compfising é]ﬁ
grthogg’nai [ﬁrg%é}gﬁéﬁa%lsfomr?rﬁh TBRe-RG (BRBRiFd circuit having a plurality of

c9nduc‘cors, the at least one integrated circuit comnprising a wireless communication
circult  comprising an - orthogonal frequency-division multiplexing  (OFDM)
demodulator to produce first digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on second digital @

- ata; electrically
coupling the conductors on the at least one integrated circuit to a pa

b 1 ' o ckage substrate;
providing a heat sink comprising an antenna to recejve the first OFDM signals, and to
transmit the second OFDM signals; electrically coupling the antenna to the wireless
commumication circuit; and thermally coupling the at least one Integrated circuit to
the heat sink.

In general, in one aspect, the i ' I ircui
g : Spect, ihe mvention features an integrated circuit package

comprismg: at least one integrated circuit comprising a wireless communication
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demodulator to produce first digital data based on first OFDM signals, and
an OFDM modulator to produce second OFDM signals based on second
digital data; an intermediate substrate electrically coupled to the at least
one integrated circuit, the intermediate substrate comprising an antenna
to receive the first OFDM signals, and to transmit the second OFDM
SigTfals, terapteima efactrivtiyeeoapled ¢quthecwidelessn commipieation (OFDM)
citenitdand pagkage subatmieelaaHwRlk eouPRd ©BHhe, @Tg%rm?q}?&%n OFDM
sihsiiaie, (0007 Seme embofieert comprice & method of forming =
integrated circuit package, comprising: fingeatde a8t SHeTftegFateY data; an
cHEGTHAVAY B PR 6Fieerbueritsl dhdat heast rst integratesheituircuit, the
?mﬂmﬂg{;@ wiksless Iﬁéﬁ@pﬂﬁ_ BiggHPDﬁnﬁ)%!fg}éJttBQ%d | E@?Ee%gftﬁﬁgfgiﬂt%k gnals, and
redu -diyisi [ emodulator to produce firs _
digital Sat_é b%ézggl%éprllgﬁrstw&én%%hg & 4R Wﬁﬁéﬂﬁlﬁ%r%tbe wireless
pFOTYERTEER MM CFEINsighlsibRssiage ssvbndatigitatdatallprovidipigd to the
aminteredediadetsuhsirate comprising an antenna to receive the first:
OFDM signals, and to transmit the second OFDM signals; electrically
couplingtfBartEedi@ene orreidss commiinidationfoireiit; efedtiicatbted circuit
coupking:fheepritiviorsrondie at least ene m%@%@&%%%ﬁ%%& a plurality of
intermediate ﬁ%ébﬁf%taestao%% tlarl1 ctré%gly coupling the. intermediate T
substrate 10 a surface of a package substia e??@%ﬁ%ﬁg §eRErsiregRBnunication
aSHEEY thePmPaYtih féatursdasrmeégrawaheireyidivatimgentbiplprsing: @DFDM)
|eéahqﬂgihﬁ@eg@qﬁg@ﬁaifelﬂis@@tgﬂélsmsé_a%‘é_%@%%ﬁfﬁ@l%?m(jfﬁ' 9SG L, OFDM
copRrising an gihagonal fra -division. multiplexin , I\éa1 _ -
demodulator‘tcgg:)roduce%irst 3?5%%5%%"’8%28858?1 ?ﬁ?s?eéﬁé)l\gll@i Siay pgoviding
AR O B SHGH SHBF 6 SIS EE GROPTIFDM tgreatsvisatbe dfiost SBBBI signals,
e o okt Uil conp 00 Bt o
it the pag
receive the first OFDM signals,’Z%dC%?t%gxs%)ﬁg ueP %‘&%‘%’ﬁm Siyriasat least
the SntBITRLEIRCBICAHY Ebifiet B mrtivie sdesteymmuichtanceityuitoupling the
[0B0etedjerendisinb e aspeets thedpeektion fenittes a method of
forming an integrated circuit package, comprising: providing at least one
integratet A2 haViRBCAMEFalifcortsnt oot deeiutes an lategirard circuit package
integratedngrcatit eam miﬁn@ami&iesﬁﬁﬁm BAHERIQN £IRCHE COMBSISING ication
anoelP9 A freaeN Y ISR a1 frequency-division multiplexing (OFDM)
demodulator to produce first digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on second digital data; and a
package substrate electrically coupled to the at least one integrated circuit, the
package substrate comprising an antenna to receive the first OFDM signals, and to

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

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

wireless communication circuit comprising an orthogonal frequency-division
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-3 multiplexing (OFDM) demodulator to produce first digital data based on

first OFDM signals., and an OFDM modulator to produce second OFDM

signals based on second digital data.; electrically coupling the conductors

on the at least one integrated circuit to a package substrate comprising

an antenna to receive the first OFDM signals, and to transmit the second
OFBINFBiGHHIE; QB dirmatipeouplingtidianternnd torhe awitelesSon first OFDM
compnahicaiidarcioEuin{0ad)ineenesabdin. riRe nvention

fea&g&i %thltgﬁE%%% irg&i} %th% 25 co&ér?g%gggﬁggfgﬁ?%egﬁﬁ%an Se_mné
circuit comprising a wiréless'commun iAoty G dtt €6 iipleaiiPan integrated circuit
ortHbi RAF HEHRIETEiGRmRT FRatipresiNgNOFO My eniadflatoD DM signals, and
praducenfirsit digitabctata DEsE eRotyst: ORRAM S| EDM

maogulatar %M%gt%%cap&gﬂgil\hﬂ’ signals balsg(?dé‘41 grﬁg%fﬁg%igﬁ%ﬁage%} 2 fo the

and a case comprising an antenna to receive the first OFDM signals, and

to transmitntiesecond QPN signalsthe @t rically coupled to
thewirsless compmunication %rcﬁﬁo&l In %r%é%%ﬁ%%%e%@%%ﬁ?ﬁ%u package
invention fe§t’ure_s a method of formind B Y rREANEr cu it Fakigigeommunication

comMprieingF Provieing atleastibasaintdg réteghcircpitideimprising whieleSS(OFDM)
conmuichtinnteipeoducomprisigrandatosen ) TeqLensys AYISION .4 an orpM

mugti i R I o.prod first digital data | ,sesd on
et R T4l 1 1 GLCE e bR ORBA sad  case

sigharRPHSEE Bri LB i digitaY 2l s, revidifgva Sase comprisitgnmit the second

antefifdMosiguelse tive finsinDF BINL SigRA, g i tansMIt {he-second L
OFBRM:signals; encasing the at least one integrated circuit within the unication
case; and electrically coupling the antenna to the wireless communication

circuit. [00h2¢ingendtalotia CREASPEE, iﬁ@e&ﬂY@t}Qme%uge&&}}%ﬁegﬁoming an

radigrfrequency (RF le comprising an antenna to receive first 2
signalsé,‘la and to t?a_ns %%gc%én%mﬁ%lg' ATy UniteasbrpBRcimegrated circuit

corfpPrBsmy™% réc@(ﬁé%ﬁ(ﬁﬂmmfmm gitahpasinpase dahdbentirstrequency-
RF&igmials raritmerans(OF DRy e, ratuseths:s ignal
basseren sesond digital eaigna host interf c% %%t%gl %I%t%i;t!%a ased on first

data to adhg.st, and to receive thé secon PgP[%ﬁ~ SR Y Shgnals based on
extetralla ‘]t%]ﬁ?%adiﬁtlaerf%@é’\%‘liécéi\?@%ﬁecﬁmpmgigmamm andrt@eive the first
trafdiiMhes sedoroidR transmit the second OFDM signals; encasing the at least one

Integrated circuit within the case; and electrically coupling the antenna to the wireless
communication circuit.

In general, in one aspect, the invention features a wireless radio-frequency
(RF) module comprising an antenna to receive first RF gnals, and to transmit second
RF signals; a communication circuit comprising a receive circuit to produce first
digital data based on the first RF signals, and a transmit circuit to produce the second
RF signals based on second digital data; a host interface to provide the first digital
data to a host, and to receive the second digital data from the host; an external
antenna interface to receive the first RF s gnals 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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signals to, an external antenna; and at least one switch to provide a signal
path for the -4 first and second RF signals between the communication
circuit and one of the antenna and the external antenna interface in
accordance with a control signal. [001-)] Some embodiments comprise an

integrafed circuitcomprising the communication circuit and the external
antenna inte(r%%ﬁrﬁl o%%%n%eéf&i M RBYCE R et oA Reaief the antenna

cOMpHsess em® Frmmicimstiaritor ks probiuce fist digitadasahased on

the first QCI)ZDM sil%tgal , and an OFDM modulator to produce the second

OFDM S|gr§%Ts bea_se%%rﬁeggéorﬁ?%ﬁé? data. SEREEembodiientsirising  the
WHERESHSEaIoR Rz i tenskheoduerconpirises ierwitelesssBRMAdiIemnts e
somarembedicnentsthe doterfaeseanpl lih.at least one "
spegification sele t@é@&%e roup .com g?s%?) g}%égr%ﬁoggggﬁ"gﬁ%ﬁgtal data
Interconnecp% gﬁg )%kﬁlé%%; ﬁﬂﬂlﬁdg) cafful el airsdrial the second
B 2MusaReliressbate sz s catmipriseracnsiatediisgeit BOAMess ocal
hawingthe aktenialdhesompeynicatian Cicyit andine gﬁerna{la P ents the

iny 2 ged thereon. a printed circuit board havin he antenna
rﬂ%%éfrﬁg%%%% r@eo?rclgj ng)g me \g%?bo%ir%eeaﬁfs WSSt ertadt Bemrdhe group

cORTBPRBEAEaPRER L A REw: N tiesorvn (PITRL BT TRt asd el PCL PC
extemalantennl SeiesfaBasarangpd thgre iments. '
o St R e i

CQIRRLIS he gontrol signal. In some .em
commﬁggi%%ngg%%‘i{?ﬁ%g%%ﬁén evﬁ&mé?%g‘ggﬁﬂecgﬁﬁﬁéﬂj thaesxiemal antenna

frONT IS Gt et SRRy Bf fEPHNStsh ghrad S09at). 180t 1 8:80R1dMBa mounted
?&M@@ S@m&; b1BOdirh6rant 87 20a ?Qﬂzéd mrgagg@mrgeﬁﬁﬁﬁﬁg%e antenna
nygl s.radiQ-frequenc module” ’
cgﬁprism{%]meagg%%gﬂgéﬁlﬁg Cf{f(gfl% ﬁ%@gﬁgls%é%a%mﬁgﬁﬂﬁ%ﬁw arranged
sec%r?arhg%fb%ﬁﬁ%, AR oL R R IR CmpisinG Teceivel mieaNS In some
formestioinig.fifst digitahdaiztiesedeniths ishBESl002l8 ane.uansmit,, .
meaasdor sRradge ' based on second digital data,
h%%tziritlerf % meargaP ﬁr S?ﬁ%%hoﬁﬁ%@%%éﬁ t%og'%st?a%élﬂ)r 802.11b,
recel\'/lné’t%e Se(fbrg(??di]c;qtaﬁl’&a@z m the host; external antenna interface

means fqf, receiving the first. RE signals from, and for transmitting the
S d RE %ignals’ to, an ex hal aﬁté%%eél,ugﬂd%att}gﬁétao%@ﬁﬁ%cﬁdlo“ﬁequency

. &quoidﬁ VIO S18] RFBRth %6 Tassifitat dhvdt RENEhRE, sigials transmitting

besrewh (RE migmisfontommunicatintans:one.0f dhemeans faLIgseilving .

a@%ﬁﬂlﬁ:mg first digital data based on the first RF signals, and transmit means for
producing the second RF signals based on second digital data; host interface means
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 RF signals
from, and for transmitting the seco
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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external antenna interface means in accordance with a control signal.

[0015] Some embodiments comprise integrated circuit means comprising

the means for communicating and the external antenna interface means.

In some embodiments, -5 the means for communicating comprises:

OFDM demodulator means for producing first digital data based on the

fir P OFSMSSIgh&RIEHPORDI pBtuiater AR fmprodiiongthes for producing
SeﬁnﬂddQEDMﬁtgﬁ@dﬁd)aﬁ&ﬂ@ﬁr%@mlﬂl\q'gi@lﬂ@t@nm@ngl modulator means for

e lellmg tsmA\g/ rea new odule comprisgs.the
errr%?ess Rg modueo clalm h some emb |mgﬂtssﬁ%8‘?%o ﬂfélrfélééa In some

cofpRedR St fea¥iiGias slosal flé’éﬁﬁ)rﬁl@@{é&edﬂﬂ@wheth@@ms the wireless RF
comprising Reviphelalstiompobetiterconness: (REHRCbENMESH M Nieast one

oAl e S e O EORg! Intercommect

rinted circuit
é@ﬁﬁiof ﬁ%ﬁ?ﬁawf&l grg’tﬁéjeiﬁngléﬁf@%aglﬁﬂ@ﬁm medisrewire. Some
arremgedithersommpoive embddiments eempHse Ry lﬁmlgr%tg%ﬁga means, the
mqae%%%%%ﬂ%ﬁ?%ﬁ 1Reans; apd haying the means for

co munlcah? .and the external antenna interface Means arrangadnged thereon.

thereon. 88 BERNERISE RS FHEaHs TR SRR theosenTirdlg the antenna
SighghIh sombasmdtimmentss the mﬁamﬁnﬁmamfglrﬁkhmlﬁﬁtlﬁgdﬁﬁpmm interface

ithaideast d S
s S o O T oo
n

802 50" 100 L6 1R GaRarAr “JE5E8E, (R R & dFcomRliant Wit at least
int@@%ﬁé@éﬁr@wm&%@mdmmng catigststoné IREY rated 4itc8i02.11, 802.11a,

COrBPRISiTtY B0NITEleFOCOMMYDICAE O £IEYItA Package substrate
electrically coupled to the at least one integrated circuit; and a heat sink

thermally bogphetkio itherat fepstiotieintegttted feirauiss ﬁﬁﬁlﬁ%@kﬁlﬁ(cncult package
COp@HiSng:AN antenaa @Jﬁcgﬂg&aé}gtgguaﬁqlgo T[ ireless cvgrmwumcatlon

CII‘CUIt QOl? In some embodiments, the wirele gnication cchumcamn

comiprises? ZRCSHOY B HERIe %W%brv?g‘bﬂ?ﬁdmﬁl@xﬁﬁéee@imm;ntegr ated circuit;
dertieilariest b SuracesTseodigtdlidater baseshobrirst SERM SEAGIS the bext sl

recwﬁﬁﬁm@&%ﬂﬁﬁeﬁﬁ@iﬁiﬁg 1 DRSHIRLOL G RS %%ningggtﬂ%ﬁrcmt

OFDM signals based on second data, wherein the seco
signals aréntrawsmItQHli)b@'lmhml’antéTmavﬂﬁlsmﬁﬁiﬁ@ﬁlcbﬁlwsmﬁlaﬁltaéompnses an

leasioRednieIraIRA CILRHIL EOMP ndas surfac
wh%rem?%tl'é‘| clé?e gﬁsﬁ%ﬁ%@ﬁ I(?IC[%%/ @ﬁ%ﬁ\@ vg}g c%gnu 6%’ Ve Proguce first
0

buml& r?gc M signals received by the antenna, and an OFDM
modulator to producc second OFDM signals based on second digital data, wherein

the second OFDM signals are transmitted by the antenna. In some embodiments, the
at least one integrated circuit comprises a first surface and 2 second surface; wherein
the package substrate is electrically coupled via conductive bumps to the first surface
of the at least one integrated ciréuit; 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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of the at least one integrated circuit; and wherein the heat sink is thermally
coupled to the second surface of the at least one integrated circuit. In
some embodiments, a flip chip ball grid array package comprises the
integrated circuit package. In some embodiments, the at least one
integrated circuit comprises: a first integrated circuit comprising a media
aceensicontediter aind:baseanttcircuit; dnd aisecondiriegrates: ¢iketiting signals
compeising arphysicablaverdeyice g some,embediments, e wieless -6, ..
communication C|rCL§g§%ngpr|ses. a recejve circuit to produce firs _

R PSP R reEIvkd Byamse dhtcivranamd signals

baseban sigsﬁ%?sa easE
a trEhSTARSEIREGH typFoduoéersacdndsRE signatsihasat OWiseedNthe first baseband

basehand:sigpale Meseinihe.secant Rk signal R A
an gr%}?dl igg g.em odimentz ngereﬁ%héé@%@t? ggésg%%aag?gg%nnaﬂgl als comprise
comprise #l%lt ??iqgf%aﬂ' B HR IR TR SeKoRa Hasabanredighaliength that is o
coifpee fswdind dfgitartaelenstbom embbdiments sedereiRNgignals. In some
antefittaihasneslengthithatels aovwgahfrastionataw ?S.V%Lﬁﬁgﬂlrgf WM east one

angltﬁl d_RP_signals. Ly sonic embodiments, the wireless
comm%@a%%ﬁcg?r% u%ol{';rl c%’r% PRt with st i nE Siastatrssidded L, 802.11a,

frof P Br80B- LbBsinbl Bf $8E s mbdda<802.11, 802-11a, 802.11b,
802.11q, 02.1nI6nh180.2.16, and 80220. [0018] In general, in one aspect,

the inventiortteatures a MR Bt iRy EHIGRtderatEd cirBiiithodcRadgerming an
corpiEsmed }:ﬁgﬂﬁﬁ‘l@@ﬁ{%_t Qﬂi@m&ggatﬁtbmm bavingtadleiraliegafied circuit
cohduisigrs, thergliteast ensiintesated Gif %&s@o&gr'ﬁ{{%%x%e‘é"rﬁ}‘éﬁﬁ co

S A . . prising a
COI{Q{P&&Q&&!}%W cireuit .electrlcal[y oypling the conductors on the at least

one mt_egratecxcrlquuﬁa&)og packags €k & BrEVIREN S HEsiusiAre on the at least
corRfiTisHREEHC G4 fela resHBECoupiTy thprantémgaat bi¢he sivikelesfprising an
g?rqﬂgntg E@Z%mggmgfgggf%]s In sglr? %H%Bnégi}lriﬁl%&?f\%ding a'{:?egg%%gmum and
one inteérated grcﬁt compﬁség:nepl%% %ﬁ%ﬁ%‘ﬁﬁ%gﬁf&@tﬁ%it
comprisinghasaiaeiaaseess caNtalics and hase circuit: roviding .
a sr?x%Q’n&iHilnt%gé%t{egl t%ircu[it fFom IEé}sinﬁ a ghysicgﬁlg%leer g%lé\/géﬁgf%g%ﬁg\ Cgmpnses‘
general, In‘one aspect, the iventicr TURtires amifidgtatets crefrlier and bascband
palkaye: EBMPTISHERGE lkesondnethematrd s uitauitroipysing @ivdraless device.
communicl?ltion cirguit, an interme‘%i?aete substrate electrically coupled to

the at leastone integrated BPEG, Te MMErHRItfarssehan atesminprismyit package

e n
an efEnanlealriteaty coaplattgmithe circuit comprising a wireless communication

circuit;-an intermediate substrate electrically coupled to the at least one integrated

circuit, the intermediate substrate comprising an antenna electrically coupled to the

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

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

intermediate substrate is electrically coupled via conductive bumps to a surface of the
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[0022]

[0023]

[0024]

wireless communication circuit; and a package substrate electrically

coupled to the intermediate substrate. [0021] In some embodiments, the
wireless communication circuit comprises: an orthogonal

frequency-division multiplexing (OFDM) demodulator to produce first

digital data based on first OFDM signals received by the antenna, and an
OFDvRshedulatbTee ploducd seushdOFEBIN signaischbasetherpsecond substrate is

digitakdaia, whepedn Whesasens QERMsignals ae Iransmitted-y.ihe, g wires. In

anfenna, I%ggme mbodiments, tg]% intermediate substrate is electrically

S
coupléd Via conductivé bumpeto 3alrfle 87 teP2kaefearateses the integrated
integrateprelietit arewherdindaeoriacéofbitHegshokage substiatedsit comprises: a
elepti (];ﬂibgﬁ:@b@ @&t@tdmﬂﬁ%ﬁﬁﬂgag ‘ﬁlﬁd%' Q%f@gecgﬁ@cﬂgﬁréﬁ@' bAEBRARG cuit; and
wires. In. some embodiments, a flip chip ball grid array package ,

con R B R b R A i erasapociments,

ledBE OHEGHEy FIBIERaH SO rAPASHSs camfivdsinteyrated wircuit conmprisinguce first
a m@a@@gsamamaemmsbaaemg@hﬁ restibipad b% %%PQH%&E%%{E&GQ transmit
CIrcy 0 [ @gevice. ln some e odiments, the | .

R ST D p e Biagein he
ba¥E8RAd igRaR b dEd HRImRE Rig hiasrseevedibyoe gntbodizents the first
a thamgritd ciguilstoprpdue &se dopidaRasigaaldsviases oR52e6RM baseband signals

basghandsi , yyherel F signals are transmitted by th .
antenr?ap.gi ésgggr’mﬂg g?n%%ﬁ%gn%%?h%%gﬁ 8§l§e %%r%d%éf;ganngﬁn%%%%sr% Gﬁ@i‘ thatis a

digtHERRA2ARORWAE RIS SB8Eh Pbatsh dHet sitaleecenmpRiBe Spedad In some
digitabddimetissdine winbedimentsithe antentechasia lAgARAISR at least one

e el o A D {3 S
Ier;@%d#gbg%tg% ég‘?e%;@dg%rﬁ%h%“&rg%%nsisting of IEEE standards
802.11, 8@3'%%@17&??%']04}%' gg%'&l%lgoi%\;ﬁllﬂi 80%' &and 80 Z%fof forming an

[00221 In general, in one aspect, the jnventlono%aﬁ?rese“ié &t
fortHgr AR dintEgratRpERRERM SAERIGE D80 RFERHEE proVieiRlg endeleprted cirouit
intégrated 2ciicuititavih goadionadity diecanttistotnethiaraitaast gﬁgli_td comprising a
int | Wi nication. circuit: providing . .

A e e B i rgsne =
antEHRA tf%‘iml‘a SCOBRRIRA T EReule BectvisaRsscoomimgRisation circuit,
corfderiterslion abepdine dst onedutégrated direuit ttetie one Integrated circuit to the

Intermediate substrate; and electrically coupling the intermediate substrate to a
surface of a package substrate.

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

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

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



[0025]

[0026]

[0027]

[0028]

intermediate substrate; and electrically coupling the intermediate substrate

to a surface of a package substrate. [0023] 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
physicaltlayerdeviobo iG24]sin iheneriablissonenaspeacia e isientioBomprises: an
oRtbees BRI RHLPRRABT GO RIPIDN PLIEASH BB IS UG firs
ci cutgf%g%grgsmgga w%elesé%oé;{%%numcatlon circuit; and a package
substrate’sledtricaIff ot LSRR SEGHEEh R e AnEsFatit, 3R an OFDM
pEckidRi suissprtducomprisiadaiDatenmaleleateicalty cavpledigthedata, wherein
wikeless 88 MIMDNCEOR € Eedika8nl 8928 s o me.ambadi %%Serﬁ%%dimcnts, the
wirel assecsomsrtnrg{yclsaté n C'E%ﬂ't co‘rggr%ﬁes: an orthogonal

fr%queﬁcy-_%‘fwsmn multplexing (OFDR a2 SF (8" BrBRI e & fiFstace of the at
digitell ertartrmetrdsifrsi OR DMosignalls daueied: Hithdantelina)@agdapackage
Qfdri saodhiiatatder ead utese ¢RRELE DN signalsased 0RseNd: least one
dk%tg;é_rg%t?, mvx@g}rglgo the.ggsc.o,n OS DM sgn Is are transmitted by the .
anterma. In some em%Balmé_n“tls, e 1856(% 58 STt RIS FcRIRpedia access
cOapredicredhatktine SRS 1hasertacd oitgetad Iastioneniptegratedhysical-
Cimzﬂt._dexﬁeemﬁ_l@mhecﬁﬂﬁﬁm&qénﬂép ‘Eﬂiﬁ/ﬁlﬁﬂsﬁf %ﬁ{ﬁﬁﬁnﬁ)ﬁﬁ@gﬁrmﬁit comprises: a
c ise [ it package. In same embadi ts, the at .
S e B ok Sl g ec b
a e Rt e S d 8B A ST Basdp aadirsuiecand REctandlinbesrated second
cibeuibeorh prisizg, aleysicahel ayesrte WEesimsorae &mﬂﬁﬁi&w%&h@ antenna. In
w rises;.a receive circuit.to produce :
e e e (S R A Lo herin
atF 2 ARSI ERETit EEpRbteRB RSO PRPIRA digialsiptisddl srmspombddiments, the
baséandsiy mamgwmaimmmsgaﬁmﬁﬁm@flwﬁraé@}wﬁtﬁa ﬁmt][agd second
a ReRS irst and signals comprise first .
d%ﬁﬂfl atm;s'a%r%g@ vg\/fg;a?]gthe seéén%%ﬁ&%dcgﬁr% sISS%Or?riglePCgétcbsn%Dmphmt
dig&ﬁr &atie.aﬁa S & BRIBBIFREEd e T it BeORas o ReHimettedt TEBE standards
vut§arlftadtion b, & Wal/Ble BoRhl 0B 13@Tiistirasd s ecpnet R signals. In

some embodiments, the wireless communication circuit is compliant with

at least offe EiaHGAr ds SR EPFHoni kR LB BucBoFRitHRg 6f IEE®d of forming an

stamtdgratedgoebdt, paFage, 86R2iding02:h141i802:1 180246 ARG ated circuit

80%éfe a plurality of conductors, the at least one integrated circuit comprising a
wireless communication circuit; electrically coupling the conductors on the at least
one integrated circuit to a package substrate comprising an antenna; and electrically
coupling the antenna to the wireless communication circuit.

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

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]

[0026] 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; electrically
coupling the_conductors on the at least one integrated circuit to a

pafé{fé@g AfstraféCorrpRamynn anteniranand elattatiallyocpisaling the wireless
artennatocthenviiedass communication circuit. [0027] in some

embodiments, providing at least one integrated circuit comprises:

providing™ ﬁ?@?nfé@?ﬁf@él@ﬂ*@wﬂm)mm@mg aomediaiactess CMIolehprises: an

anothagehantle Qiattil-anespie vigh §§p§r@@ﬁﬁ§9§a&§%&&f\ﬁ%& t? all’oduce first

C | cal-layer eneral In one aspec
mﬂ%’gﬁnﬁ%gtﬁﬁéﬁaﬁrﬁnﬁﬁrgg CII’C 5"6@0 ﬁ]%?n@ltﬁ%a@ér@ OFDM

|nf@aﬁélﬂé%%lm%ﬁ@m@chWﬂaMsglg@mmmmhMme@mmgxtanem wherein
cade cemmdsioganasighna @L%Ctﬁiﬁﬁélﬁéﬁﬁéﬁpt%d @éh&%%ﬁ5e8§omv embodiments

co‘ggfylyg i [ mbo ents, the wireless
e 8&%%'%%%%%%52%{: an o d#‘? IW@qﬁ?é‘ﬂEﬁtﬁ’?n 1BAPS to a surface

co tion cir
nﬁ %%%@E?Ml}ta%émafm&pﬁ@memmlmgm dafiiphasedongrid array
f.rwmwmssrmwmeme@mmak@g@ ﬁ{ls%PMn Faadylater {% at least
preﬁyq&t%g%dcg)g&l\@ sg%on sec n(cfi |taI data, wherein t
re transmltt

seco I\Q Is by ﬁ% L eﬁ nsmg a media access
embo é" Ent8 g&ﬁ‘ﬁgﬁﬁg GT5HLk 3R SSERaPatintsaisdatiycodlpiedting a physical-
coleic ok tsudipsom acsubfalimant theh atleastse Qﬁr&ﬂiﬁ%@ﬁ%ﬁ'é@éﬁﬂl Bomprises: a

soreeRmbREImentsuaflip fhirdaligrd 9%@ Rack %?egg{i_se}%tlgg received by

mt&_gr ted cwcwtdo ackage. Jn some embo ments “he

mtegrgfleofm frctitcd Bt ﬁlfﬁg’(tlﬁ?e@?%@éﬂ%ﬁ%‘iﬁﬂéo%ﬂ@ngkabmwmn second
Eé?f@aéérﬂ@liéﬁ,aWh%@%ﬁar@mmmmsew&iﬁﬁﬁﬂfﬁg@@ﬁ'fﬁé‘ Untenna. In

comprising aphysicatniaies deviser L ephodinents, he wheless

cogymynication cbrcudt comprises: a_recéive circut to prodd at2, and wherein
baseband Sighals Based s HERRSiGFRId disitie it Iheemeermbodintnts, the
a FARSHAt keFcuiensbrderide senvgat REcsignals hased] efpgeeonk ﬁrst and second
baE@bﬁBﬂaSlgItalﬁaﬁv@%fﬁ%mﬁéﬁw@fémé‘?@o@&{ﬁ”% ifted oyt

a%@%ﬁ'%a§9 e eS an%d' en gﬁth st baseband signals 8%%%%% strg?mphant

ital data; and wherein- the’ seco A6 X F SR AeTsFHPR e JBEFh ¢tandards
%Pgl B&tébmé&ﬁg%mﬁmﬁﬁﬁéd& §A2.1anté0Bal hiasnd RO that is a

vulgar fraﬁyon alwavelen%th of the first and second
neral, i one aspect, the invention features a method of forming an

integrated circuit package, comprising: providing at least one Integrated circuit

comprising a wireless communication circuit; providing a case comprising an

antenna; encasing the at least one Integrated circuit within the case; and electrically
coupling the anterma to the wireless communication circuit

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

circuit; and providing a second inte grated circuit comprising a physical-layer device.
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[0032]

[0033]

[0034]

[0035]

[0036]

[0037)

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

RF signals. In some embodiments, 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, 802.118, 802.1 In, 802.16,

and 802.20. [0030] In general, in one aspect, the invention features a

method of forming an integrated circuit package, comprising: providing at

least _lé:ilnermi&egﬁamdo@mu_ibrqﬂm@ riﬁti@%ﬁx&&‘ifﬁ!r%%g ﬁ%\%@ﬁ?{%ﬂ?ﬁuéiﬁw%panﬁng
provi a case comprising an ,antenna; encasi e at |east one

integratet c?i%l%itt %i%eng%ﬁggc%%e?caﬁgeI@éﬁ?&gﬁsﬁ/gg{)e&plm%t & ARRERFY tGom the
thESHAFEIESE BBARUIBELIGH ¢ifcu. tiBodaims- some embodiments,

providing at least one integrated circuit comprises: providing a first

integrated circuit comprisirg PradiaastesR eontrgites and baseband
circuit; and providing a second integrated circuit comprising a

physical-Ejerldévive. 2 -0 fO832Mhedetaits: ot leromartected to a host such as a
implemsentationsRraskianhinthe.accompanying, drawings and the

description below. Other features will he apparent from the description
and drawifigs, arghdrosn ah@/ tlaims: ESCRIBITHOMEMIPRAMANGS an external

[0Q38LEIGhshews a)IAN comp %C%Q?&ﬁ{foa%%%é?ao'u%%‘&%&%g ke S —
rea em

such.as.a Qetrsonal computer according to a prefer odiment.
[Oﬁgiﬁqgf& 2'shows a WLAN communications module comprising an

external P@@%Mgr{gqﬁtg aCrQH"&%%ﬂ xternal antenna accardin ..
to a preferred emb,odiment.%(%OSS FIG%%DEE%% é 89}%1@%%1%331%?&%1% C%mpnsmg

patk AR ASASTHTE ReaPSIREEa FpRemtigRan- antenna according to a

preferred.embaodi [00 . 4.shows a method of manufacturing an
integrate&_elcrcl%'cSﬁ| %z&;lgc%gae %éﬁ%%is?%%%&a%%ﬁ%o%r@%@ 4R r?fjé?%ﬂﬁ package
acCOPRRYRE & PrétetidcCempiatitaant Ap037 PRGdBsoasrafviné graediment.
circuit pa%@e,cosmc%iésirig algtifznt%m diate . substrate comprising an . .
antenna according 10 & preferred embodientP 5638} FiesB LB ey intermediate
metHptaleRampRERE Ry ANt aratedich doie packargd arobopiisimg an

intermediate.supstrate comprising an antenna according to a preferred
embodim?nﬁ?‘[d% Frs27 %%\Rig é’% AU BuRT ARiegEpded circuit package

COFIFBIE L packagestistiranbstrate comprising an antenna according to a preferred
embodiment.

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

FIG 8 shows a method of manufacturing an integrated circuit package

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

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

FIG 10 shows a method of manufacturing an integrated circuit package

COMPprISIg a Case COmPprising 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 numera) first appears.
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[0044]

[0045]

[0046]

[0047]

comprising an antenna according to a preferred embodiment. [0040] FIG 8
shows a method of manufacturing an integrated circuit package
comprising a package substrate comprising an antenna. according to a
preferred embodiment. [0041] FIG 9 shows an integrated circuit package
comprising a case comprising an antenna according to a preferred
embodiment. [0042] FI ws a method of manufacturing an
integrated circuit packa@%&?pﬁ&ng%%&%gﬁ%ising an antenna

accordings e iment. [0043] The leading digit(s) of each
rew e mgggﬁ%{gegf%@ izgi%%%cmgé |%?1n|r% %‘gtré%ef?‘lgg HEPidP ot tresa network
drawi

o I WHICHRIE FETereh cO it fer At appearsertibE @B AteBncy-division
DESURIBTIQN((0BRN]Erobodimientsont theontes erripyamion CoMRPISt Race. The

wirglrssdegalirea petwarks ommuyicatigns module such as an

orth onalgr uenc q?l iéi(;)r%\/élmult ]l%’x%ga ?g;: @5%?%%%%?&{013 computer.
modulé 8@&%‘?@?@% 6\@? mhilesmniey ribaiaplompetsibricated, for
example,g&aP, farUse with a laptop computer. Other
emb dimer%s %f%\%grgr% ufé%%m%ig%%ﬁ%raﬁ%fe?ﬁgﬂeﬁi}) CRIGASTER (S, host 104
shBis & WA RRFESHntoReatiBnecding 102:comientad tobokiomta0aModule 102
suetray apersentirerpiitereatording sorprefRy eRISRANMENY and 1o transmit

Madulg;i}t82scangrise 06.ta receive radip-frequency (RF)
signals 11%38 and to’tznsgﬁlw%ﬁgg%&élsgﬁ&?a%o%maﬁé?c%tigﬂsﬁiﬁ&ﬁf’trﬁafé, 114 to

and S RRLE AT T4 by 4. iR Bt ARhLH G5tnea] wrhichrared circuit board.

preferably-grange | ircuit board. [0046] Communication o
cirguit %% gomgrisgeag1 grﬁg%%%ggcl%cﬁcl}tnﬁ%s% ProGes Gigital dadopgduce digital

bass s 0B ZaME JBarsmhit dreamitiSrvipliodle REISIGNRIS signals
110! Pabesdonmlidigitdatatl 3B tecebsekiomho$ol04 OV eSOt BEHASe, . 114
11dsrommunisation girey rQVj igital data 128 to host 104 over '
hoﬁO interface ﬁz&%ﬁ Gfl?/g %%%lﬁ%llg%?%qregé%l)%o% §E%%2rﬂ%?ﬁe}lmt interface
access controiler S ﬁ%@ﬁ‘éﬁﬁ@%@%ﬂ@é@%%ﬁmﬁﬂ@@mﬂe&md baseband
phdicaiBRerereniceculy ) 26caidengitomichRR kol AReY ASBOCRIIAG Orcuit 122

wetzkn teChRiEHBSe FEARSIME Gircyit referably comprises
M%g@%ﬁéw%&@ 124?%?%%%& Y%%fﬁ‘gﬁﬁﬁ?scﬁgﬁxﬁ‘sﬁg ﬁ%’é“t‘l‘&s&%@mf#mﬂy
according 1o well-known tEERHIuSE Hitsdrte B bb dMEntEmmoHUBre0? 126 that

is operate according to well-known techniques. In some embodiments, module 102 is
compliant with one or more of IEEE standards 802.11, 802.11a, 802.11b, 802.11g
802.11n, 802.16, and 802.20, other regional and national standards, and the like. In

some embodiments, the communication circuit comprises an OFDM demodulator and
an OFDM modulator for use in a wireless LAN.

FIG. 2 shows a WLAN communications module 202 comprising an external
anitema mterface 204 for connecting an external anterma according to a preferred
embodiment. Elements 106-130 of module 202 are as described above for

communications module 102 of FIG. 1. However, module 202 also includes external
antenna interface 204, a switch 206 and an optional memory such as a register 208.
External antenna interface 204 can be implemented as a connector that allows an
external antenna 212 to be connected to module 202. Switch 206 provides a signal

path for RF signals 108, 110 between communication-circuit 112 and either anterma
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[0048]

[0049]

[0050]

[0051]

compliant with one or more of IEEE standards 802.11, 802.11 a, 802.11b,
802.11g, 802.11n, 802.16, and 802.20, 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. [0047] FIG. 2 shows a WLAN communications module 202

COW'W@&%&%%&%&Q@Q@@ artace 204 for C\Qﬂﬂ%cgn a eXtef%lb Control
antenn ording to a rred embodiment. Eements

1 25ordng 0 2 prefpured emocdment, Hlemerts 100 00 o 210
Flcsall bl@l@:\mvé@drﬁcd@ﬂbf 202 wisthindltideshexternal cantena interfage 14, can be

20&%0@6&"%@%)@%%%@@%{'@@0& %B@ﬁr@xﬁ?ﬂ@tﬂ; @%8nna interface 204
Exterraaleantenna in erf 04 C%Té)% &‘?Iemented as a connecto a’h

allows an’ é%ear%g an enna c?ér&’ﬁﬁhﬁ?&&ﬁﬂe‘mlg%%ﬁ compliant
208 BrogitiesTarsigaat ! JatREoHRIEBIgNER2108, BDL01hevean 1b, 802.11g, 802.11n,
commuycatipRoArzlibile? Apshaither anierna shad08:oLextaal .

antenna interface 204 in accordance with a control signal 210. Control
signal 210cavive g@néoaiwcbmsanlymnniﬁmfaéa/va)dsl F@fnqmmp{,e;moa@rqgast one

Slgﬁgﬁéozﬁ@atﬁffﬁ pamaldﬁgrglrgglyé% 20818y h %ggs%%'ﬂo

least one

mterfacg Jf pcan {aeds ored.as a flag in optlonal register or ca
provided By ShtEhAAT e PR 8 Wh GHBEERG gﬁ%&?@‘r’ﬁhﬁ?ﬁt@%@?@@momeﬁ

In $6fB;PRbdanmients Wmﬁ@lzﬁilsndmﬁhmmnl@m Bumarel of iteleie, Other

stangarsisBa2s1dn 503,k 89 kB2 416080218802 16, and
802.20, other regional and national standards, and the like. [0048] In

some emtouimdmspiost theepfacent Ieveniioplieswithatleast@ned circuit package
Sp%HQﬁEQM%Jﬁ%M!@%H@%&EQU&Hé}g‘ﬂ{é%'ﬁ‘t%%ﬂ%ﬁ'b??c&‘r’]th gl Iggaesgompnseq an

one %)ecmc tlon selected. from thg group compr Ing Perlp
I

Cofmponaht teré%sﬁé)&e (PEFE R PHRE L Epptamenies in a flip chip ball
UnigefsalrSe(BEBGA hdd FiFéWafeAOthe inembtdimeots @mgﬂﬁyrﬁml?edfonnected to a

Sp%ﬁﬁa@@ﬂﬁﬁﬁﬁ@ﬁlmm&ﬁebﬁﬁﬁ [Pl Embodiments. of t@;&@p@&% the circuit

inven mp egrated circuit package and method ormin
the?gs%&;&\frv (;%Fr{tr;ég%e tg‘cw ‘g&%&ae‘? ORfpReskags: %ﬁﬁgﬂt’mﬁs of the

and%ﬁ%&@@oﬁ@%@%@m@t peefereblinimplentemiedsined file chipbathications

grichastaye(bEGB@A IhbvarmeiEAdthedniagratedigircuit is generally
connected to a package substrate via solder balls. The package substrate

is coupled83h2 ehewit omidstrodgtirsalt eadialie d0thedmsiesside afdhesint 322
packa@eriEbeslimentsof ﬂieaccording to a preferred embodiment. Integrated circuit
package 300 is preferably a FCBGA that can dissipate heat through heat sink 322. In
addition, the thermal path of integrated circuit package 300 extends away from the

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

the present invention are described in terms of FCBGAs, embodimments 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.

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

NER



[0052]

[0053)

[0054]

integrated circuit package can be used in embodiments of the
communications module to house the communication circuit therein.
[0050] FIG 3 shows an integrated circuit package 300 comprising a heat
sink 322 comprising an antenna 315 according to a preferred
embodiment. Integrated circuit package 300 is preferably a FCBGA that

cadiissipatebeat throuah heat sink332ln addition.thebemmat pathlen o of
in grgte% }cq}cun xgﬁa?ekc? e d%%ge§%(tgbr%£ a\{v@éégm{ﬁ t?e circuit bpgrd to |
redice the heat load on the cireuit board Buf while @ mbSanTeRtoBrapgsts of one
preSEREINEA B M uPcrdBstTibeBtistRrmSoN FICBG W iethbodiaventsiof the
present 'lu;l\t/entio are not limited %%FCBGAS, and can be implemented

it

using any BIRET nfEbTAteRrE LRGSR RS HRTEh Cdrrenfigured for
exféPorhire medaringevhitgmitnt. (005 BlEhtrsifki3BR commpsises apenafunications
mese-anteRnas 31bnwich sanbe attashed o2 8%@%%%9&%?” b#2example,

orfl%%m%g ithin hte 2<,in 122. In.some embodiments, heat. sink 315 is an ‘
antenfia. 10 accommaodate SZ8ReaHiRIEHEBGEEahy HidsiseBpheng 2 receive
-1 35K S2prosinenhes BdEitainihaveasckk ngthrth & Fssezualgaedenatiobyafienna 315,
waselengtinahithensiginals piaaseutied andieceied by ABteRNA 1S rivital data,
VUW%JJ%C%%%CQ&? s}égosf.ongsmte er dIV{ e§ bg a non-zera integer, asis.
well-known in the relevant ars. fé%gﬁnlsﬁ?eg? BY DA RagEBeIRmunications
inciigey &4RtegrREacciRcBIE g2 230mTigareti dBerflipschimenoumingMAC/BB) and a
Intﬁbya'_tﬁﬂ—tﬁmitm@remablmmariéﬁstﬁ@mg%ﬂﬁgﬁa%a %TAM&E&H 315. The
trapsmit or: recei er antenna . For example

int rate?dB %l?%sjft{ ?{lllrg%?o\r}? ggfﬁgﬁ%gcgénrﬁﬁa&%i& |oﬁ%?r85ifré%g1 ﬁﬁWaStmdards
recsive 1ciﬁ98'rr19&pi388u‘ééﬁﬁ?&%}d&aﬁ@a&l@ﬁ@a-éﬁ,fm@,@ RB2sIgnakber regional and
receivetabystantenis 314, trentka ranSoH-CHEHS dRHedUCRSesRMREation circuit
sig sepaNg. g { rei secaond RF signals.are .
tra%?ﬁ%ﬁ?tenna g%ﬁ%%}g ?o%%%%c%?oﬁn@ crﬁ%%ﬁ%té)ﬁ 5?5 1BFish § wireless
me ccess controller/baseband circuit (MAC/BB) and, a physical-laver

device (PH gp ' éeg:fr'c connected to ante .31%;The

communica?én gﬁ?ﬁﬁ IS pée%lﬁxé IL)I/?CC? a%la% %%1%50? orsphigggected to the

staPERES Bhstie 389 TrLupctivg, BoRpE 8024 tARSE2i 16 banpSBIB may be

2o,go;j;ﬁrﬁgmmymmammbﬁm&@mmm@cﬁk@s IbARMEIder, Au, Ag, alloys

emppdimenisathe,cempucalion dreult, comprises an Of DM

demod%llator artl% an OFDM modul%ttoﬁ Tjafrubeglecri)rsm{%g\f’vﬁé%e%s&mn’ an epoxy or other
suitable matenal formed between the conductive bumps 318 may be used as an
embedding material for the conductive bumps 318 to provide mechanical support and
moisture protection. The integrated circuit 312 may be attached to the package
substrate 326 using any flip chip compatible bonding method such as

thermocompression, soldering, encapsulation, and adhesives.

The other surface 320 of the integrated circuit 312 is attached to a heat sink
322 for coupling heat away from the integrated circuit 312. The heat sink 322 may be
made of any thermally conductive material such as copper and thermally conductive
plastic. The integrated circuit 312 may be attached to the heat sink 322 by any
“attachment item 324 that does not thermally isolate the Integrated circuit 312 such as
adhesive, solder, and press-fitting by applying a mechanical force to the first surface
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[0055]

[0056]

[0057)

[0058]

LAN. [0053] A first surface 316 of the integrated circuit 312 is electrically
connected to the package substrate 326 via conductive bumps 318. The
conductive bumps 31.8 maybe formed from any electrically conductive
material such as Pb/Sn solder, An. Ag, alloys of An and Ag, and metallic
coated polymeric studs. In addition, an epoxy or other suitable material

fosiniad betyeenitbheaondurtireriit fps 33may-he Ysed@s @lample, o thermally
embedding material for thg condyctive bumps 318 tg provide mechanical

support and ‘moisturé protection. The mtegraﬁe e(r:]?rcuﬁ‘312 may be
attachedpte:tagspackage: subsHale 326.4s199a0Y IR P LOMPAIE.Lie for banl
b%%%lgj%rggeglg‘g uch as te%rggo&)c pression, sol‘{jderlng, enca%sulatlon, _

and adhesives. ?5%4 “rhé other Siitface 3280Ft Tt gt SRS it Piyrality of
is CORGURBYCEDEIRE A58k BIEY Uty bttt fath dhevintegriatee 300 to a
cirtuiti3 b3arihe hieatisink 322 may be made of any thermally conductive

material such as copper and thermally conductive plastic. The integrated
circuit 31Pbmayusé attaéned:gatied eatsink3322ibyianygratactiment f&kage 300

3%@@@5&9@6&%65%@@5%%%5&%& %%Qﬁﬁtﬁgigiﬁgﬂ 'ﬁi%}t%dsfécgngs any practical

a ive, solder, and, press-fitting by applying a mechanical force to the
fi?é%?s%r éc‘%o - %%ﬁ%% Fr%’t“é“gl%tgé%qirgél&it% ??98 TREPHCREGE S fostrse integrated
3G RErheskngple 08 ARl redhchiniveodplox (MY b & usedmpthen integrated
attﬂmﬁﬂé inemidtage 3240 [@Qfﬁha@ﬁlﬁa@ﬁcw%égﬁ@eﬁ@ﬂlﬁ)’s bﬁé@%gﬁepé T of 'the
S r nting to a device suc
S it Biposod i
provided fug.conteoiing inlsmsated e b ARade A00I0AGELH O pactage
org@g Q&% @ngm Theea ny b%?f integrated. circuits 312 in. integrate
circuit package T ing to %’Hﬁ%%ﬂ%@ﬂt%?ﬂ?@ PresiOnveh tios Rreferred
notRRntEEestoAdethag R tearPRgrsbpTovidite pratiedstiruitinddRatat decuit 312
imhﬁ?ﬁigme@i%wm : pﬁtegéﬁﬂﬁe@r@t@lgf@eq%eﬁégﬁ%aﬁé%t&%%ﬁm 3 ) gemprises
m le IMGM). For example, an integrated cjrcuit package
ca% inclﬂégeko t\N% mtegrg%?eianci?g& g 3% éa/k?eb?es ’oﬁga’%rf“ fREYAgedpe conductor
CirbHiEB L2 SBIFHRSEs ATV CRB tena BielstrordumpitsibaviRbHYsd005 Zdnductive
FIGuhph B8 &srapthod) At aidingrufaettisng anintegraircheirguilnackags s (step
E?e%%%r?’e ; IR NERIRY 3RS0 PISNgAD aatgana 315 according o a. (step
40%), and thermally coupling a second surface 320 of integrated circuit 312 to heat
sink 322 (step 410).

FIG. 5 shows an integrated circuit package 500 comprising an intermediate
substrate 514 comprising an antenna 515 according to 2 preferred embodiment.
Integrated circuit package 510 is preferably a modified FCBGA that can optionally
dissipate approximately the same amount of heat as a conventional flip chip package
at a much lower cost with the addition of optional heat sink 522. In addition, the
thermal path of integrated circuit package 500 extends away from the circuit board to
reduce the heat load on the circuit board. But while embodiments of the present
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]
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embodiment. Method 400 comprises providing at least one integrated

circuit 312 having a conductor pattern on a first surface, wherein

integrated circuit 312 comprises a wireless communication circuit (step

402), electrically coupling the conductor pattern on integrated circuit 312

to a package substrate 326 via a set of conductive bumps 318 (step 404),
providindaREaEdink 3 1edmpFising teladtennaBih(sieprodfit)]2 configured for

(elﬁqirdﬁﬁﬂ%rﬁﬁﬂx@&@mtlﬁrﬁﬂﬁ&éé te mﬁﬂgﬁtﬁ%%ﬁ%&%%%t%ﬁﬁgﬁég% prises one

S e ou CO

o B L P S 0y i
FUBREeKAGe %@%@mmﬁ@ étﬁ@nteﬁme@mnspbwhw Bied CoampiTisiagnediate

ammﬁﬁﬂé B maeaarding mamw%@ggm@a@tpe%tgﬂ%am SHEWhyelength
Pagkage;ptad %ﬁg@r&b& L 2modified §¥ A that can optionally dissipate
e as

approximately same amount of heat a8 & &6 tional flip chin

package h&%grﬁlﬂeﬁll"bl%ﬁr Gost E!Téjﬂﬁ)@d(@ &éé@%{%ﬂ@ﬁ%%%&é&%‘é 5c1rcu1t<; for

'”t?agg Q ermgL ~vath 8 nte rated circuit package 5
FeaD e tAR A%t thad BPF tﬁ@ﬁi&ﬁat%@ﬁfﬂted circuit

awa omt e C|rCU| Oargl%
fﬁ?él éﬁﬂ@ﬁﬁﬁ@nf@@mﬁ@m retiripnie nticrpas;mgdescsthekiniteting Obroduce

F(ﬁ%é@eﬂn&ﬁdlme&cﬁf thetreserpinnention, 3¢ notlimited to and a transmit

F ente sm any other integrated circu
Qg%gﬁlﬁa egctl?llﬂ%o@l(gg%lesg}sv urren ex?é’tsc?rcg?élf} %ﬁ%@e]‘ﬁ]&?ﬁ%ﬁﬂhe second

-15f00BRH ity Fepdre et ﬂ?qbaét@et@e é@é iAblu desaimiegiated-iivaitit & 2omprise
configeded ﬁoceﬁspadmpdﬁaueﬂﬁgbﬁk’:abl@attgcﬂeg@ana&me ate- layer device

e 4 that.comp ore, ante 5 that can.be
orm%g%%t)frje%ét é’ﬁse by. gfgtﬁrr%%?é?gr%nean ate 8u r%gs ?é%fa%mcaﬁon circuit is
a

adds %aﬁa.aﬁe PEEPEYRRE strabintéAhadia’e2.11a, 802.11b,
subltrale 5800 aineRf2 51504180226 aoteeg thdhahis.adarn Mgl af@ and e

wayelength Qfithe sighal e eived by antenna 515.
[O%GII] Int rated cir éﬁ %&%ﬁ%ﬁb%&&gﬁ%ﬁsé co%%ﬁnlccmsgﬁc%ﬁ‘tsOFDM

for TN ?ﬁm rBOLRARGHEIRT et AESIESS Eddbxample,
integratech Gyt 1@ 3R 69 g

recelve circuit tﬁélﬁroduce first |g|ta {a BASE
re TR AP RREER 5 ] énﬂ%%&ﬁé‘ﬁﬁtf%lb@mm)ﬂ&dmbe sendwdiRFbumps 518

signays traSethon Seconddigiatidals; wiienein berresontuBl SIMAH A der, Ay,
trapsmifiegskyrantennasl anihe.cammuications circuit can comprise

tion, an epoxy
or other suitable material formed between the conductive bumps 518 may be used as

an embedding material for the conductive bumps 518 to provide mechanical support
and moisture protection. The integrated circuit 512 may be aftached to the

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

munlgagt n. circuit comprlsmg a

I%Felg;r CITCU ﬁ%@ﬁ%‘f@ﬂ&@omﬁcmd to the

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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a media access controller and baseband (MAC/BB) and a physical-layer
device (PHY) that is electrically connected to antenna 515. The

communication circuit is preferably compliant with one or more of IEEE
standards 802.11, 802.11a, 802.1 Ib, 802.11g, 802.1 In, 802.16, and

802.20, other regional and national standards, and the like. In some
embadintentsnttgremmimnication citelit GomHisesEandMePMind press-fitting by

dg QJQQMQECQFBMem@%é%{ os!{lr'é“%_gzeinoia <i3rell e !itécli\l G %O%lélp(]),l or the

A first surface 516 of the integrated circuit is electrica y connected

tHE THRTHEGIRE Sis rate B4 A EdhdUBVE Bl g1g TEhepoxy may be used
cenduetitechumpsiti8Siday be formed from any electrically conductive

material such as Pb/Sn solder, Au, Ag, alloys of Au and Ag, and metallic
coated poRfimiBHREBAHIR suRgaRIBr Hh i6pdssirisebihersuitabietmatedattors on a
fmg{gmmmmmimm j lmti'\éﬁtbbmﬁﬁrg]sﬁiféﬁgim %@qrﬁ%@é_d Hiaﬁe subs‘ltrate 514
e n - e pS rovide. mechanical .
suppart a?llgp %%ﬁigtuaﬁ%%%ﬁggg % #e%&rg et girggu%%\{(ﬁwgy%gadnmommg to
att8EHEE GG rtEr R URGERiRsSH 416 B14 G4irgdmPAY-chiptemipaliBRGA, the
borigigg vk thiochguphds gthéANopamigles siovs Ol ERe: ENEaRSMIOYRR, for heat
and.adhesives. [0Q62] {n.s9me embediments, the ofher surface 520 of the

inrtgeé rated irc%lit H?S:LZ ?galstb%ac ed. to anrgggo%]cél ﬁ%aa%t_ ﬁﬁwe&% 'Spégﬁﬁlir{ﬁay be
h@ﬁ?%%%&ﬂ’%% t ﬁf@ﬁ‘r%l%e GiTRERTE) PathaThibst Winerste magepackage 500
medieTstsainytikdreatiiynkoriduetivey frateriab sutdtngs atppetealh tHBRErERY Yeducing
candugtive plasticeiEngdniegated Gireuit 51 ed lo the heat . .
sinléc ZaZ E5by y.attachm nctI itﬁq 52Ahthat dc%é%%t@%%mg@ - é&?s%% geé cirewt
th8ihtegrate cifcdit 515 stic L adfi8sHEEitreund hreskaating sy employ a
apPihsigis feciatidarforssite tiesliststriacedfith S BikRy rpdekbgic Ul dditionally,
Shdethecintesmestiale substrate 514. Ronexample r -
co&gﬁ{ﬁtive epoxy ma E:bte us&ag as the attach (re%% itg?nr%g4m%%/65ﬁq%ﬁgmem on
intermedrate su iut%r% T1LTS & 56%?&519% TN ors on a

package sgbsiealepeBviassevaral hopding wi e ntermediat
subsgate 514 éc:%ctnver%safli chip%ountinggo%égeirlgt%og%ateedl%t}%ﬁ%ﬂ%a%]teofor ball

wife DORE TOTHTHG 8O hTBITE SHith &k uTHE DRATANAgBRsERIC B itionally, a
an@?&B@A@}Sﬁ’rﬁér fecEEBB Apthey dnkﬂ@m&ﬂtﬁﬂeuﬁ@a&kﬁg@}wmseﬁed between
prt(gya@lletﬁeai@w;?ﬁﬁga@tai ﬁf@mﬁ!c% fé,?fb'étl&a% 968 %6%‘?&5@&@%@10:1 mechanical
In S%So%‘g ﬂ%ra?l%y §P con u% 1\\/1vee gur'xslglsp?'ﬁl()ora].rgngyovieded for connecting Integrated

circuit package 500 to a circuit board or the like.

The number of integrated circuits 512 in integrated circuit package 500
according to embodiments of the present invention is not limited to one. Any practical
number of integrated circuits 512 can be implemented within a single integrated
circuit package 500 to form a multichip module (MCM). For example, an integrated
circuit package 500 can include two integrated circuits 512 where one of the
mmtegrated 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]

accommodated. In addition, the thermal path of the integrated circuit
package 500 extends to the heat sink 522, away from the package
substrate 526, thereby reducing the heat load of the circuit board or
circuit substrate to which the integrated circuit package 500 is connected.
Also, the integrated circuit package may employ a substrate that is as

inqgl&pgaﬁj)\/eéﬁér sma?rawscu@ad %&Eﬁ&{% Qﬁ%@gegﬁeéh%ii&nﬁﬂymﬂ?eﬁst or are
the.j erm i ybstrate 514 reduces the wiring pitch requirements on
bon&c%rrr]g ngreseﬁgaip'ment used for attaching the bonding wires 528. [0064]

Packagesubstiniena26 maydie snadsr oh anvaubsiiatematerial SUtable: package
fog(R)a(I;IO ridsarra nmoye%ne%ita%asd%éga sggﬁn as a circuit board or )

stbstrate: AddiionaNy, a SUPPOTt Tayer 525 sUch A HHPePoRy Bitbtner according
stift@bREeAsaed SMagBechis drulase VB crpnimespiadionelsubstritesbddednt grated
p ?@@Q%ﬁz_@h@éﬂ@% 52@0231@@@@@@33%&%@%@@{1 @Qﬁpﬂ;,sum%a AnRIFRUY circuit
0 uctiv S are provi or connecting. integrated circuit :

e L Pt P P pedice
CiFEOSa 2 lift FRTEPFHISE &l CHiEpRERAGd Bew S8t borigiig talbrmbedimeameenna 515
pftmm@mmmmmﬁomismeh!maled (@t@@@@&)ﬁ)/@%ﬁﬁﬁﬁb_%@hﬁg gﬁe conductor
in C - t ithin_a single jntegrate .

e B L Vst o pomductive
infegFRfed | &irkifPp LR &g 806! Bt TALNI O WRkTmt ey RaTRerEse LD BITate 514 to 2

wiher.onef phifiegintelsated LtcvitsaGi Arabitppides & MACHBB ang ¢he).
other comprises a PH'. Furthermore, while embodiments of the present

invention‘ate destitiEy At RSB E CBEAS Rigkagenibdinverns srg rotpackage
limiteshtad~CRG Asparidicgrabeampiementedecbrdusinganypéigted embodiment.

int rcuif: ' 3 i ' rrently exist or are,.

1 OB R N ST UL s o
arPhTRSG AR iR Aa de s BB d5FpTising GR (HerrratiatireuBatpathe present
514renrtipnising ot dinteiteth 51 BEBCHRdnghdocarpreferfies embedineRt any other

Methad £09 m&issé&gy&gn%@ﬁﬂ@@@@%ﬁ%ﬂf%@&{{y% 242 or are under

haying.a conductor pattern on a first surface, wherein integrated circuit
512% BS a wireless communication circuit (step 602), providing an

intermedigtey substrate 5l4,6@mprisi n.antenna 51.5 (step 604), ..
electricall cou%lin% antenna 515 {@ {t:}?eegw?rneﬁe%rs rggfﬁmaﬁgelrc%?l‘sor? 10%II’CYJVI1PCh can be

(Stégaéb eI WC%Bﬁﬂ@aﬂsfeSEBﬁﬁﬁét(g% or formed within package substrate

726. To accommodate size restrictions imposed by the size of package substrate 726,
antenna 715 can have a length that is a vulgar fraction of a wavelength of the signals
transmitted and received by antenma 715. A vulgar fraction consists of one integer

divided by a non-zero integer, as is well-known in the relevant arts.

Integrated circuit package 700 includes a integrated circuit 712 configured for
flip chip mounting. Integrated circuit 712 preferably comprises communications
circuits for transmitting and/or receiving data over antenma 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 date,

wherein the second RF signals are transmitted by antenna 715. The communications
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[0072]
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pattern on integrated circuit 512 to intermediate substrate 514 via a set of
conductive bumps 518 (step 608), and electrically coupling intermediate
substrate 514 to a surface of package substrate 526 via a plurality of

bond wires 528 (step 610). [0067] FIG 7 shows an integrated circuit

package 700 comprising a package substrate 726 comprising an antenna
_71:5mcmmﬂr@m@am@feﬂ@ﬁﬁmeﬁﬁrgegﬁmlw%?&ﬁaﬁr@%xﬁﬁ?@ﬁ@_ﬁﬁ% and a
[ e ents of the present inventio

:Pg Kgségé:??b%? ir'?%éﬁr%g(of F B@%s,fgm ngilr%%r?fs %W%B%r%sté)nta %%ﬁt:z}li The
afS Tot it o EEBGA ST S5 Bhh BanphsRimeteangsiigrmy ofhBFEE standards
integrated Tirtlat Backagingaedhgoldgiesiwhich cyrenthBexish Op @A regional and
uadee e velopmen':IR06E) Fackaasbuale £20 somprises one of

more antennas_715, which can be attache on a surface of &rt%ﬁ%lécaﬁon ?imm
SUBSIHEE"7 78 &qg}%e%ew&ﬁmaﬁ%@&e@u%@ﬁ@ rpo@ultEpndeprathodaaewireless
sizé\héstrictions imposed by the size of package substrate 726, antenna

715 can hayve a length that is a vulgar fraction of a wavelength of the

signals traiSinitiEa%and Peteive drbyesmed ies it 5 1A utlpatfierdtioponnected to the
c%mmsmeam[g@éwﬂ;mwéa bemgen 80@3@60@_&1&%&‘3%%'6&%'71’8 may be
thesrgleyaniatsy D0GOLIneasAted FcH] QAhineludes a

| S CROLIESRE A S0R DHDSLITRR. o . s

integrated girc 712 conff'fured for flif chip mounting: Integra

OrErEPEC AR Lo SRR R ISET i ies-foR PAAHATIAD aPREIOT other
regdiiaiplg detteosie femiedrize Pl drexaniple; vintegraied7CBCRILY 12 GaRd as an
comiyiaaiacomBMNILAtian CieHiOMREISING A 18588, iyt o produce
fir%tl di itall at? btased,é%n first RF gli;nals r,ec:eivgé%gb%/r(a?{\ﬁltﬁeenrrﬁlaC ,C%mS(l:i1 %mﬁ and
tranamit Gre 1o broduce SUESFIRFGGHAIS baseaoR sctbdigitalthe package
datebstiatereid theusamndrRF Signatsire tansatitied hyadiignnanédbdThch  as
COMBRUBiAINESsivkS WIEHHEARLAmRIISE.a MedinAcssss
controller/baseband circuit (MAC/BB) and a physical-layer device (PHY)
that is eléGiricaliyrconfiectéd0to Atiterina Fifd TR COMIMEN GRIGLDFGHILISed 1o 2

preferably complianbwithena.ar mere gEIERE %g%%%{%%cgozﬁl;}lz.. On

T tional heat
802.11a, 802.11p, 802.11g, 802.11n, 802.16, and . Other regiortat
ant na?i?ogngfas‘fa Pade Hodme MEmALORe BrabvaimaisRakifach as copper and

cothrrmaitatondsietu’t Westipridbs antQFDA dembdllateranseam@ERMo the heat
megilatop fey Use iRBMFRIesSe N4 that does not thermally isolate the integrated
circuit 712 such as adhesive, solder, and press-fitting by applying a2 mechanical force
to the first surface of the integrated circuit 712 or the package substrate 726. For

example, a thermally conductive epoxy may be used as the attachment item 724.

Package substrate 726 may be made of any substrate material suitable for ball
grid array mounting to a device such as a circuit board or substrate. A plurality of

conductive burnps 730 are provided for connecting integrated circuit package 700 t0 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)

[0070] A first surface 716 of the integrated circuit 712 is electrically

connected to the package substrate 726 via conductive bumps 718. The
conductive bumps 718 may be formed from any electrically conductive

material such as E; Sn solder, An, Ag, alloys of An and Ag, and metallic
CcORESY p%?;%r? ¢ stud€¥In 138%19%%%1 SPGB o tHET iitdble WitErigne of the
fomeetrbetwiean tthel onduotises bivhbS/BEB mayteetisedtasiprises a PHY.
embedding material for the conductive bumps 718 to provide mechanical

support ahd AnSRAFetpFotEab s 0P Y intag e eRE 7 IS BeITcuit package
aftahedrpritiegpackaljegsubbtiate: 726 using asflipchipaampatblecording to a
bandingmethadsnehasigrnosenRiss gl%%%ggeQ{*‘ﬁe%%'ﬁ%gl‘%megm

|on,. S
and adhesives. [0071] The other surface ‘%%égf e Integrated circu o
isSOtEnAly SRAGRY 1674 LG RANE P29 Sy Beti pligPReat Awjraisarted circuit
infégratedpciscait W2 Gptionahkesat:tsinkcr2Rim@ebesoBdeleftanylly coupling the

thesmaally e RauRTive Malsralsush,as ?P.PP(?Egigéc%%r%%%ﬁ%%gg%pﬁsmg an

plastic. Thf integrated cgcwt 712 may be atta the heat sink
t

b ERYRAEh 8 REhP7 54T S RUBR Shern SligRst e BIE it Sitipnal heat
ciszulit 722 (stephtas)adlvetive]lsotdep liapthprass: fiting dyhapplyng@acommunication
mﬁgaﬁ@iqu%%g@s}p the ;@%igﬂgﬁyeltﬁéf%]%@tegfaﬁ%%if&;{&l&&do%ﬁtﬂﬁcc 720 of
package s ra . For e ple, a thefmally conductive epoxy

R G AR A RERE (1R S (GO 75T age subsrate 726

may be e of any, subste ri jta r rid array .

mountin_g?oé a %’evice sugi Eaﬁgg%%i%%g{r% %Lr?csf(u%l?g[?gtoeg ,g%?flt})rﬁ)ﬁ@gofa case 922

TR H Gih FR 4R r%sp%%éﬁlgo?cbarﬁ{@&}'ﬁ@dirﬁ@@%ﬁ@aeaﬁac@@sc 922 can be

pavkége 7pidsticaceisouit, myanlyorttiee tikeefa) 73] Ehedlbkiesrofn the relevant arts.

Intge U RIYEGL IEGLH 7 rding to.

erod E?%‘ﬁﬁ?i%‘fﬁ%ﬁ?%ﬁ%ﬁ B T o M ot of e
C

nUTHER R EEg AR EEREPF LR AAIEE iRfplenRShfed mvRAiGAlof the present
inteyratech d{gumpéi:hagé TO(FCHGHAs 2 andltichicbm dete:MEM). Fsfy any other
exgiepiaan HegratetickACIrciinRAsERe “QMiean éﬁ%ﬁﬁa}w&m or_are under

integrated cir%uits 712 where one of the  integrated circuits 712 comprises
a MAE/BE 8Nd the other comprises a PHY. [0074] FIG. 8 shows a method

800 of mm&géagﬁarig%@ggagegﬁ%t%g fﬂ'&ﬁléitaﬁ?e?%%?%o ompy Sinlgeaattached on a

package substrate I\/ggmprlsmg_an antenn actor |rc1g {0 2. ‘ o
preFEHEE 8mESairten O MEISE 00 BnBIRdLBro Rt BaSt s rEze restrictions
integpated by the size of case 922, antenna 915 can have a length that is a vulgar

fraction of a wavelength of the signals transmitted and received by antenna 915. A

vulgar fraction consists of one integer divided by a non-zero integer, as is well-known
in the relevant arts.

Integrated circuit package 900 includes a integrated circuit 912 configured for
flip chip mounting. Integrated circuit 912 preferably comprises communications
circuits for transmitting and/or receiving data over anterma 915. For example,
ntegrated circult 912 can comprise a communication circuit comprising a receive
circuit to produce first digital data based on first RF signals received by antenna 91 5,

and a transmit circuit to produce second RF signals based on second digital data,
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circuit 712 having a conductor pattern on a first surface, wherein

integrated circuit 712 comprises a wireless communication circuit (step

802), electrically coupling the conductor pattern on integrated circuit 712

to a package substrate 726 comprising an antenna 715 via a set of

conductive bumps 718 (step 804), providing optional heat sink 722 (step
sOB)cEtECthe sy esLBing shibmia TeBsitid Wirelesscolimuficationmunications
cirgtin{stem 808)paned apmaadl_mb@ﬁn@émwm@ﬁpqmﬁur@ﬁ@dré@s) and a
ofpwgg@tﬁ?egrgg%gglzgg%c%l?tl%na@ hse% 63'%: a71 2 (step 810). [0075] FIG. ’

9 shows an integrated. circuit pac alge 'comﬁrié? %'84sBgzpienna 915, The
cORPRIGCARCENtEHY 931 BTatEorih gt Rliprefetbcbempodimert! 038 standards
9ﬁm@?m§@?ﬁ ﬁ'an?mo@ﬁrl@p @Zill g&[l){SQtf_lt%J ﬁﬁ@@@%(%i_@ther regional and
wejls N, e eleyantans. ! rated circuit packa s . .
preferably a FCBGA. But Whl%%%%(%&%%ﬁ% o?%%enpg‘egg%t%%%ﬁag@ cireutt
deSERBEH AR rMERVF EBes AL alon i e e BiYhenpradeior faverstiom arevireless
notfiited to FCBGAs, and can be implemented using any other

integrated circuit packaging technologies which currently exist or are

under de@éﬁbﬁﬁ%ﬁ%?foglfb?@%é@%@ém@m Dreivelkmreahtennascted to the

91fahiehsoanrbe atachedantiactskfaee sl orserke2 M deemRmbLMIRN 1 § rmay be

ca . ' ictions _.imposed e size of case

o R T R B P et A K i
waveﬁﬂmo@ﬂnégﬁﬂgﬁéﬂ?kﬁn%ﬁ%d’@ﬁ@?@@emb@a@ﬁéﬁi@a,% gpoxy or other
vulgaieirectiohecahsistsmet drsvintegeidisideddoye BRAFZE NEerbasiSd as an

W%&Mﬁ&gi&Qﬁ%ﬁ'?&@%%&%d&@ﬂ]ﬂﬁég%) ?‘Fﬁi’tgim“%%mka@%?@a

includes a integrated cjrcuit 912 configur p chip MEURTNG: : support and

IntSGPEIEE &F@g?fgﬁ' preferabRFESTA priEe o Siminic o ristasirediito fore package

trapigrsiitateg &3d/onseceivimy deftp oveipntennp Aibh: FBbRXAPIRethod such a5

integsaRd et 9 Caldeampr munication-circuit comprisin

rec?iv .cilﬁ:u%%o r(()iduce fggs{%ilgﬁ%%pgata éli{ée%lqlona?illr%s.etg ﬁ?'s%ﬁ%%na%% can be
LR B A O o' B IR FERHE Qe o BRIGEE SBEIRS IS, by ofher

receive C%

Y.
y-ante ‘
sigFRils Bdsadl onrscohdntigitaintata, o20whersititheseoen dRY:5igR3Syrovided
are:irasnifted Ryanieons 915. The communications circuit can
comprise a media access controller/baseband circuit (MAC/BB) and a

physical-lIZyekafmvivhsRir)2hahiy leattdaly conessied:tonantennafdBie for ball

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

conductive bumps 930 are provided for connecting integrated circuit package 900 to a
circuit board or the like.

The number of integrated circuits 912 in integrated circuit package 900
according to embodiments of the present invention is not lmited to one. Any practical
number of integrated circuits 912 can be implemented within a single integrated
circuit package 900 to form a multichip module (MCM). For example, an integrated
circuit 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 antenma 915 according to a preferred
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[0082]

communication circuit is preferably compliant with one or more of IEEE
standards 802.11, 802.11a, 802.11b, 802.11g, 802.11n, 802.16, and

802.20, other regional and national standards, and the like. In some
embodiments, the communication circuit comprises an OFDM

demodulator and an OFDM modulator for use in a wireless LAN. [0078] A
firstpdareny] dlstlipé iHiegrenatoircuipS i @liselecksicalnednneeted toircuit 912

th@aﬁ@@@%&d@@f@ﬁt@%ﬁo‘ﬁ@ eeaduchve bympsiR18. ?e@%ﬂgﬂ t?/l Comnnses
a

18 may be formed from. ele Iy onductlve material such

E[n% solae%%umﬂatm I§§%°u1$?&¥§€£n2%bé%’aﬁ%’m fiic ©atsee the conductor
pdl’?%ﬁ&@t@é@grﬁtﬁ@diﬁéwt 8 2 oxy achtizer ssbstadite dNGterial fotmoédonductive
bebween 3he coaslacis, bumns:HlS saay oo useath ﬁ%ﬁg 28REARING 5 (step 1006),
m% g&glctﬁ I}}I}%&qgnductl ve bu %59]1%t %q?lde mechanical support A 1008
m(%pséjre prf tecftﬁ gl'fga |Hflega%132 cg;i T Sﬁw&?f%‘&’ﬂ&ﬁ%%%ﬁé p 1008),

e ASiEILE ! GEiFI I aHY fipteis eorhpatisierddiding method

such as t ermocDompr ssm soldermg%JI {ésulatlon and adhesives.

Antenna 915°can ec?‘%éjﬁﬁf& QrAEaEPELINGYD fgen  described.
coh@ﬁ%ﬁb@?ﬁﬁmﬁwi@eb‘yﬂéﬁﬁ@o@oﬁwmmaype@ﬁéanmwebwn@ﬁe without

Foycamaﬁ@ nw&ﬁoamnt@p@g@%nm p&%p@goﬁiﬂ‘?&'%éﬁg&tﬂtew}%@&ﬁi ly, other
t!? ma an bstrate materia
qa%lg'l?girﬁ) Il%ugg E%m%he S ?yP frng ?O@ ]ﬁ%]

suit grld arfay mounting to a vew "circuit board or
substrate. A plurality of conductive bumps 930 are provided for
connecting integrated circuit package 900 to a circuit board or the like.
[0080] The number of integrated circuits 912 in integrated circuit package
900 according to embodiments of the present invention is not limited to
one. Any practical number of integrated circuits 912 can be implemented
within a single integrated circuit package 900 to form a multichip module
(MCM). For example, an integrated circuit 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. [0081] 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 -21 embodiment. Method 1000 comprises providing at least one
integrated circuit 912
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having a conductor pattern on a rust surface, wherein integrated circuit

912 comprises a wireless communication circuit (step 1002), electrically

coupling the conductor pattern on integrated circuit 912 to a package LLOYD WISE
substrate 926 via a set of conductive bumps 918 (step 1004), providing a

case 922 comprising an antenna 915 (step 1006), electrically coupling

antenna 915 to the wireless communication circuit (step 1008), and

encasing integrated circuit 912 within'888%22 (step 1010). [0082] A

number of implementations of the invention have been described.

Nevertheless, it will be understood that various modifications may be

made without de artingéfrom‘the, sgirit and scope of the invention.

Accordihgly, SHENGRRIFLAREHRAFPAARIGATREEbe of the following

claims 22e44tQ¥D Wit tetatnsit Abrijegnaies wireldssaekagarea network
cor{rTlprisin : at least oPe inteﬂrated circuit comprising a wireless local area

58 N &%?Hu?{f&{{ o%ogri}%uﬂ%%mprising an orthogonal
frequeray-afitfisigonaUitéaiexingy (DFSF) deuntipdelatgr (0 D MILterfitsiulator to
digital data based on, first OFDM signal an OFDM mpdulator to

r%)é%%g ?@%%on@%iﬁ stPganSaqs Bgs%er(%;%@@@loﬁ@n&@tﬁ%gta; a package
substrate édddfidaripdaiapdedag ofitstesaeamedoOifiB Mt seasalobased on second
iﬁfg@g%eaqacircuit; and a heat sink thermally coupled to a second surface of
t

at least'one integrated circuit opposite the first surface, the heat sink
comprisinipekegetshhatraiecteivicichéyficoDIED 0 sidinatss wifalce ofthsmit least

t@ﬁéﬁ?@%&@ﬁ%%ﬁ}g%@ the antenna electrically coupled to the
SS

wireless tommunication circuit. 2. A flip chip ball grid array package
comprigingeiesinkeeread tyrcoi piet kagesetolaihs Urfacd o theegtdtedt one

Sircui f claim. erel e integr ircult
SEHIASE e A AL Vet ALt SRR arcone
dadeceive the first OFDM signals, and to transmit the second OFDM signals, the

antenna electrically coupled to the wireless communication circuit.

2. A flip chip ball grid array package comprising the integrated circuit
package of claim 1.

3. 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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baseband circuit; and a second integrated circuit comprising a

physical-layer device. - 23 LLOYD WISE 4. The integrated circuit

package of claim 1, wherein the wireless communication circuit LLOYD WISE
comprises: a receive circuit to produce first baseband signals based on

first RE signals received by the antenna; and a transmit circuit to produce

secofld RF difal8iBasai¢encdetshdasdssisasd sitpidls Iwngreigithdhe wireless

copens EiGionalsR Hanaiited by the antenna. 5. The integrated
circuit package of claim 4: wherein the first baseband signals comprise

first oigifGFraMa; afeHiviierefPtHcselishid braehand sighals cbRfsifseon first RF

Si%ﬁg@%@@@@ﬁ@qhéaﬂ@)M@@@ed circuit package of claim 4: wherein
the antenna has a length that is a vulgar fraction of a wavelength of the

first afdERRSMH RErSighale. Prafecpteeparst ciikiit paskiyetssgdinen, second
bXRBIYthGyMERlesH HeRRIMUPNSAUR GIGUIRIS ¢9 '@nfa%thtﬁérk%ﬂ%‘ct%ee by the

standard selected from the group consisting of IEEE standards 802.14,
apErna. a, 802.11 b, 802.11 g, 802.11 n, 802.16, and 802.20. -24

5. The integrated circuit package of claim 4:
wherein the first baseband signals comprise first digital data; and

wherein the second baseband signals comprise second digital data.

6. The integrated circuit package of claim 4:

wherein the antenna has a length that is a vulgar fraction of a wavelength

of the first and second RF signals.

7. 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, 802.11¢g, 802.11n,
802.16, and 802.20.



