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WIRELESS LOCAL ARE A- NETWORK COMMUNICATIONS ODU E F
KNINTEGRATED CHIP PACKAGE BACKGROUND [0001] The present
invention relates generally to devices for wireless communications. More
particularly, the present invention relates to a wireless local area network
communications module and integrated circuit package. SUMMARY
[0002] In general, in one aspect, the invention features a wireless local

oquency A eI L{Er oV S S 1 ML sscond

COrPINGndE @ Aohhunestivi E¥IOT Ebriprisingpn

TSI W@EGRAT@D
demodulator to produce tigﬁlg&%ﬁgthe first OFDM signals,
and an OFDM modulatom%m FDM signals based on
second digital data; a host interface to provide the first digital data to a
host, and to receive the second digital data from the host; an external
antenna interface to receive the first OFDM signals from, and to transmit

the second OFDM signals to, an external antenna; at least one switch to
provide a signal path for the RISEE{AREIINE OFDM signals between the

communiﬁgonpgjﬁrs%%t aﬂg!%%lgf tgg taﬁgtenna and the external antenna

interface in accordance with a controf signal: and a piintet&Fedit t¥ardvireless

whErE T Ah N4 T BTt KR EFRLM Rdanee el inat aritelnalocal
intérfaceielanangadionitne paAted sifcuitboasd cSame sekbediments
comprise an integrated circuit comprising the communication circuit and

the external antenna interface. [QO88}1a@eneral, in one aspect, the

invention features a wireless local area network module comprising

means folYEEBRIAgIAireRe artvey dhalfrentiendyativisionimldsiplexingrea network
(OEDat signalsriaind focdransmiting seend QFRMARISIMEARRIN givision
co g ing; e ulator means for, pr ing first
digrii%g} lﬁ(?géta - .aged on t eg%%%%F%ﬂdgﬁgna%ngrn%?oﬁ?\ﬂdm(%j\t%r signals; a

meSHE RSP AP TG th E TS HEGR AafRagakser énpsederrifanyitigital data
dateesedsuirhafare PERNS fenghroviding tDETN! digitabdate toradnesthangdcond

for caupivingsthe: seeendcdigiadatmsframathe hast: el 3. the firs:
'ntecﬁfé‘chﬁ Hl?aaﬁsafgggf %‘Eﬁ’&@gé&%@r%ec%@%% %%E‘t%&sdata from the host; an external
antenna interface to receive the first OFDM signals from, and to transmit the second
OFDM signals to, an external antenna; at least one switch to provide a signal path for
the first and second OFDM signals between the communication circuit and one of the
antenna and the external antenna interface in accordance with a control signal; and a
printed circuit board, wherein the antemna, the commumication 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
commumcating 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, 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 antenna interface

means in accordance with a control signal. Some embodiments.
-conpisiNtegratedgirchit s eansseomprigipgthe meanssfomterface means for
cqamamga{@a@%addﬁgﬁa%g@% antenna, integface means, 00041 I 4 il data

%peralt,hln one as the mventlﬂﬁfeatures an mtegra ea Circul

“dSip fnilea “ORETHtEHPTRR dREGTCEDRASIaMETS PR BIGsignals

pac age com rISIng a one
lo&8raraadnerEHs TR A dRfcsatendc PEU E shapring an exthogbaalenna; and at

frécpaenoy-clitsio meltipiejng/i (0 DM) demaodrlatenite produce fitshy orpm

digi Is;.and nOF modul torto . .
pr%%%:%ai%fo@hé? qcl)i%%glvlgﬁsgl %g?sé\%g{sgﬂé%ii econ%nalg B0 BeRaiyne and

SUBSHAISBR RREAR? B Wtﬂ??@%t%&%f@ﬁ&ﬁe@?&te@j @ﬁ@]@ﬂ signia. Some
heatbsiAkapremaitypoeplcdttetitedat dastt onecntegrateg:eitayit thbe heabs for

sinkmeomiisingan anptepRamio seeaiveithedirst QEDM signals, and to

transmit the second OFDM signals, the antenna electrically coupled to
the wirelEs§@srtnthRstisTpeetdhit 085S frerembodiraentsicaropiisackage
a methoshof fareing aminiegrated Groeul cBRACKAYE, GOMRISING,RFOMIAING. ok

atd ng a plurality of conductos the at least
%ﬂ&ﬂ@aﬂﬂﬁ%ﬁ&%ﬂ C(':%Eﬁy g Ir’t'flé Cg{%? mfﬁe ucrtca/n (‘:’?r%?ﬁt mu?tlplexmg

%ted circuit comprising a wirele

r}mprlgg? gﬁoodr‘[’ﬁ%af)ﬁ’aﬁ?g&ﬁ%ﬁ& GRS S U RASRSX ARG TIIFDIAM signals, and
d%&ﬁ%@%@u@emﬁﬁw'@ Retoddt @ Badedignaty 2628 BMssignalsiand data;
an QidRbie mashulatoe e producessesantd @DV sigh %Ix?eQ?x&egga% %%%%ﬂd and a

d I tricall ling.the conduyctors on the at least one
w&%%a%?%%%%%%@g qgé)ét 3 t%strgtg aSL{rS%}%lHﬁe&Tﬁ‘ée S0 ridsag sink

art t%%@%t&rﬁfﬁ‘@%%fgﬂﬁ%m@htrmmIﬁﬂm@méabﬂdecond

OFBMMigraislseléutrieatbyno uptictg thidyantepha teotheVikelesss communication
cagpasnication circuit; and thermally coupling the at least one integrated

circuit to the heat sink. [0006] In general, in one aspect, the invention
features Serintagrbesiruintsicpagkagea comhosing: fideast @.ﬁeiﬂ‘ﬂégﬂi@@%ircuit
ClieAelt QOISR VIERIRSSIRE IMEMNCRHORE L, %LA‘:%‘&OH}E’& ?IH% @ plurahty of

or reque ivision muI exin M,). demodu
prg%%gce Tg)l éf’t %zgltg?g%sgaobgslgdﬁ %rntt?r W%ﬁé}ggéh%ﬂwmmmcanon

crcuit  compnsing an  orthogonal frequency—dwwmn multiplexing  (OFDM)
demodulator to produce first digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on second digital data; electrically
coupling the conductors on the at least one integrated circuit to a package substrate;
providing a heat sink comprising an antenna to receive the first OFDM si gnals, and to
transmit the second OFDM signals; electrically coupling the antenna to the wireless

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

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

compnsing: at least one integrated circuit comprising a wireless communication
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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 signals,

the antenna electrically coupled to the wireless communication circuit;

and'E Packagrsebstrate eI%h?@aﬂylcoﬁrphadﬁ@yﬂd&zimmrmdiﬁ}ﬁ‘e;dng (OFDM)
sulsstraib. [0007] Sae-cTnbadiments.comprise ek PLIIMINARD, orpy

integrated £irgyit, packaae ising: providing at Jeast one integrate
circuit having a \E%{Jrality fcggﬂgﬁ%%, ﬁl‘l%%stslgglagste néhintégiededigifluata; an
comprising a wirgfeEses .ﬁﬂ:%ﬁﬁﬁpléﬁdﬁittb@mﬁoimgoan ottrogenalrcuit, the
fredftiemegiuivisigntmidtislerngOFDMicdanodedatos tRpedUSEINGY gnals. and
digitalrsietaibaseskomisFORMSIENals :a08,a0 QEPM modulator to ~

produce seeang OERY, signals based on secor]de(lx()gficg%%?1 At Ira%(?/liai(rgmhge -wireless
an intermediate substrate comprising 4R anteiE o reeeiedihe frwpled to the

OFBWEghARSBHELS transmit the second OFDM signals: electrically

coupling g anteRna:tn the Witeless communication circuit; electrically
coypling the conductors on,thetgPll—lesgsta one |ﬁffe tERIEREitRoRRgrated circuit

intérmediats SUliFake ARG BRE8idany coepmieetatdmiermictibatie a plurality of
sulsSeatees atbarfhdenst enpankagecsubistiateRROR1N genaalsiB@iEunication
aspectithectivgidian fealurestapdniearaied CllCul packade, compris ing{(%DM)

Iea&éﬁ&&h@%&%@%‘%@&!&%Lﬁ%ﬁ‘%e%{?@gg&agﬁé’%g 'ﬁ%%?&%%%cﬁzﬂn OFDM

corpnpgag% an orthogona |
deMBaUTHSr CoPpraUt 8PS digfitalH sterplisead asholir st ©EDMgsignhls; phskiding
an @FUW‘?@@@IQIatxbﬁm‘prm;’tém@nda@&ﬁih/ltﬁiQm@@%gﬁpéﬁﬁ%%@zﬂs
digital datexamd apaskagecrbsiraiealectically. coupled to the at least ’
ons FATSA AL e atage SELS At oS & anlen = © U
receive.the first OFDM signals, and- © SRR dBesrBdORDMOsIGhals!, least
the’BRtEHRE BRECHER Lot iomrdisretsbstretmendnidatitioaisCuliupling the
[0009FInedatresabsinatne aspeatetbes RYekiiRNigatikes a method of
forming ap integrated circuit package, comprising: providing at least one
integrated LR CHt2hatifg e PRIFA e onEBRitRI forsytbreaat ieagtomecircuit package
intégrenadinircalt bamprisine gwitalesscaMEBICALE N CIRGHISOMRISING cation
an ﬂfﬂﬂﬂg%&ﬁ@ﬁﬁgn%d%%ond frequency-division multiplexing (OFDM)
demodulator to produce first digital data based on first OFDM signals, and an OFDM
modulator to produce se.cond OFDM signals based on second digital data; and a
package substrate CIGCU'?C'B.H}' coupled to the at least one Integrated circuit, the
package substrate comprising an antenna to recejve the first OFDM signals, and to

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

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

wireless comrunication circuit comprising an orthogonal frequency-division
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[0012]

-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 ant(?tnqa to receive the first OFDM signals, and to transmit the second

OFDM SRyFARe SRtrditetraxarrsenimgrateemtermbgoahtwiselessn first OFDM

Comlmﬂi@ml\@p@@.@ﬂﬂm@eﬁﬁdﬁﬂﬁ@@ﬂ)@%m%ﬂﬁgg%gged on second

B O et ieated ciroui
Wit comprisingawireless %%Eplmunlcatlon circuit compfrisi :

orthogonal fréquency-division muﬁlﬁeﬁﬁ%fﬁﬁﬂflﬂ‘émétﬂﬁt@ﬂsw signals, and

prodUcETEY uigfaicaers bAde sieneds ORDMsiginalsy andpain OFDMhtenna o the

modtilesssteoprotiuseseconcu@FDM signals based on second digital data;

and a case_comprising an antenna to receive the first OFDM signals, and

to transmi?ﬁ%eggé i BF BRFsighgisnisatonéema electitallytatpieditoackage

the fAFeIESEIEORIM ersicationinthgaitd08icklt 1o gserak in QREASREGS IS Hication

invesitior feedigssa e kol %q@ésggs‘%}ﬁ%’s%“%% ?Q%g% JOFDM)

compiisingi.prov I%l%[el%?sstt ane ahn&e%rﬁted circuit” comprisir e

commlgw%c?tion cifcuit comprisirng an %. 3%%\‘]‘?7‘%@?@94 gigtgisnand an OFDM

mulfBIEXIAG (GBI GetifoadiXBPY piarhicedirst aigitabiatel HasetioNand a case

first® OHDMPSighais;canal anOsaDMbmdasapDo RIGHHCER80NERERY e sccond

signalhasegran;, seeongtdigitaldata, by V(l:(g{p ase comprising an o
antenna.to receive the first OFDM signals, arfg et% %Par%&i?’fﬁ%@éc&%mmcm@n
OFDM signals; encasing the at least one integrated circuit within the

case; and Blegifically isoupiingghe ampfe -thevireless communication,
circyite {00221 Jpgansral, Jneo%%?sge.ct?yﬂr?gh%é%nﬁ%n f%saﬁﬁégqéﬁr%flce@gnmg an
radio-frequency (RF) module CoMpristiy BT dAtaaat thtecone inseRied circuit
Signcaﬂgl,? WeorKHelmis SOETREMRTIS Ry i 6 conpitingCcatiosEibeuital frequency-
confrisiag mubipdivingitCURDI plesiocrIfitst tdligitaldate-ag LRI on first
RF signaissigndla dransidisiouibdanioguse, (s second, RE-signals
basg&ms&gﬂgp éiai%i,talr%zg . a host interface to provm?é1 Jirn d‘?@ﬁa}s based on
dat ?Qa host, an to’rgcelverfﬁeasg%%ﬁwamﬁ’é%@fmmné hostcarve the first
external i@ Mk imEensmschvectvadiQFRE signals at8sBRAHO at least one
trammg.lse-@@ndvREn 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 recejve first RF signals, and to transmit second
R‘P signals; a communication circuit comprising a receive circuit to produce first
d1g1'ta1 data based on the first RF si gnals, and a transmit circuit to produce the second
RF signals based on second digital data; a host interface to provide the first digital
data to a host, and to receive the second digital data from the host; an external
antenna interface to receive the first RF signals from, and to transmit the second RF

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



[0013]

[0014]

[0015]

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

path for the -4 irst and second RF signals between the communication

circuit and one of the antenna and the external antenna interface in.
accordance with a control signal. [0013; Some embodiments comprise an
intee%;gted circuit comprising the communication circuit and the external
anteMaariefer! K séenelhabodimonts)thewcenin Bieatiom Sitsldib f the antenna
comprisés: am-OEDMdemaduateniaraduse.fiskdiginldata pased on

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

OFDM signii@basetPeHseesnc-aigitbdaten Inisopret@mbaeimentsrising  the
wiretessriocalzasea nafwarkniodete-comprises.thamieless BEmadleIn .

some,gRaasl - the interf lies wjth at least one o
R B ar e data

specification selected from t

Inte%caosﬁz%ri]téjcvmsbe# %F&?IMW‘H’%@T OpBMargdulaiveteapSéricd the second
Bus.Wﬁ@?%ﬁé _bsmfﬁéxemm!ﬂ'@i@ camplis eotnprBEd e RORd ] ess 1ocal
havingdhemuienmadihe ComRMBIgAIiQRCECY W%H&?e%fs%‘%'eae%%%ﬁnm the

integ rinted_cjrcuit board _having the antenna
mouﬁﬁgtgfi %%Eg%gc;@n%?ggnﬁgemﬁ m%e“r?fsé S pRSERCARRte dedieht Boardthe group

compraG e BBRHA CHIRPREGTH dRFacenRavUMER oPifE witrassd Miai PCI: PC
extetprl; aﬁtévmaain%dab@wmgeﬁirﬁwereoBo&@m&emﬁﬁéﬂﬂaewﬁxpﬁse a printed
comyriseaaRMande iokhe.conialsianglnsome, embodiments, the
conmgg%tlgﬂgr%%lttgﬂcg)mpllant.V\{th at least one standard _selec &g
from.the group consisting of EEE ST aSHis 00 e, Saving dheopienps mounted
802 75 98020 THC BH R AOBUZIR0 2 [DOn4] Idigeiidradr aneraspe dis antenna,
the mmiemgsww%ss&zmﬁrﬂgw%m&ﬁfm% interface arranged
coMpEsiag; Saeansferdessiv : nals, and for fransmitting
secQnq RF i gal?g means forqgo%%n?c%%_ nmé)?cﬁgr%%g. Fe%%@llrﬁléaﬁs In some
for producing first digitar data BASBBR M & YiktRi &Ry aith ahdereinsmaitstandard
mea%?%%?dpg@ﬁmém‘g FRBSEOREIRE 9ifiEEDasedaasseoond, digital datgn2. 11b
hos®BiteriaceOneanssdon pravickog. the first digital data to a host, and for |
receiving the second digital data from the host; external antenna interface

means for FBCEDAY-the FREt FIESigihsinfrontionrfdaardransrititing tagio-frequency
secdR& REwiglalsritpraimexternal &I}t@éﬂ&@dﬁ@(ﬁ%@ﬁ@ﬁ&?ﬂ% ,S%EP?OI transmitting

meafnsdas pravidi azias;sig&%pam for ;Qe first qnd second. RF ‘signals
between the n&at%.forf: mmunicating ana one st fIERILENG ficrateimans for
andl{ﬁ% ucing nrst 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 second RF signals to, an external antenna; and at least
one switch means for providing a signal path for the first and second RF signals
between the means for communicating and one of the means for receiving and the
external antenna interface means in accordance with a control signal.

Some embodiments comprise Integrated circuit means comprising the means
for communicating and the external antenna interface means. In some embodiments
»
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[0017]

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
firstt%ﬁﬁﬁmiéﬁbrﬁ%amm inotuiEtor OFEaMsfanqatotueing4he for producing
secord OERMdsigriais-basedofirseconshdigitah data || EONE mo dulator mens for

embegli S WiERlesSS |9 r fwork module comprises t
Wirézggs??g r%odxle of Iilai p.ﬁkl\gsgg%?g% Sérr% %(ggl]moennt?ﬁ‘?@(ﬁo@ﬁm%rﬁé@e In some
complies with at leas bne sfsdifitkioR e RkeaHoln trengroep the wireless RF
corRitfgIbetiieral Cam pohedinauercbnnest iR PGHERRESSHh Mifliast one
PCkRG atiin belversbhSeriak BrsianshiRwie o ?H&‘?aleé%%?d'met(';ﬁemomect

compasg pented rircuit Agard-means hS‘-V{? the antenna meaﬁ%l,letﬁ }
meansjfr communicafing, an(fgtﬁe external Atapna it e FedRswire. Some

arraﬁ%eo %(S%SOI%O%% @?ﬂﬁs&m&§jeﬁﬁpﬁwpﬁNaMCimemeans, the
memfﬁb‘?@m@%%mmé tmeatsnancieavingthasoeans § Qfranged thereon.
condmunicaitigianch e axterRabaMaNRaIReNaee means arranged

. a1ls” cOmpry the anterma
thergemsSame.embodim comprise means for storing the ¢on
signal. In'some e&nédim%%,s t%)(re %%)eaxn“énffi?tgb%rﬂﬁ%rtﬁéa?ﬁﬁéf%lc@ﬁmnarimcﬁace
S

with &t Tea et “BRE ARt o EIe GBa IriveTH e apronp seansistingofibBEE the contro]
starit@ls|BEemY sBORdirteent§0B: TR cban B0 802 LB ARE with at Jeast
802026 s[afdhl If-genaraloin @B invention features a

integ@_t;pmcgr@ﬂ it f?%gg ncgm%?ﬁ?ﬁ?é%%é maﬁ%ﬁéﬁ ¢ rg%l 1, 80211z,

comprising a wireless communication™ Ci Lﬁp,'a package substrate

eIectricall;lmcgendfd,tmtbﬁeaisﬁagttgg%Wﬁt@@&u%ﬁ da Q&zat sink
, the

thegpally;aaup! least ane integrated circuit, the Reat Sk ot Package
oy fnlred Sr%sgﬁﬁ}egoﬁg (agdtt8%]9§ﬁ@e%sv€6?ﬁﬁﬁu?ﬁmgnicaﬁon

comprising an antenna elect /
circ R 101 PR S8R TS0 AFREH) Moo Wik s oomtrivasicaiicintGiseUt cirout
contpfisebeairsigtiisgonll freoplency-tivisionsnkiDladpa @R e heat sink

demodiplasbigterpipauee dissthdiaial-datag n first OFDM signals .
received b%/‘;he antenna, and an%lg M mo t%%%gretft%ssp%%% BRGrouit

OFDM sighaiomseabpdéacuind Wigiterdata, vshatrinchivsesrng QERM s an
sigratsagren itafisqutied Ay e e R, diments, the at ’

least; ging integrated GitcHi tc%hgﬂi{se{?; irgtctslear;acg agr%ln 8%%%853038??&88? first
wherein  the package su%strate IS electricalry TothIBY the awamtived an OFDM
bun%os %afﬁ% B SrediEsciscond 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 a second surface; whe’rein
the package substrate is electrically coupled via conductive bumps to the first surface
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 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
acCESEEHRIGIITanE-BE St Gireuitcaivd aisesondiniégratae: siketind signals
co m‘m"%m @mﬁhyﬂm@w ﬂ.:Eb’i'(Zai B&S@@&%ﬂ@f,%ﬂ@@?ﬂ@ﬁ#w&t@%% 'pﬁroduce
com - [ - a,receive circuit to produce firs _
Pasebans Sri Rooad oo pres ik St Seeele Yo E i arread sl
a traﬁgn%ri?%slgwf? foBrdtu R BatotYy BEsiGRAae Brsel onhsagande first baseband
basé&HEN¢F siemaissaniietdigithiedstcend REcsignals satend aasebitadibyati omprise

antamanﬁrusgmedambﬁﬂmma@nu\ﬂaeﬁ?éﬂ@h@/ﬂi{?&?Qﬁ?%@&ﬂ&@%'?ength that is a

comprise. first digita a; wherein the second haseband signals
(:omg{rii@gI 512%%}%; d%g:'?é_l (ﬁg%Tﬁgﬁ)n?g e&lﬁzbgﬁhéﬂ s SiABfeifitngignals. In some

anteHRAYHES RntRh e RS CompamiratnsncoTcaiivi ehampjinofwhid fitsteast one
and seednd. RiEsighdivrintsorgeuembasdirents ENErelasds 802.11, 802.11a,

comgeuanicativmeingit is gemphantwithiaipleast one standard selected
from the group consisting of IEEE standards 802.11, 802.11a, 802.11b,

[0018] gp2.11g. 8. zameran2n GhartiB0R. 20: [B6t6tn denared, INIOERCASPEEbrming an
the invtegitiosd featsitespadrathodoalfasming 36 it rated cirgt Rae! 1&1 circuit

COMpLISING:. Previdi I Integrated circuit having a plurality of
condﬁé%ﬂ% ,atr%gﬂggil{?as%[%o%?%%%sété%dg c#cegﬁ CoRHSHBIT§TA HirdIRYL comprising 2

commu _%sﬁtﬁ)?fr%ﬁ'éﬁﬁffgf@cﬁli?ﬂl' GBI heospha dhsrsoadutteratomaist at least
one mgﬁéﬁm@ﬁmtat@acgag@& WWEPW\#M@@@%& %EBI_@ comprising an
compis saconemicabicounig e OSSR
circu%%]ﬁt%%h%g# g#n%‘.\'%élllé’ﬁnogg r%etegrrﬁ%élgﬁ?é’ﬁ%? B‘r%@?ﬁh‘?&%t least

[0019] one integraledeireui-COMMPHSES; ﬁ@éwéi%gga@ frstintegraiad clreuit . i

compfising, meclagcess. penirglier and basebang G, and prowiding® -
aSGCOﬂd.inte%rated cir%%it comprising ¢ iig%?féi%éﬂ? PEEica fooishiA Paseband

gendPAT U B ISKEEPEASTH alstlipersuhcipresyFeiteck glosital-layer device.

[0020] Package cemprsing: At lgastone iptegrated circuit comprising a wireless
communication circuit,-an intermediate ‘étfﬁgs Pafgae SRACaM eSSt package

the at TGRSE i HiteGAtetPcHUGH ARE iFfsHi cnaBrisings raverebmsprismgunication
an aRtéhHa Bledtitoaitlicbupibdiadimectrically 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.

[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 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
OFBMeHotRAalsF &b difceiseaom OEBIM signdis hasethOn£2600Gubstrate is
digitidatallwhersinl theisecoathQFRMssignals %gﬁatrg;ggﬂg;.eoq BY 8o wires I
antepna. éﬁ]mgegmbgcyme%tlagnlr%:[r(iagmedlateas astrate is electrlcélly
coupled.via conductive bumps fo a surface of the’ 274 je5¥rBriees the uitegrated

S
integrated ereat: ahd WAGHE A B cE of ther Heumaigiesutistraimis comprises: a
electfic Ny E8iFpIeds thernmrmediatelsulrsteate dyva I ey AEBANOING i, and
W|ressdmﬂomegmnb@@rmerﬁ@m@ﬁlsmgm@Q@ﬁlcgf_lg%{%m@g_kgigs%m%eemgf) diments,

COMRMISES integrated. ci kg e. In some empodiments, t
least one iegtgse% rgée circuitt?%:r]grbn%ﬁggs: %nﬁ%ﬁefntégfgfga’ﬁir@wgo%ﬁme first

a media access controiteP Al hdSeraRd cifearivandiatbecanthintegratedansmit
ci rcfffmffiﬁfpﬁ@ﬁ‘gca Ryt RN ayeradieviced lonsasnsn e rphedine @ignatE‘,ewfherein the
wirelzsac®RANignitates ciulieemplises: Aggeive circuit to produce first

basghang sigpals Q@%Q&{ﬁt RE ? ntal.s réé?:mé;\/e%{ bg;c/ﬁ%ee an 8%1?1%?%?5}“? furst
a transmit circuit tq.proguce second RE SighdlBERSY B s08Adpaseband signals

baseband &HaS WA EM hdn Sers MR ridRamts treatramsmiitied byghiethat is »
ant¥HHET |Fasivie efbodisnelntssttheofirsie baseband sigaals eempusadirst oon.

digitatsiatiai-ang wheraiaithe seepnd.ka ' Is_comprjse second
digital.¢ata. In semegmbadiments, the g%}t?:réﬂr% %qsgacfje%lﬁr{]h% artd a"ltnleast one
vulgar. fraction. of a wavelength of the firat Bisd YelERE Rierdartsiss 0 Sonte2.11a,
em%%aihﬁn@?thg\/\m)@l&%g{%ﬁﬁjrﬁ‘i’@éﬁ@?a-%%cuit is compliant with at least

one standar t r consisting_of IEEE standards
O D IR, S0 o Tl e cPeoAos [0z o

802.11, 802.

In g&egg?%n B LR She VORISR TeaRIsing méthodtobfermirgrard cirout
inteltetes tirdwitlackbgendarprisihg: provistingatiieastone iegrated ign ¢a
cirowt e aspisalibroseandusiore & [sashone megrated crcu?
comprising ajMifeless cqmmunication circuit, provi ing an'in effhedirgrsns 2
subaltrate ¢ mprisingzm antenna’ SIBEHEY PG tRe aereAvRseigne circuit;
wirtSEE EBNNTaRR R o e R SRS ieallyecat pliny thres conelratersagdhet the

at |eisTepddisteytatedecirmit tdhecally 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
compnsing: at least one integrated circuit comprising a wireless communication
circuit; and a package substrate electrically coupled to the at least ope Integrated

circuit, the package substrate comprising an antenna eiecmcally 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
physical-igyépevieeb (d0editin tenerat)dms cneraspeckihie M@MiIeBmprises: an
fgacm_negoaumir_ﬁggﬂaf@g-aimuﬁm@%@ge;&?gnmﬁﬂgﬁ%%éﬁdﬁﬁhﬂ?%i%e&%‘?&% first
cir IS ir unication circuijt; and a package
suﬁé%fi’;%‘%ﬁ%%;ﬁ%o%%@f%% Al SHE hig et e then OFDM
pa by i RIRI LSS AR P M tesRal eleaseit atlyscoupletigitalhéata, wherein
wiréreseseatridiinid g sirgaitragsnide 2 By theome e adisnentsatb&iments, the
Wingleiss; € QUHREHICATINBCEH G COMRLSSS: .
fregg%@@é@?%geg@%g?%g ﬁ?ﬁ)%@%ﬁ%ﬁ%ﬁ% Sc}acae.S %atCC of the at
digital data based on Hirst OFDI S|geﬁ1a(§ B8P ﬁfftﬁ]é‘%ﬁf’éln%é aReyafckage
OFBIP It &S FE3od s Wb durliear DM ssigarstbadideots séeond least one
dighédedetea, winenginotherisecondiF Mt Gigaalseailranspiiegd by theia access
antanrait semeennadiment strate is electricall .

co ?@%%‘élﬁlc%oﬁ% gti\éeegltérg}#)s’ %2%%%%%@%%%%# ‘igé‘é‘?é:ﬁ%? n Séa%atga?'smi'
circuit, in sofie embodiments s Hip Chif b e B pAgR gicuit comprises: a
coMipHEBSTRB! irnfepfduer diFet apehaalgeenals brsedembitdirEntgntierateived by
leaist omeerinte grated eircuit tcareptisesy ditst insegiatast GGt COMRIISINGecond
a resh.access coptaler andbasebRRGGGHT,And 4 second integrated

cirquit comprising a physical- layer device, Tn somé embo _n%en?s, gutenna. In
o O L ot el uiee Cnt il deueed vhercn

firsPpASERshRpsThARlsSERadcompTsE RE@IgNhls tr catveth bynth erabsemaits, the
andnéetnenbmit dincpth thapriodiucel Secend B 0§i9r%@al§cl?ﬁ1%?9 SNRe %nga%d second
the

basgbgl ignal ' cond RE signals are transmitted by ,
%ﬁ%%%%%ﬁ%%%?%ﬁﬁ%mg&isamaﬁa}gncm@ frliax

ante
digitar data: and WhEEIRTHhe Ledsh das dharfacsiprrsestsmp s EBEomendards
dighed-dkt80%nl $and8%ebodfité hes S thel langambshasigtermth that is a
vulgar fragtion %f%wavelen th of the first and second RF signals. In
n

1ts, Th&irSReEE: B ARYRRGRL AeaEest 7 Bthpdicaft fovithing an

some embodimern :
at [BLETHRE StEFiihrprskiceteertromsthe grovidtonsistiegspfdiE Bitegrated circuit

stalmdamgsa §02:Ality 86 cHad @1 @68592}45%3'o%gzhjrtégra%hz'éipcuﬂngomprismg a
80%#28kess 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

packEye sahstrateasontprsingran antenrananed @eLHicalbo GO0 4R wireless
antenna tithe wiketess. communication circuit. [0027] In some

embodiments, providing at least one integrated circuit comprises:

providing &' fifSFiAtEGTeREtesuiticomprising comediaianzessicaiirl@iprises: an
andbiasghaidrejionity ahd iovising 2 s860Nd MR ARLEUEML 1o produce first

corpprising.e Physicalayer deyige-[0028] In general, in one aspect, the
inv%%tag)n fgatures gn integragtg?%ﬁé%?%gcﬁgggg ecfsoﬁéfp i A fe ftofie OFDM

intggra HF SR H’fﬁr%’ﬁ?@% Wireldss eusnbantdasionechuircliititantha, wherein
ca %@ﬁ?ﬁﬁéir@%rﬁ@ﬁh @I@Ctmmmiﬁeﬂplg,d fﬁcﬂ’l@lﬂéﬁfgle%me embodiments
comenwticatiopaekinuits [0R2A besemaseboslimenss, he wirsless.

co ication gircult. comprises;.an_orthogonal frequency-divisioh- to a surface
mﬁﬁ%ﬂmﬁzg%Fggﬁ#‘%%%nr%%uﬁg%gﬁagnp?S%C%H?Rg?%aﬁa {8 Hagdloarid aray

firsPOFEsh SIRAISTEEIRCREY thelarié mAekagvd s @FDIVbITGOISHOKHS af least
prodReEseind ORDk/sigradssbasediantsgeent digiial datg  wheteine 4R cess
semﬁ@l%DM&&gﬁ@dﬁrﬂrﬁrﬁﬁﬁ%éi‘@ge@é{n@%@%&%‘t‘é&a@'Sc%ﬂ]go

e

: : ising a physical-
embodiments, 6omRLs ckage substrate efectrically cotplad via ‘
conpdglﬁ;tive bumps to a%sr&r a%%nco%sfr?g%mgsff%ﬁgqﬁéﬁ%%@&?m Amprises: a

sorhe BifboHiHEmRar Qadﬂfﬁ él‘ﬁf)bﬁéqugﬁ@ HER)s paskdge TonfFisemihereceived by

intdgratattuircuingacikagenin somie empedimertsotherst Iﬁgﬁﬁlso'agsed on second

gt ol aomBERs2 U, (HSGrlEd ST ST & mE
e

accs%ﬁe_%&%%@}%@ and baseband circuit, and a Second in egra Eiptenna. In

comprising a (gﬁﬁsmal- ayer @?E@qﬁ%%%mgdm@éﬁtgﬁﬁé (Atelerd wherein
corfitfiSRfERidEPenf ot RBPRsTecetvd digitit thrprasluoméitshbodiments, the
bim éf@‘aﬁ-ﬁmehht)ﬁ tirgtigir df?j;m Eﬁlcﬁt')%@degéﬁgrtﬂeof‘m% Ha. a@)rgidsecond
a trRmSEL SECut 1oREadMGaISE ignals based an second . _
bas\gll%gnacﬁ signals, wherein the&s%%‘?nd.@#2?5%5%%%%#%iﬁléauwstiﬂ?mpham
antenna’ In “sone eMBSINERIE e FiPlt HhSeBaNE srusiEneonfpFBRimstndards
dig#aE ddecd Rnbl aviEreld bisesbtofdbasehstnl igaalscpomrise second

digital dat%.l Ine%ol[gle embodiments, the antenna has a length that is a

vulgar fraction of a Wavelength S thecHreY SHiPRetstges 2 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 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.

~-10-



[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, 802.11 a, 802.11b, 802.118, 802.1In, 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 one ifftegritedsaifouit aomprisinglewitaless COMAIURIGRAHOM SEEWt panying
prO\kﬂ(ﬂm@@gaﬁ‘@ CORASNG R %@I@Qﬁaoﬁygga@ggrggegﬁf > tz? Darent om the
integrated circyit é’vdtrgw';sr/} I'Ehse gnadsgban%lglictncally coupling the aNtenna t%

the wireless communication cwcuﬁr}f g é]1T’f’is‘some embodiments,

providing at least one integrated circuit comprises: providing a first

integrated circuit comp RIREHAN QE LRI and baseband

circuit; and iding a second.integrated circuit comprising a
physical-la%?ﬁe%?%g -almf]o If%%uéléct%tﬁ%nﬁf%‘?@lﬁrcﬁwted to a host such as a
impIBFﬁ%"r’i’laﬁtﬁ?l%p&F@ SBRFOBR 19 thier afssesh pahgidiredtawings and the
descriptionyaelow. r fegtures, will be apparent from the description

and drawing%s%,ia\gd%ggrﬁ tae C a%@s.CBE@&%$&Q6W@BRWWEN%’§ an external
(0031 T2 1 BITEE°a 0 L ORNEG i Lc StFiTasn saisRe e orvetiat: taca hastferred
suctFEdedipergonal computer according to a preferred embodiment.

[0034] FIG'P%(%@O%? a WLAN communications module comprising an

external antenna TeFALEYSFRGHHECHNY Riskeer rratpaisinn ad et corllipmuprising
to a Prefeirens errtiddintentrIolss] EIGhGlstmws an integrated circuit

package c &ri%ng}g&eat sin]lé%)mgrising an antenna according to a
preferred embodiment, j0038] FS £ HOR LB o f iaratadwng anackage
intedi AT EIPELAtisaEREY coBpmpHS g Attt sinkrdéomprisingfan-aniepsdiment
according t%prgfgﬂg%js eargb%qtj:mcaaptd [0003@ FIG. 5 shows an integrated
circuit package comprising an intarmediate s Risase CSmpriERg ah intermediate
anteRT RECOTOMRIENE BERFrea eemrsdnmore HeE38dFGb6 dents a

method of u ' infegrated circuit package comprising an
intermedia;g?gbg%%%%%%%ﬁ%a%%gn %ﬁ%@%%gwgﬁ@éﬁaﬁ package
embSaRERTR folfs gl TR % ALh SHRS T S e R aec i it paekemyerdmp poising:ferred
a packetpslisubigtrate

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

FIG & shows a method of manufacturing an integrated circuit package

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
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 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] FIGH@EADVSTR HIgihedof jaanufacturing an

integrated circuit package comprising a case comprising an antenna
according Frajsretetveal shsudiernny {0048t Ehereading digit ®1af £8Cherwor
refef@AceMumenabwsesihthisrspaciflicatign jadigat ber of the .. . .
craiognubicdbs refeteice, nyera f"%td%f%é;a?%%“ ey chvisin
DESCRIPTIONI [0044] Embodiments of the greseﬁ%ﬁﬁoﬁ E8phpmtsEface. The
wireless [6CaT-2red MERHSH RATEARD 8ot tiiRicatibis mrodulthsuthtas @nputer.
orthS§tsharpedimants oditisimr dmaltiplexing{© FRNYeemmsRications

module cop?@riéi a ho face. The module can be fabricated, for
example, as a ggé‘g%a f WA A eompstite | @themnected to a host 104
emB8EinREntsRSFIFRE RSB temptoyr dihertimplertentatiens JOA4SE FAGdlle 102
showsmpisAhl mommUItic alioas o didR 2.6 host 104 .
st 0 .
Modyle 102 _com il)sjes 1n Antenna 10610 Teceive Adio¥rdBSkrBirReE) 114 to
sigjneﬁrsm_{l(}}g1 an%‘Yg{l i ’ﬁe‘f—ﬂ@i‘@ﬁ%ﬁé’fﬁw@sﬁmmdi@atmmmmm,board,
and a hostgpteface.tdd 196 ' with host 104, which are o
prefgﬁbﬁ@g@s{g 8%9 pra riq?erg ﬁ‘%ﬁ%&}?pé%g?& iﬁcﬁﬁﬁ %%ﬁ;nhméﬁtﬂfﬁduce digital
circyit 112 comprises a Fé%é%vse 8%c&ﬁﬁi@f85&6mwiglt&|tmmmm signals
basedoR2eE SBrfiEtaog26nd 30 traneiviit ciromitHik8 topredeca R signals 114,
110%aseuor digitataata 13@raceied Famhesbid quer fEL RS ertace
1141 1GompaiaicRLan ggcbggé}gogygxidggsdiggtal g{ata 128 to host over
hosém%;%%% 114, Recelve circult 115 preterabhy RS centrplermd baseband
access contr ﬁeref';{’r‘?qC Ba¥ssa WA@D@B}I@Q@T\,@SHR@L@&O agueliee circuit 122
phyZihiopsjale EGREEBHY )welldive voir cuihi 22 e thatraResa . A66R IR0 Rseraly
wellckmpuis:tectViqOMB Transaiit cireuit 128 praferaliy m%ﬁegﬁ 196 1
MA%grm%i%u%égﬁmateFé Y tran mit circuit 126t a% opé%\t}e at
accrding ta well-known techniques. Tn Ofite BB E FRMREITRss ool 102 is
is p 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 moduje 202 comprising an extemnal
antenna interface 204 for conmecting an external antenna according to a preferred
embodiment. Elements 106-130. of module 202 are as described above for
communications module 102 of FIG. 1. However, module 202 also includes external
antenna interface 204, a switch 206 and an optional memory such as a register 208.
External antenna interface 204 can be implemented as a connector that allows an
external antenna 212 to be connected to module 202. Switch 206 provides a signal
path for RF signals 108, 110 between communication-circuit 112 and either antenna

-] 2-



[0048]

[0049]

[0050]

[0051]

compliant with one or more of IEEE standards 802.11, 802.11a, 802.11b,
802.11g, 802-1 In, 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
compitfsii§arstarananterace ibteriace 20%for camNecHRGAR; SXEIN@l Control
antengaatidocdingetga grefeedn embagimeany, 106-130 of . .
module 20g- a8 aesariped S@ggzeggg comm f%iﬁ%?]és%%nﬁ : IS gfenal 210
FIG L. eI—Aowe\?r, module 202 also inCudeS S5 %Io‘é?ﬁtéﬁﬁdqm'é?ﬁc@‘% can be
204, a swi %ﬁ 6%’é’n‘%PEH“&bﬁ%%ﬁFh?é}%o?y@ac‘heayavréglsheraﬁ@ana Interface 204
ExtéthaPpiaans frerfateROmedn b BYpierBen&aas® GBaRe S A ompliant

allowstannexiernalapeeE? 324908 Gopnacted 19 g%‘:\%téigln?ﬁzg N 00 11,

206 i ignal path_for RF signals 108, 110
o e oEl BT ATAL 4426 8. e e

antenna inkertages2 @b agsardanceswith aLantro] signal 210. Control

1€

signal24 gap b rated in,any number of ways. For example. Bt one
sign?l 210 cg?rll Eeg%%?}iaé% ir%lﬂg?wifeﬁ‘%%l% fOEPHER 308 rosleast one
inte Ff%%zénf@ﬁnc%ﬁ%) e GG ARy hTopEEal repister] 208y mmentritterconnect
provitiell: Bf-ArftsprrasinddifaRC20BCormde Baiingsan Sl anieNBRAtR. Other

In somsdimbadienetts; sedis:2028 FampiiaRt wilbons of more of IEEE
standards 802.11, 80211a, 802.11b, 802.11g, 802.11n, .16, and

802.20é otFgr TR Rl aridaprsnestarltiras; angrie diken 480481 dcuit package
sonmémbibdihfenterhosg intesiace Lidcamplieswi t one .
speaifcalomRelesisd LGN UIOVBST %ﬁ%ﬁg?ﬁﬁﬁ%ﬁgﬁmm "
one sBea%irfic?#g%gﬁgscﬁd from the group corﬁ'gll? f’n’d’flﬁmﬁ‘?&‘élm a flip chip ball
Con‘%‘onenalyl e e %?%I BrESRRAMILRTT {sPErearily connected to a
Uni\F@Fé‘&ESéF@tBEPsW@éﬁ@ﬁa@s.memahmdim&@@mQ@ﬁgﬁﬁ@g the cirouit
spetbicationafor baskinaifscar1dd. (004SKEmPogiens of e present.
inveﬁﬂgépamgﬁgtagg&ggera&ed gircuit package and me od for Tor ﬁ\é of the
' d circuit packhgEo8iptets ah tntesrmmunications

the slﬁalr?egw ere theintegrated circuit pa ‘
and At 16 asCorE ThidG BTt trereralbasraisienented in a flip chip ball

grid array gr&BGALJIN aFGR e.integrated circuit is generally _
connected to a aIJ‘oack{%%e subs%g% via Cs%ﬁ%éarcggﬁg.z‘ﬁ(?ecﬁ%%ﬂ’é Sulbsstratek 322

is coupted tothe CETt *poar PHPEBR KoriBTebmsdomthedimeer sitepfttderironit
packRagieee AbinTefresblitAd"CBGA 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, embodiments of the present
mvention 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
smk 315 is an antenna. To accommodate size restrictions imposed by the size of heat
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[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
can’tiésipate HeaRthtbuGhHeae SiftraBein additidamtiethermakpath afngt, of
inte%@dsa%mﬁk&gm&@&@ﬁem@sﬁwg@m.tﬁe\aﬁg&%@gggd to

A : . ists of one
redusedheshgat Jaad.qp the ci oard. But while embodiments of the
present inventionq:f:}rdeal deé%rt?egg{.iér% e'?e’rgrﬁs SO‘?E%E@K&, B SHEHETSE the

present inmhtgi@%mrggéimm EDEGRGHS, @ﬁﬁegl?gkﬁ%i%k?!%m?@é%%ﬁ}md for
usinganyethesJntegr ircyi aging technglogies which currently
exisgigu%g ynder degv lo grﬁe%;[j. t([:ggglf] _%gtpsrﬁq%ré COMPHEEs Gerapucations
more antennas %ﬁ%ﬁﬁ% ERH De BT HE B2 aBisFfasscohhedtsitfiol 2% ample,
or ORI HEat Sinfen ZempTisoraecembbudimeints cheat Siako335 IS AReceive
antefmait To prodomeniedaligisizeatesirietions impased A

v

. ) nna 315
-13 sinka32ZnteBna3 13 Ganhave.a le g%thatl ulgar fraciion ot & -~
wavglength of the si s.t&?ansmitt%goéllrc:Il recsélﬁéazsb SRneons. @digital data,
?’81’1 .tge seconcg[g\%

vulgar fraction consis F%%ﬁé‘%?ﬁ%&é%ﬁ%%ﬁﬁy@ﬁwﬁém Rtegemasuiscations
well%%ﬁb\hﬁ%ﬁ frEnRievan . j002F eyraled virebipackage 38AC/BB) and 2
inclutps alintseratediciroWis] Aeonfigwied:ior Hin SRR MAUAING. - 315 e
|nte%ﬁﬁ@&€%&§&&9{@f§@&'¥aﬁ§ﬁ%§e  comr nications circuits for™

trangmitti lor recejving data over antenina 315 For'eRampe [EEE standards
integégtggiﬁggu?tléi@%air%l%g%hé% S Vohimubicatforiedr 80 2@mprisineznal and

rec&faORt EiREAHO dtek testiigital Wata batediatfirst (RF SigRalSication circuit
receiverbyeante ORDSA SeapehRbRRsMiLCIFgHIS 1P R{Qaql‘f%%g@‘:o”d RF

signajs\based on second digital data, wherein the secon Isi‘glf‘laalglaarewmlﬁsS

transmitted by antenna 315. The communications circuit can comprise a

media accésSsonirbiterfasehianseseaitd MAG{BR) and 3. physical-layer

deviceiRH Xhtbatis glgciicalcennssted ;t(% ant na03 %5_“%163’ Conné/ied to the
communication CII‘CU%IS p%rlglferably compliant with She°Bfhitte RFApERL8 may be
standards 80211 8651 ,Y%E%EBYB@?TiﬁélmzhlaﬁrE%msbﬁieanﬁxsoszg, alloys
20, BthieR RRflohed andl mrilbRabstahdalsis caindsthes like AHEBOMEn epoxy o ofher
embodabientsatieaC e SaHeR L AMANEES AR OTRAM 0 te veed as an

demashaies 2nd 2n.PEPHL MSRIRor for use,pa irefess

' : ¢ bumps 313 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

14



[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 318 may be formed from any electrically conductive
material such as Pb/Sn solder, An, Ag, alloys of Au and Ag, and metallic
coated palymeric studs. In addition, an epoxy or other suitable material

form &B&W%%@M&Wé %mp%@&@ mizyrle d3edras ammple, a thermally
embeddingvmetteriahiey theicandubtivebimpg3ds,toprovide mechanical
support and moisture protection. The integrated circuit 312 may be

attached %ﬁ&%%&%&é‘ﬁ?&sﬁétfe@%%@é amysfistohipnooeiatitieble for ball

boriifgErrsthoekstios &s athermoconpressigrusoldaring; ensapsylali Merality of
anctagthesivesulpsdioThe ASYEACE, he integrated circuit 312
is attacheq, aaolﬂ%?‘et ﬁf’(rék 3%%1?0r couplin%%%g-{éal\ﬁae? ?é(rincfﬁcél litn‘fééf’%ﬁ%a Wtoa

circuit 312. The heat sink 322 may be made of any thermally conductive

material sUiab aseERPRTanHasmally conductive plastic. r%eré%tl?%jre? edgc 300

Circylit d to.the heat sink 322 by any attachmenti
324&%@5@%@@% gﬁgy(’i?&% 2 the M gPaRy R rebiaio! do eReadny practical

adhesive, sOidBFEAtFbraEauitinbrogamn by imep emmettianithlforcsidglshitegrated

firstSiHa eackagr4390 thvefime gratelti ciipuis SA2. MR D A kABE SIS G teprated

326eifenitepainpie, a0herRAhICRNAYLIIVEERN r%ﬁXu?t% ‘ési.ezdxggetrhe f th

attqg@g&%@gdt&paﬁéﬁl@gg nI?ackalgf:zﬁ(?‘élg%rate 326 may be'made 8f%ﬁ’?y° €
I e

substr_ate _materlal suitable for bah ari _ ﬁ%&ﬁﬂﬁqﬁr SRR ACa Biith
as a CircuiFlioat s el bﬁmmmr@%ﬁuﬁ%%é@ B%E;%?é? Or(?'uri% CPackage

provigiedfa ipg ik ed circuit package 300 to a C|rcu|tcboar

or the ngﬁfo%%%%eﬁggg lg%ng%%r%fci n?e%r%trg%aar%%ﬁ?’?fé TnefiRigtagel @ preferred
circuit pACRAge Ethgi]c%iﬁﬁ%réﬁ)@ﬁ?ﬁﬁé% 8 tprstpresentdprentiondsit 312
not hiHiRERteradectANapractival finstraindacef inkegratodectauitsi 12 639 DS nrises
implemizniad withimasinge i&i@@f@@%pcia%@%t, Rackags;300 to form a

e . o st }/cotu hnﬁ S é;aaductor
stk MCM) S rempt, ap egiies el 500

canblncludg 1%{V%mte%rate L € ,

circtite 312 'CofiifRsES h MAGIDE arkpehsining? 2 onmpisssgaal RitefPASS (step
FIG*Shelesmicaibitivoplon efimantactusngeaniieiedralad R ARCKRES (wep
30040amprisingaranalsiiA2 2 COMAANNGAD yena 15 accordingloa ”
PrefeRieshy (step 410).

FIG 5 shows an integrated circuit package 500 comprising an intermediate
substrate 514 comprising an antenna 515 according to a preferred embodiment.
Irlltefg:rated 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
T'educe 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
a?e n.ot 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]

: . : q
bodiment. Method 400 comprises prowdln_g at least one integrate
girrr::uci)t :IBTZe having a conductor pattern on a first surfgce,_ Whe.reln_
integrated circuit 312 comprises a wireless communlcatlon C|rcq|t (§tep
402), electrically coupling the conductor pattern on integrated circuit 312
toa faacka e substrate 326 via a set of conductive bumps 318 (step 404),
providing a"HESRSihKIZ2D! eoripEisitiPancantenna Bihistenc486),2 configured for
electiipallyocoopling antefina@hbdecths WikgleascOMPUIcation G (C:glgtxprises one
A ey e e
. | e . - - .
e e
an a?ﬂ%?ﬁﬁé?éc’ié» &etBiing toa profer éc gintadinent] dHeQENQAGECHIL cleneth
packedke5ighis preferaidy ammedifieddt BGAhaY san optionally dissipate
approximately the same amount of heat as a conventlpnal flip chlp
package afE#ieh Igweicote mmmrebmwmpm@pnmmmd%m for
In additiontihe ﬂhﬁwm&bpﬁth@&iﬁ&gf@@gt%gugtl@g%@gﬁé&r&gﬁgg % d circuit
away1fzomnttggn§[55§§gtajoggﬁgnt\9ngggggecgé% g:ar}1 load on the_ circuit board. duce
But while,embodiments of the present iNVention are Héstieed i etims oF .
FCB%%\ dlglnr%%o?ilﬁm%ﬁf? ot gsbl%ge?ﬁg?ﬁVeWﬁ@ﬁe@ranmtﬁmaeﬁlﬁo and 2 transmit
FCEGRY! hereiis pERTpid sreed Usinglany eitrer me@ratad wHEW the second
paclklyingnchrategiesitiich ﬁu&g{glygggiﬁ;eogﬂﬁl%g{} éil?g/ql{:gir értnu%%t.ﬁmpﬁse
- i irCyl e inc : Ircu _
confiien or R s e e LR b e i
su bst?ra 514 tha lﬁ%ﬁ%egoaﬂ‘éct?ﬁi tRotelarte Ahas BiS thaoanicheon circuit is
formRIa ISP Bxeampléatts et hirgointeomar AR Essthstiate 584.110802.11a, 502,110,
acccﬂ&l’nﬁ@@xm,resm@H,Oﬂﬁiiﬁm%@q)@ért%ﬁﬁﬁ%mﬁ%{l@g ate dardsy and the
substrate 514 antennaska an have a Ienaé%tr}at is a vulgar frac |onan —
wavelength o? the signals transmi ed" IR . éf\fé?}l W%Eeﬁ?ﬁpﬁfi _
[OOG%Tﬂ%eud%%H“éi%ﬁW pretelatenfeoipiicewicolmmlialations circuits
for transmilliagandige Seeing dan.over antenap a1, Fot example,
integrated cireuit 512 cap comprise EomGRicatid AR Gl 30h PRI
fikmea %etos% 1StRiEe SR Uighl e bases & Sir FRFesighatse bumps 518

receive CIrCU?t

recef& 1y farren HeBL Sranigariratigmitduistult 10 pREUAR SR AR Rolder, A

. - . el codR signals are
e A e e ot e 503

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 attached to the

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

In some embodiments, the other surface 520 of the integrated circuit 512 is
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]

a media access controller and baseband (MAC/BB) and a physical-layer
device (PH?) that is electrically connected to antenna 515. The
communication circuit is preferably compliant with one or more of IEEE
standards 802.11, 802.11 a, 802.1lb, 802.1lg, 802.1In, 802.16, and

802.20, other regional and national standards, and the like. In some
embi?é%ﬁe‘ﬁf‘s IHRSES PnfURRIgALDH ciredit eompiiseeeandEBMnd press-fitting by
dempglyiaton anebamOf BikmadiHatarfon Vs dna wg%{ﬁégétéd\'m{ggﬁ 518 or the

first; SUrHaCE .2 integ it 5 |s eI ctrlc connected to
th elln e%ﬂrﬁﬁe é;t%%sfsl%gf @22 5@%&9 gi(a cglémduc Ve Qiéll%tlﬁ@p@&%dﬂal V& used

burips’5 F8A A He 75t %Ad from any electrically conductlve material such

as Pb/Sn salden: A, d_Ag, and metallic coated
pol &QC stllllgst {Cﬂ%fo%rl%gagr{? agé(?xﬁl@%r ot (ta?cs#llf/aﬁi)e mattegrlaﬂ FoRthers on 2

betweentha con |vev6ﬁﬁﬁﬁ§r%1@ﬁﬁié9gb%1{?§e@§§% iBipRadéntepubstrate 514
mateFTeT e %a duRtivEnB I s 518 tpdovideinEchanicaisUipparnaiting to
moummmma@meﬁheamtegm@aswpp@@@%mﬁwPﬁ@ﬂaﬁsﬂﬁiﬁé%m , the

intermediate subsirale 214 fljp,chip compat] bIe bonding metho
such as ttngrmocr%ga%%ess%on solderi négsencgpsu %cf%c’]‘ﬂé Rg, for heat

[0062] T S6mE e od 5B ST 5@‘6 oP?H@ﬁnfb@ﬂdaﬁ@dn may be
circaf-sEmpdagtthchietititan.optichaireapainio 5 12 faneguplingroeatavaye 500

fromii‘mdﬁlﬁ@gtﬁi&damfﬁldlﬁﬁ?l%vﬂ?eﬁl&ﬁtt@rﬂﬁéga%%ﬁﬁ%t@% fLan reducing

thermally.¢qn as.copper and thermally conductive
plastic, Theq %ggg‘&%ﬁ&ﬁfﬁtﬁ%&t&r ' %ﬁaﬂlgé#éffto t%}@ é?ﬂ%iﬁf%’@ﬁﬁ’d circuit

by dny KBS ANt TORTESS thAlYe hotiemakelgircd igerkegthmay employ a

Inteé‘l‘é geleitetlii5iviserperEvadhesiverseldesdng PRGS: fibRg ey, Adchtlonally,

applying almeehaniealderceyerthe first sy Ir

512@;{1@& Wg&%ﬁf %‘d?és& fe ét O@ﬁ?g‘;;&k Elr;%vg th%rﬁ%ﬁ ?ecﬁmemems on
e é‘rﬁ”h%

conductive epoxy may e use &0k %1@252130063] The

intermediaPacsubstrateriitd seleoinicaths £oBnesied 10 condUGIors d{la%ie for ball

pac [ nding.wire 28 The Jnterme
iy Eﬁﬁ%ﬁ‘-"ﬂ? 2 S W e, Sepaaty.

wire" bERa S Ehting T %uﬂ&%&fﬁbwwlamm@bbmmw between
andipR@EdSimildstrECBGMdtheckinegnatacheirspit feaskagR 388tion mechanical

prow .| v resistaRER sheriak I e Ipctg]n%ecm Integra
mteﬁi@@ﬁ&&&%@ 0 RALROYE %%gg S?gﬁ&mgfa%g%% e

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
integrated circuits 512 comprises a MAC/BB and the other comprises a PHY.
Fgrthermore, 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
ineXperdle ATUBLtRatES G5ad for ARG A ackaglesicAdditthnalytntisingst or arc
the YntsrrAedimensubstrate 514 reduces the wiring pitch requirements on
bonding V\%%e uigment used for attaching the bonding wires 528. [0064]
Package sUbstat8 BT niasibe’ntaleobiamysutiutiateamaterat stitablet fsckage
BalP YriePerayingormiirigrioedidte videssueh st a sirguilli DO ardal.sHDSHAtE. . ding
Add&ti@rjﬁHﬁe,r@dSHMB@ﬂﬁﬂ@a@rﬁ%}ﬁl&gl%@%@lﬂpqps )Sg%%rv other ﬂitable

mateyialmay he.j egt%gnl%%tc\{\é?eg ttintermedlate SuDStrate 51 &5y one integrated

package substrate 526 to provide adattigh BN aHidae stBps Imtptuptgitycircuit
of g&i@g d‘i?&ﬂ%sﬁﬁﬁﬁ%r%lgﬁf SPEBISV RIS fortannEttingOR)iegoaiea s GifGHibrmediate
packegex00lt @uipruinpeardienibes like s (G065 T brsurmher af inferated
Circuits & e eBrMa Gl a&%ﬁ@@ﬁe%%;ﬂcé?e@%‘ 12 embggiﬂ’%%”&ém o
of tggng;g%%n&i{%é?qtiggﬁunto Jimited 10 ohe. Afly prac ical %‘R‘}H&W conductor
integrated Circuits 512 can be |mﬁéﬂ%ﬁ?&é‘%ﬁﬁh‘?ﬁ@?ﬁé@iﬁw@rm@f conductive
cirgﬂfﬁ’écﬁéﬁe@% &Pforried et Rblnocupigh G arexampletai 14 1 o
intetiited ot peviepaskageb(0can npluda;tyerptagrated .%k@{ép%l}]%

where on%fétf? integrated, circuits 512 comprises a MAC/BB and t 3

other comptises a . PuMHeHREF, sieiE armbodimats afrtipei prigsenpackage
invEREBFRiEre deseribpsingermsninEC BEAIc8RER LMD ATINeNtS AT8 At 1 o
imitet $e.fCBEAR otkgandudpRismen aesg gy ot biegrated. | -

circu ' chnologies h currently exist or aré undet
de%%;%?ﬁ???éﬁo%%%fﬁ%ﬁﬁa%émaa K66 Gheamiradamnig af the presen

integratbtPRirdGitHshckged SooF¢diptisirmparrimtermeidte suBSHRISIdy ofher
corHpfisiAghrcantehrma &ksiagcardingl dgi& prefemmed erakpdiment. Meghod, .
60Qieesnprisag providing at least one integrated circuit 512 having a
conductor pattern on a first surface, wherein integrated circuit 512

comprisestadkhgdesdeoHmidbicationiekcwiidStenRR)RaVIdiPgA%Y hich can be
intermeBtdtensugtfate ol 4-L0MPriSNg AL @%?%o%%&%%%%%%gﬁ substrate

elegtsicafly caupli tenna 515 to the wireless communic
(step 606), elgc%aﬁ%/p%%%ﬁﬁsg R BB ATRARSE X tianahragkasschdistuite 726,

517 to°THterhe G A hag s hanimaavsbeatoontuctive wavelength of the signals
transmitted and received by antenna 715. A vulgar fraction consists of one integer

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

| Integrated circuit package 700 includes a integrated circuit 712 configured for
ﬂ.lp chip mounting. Integrated circuit 712 preferably comprises communications
f:lrcuits for transmitting and/or receiving data over antenna 715. For example
n#egated circuit 712 can comprise a communication circuit comprising a receiv;
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 Dy antenna 715. The communications
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[0070]

[0071]

[0072]

[0073]

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 715

according to a preferred embodiment. Integrated circuit package 700 is
preféiably AT eBEAS R MfHik w56 dindricobiyeb i senbin@NOrBBE and 2
desgribedinaermicokEQBIGAS fembedimenisnd thsnREesent JnyaRLeN &l T,

e AL LT e,

L A e i ———

moreBeftehasdands, wiichear bdnasermhethbndnsuraceot paskageation cirouit
substrageisE2Gordomne diviibinipaekage sUostrate (g doragcopmadate . ...

sizg 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 trdnﬁmiEEﬁﬁBd recivedmyaaiansacdl T A NUGFREIQB nnected to the
Conﬁéﬂ@agé R HAtEYE HQ’%%@M%%%?’H@ tﬁge?r%?ﬁul e -knoémﬂ. énmay be
e

the {(()elev rgarts. %0 G%I%He rated circuit packag oy nctdes &P

integrra{?g% cireuit 7 2ol |ghgrcé)83f5?uﬁﬁ)”&ﬁtﬁ?ﬁlléﬂ?ﬁiﬁb? Mregrifss diteuie. alloys
712%rbfe P Go s BEER Bsnsanter coobmesriirsuils. for ScalSmiftingepodyos: other
receiinplelataterier fnteahadtibeeheX@RMa:vINREBIed Il 742 620 a5 a

COMPKiSe ICa ILCU Isin ceive. circuit to produce
firstrg@@a%ﬁﬁ%i%ﬁﬁ%?ﬁ?#%ﬁﬁ“ﬁaﬁéﬁa Ced By e s

transmi cfc@ﬁofgcﬁf’&du ° SELTHA R SrghiId bagew obesaterisdigitahe package
datE RkHEreir e 368EnERF sinalshipe tempatitled bynditignnacfid ThRh as

comirumioationessibd, GEliiHEANEOPRISEA MEMIAIRCRRSS
controller/baseband circuit WC/BB) and a physical-layer device (PHY)
that is electiéAfEHHaetct boramkerinteZ26 TsuitSitnisripatinalgiretitisd (o 2

prefevabijncrapliancuitinnear averg eblrEf siapdadsiB0R1L B3R pea

802 , : n %1@, an 0220, other regional and
nati%%%n%a%%g g%gd%hgﬁk@én,sorgéﬁ’er%% fé‘éenfgf %’l%a? stch as copper and

EAiSRPCITEHIS oHIBrise AR BFETM RO ddRBrRakE acRDM the heat

communication ‘
modiitdPfoPYIsaNrrAiretas dtemARR A 0B 0] caslinst shirfmatty 19 lafdhBe integrated

integiateid Ticuith 12 ddieleckicali.canassriad fothe, applying a 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 bumps 730 are provided for connecting inte grated circuit package 7000 a
circuit board or the like.

The number of integrated circuits 712 in integrated circuit package 700
according to ernbodiments 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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package substrate 726 via conductive bumps 718. The conductive bumps
718 may be formed from any electrically conductive material such as
Pb/Sn solder, Au, Ag, alloys of Au and Ag, and metallic coated polymeric
studs. In addition, an epoxy or other suitable material formed between the
conductive%gmps 718 may be used as an embedding material for the
conGUtivEBaRTEPLED pRoVite RechaiimalsusisHiEnd | otdeire one of the
protestivpd Thatmtéhiatedmicuie MAGRP hedattachied totheipackagey.
substrateFI7 6 uzjin any fli%chi%ﬁompatible bonding method such as
thermocom‘%r%sS BRS SolaBNRg, B Ah SARNIGHIE fhEsRmstefo7ayiT Reckage
othe sarrREEIT2C@ oRthagntatputed FRuivTbBimgptionalbpattatheddording to a
hoqﬁ?ﬁﬂ?:%ﬂg&f@ﬁﬁﬁ)@tﬂllﬂgﬁﬁaa W@@dygéﬁif Mﬁtl‘:m%g[ﬁi@ Q{(;QU%? Tfe tintg:glrated
- e e of any ther conductive material .
s.uQHpgfsE,1 co%?gflggdz%éé{p%% onductive ggsttlsu?%g’im Irate P SFRiRd cireuit
712 M BE SR SR REARISHIOT S99y Afigmaftaehmieatricatty 72upling the
thaeibesonottisermaliytisotatd theintégated peickuie B Stith A8 comprising an
adhesivie, 5Gides, a8 pressiiting Ly apRlYi i i
firg&uﬁazc@ g%t%in%gggg}eﬁ Ci%%% itg‘%ﬂag %l%iggg%ps%ﬁéﬁg%%é%ggr hveat
example, a herma ly’con uc}'ve EPOXy Ty He Useld A &St ATHaRErcation
itefer9s (§557 3P Packifh o rtinsthterommiay sephiade ofsapyndulsstfate 720 of
mateaiaiisditatoistfol ballogrichar teytrmialrtagdemgdeyice such as a circuit
board orf (%s rate. A pluralit%/ of conductive bumps 730 are provided for
connecti 5 integtAtEd AR ipEdkey & 700! 1@ 2 kereuR0So srimpFigieglike case 922
[0073PTiHe fH ambeeoiiiéyratect dnguitsa7i2 feriedegmied rareuitpackagean be
o Aoyt et o s e T3 R A gt e
| ] i |
R T B o P e of e
(MERITEBTERAMpIES deSrRbgfatedemms ef dlFBsabkagmTotineants lube present
twanintggratedt cirguitsiZd® whEEBahes obtldecintegraipsl Giesits A2y any other
compgsas:a MAG(BE.andhe ek aomarises AP HLJAN ALEIS & Shang, g ;
a meih %d :§e0n of manufacturing an integrated circuit package 700
compnsn%g a package substrate 726 comprising an antenna 715

accordingtasg prefergdsembadinan: Meibod 809 campises providing af .

leagt ane I'sgrated, drcl112 haying a copducfor patiern anafirst .

sut s wherars mtegrate(rjr% =0 ase . To accommodate size restrictions
imposed by the size of case 922, antenna 915 can have a length that is a vulgar
fraction of a wavelength of the signals transmitted and received by antenna 915. A
vulgar fraction consists of one integer divided by a non-zero integer, as is well-known

in the relevant arts.

Integrated circuit package 900 includes a integrated circuit 912 configured for
flip chip mounting. Integrated circuit 912 preferably comprises comununications
circuits for transmitting and/or receiving data over antenna 915. For example,
integrated circuit 912 can comprise a communication circuit comprising a receive
circuit to produce first digital data based on first RF signals received by antenna 915,
and a transmit circuit to produce second RF signals based on second digital data,
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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 806), electrically
coupling antenna 715 to the wireless communication circuit (step 808),

and dpFstialiiethermalRicogpiisga. second &UFRGE:ZR0: of integrated oo

circutiréd teroptenakbeatsink 7&82@@@911%%9&/[9 0%% n@ %i?cggo(éﬁ%\h%%}%) and a

e e e 515 T

antenna 915 according to a preferre

madé OF P& Lerariit, BPETy the f oratbeial veithis weed knowro THEE standards

rerllc_alv%ﬁ% ggif)adtbg r&:;d@ Girdifie pagkage 960 g@@g%[ec{g@glg?g@; BGA ]fg é‘xtbnal and
whilen oA ciments O tregentipyention are.described in terms of ~
FCBGAS, emhgdiments of the ‘Htra?sent {i}rlltévgglﬁ)grqlénrcen}%t ifitdggcation cireuit
FCBGAS, and can bé implemented (SR Farkf thempriakiarctotinetiin a wircless

packdging technologies which currently exist or are under development.

[0078] [0076] Casg 922 Qgggpﬁzrig?g&r}%;%@or%antennas 915, which can be
e 0

attached on a_ surface of cas 'SP ST Wit casdeszaliy comnected to the
acCOMBHATE STl 8B RE bR Bankns Bl st cbodsei92 2uamen Bmay be
915 EefFPrbiem eniginctiatiy aadigary éraationfamavelPlOmat g, Ag aioys
signals rasiiteChandeanl g AWBANA 1R A yulgar raction

consj ' r divided by a jon-zero integer, as 1S Wall-RAGRATNrpr other
the r%e?t%%%?}g%%ﬁ%g% |?1d[cei%ér1§g3 cﬂ’ uRPBEKAYE Doonndldiesay be used as an

integrated CitediEeTe! donifurertrsi o AidUnting vidtegeated eMGsport and
912 presEbly contoriseheommyichtionsicy eyt for frnamitingandlor
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[0080]

[0081]

preferablyregrapliantwith ong.aEMmarg qf IEEE standards

. 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 1s not limited to one. Any practical
number of integrated circuits 912 can be implemented within a single /integrated
c%rcuit package 900 to form a multichip module (MCM). For example, an Integrated
f:n"cuit 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]

802.11, 80211 a, 802.1 Ib, 802.11g, 802.1 in, 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 first surface 916 of the
integrated circuit 912 is electrically connected to the package substrate

92 6exricchmdnictivie thodn pso8 1&niiie eopeictive: bumps: 948 mayhe-d c1rcu1t 912
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bunPpTn SmBycEEsdetian afl L imbeadiiganatbriakifof Wevconductveonductive
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Integ@@ﬂﬁiw&gﬁam&m%{%@a‘%&e B DICAAR, SURRIRS25P (step 1008)
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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 having a conductor pattern on a first surface,

wherein integrated circuit 912 comprises
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a wireless communication circuit (step 1002), electrically coupling the

conductor pattern on integrated circuit 912 to a package substrate 926 via

a set of conductive bumps 918 (step 1004), providing a case 922 LLOYD WISE
comprising an antenna 915 (step 1006), electrically coupling antenna 915

to the wireless communication circuit (stgp4008), and encasing

integrated circuit 912 within case 922 (step 1010). [0082] A number of
implementations of the invention have been described. Nevertheless, it

will be und rstogd that various modifications may be made without

depa%‘ting HO THRELHIRE SHF LR AGE R IR RRBHRIRIPG Accordingly, other
implefentations iategrithin diecaraRs iR fPhowingalaims o flalms circuit

com Aﬁrsliinntegrated circuit package comprising: at least one integrated circuit
céjmprigng a wireless communication circuit comprising an orthogonal

freqlafh@ltdb@sioal nft?et:tmlec?h:}gc(ﬂig 1) r@l@ﬂt}j@@ﬂ%{gg& mﬁ%fﬁ%u lator to
igi irst Si nd an modulator to
p“g‘l?%é%i% ézd&?}l%g %ig%l\!ﬂasﬁanag ’5%%%@&8%1%%% data: an
interatefiafeN ubstiatetetettrivaljuceupiedita the Biearirene iHssiatssecond
digf{g;tgtdtgne intermediate substrate comprising an antenna to receive the
[

rst OFDM signals, and to transmit the second OFDM signals, the
anteARanigieBadially soupledactbetndetiess eplmmisnination siauh andeyrated

rBagk . alectri upled to the intermediate substrate .
G N e R A sy the st

OFdMuitsighalthe pakkdge sabstrite ti2e Thecoteyr@&Mircuitpatkagesof antenna
elddgionily wheseln thaiptgrmediate sybstate is-electrically coupled via
conduc%ive(g@gumps toa surfagc% gf the gﬂ%{sﬁtog’r%e'rlcncgg%ggd circuit; and
wheriR2ckagaceLbsiretpairaticalibswatses dedhicalysroupieddosifisstrate,
whdieimediatasuhsiiaie B ' ing.wires. 3. A flip chip pall
grid array package’compyr%iﬁg{ E’:‘L&I él%ggé%egdg c%%&?n the méé)grat d circuit
and the package substrate.

2. The integrated circuit package of claim 1:

\(vherein the intermediate substrate is electrically coupled via conductive

bumps to a surface of the at least one integrated circuit; and

wherein a surface of the package substrate is electrically coupled to the
intermediate substrate by a plurality of bonding wires.

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

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

the at least one integrated circuit comprises: a first integrated circuit LLOYD WISE
comprising a media access controller and baseband circuit; and a second o
integrated circuit comprising a physical-layer device. -23 Li_OYD WIC i’

5. The integrated circuit package of claim 1, wherein the wireless
commugcation g Farmariseen® (ERSUECISULIR RIOOUGEI e wireless
baseband signals based on first RF signals received by’the antenna; and

S RRL IR R4S 60§88 ond RF signals based on second
basebandesigivalscindugran m@mnﬁﬁ%mﬁ@%%@rgg%g?mhﬁrst RE
antenna. 8. The integrated circuit é?1ckage of claim 5: wherein the first
ba%se%%?ldg gi\éﬁgléyc%ﬁrﬁﬁr?g%nﬁr%t%ﬁp ital data; and wherein the second
basebdhd'éiprais coieyptise spcotutdigitatoata. RE. Bghintedsated cgUitecond
Packadr L GAND: Wherst a has a length that is a vulgar

fraction of a v!%velength o|16I ttﬁ% irsg[%%ﬁ%seggng 'ﬁ@iﬁgﬁé‘?&%ﬁ?pﬁﬁmd by the
iARLYPERed circuit package of claim 1, wherein the wireless communication
circuit is compliant with at least one standard selected from the group
consisténg of JEEE standards 802.11, 802.11 a, 802.11 b, 802.11¢g, 802.11

n, 802°16, an 8dplegrated circuit package of claim 5:

wherein the first baseband signals comprise first digital data; and

wherein the second baseband signals comprise second digital data.

7. The integrated circuit package of claim 5:

wherein the antenna has a length that is a vuligar 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, 802.11g, 802.11n,
802.16, and 802.20.

-24-



