WIRELESS LOCAL AREA NETWORK COMMUNICATIONS MODULE
AND INTEGRATED CHIP PACKAGE BACKGROUND 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 In
general, in one aspect, the invention features a wireless local area
network module comprising: an antenna to receive first orthogonal
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second digital data; a host interface to pr € 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 tgitf@}#g:%e nd OFDM signals between the
communication circuit and oné 0 (r?t and the external antenna
interface tpaccordance Wwitha gontrgl.signal, printed,circuit baard, .
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the external antenna interface. In general, in one aspect, the invention

features a wireless local area negwwrigaRgule comprising means for

receiving first orthogonal frequency-division multiplexing (OFDM) signals,

and for tréh ATEIRy SeeondSORD Misignatsoméeatsriara eameiesinicadingea network
COﬂmﬁiﬂmgcQEﬁMiﬂgmQﬁiUBﬁ@ﬁlﬁﬁeﬂﬂ%B%Eiﬂ@%%?%mg@ialﬁ'%ﬁ&cy-diﬁsmn |

basegan irsHRERM signals, apd.OEDM modulator means fo ,
produci ge%qﬁ?eg_f sZcon F[%?#l?i%hafg%astgdwgﬁggf)nﬁeﬁ | $ERMyosinals; a

intE ARSI S B BotReRRE 16 #r<PHigNhRamedwaioh tsprafductofirst digital data

reteradgpththsetoh OHFDNAl detals, 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 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 anterma interface are arranged on the printed circuit board. Some
emnbodiments 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 comprsing means for receiving first ortho gonal frequency-division
multiplexing (OFDM) signals, and for ransmitting second OFDM signals; means for
communicating comprising OFDM - demodulator means’ for producing first digital

 data based on the first OFDM sigrials, a2nd OFDM modulator means for producing the
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from, the host; external antenna interface means for 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
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' ated circuit to a package substrate; providing a heat sink’comprising
o S BE miie el 4 ereame o serond

Mvisiggakis fetecnieatly ceptingliecantdndatto the wireless commumication
ceemmunication circuit; and thermally coupling the at least one integrated
circuit to the heat sink. In general, in one aspect, the invention features
an intégratedehredimsatkagenmtm prisingthatileaS tfoneriteg aied S dit circuit
pEeaRE| saeharivirle $8RIMBURIGALIQ N, 1 integrated circuit having a plurality of
conductors, the at least one integrated circuit comprising a wireless communication
circuit 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 data; electrically
coupling the conductors on the at least one integrated circuit to a paékage substrate;
providing a heat sink comprising an antenna to receive the first OFDM signals, and to
transmit the second OFDM signals; electrically coupling the antenna to the wireless

commumcation 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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circuit 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 data; an intermediate substrate electrically coupled to the at least

one integrated circuit, the intermediate substrate comprising an antenna
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an intermediate substrate comprising an antenna to receive the first
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general, in one aspect, the invention features a method of forming an

integrdteganiccalit pavkagmeconiprisimgnpcavidingred leastenettdtegtatedackage
&dtepHsing: at least one imtegrated circuit comprising a wireless communication
circuit 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 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 secqnd 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 ome integrated circuit
having a plurality of conductors, the at least one integrated circuit comprising a

wireless communication circuit comprising an orthogonal frequency-division
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having a plurality of conductors, the at least one integrated circuit
comprising a wireless communication circuit 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 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 OFDM signals; and electrically
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OFDM signals, and an OFDM modulator to produce second OFDM signals based on

second digital data; providing a case comprising an antenna to receive the first
OFDM signals, and to 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 signals, 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 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



data to a host, and to receive the second digital data from the host; an
external antenna interface to receive the first R.F 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 -4 first and second RF signals
between the communication circuit and one of the antenna and the
external antenna interface in accordance with a contral signal. Some
fird ARSOTRTABAIS MRS QA TiTRe GratEiPEREER AR SN the one of the antenna
and¢dmeviaicationecineuittarfdcthe: extemahententha ictetfateigimsome
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communicating comprising receive means for" producing,first di |ta?data
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goacdryl RE. signal HaseddB3etdbnd digital data; host interface means for

providing the first digital data to a host, and for receiving the second digital
data foOEFRERhOS BaGTRAChNTN ARV FEPR BT ERN S fofTelees irg ¢Hesquency
(fs) Rbdsignadanprising: means for receiving first RF signals, and for transmitting

second RF signals; means for communicating comprising receive means for
producing 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 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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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, -5 the means for
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wireless communication circuit; a package substrate electrically coupled
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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 antemna, and an OFDM
modulator to produce second OFDM signals based on second digital data, wherein
the second OFDM signals are transmitted by the antenna»vln some embodiments, the
at least one integrated circuit comprises a first surface and a second surface; wherein
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 compmsing a physical-layer device. In some embodiments, the wireless
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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 at least one integrated circuit comprises a first

surface and a second surface; wherein 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
conthihR SeaoagSHllanamRie atleast ongdnieasPahEHC I HIAMEd signals
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a media access controller and baseband
In general, in one aspect, the invention features an integrated circuit package

comprising: at least ome integrated 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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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; 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
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electrically coupling the conductors on the at least 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 commumnication
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.



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; providing an intermediate
substrate comprising an antenna; electrically coupling the antenna to the
wireless communication circuit; electrically coupling the conductors on the -
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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 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 ome integrated circuit comprising a wireless communication



baseband signals, wherein the second RF signals are transmitted by the
antenna. In some embodiments, the first baseband signals comprise first
digital data; and wherein the second baseband signals comprise second
digital data. In some embodiments, the antenna has a length that is a
vulgar fraction of a wavelength of the first and second RF signals. in
some embodiments, the wireless communication circuit is compliant with

._at least.one standard selected from the group consisting of |l EE standards
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RB Big6l& ARCeSMe 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, 802.11g, 802.11n, 802.16, and 802.20.

In general, in ome 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 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.
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controller and baseband circuit; and a second integrated circuit comprising

a physical- layer device. In some embodiments, the wireless

communication circuit comprises: a receive circuit to produce first

baseband signals based on first RF signals received by the antenna; and

a transmit circuit to produce second RF signals based on second

baseband signals, wherein the second.RF signals are transmitted by the

ante the fII’S baseband signals comprise first

i T A B R A it ot cecmnavins
dr FRY. esGEHBB RS, %c%lrfmma@ﬁ lengahrthatis fom the
desarigtipfracticiroyiagaaelehgthtes tieifitst and second RF signals. In

some embodiments, the wireless communication circuit is compliant with

at least one standﬁ isting of =E standards
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he case%aénd elgctncaﬁ/ coupling the arélltenna o qe\%/ foiging an external

h Sc PSSR EmpadrmehtansTevidintrendiegstione preferred
emhf@gmeﬁ circuit comprises: providing a first integrated circuit comprising
access controller and baseband circuit; and providing a second

mteﬁ QTS OnpRgTAl A rysiceackyer demipasing @ Bhet difaits ®brising
an@m@mmrmpgamewmsd&mm@iﬁﬁgﬂtm the accompanying drawings

and the description below. Other features will be apparent from the

deschiftiorf afPHitavirasthadd Fomahefetairisg DES GRIPAMANRFit package
coRBASMINGE: |Gl cohewisia ik AN GRMTMIICRIONS a{g&gg connected to

a host such as a personal computer according to a erreq. -

embd&dfrent. SERY' ghom@arm&nmmnmewmﬁmw@ C&En@ﬁk%ﬁgediate

suamﬁefmbﬂﬂ@ﬂﬁaﬂ@ﬁﬁ%%%&gt@% | tGg}g &xternal.ante

according to a preferred embodimen ows anin IFSP ted circuit
pack&e: comndsingaa hetitesink Camaptifid@iring an integrated circuit package

comprising an intermediate substrate comprising an antenna according to a pretferred
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
comprising a case comprising an antenna according to a preferred embodiment.

The leading digit(s) of each reference numeral used in this specification
indicates the number of the drawing in which the reference numeral first appears.
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an antenna according to a preferred embodiment. FIG 4 shows a method

of manufacturing an integrated circuit package comprising a heat sink
comprising an antenna according to a preferred embodiment. FIG 5

shows an integrated circuit package comprising an intermediate substrate
comprising an antenna according to a preferred embodiment. FIG 6

shows a method of manufacturing an integrated circuit package

comprising an intermediate substrate comprising an antenna according to

a preferred embodPFeIEICD7BEGRAR TR N ated circuit package
comprising a package substrate comprising an antenna according to a
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Othetegratebinamsib ickage uto enpsising @ Sase,tampksingan antenna
according to a preferred embodiment. The leading digit(s) of each
refer%‘}%g TR WEEAN semsyadiitans mintiald? thenenvden of Hagt 104

sudiawing jacwhich db peference ammetal I15aReRA bl BEIA iR 102
gﬁ!?’ iments o esent invention comprise a

“OWireless o%{ggégg%%v%%m@fﬁ%gﬂ%ﬁﬁ R8sttt drapsmit

RE fi@ibhal HeqdeSeyravrieationumiBraking {OFBM) comostirivaties 114 to

communieagowitisiog whosﬂﬁmeHﬂ@ﬁrém%bmmﬁg%@w%&m@mmwi
examgle, as a PC card for use with a laptop computer. Other

emb RPdcSHiaTe et blrmplopittrer implimeitation $6 FiGradse Wsita]
dan \MIsANsedromBFHcaLnsls M Wedl 92500naCted 10 3,05t ’\}sgga z;‘éfg‘f%ganals
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| co r ording to a preferred embodiment.
uggﬁn%%@eogl a@ nten%%glg)%gtgr?ggleieg r%%-ﬁ@ﬁhédéy%ﬁf)@éhéﬁqﬁse 114.

Comprrisifatitsnirrit Signarsvides diesiimataictfoto diretit 04 2yandatiasface
11intBeesieclddtdt 116 preferably comprises a media access controller and baseband
(MAC/BB) receive circuit 120 and a physical-layer device (PHY) receivé circuit 122
that operate according to well-known techniques. Transmit circuit 118 preferably
comprises 2 MAC/BB transmit circuit 124 and a PHY transmit circuit 126 that
operate according to well-known technmiques. 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 2 WLAN communications module 202 comprising an external
antenna interface 204 for connecting an external antenna according to a preferred
embodiment. Elements 106-130 of module 202 are as described above for
communications module 102 of FIG. 1. However, module 202 also includes external
antenna interface 204, a switch 206 and an optional memory such as a register 208.
Extemnal antenna interface 204 can be implemented as a connector that allows an
external antenna 212 to be comnected 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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communicate with host 104, which are preferably arranged on a printed
circuit board. Communication circuit 112 comprises a receive circuit 116 to
produce digital data 128 based on RF signals 108, and a transmit circuit

118 to produce RF signals 110 based, on digital data 130 received from

host 104 over host interface 114. Communication circuit 112 provides

digital data 128 to host 104 over host interface 114. Receive circuit 116
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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 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
mnvention 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 mmposed by the size of heat
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802.16, and 802.20, other regional and national standards, and the like. In

some embodiments, host interface 114 complies with at least one

specification selected from the group comprising complies with at least

one specification selected from the group comprising Peripheral

Component Interconnect (PCI); PCI Express; Mini PCI; PC card;

Universal Serial Bus; and Firewire. Other embodiments employ other
CHeatiBiETSr hostritdidse e 19ngth, Erhboaimdats Sgioprebenyavelength of
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%bﬂﬁfl%at&B%% miogﬁh%%@fiﬁ%ﬂd 4 Y%dgﬁigr?nihﬁ ?ffg&aé&ﬁ&ﬁd : fcations
[ 1 circuit package extends aw om the circuit board to
r%%%%g(t? e heat load on E“gl%iF‘éﬁﬁ?%o%%%%@ﬁﬁ%{’éﬁ%sﬁﬁ%nw> and 2
FroserrinRishteRvire dBEeribdbah fermecot iR GABRestrdotimanttsd theS. The
peseninioueionar: ioplimiteshjosbEBGAS AR 6an bedpplomenied gtandards

RG an rated circuli in ologi ich currently
L T 405 B, Biforepcnal an
AerAsSERgaRichRdatibdiketakihseron canbadianents, hibat sinkb2@cetion circuit

foomedswithin DFD SN2 TS Mede D OMIIRN 1% Jiedl it K 312 IS2D wireless
na. To accommodate size restrictions imposed by the size of heat

-T3sink 322, antenna 315 can have a length that is a vulgar fraction of a

wavelength:of sthensiompisot ansmitied @pdirecsived hy eﬁ’é@ﬁi&!&ﬁf%?m{%cted o the

V%%%%Q fgaé:é %@r%%ﬁ%t% %' %r%% um{teg%r divided b;{ra non-zero inteéger, as 1s

grRage Sbstrte 22 e\/_anf:a Luctve bumps 318.The conductive bumps 318 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
sultable material 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 wusing 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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Integrated circuit package 300 includes a integrated circuit 312 configured
for flip chip mounting. Integrated circuit 312 preferably comprises
communications circuits for transmitting andJor receiving data over
antenna 315. For example, integrated circuit 312 can comprise a
communication circuit comprising a receive circuit to produce first digital
data based on first RF signals received by antenna 315, and a transmit

f EECRila - REAdYcG second RESigbRlS b o] la
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corfifi2tivkg @0Rs13 50 8626 dnf802:20 ofiner iregional andunasionake 300 to a
circtandatds,and the like. in some embodiments, the communication circuit
comprises an OFDM demodulator and an OFDM modulator for use in a
Vvlire1Ef§§”1|H Ahb eﬁﬁﬁﬁr&%éﬁ%@@i%@;@ﬂ@%imeﬁf%%@%i@&t §ﬂ-§u§§ _pacltc)agc 300
elegctric nnected ta-the _package substrate via conductive bumps
o L O o B ek i B B pracical
NUESHH iV tRER el arStidisa3 1Bren Ssldenlamenigdatioysnot AingldiAggrated
cirawid packagie wat?ofmhy m@ﬁi&i&lﬁ%ﬁnﬂéﬁ@@@?ﬂl\%} BOOY¥Y, j:%'iﬂg]%% integréted
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S e e e T e ot e
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may t&acgloevgst% the package fubstr e 326 using any flip chip

m P IRRRRB RS PR DG UshishRyt package

compatible Bondlng mF“é fod sUch as
308rfeamptifat® Mt kel saheidanmmesinBansurfare3P0 ol ditedratepteferred
enditdith iR isTatiaahegbie sniipaksipkodrRdor£oupinghealyar framthe 3 1o
hai@}:? gactggd%icrgouitg g. Theahi%a% SlilrI]'F 322 ma?/.be madg?ﬁlc any thermally |

coritictive material stch as qsopsperaacﬁdvfﬁ% AN SRR HTE b Rstic RE ses
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a ive, solder, and press- applying a mechanica

b%lpcse 5 h%%ﬁ?s%lg?jf é‘te)v1| g 2“NEaP SRR gg?%orﬁprﬁ%%g i amtenna 315 (step
406), electrically coupling antenna 315 to the wireless communication circuit (step

408), 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 antenma 515 according to a preferred embodiment.
Integrated circuit package 510 is preferably a modified FCBGA that can optionally
dissipate approximately the same amount of heat as 2 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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of the integrated circuit 312 or the package substrate 326. For example, a
thermally conductive epoxy may be used as the attachment item 324.
Package substrate 326 may be made of any substrate material suitable
for ball grid array mounting to a device such as a circuit board or
substaigaAdkialitakicendyei 330.are provided for
i coﬁme?:%a .intetﬁ:;t%% cirag%ié gﬂac%?g%ﬂ?%%sfg%g%r}%ﬁﬂ% %%?g g? {ie ﬁl%ged for
e nTmBar 8t Tt AR EN QifS A S TR AR e il aleXarraraoioes one
Or Feewrdingioiembodimentanobthéopresnfinventioplis POt dpiied tDheRAGediate
vAmyipratical sumberakintegrated circuits; be implemente .
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TOE¥ Db ARt EyrekssAisAlmaasuctive material such as Pb/Sa 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 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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are not limited to FCBGASs, and can be implemented using any other

integrated circuit packaging technologies which currently exist or are

under development. -15 Integrated circuit package 500 includes a

integrated circuit 512 configured for flip chip mounting that is attached to

an intermediate substrate 514 that comprises one or more antennas 515

that can be formed, for example, by etching intermediate substrate 514.

To accommodate size restrictions imposed by the size of intermediate
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DoRdingHire cewrsURd vead 1 AthBISthe brovide mEehadical support and

moislfr rotection. Tlggégjt:{e?grﬁted circuit 512 may be attached to the
inter st Siette iR FRARIPIHY BhwipastRetsosdingtrhisodball
grelieirals mieanine dmpdssisns sl deringirent dpautato Buwnchad heai@snally, a

support layer 525 such as an epoxy or other suitable material may be inserted between
intermediate substrate 514 and package substrate 526 to provide addition mechanical
support. A plurality of conductive bumps 530 are provided 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
Integrated circuits 512 comprises 2 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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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 -16 isolate the integrated

_circuit 512 such as adhesive, solder, and_press-fitting by applying a.

uﬂ%@Eﬁm|1%?&#8%&?%%&%&%%&%@%&8%@ﬂ%&ﬁawseﬁlb g or are
undimnteenchatersubstrate 514. For example, a thermally conductive epoxy

may be used as the attachment item 524. The intermediate substrate 514
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Package substrate 726 comprises one or more antennas 715, which can be
attached on a surface of package substrate 726 or formed within package substrate
726. To accommodate size restrictions imposed by the size of package substrate 726,
antenna 715 can have 2 length that 1s a vulgar fraction of a 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
flip chip mounting. Integrated circuit 712 preferably comprises commumnications
circuits for transmitting and/or receiving data over antemnma 715. For example,
integrated circuit 712 can comprise a communication circuit comprising a receive
circuit to produce first digital data based on first RF signals received by antenna 715, -
and a transmit circuit to produce second RF signals based on second digital data,

wherein the second RF signals are transmitted by antenna 715. The communications
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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. Furthermore while

CmurEl%%glrpents .of then?rgsentclgventlon @ cribed in terms of FCBGASd
Other embBodiments are Aot Iimited 3 FCB ,stse GHPBL (MorrRietpd 2
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natigpse fleaderibodnidhe Methbd Boncompridiessptoviinganteastcation circuit

conifpiegratad GRDUE 31 bavinera-6an ey QTSR R firslSHEASS 4 wireless
herein integrated circuit 512 comprises a wireless communication circuit
}step 602), providing an intermediate substrate 514 comprising an

anteqnase knrater7684s el H}’eﬁ%ﬁ@ﬁi‘g ARen Q@éﬁlé&ﬁ g?)%ﬂ\é'é?e& 33 the
C %mmu atio Cunéﬁ%ﬁﬁ@ electr Iy couplin n uctor
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formeddzetvany aleps Gl @efucss, matmié suitaly BoSpl Btgdlerteﬂﬁﬁﬁhgtenoys
of gubgHalR 5140 A BUHAGE A PBBKAGBRUBSIRIEIR 20 Mig,a piﬂrég g or, oéher

nd wi 10). FIG.7 shows an integrated circuit pa
S’mgorr‘ts'prlnéafneé1 %Zp%%ﬁggge%s@éseﬁa%e?% ¥rsiRBaRsanldnAEy7 £y used as an

emheddragigatragdisicire ¢ @Mbgtimenmpinte §ratguwiideitpatisigel ZaPpsrt and

mdﬂﬁfﬂ apytec 6B Ghe E%kﬁé’gf&t@de QRagimantsof P‘hﬁe LRSS R0 rkgéﬁa e
errb terms of FCB bodrmentsIE present invention are

Sub aI|m| E%I,‘%E’GAS an é’ imPTRRERReY (ARG REY SiAdod such  as
thqﬁ’fmféﬁiﬂm iﬂi@kﬁgﬁagﬁ@%ﬂﬁﬁéﬂ@gmmmwmtly exist or are

o FSOTS HRTF o 6 G REF o LSO G oF RN S Beaand o
hezpgnd Bdnkd wauphipmbkagersubtvateh? A6t cEoanat oirvundat®, ERional heat
sileSIiglions I asat Ry theySreA{RRCk B RUMRSIRISH9 such as copper and
thermally conductive plastic. The integrated circuit 712 may be attached to the heat
sink 722 by any attachment item 724 that does not thermally isolate the integrated
circuit 712 such as adhesive, solder, and press-fitting by 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 integrated circuit package 700 to a
circuit board or the like.

The number of integrated circuits 712 in itttegrated 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 2 multichip module (MCM). For example, an integrated
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antenna 715 can have a length that is a vulgar fraction of a 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 flip chip mounting. Integrated circuit 712
preferably comprises communications circuits for transmitting and/or

cirfBRCHIRG0ata QY LBNBBNAY Tn.d Ghexanue, Infgarafed Cliedlt 712 can .
comprise a communication circuit comprlsm&qa receive cwcuﬁ {6 produce
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715,%62&8@,36@%@? SOTMALISBICT6C E IR B Bihelaetgicnial aoupling the
conditiinabstemard gt difeniiy $oneaepabRANSIHSIHNE 726 comprising an
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u and Ag, and metallic coated polymeric “In addition, an epoxy
or otfié€: sPiitstetersnate intciprrdd Hedwe e £o W@Y}?ﬂ?ﬂ%?ﬁ 418 may,,

i ial for the.conductive bumps 718 to
°°%%*3?§%%§&“§%??§?2§%§§&%@§9%%igt I SRR SgRea? can be
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Case 922 comprises one or more antennas 915, which can be attached on a
surface of case 122 or formed within case 122. To accommodate size Testrictions
imposed by the size of case 922, antemna 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 nomn-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 antemna 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 digita] data
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thermally conductive plastic. The integrated circuit 712 may be attached to
the heat sink 722 by any attachment item 724 that does not thermally
isolate the integrated circuit 712 such as adhesive, solder, and
press-fitting by 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.
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Package substrate 926 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 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 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.

FIG 10 shows a method 1000 of manufacturing an integrated circuit package
900 comprising a case 922 comprising an anterma 915 according to a preferred
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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. Case 922 comprises one or more
antennas 915, which can be attached on a surface of case 122 or formed
within case 122. To accommodate size restrictions imposed by the size of
case 922, antenna 915 can have a length that is a vulgar fraction of a
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data, -20 wherein th(af seco d RF signals are transmitted by antenna 915.

The co § i<l 2 hfodinvsatiess have been described.
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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. A first surface 916 of the integrated
circuit 912 is electrically connected to the package substrate 926 via
conductive bumps 918. The conductive bumps 918 maybe 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 bumps 918 may
be used as an



embedding material for the conductive bumps 918 to provide mechanical

support and moisture protection. The integrated circuit 912 may be

attached to the package substrate 926 using any flip chip compatible

bonding method such as thermocompression, soldering, encapsulation, LoyYD WISE
- and adhesives. Antenna 915 can be electrically coupled to integrated

circuit 912 by conductive bumps 918, by other conventional types of
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922 comprising an antenna 915 according to a preferred -21 ]
ERAHOARRAD FURRPISPEBIVR IRB ISIOHNY 29020 S fRdianasat the
sEeUHP OF DRVEgna RO tle Aatarmicancetisdiiplcaupse whaselireless
integrated circuit 912 comprises  a wireless communicatjon circuit (step

SO UNCER A UM IR dBR AR B ANBR ey Rt I5eshoBef 2

printeackagst dndaiadathdat 3ipk thheendisdye the packalR GieBtrate.
1004), providing a case 922 comprising an anterma 915 (step 1006),

electrically coupling antenna 915 to the wireless communication circuit
(step 1908), The eteasitedntirelateh ciiaye 81 2laiithin case 922 (step

1010). A number of implementations of the invention have heen .
descri P RIBIBRIRALKESE RHESUils SIE0T ALY AE S 0aiReasve
maygeetoaderadoof thepat lewgstrone titegptiteandrsaipe of the invention.
Accordingly, other

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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implementations are within the scope of the following claims. LLOYD WSE

Claims 1. An integrated circuit package comprising: at least one integrated

circuit comprising a wireless communication circuit comprising an

orthogonal frequency-division multiplexing (OFDM) demodulator to LLOYD WISE
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 pap@gReytariRrelacpiaboeruPisine NoAkiAStRESvireless

integrated circuit and an antenna to receive the first OFDM signals and to

ERAREAIR SRR SHRYIERATMRERESAlS, the antenna electrically coupled to

- the wirglpsseiverefiuaationgiiee ifirsteasEbliriadiiping kakuaed wEhRF
at least one of a printed circuit board and a heat sink that encloses the

PIPRIR EeSEGARY DrerARtGRBEARE circuit package of claim 1: wherein
the pagkaapsHRLiRigiiseiReiced seenteRFigigAAM BRYR doomasciend

surface of the at least one integrated circuit. 3. A flip chip ball gt;rid arra
basragaLsSiapRsny irEsINdBr e UL Sinalsett dansTiuearRy the
HHegrated 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

compriging a PhEsisRigavedsine: p2ka§OYLMIESE: 5. The integrated
circuit package of claim 1, wherejn the wireless co unication circuit
oo e 8 D S R BB A SRR BB L Bl ialgn pe

first Rwherein 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 vulgar fraction of a wavelength of the

first and second RF signals.

8. The integrated circuit package of claim 1, wherein the wireless
communication circuit is compliant with at least one standard selected from the
group consisting of IEEE standards 802.11, 802.11a, 802.11b, 802.11g,
802.11n, 802.16, and 802.20.
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signals received by the antenna; and a transmit circuit to produce second
RF signals based on second baseband signals, wherein the second RF
signals are transmitted by the antenna. 6. The integrated 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 tat is aNyaeEREH U EHR YIRISEXBAPpHYdrst and second RF

signals. 8. The integrated circuit package of claim 1, wherein the wireless
commlﬁ#ibﬁ'ﬁi@@%@ﬁ%@éﬁ%ﬁ'&%@ﬁﬁrﬁﬂ@d@g FhWIERIPR FPREIEERGAtioN
Henitherapigneensisting of IEEE standards 802.11, 802.11a, 802.11b,
802.11g, 802.11n, 802.16, and 802.20. -24 LLOYD WISE 9. An

integrafti ¥HRABONA KRR EBRMLAIRIC AP XN QU M) derppdulator to
PESARIGEI igs? AVEiele SR P BHBEA I 6AlNRt CIEDIKT isingnan orthogonal
frequency-division multiplexing (OFDM) demodulator to  produce first

digital GALFEMdRHat EHRIGY IR SesRAA L DR M HNRISIRREE on second
gigeniceasgcand OFDM signals based on second digital data; and a case
comprising an antenna to receive the first OFDM signals, and to transmit

the se@FESEBNINISHILNARIBIN GO dRRSHE BeHReR WM rsiaralsand to
aadém@gw@@auwagﬁwc?r@:ﬁawrwf ﬁiﬁﬁﬁ*@t&m@ﬁ'_ HAA Férféﬁﬁgé@-\/\mﬂm the
integrated., circuit package of claim 9, further comprising; a package.
CHBAE BRI Do RS B IR TR BT &GRS e ot
least one integrated circuit. 11. A flip chip ball grid array package

ising the integrated circuit
Comp”?&g s?’Ilwrétlaﬁ]tegrate clilrcuit package of claim 9, further comprising:
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a package substrate electrically coupled via conductive bumps to a
surface of the at least one integrated circuit.

11.  Aflip chip ball grid array package comprising the integrated circuit
package of claim 10.

12.  The integrated circuit package of claim 9, wherein the at least one
integrated circuit comprises:

a first integrated circuit comprising a media access controller and
baseband circuit; and

a second integrated circuit comprising a physical-layer device.

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

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

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

antenna.
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package of claim 10. 12. The integrated circuit package of claim 9,
wherein the at least one integrated circuit comprises: a first integrated
circuit comprising a media access controller and baseband circuit; and a
second integrated circuit comprising a physical-layer device. 13. The
integrated circuit package of claim 9, wherein the wireless communication
circuit comprises: a receive circuit to produce first baseband signals based

on first3F sigm@qr{%%g Byrdhe Bg% 8pe|fkagmit circuit to

produce second RF,si({;naIs based on second baseband signals, wherein
the sed¥RRIrRiR higfist hesphasmhwiendy axmariesHirst digial dets\ange
14. Th@v%?@ﬁﬁﬁ@_ §E%ﬁ@%@% REGERIAR i’s?fémﬁf%i@ e diwef @@ﬂ%@@%@a.
signals comprise first digital data; and wherein the second baseband
signals comprise second digital data. 15. The integrated circuit package

of claim4.3: whgeeintéipAsteBneuNasRitagat thadim ayulgar fraction of a

wavelength of the first and second RF siﬂgals. 16. The integrated circuit

packad¥relnithe anfenemhas alrneth Tahinmnilems raston .of a wavelength

6PMBlMRt with stteard RFesigmaderd selected from the group consisting of
IEEE standards 802.11, 802.11a, 802.11b, 802.11g, 802.11 n, 802.16,

and 802.20. -26
16. The integrated circuit package of claim 9, wherein the wireless
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communication circuit is compliant with at least one standard selected from the
group consisting of IEEE standards 802.11, 802.11a, 802.11b, 802.11g,
802.11n, 802.16, and 802.20.
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