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WO 2005/ 006591 PCT/ US2004/ 018168 MULTI PLE ANTENNA
WER4d3Mbs481 AND METHOD TO PROVI DE | NTERFERENCE PCT/US2004/018168
DETECTI ON AND CANCELLATI ON BACKGROUND 5 Destructive
interference due to nmultipath fading and interfering

signal s M% TFP?.@URﬂT‘ENI\ﬁQWPﬁAﬁR‘TUSt ANI® MEFROD2TO PROVIDE
si gnal s A\ﬁg%ﬁ‘% E DEf @ﬁbrﬁ%NB%@ﬂﬁLﬁaﬁloﬂﬁy

arrive at I'n-space ase and out phase,

and may conbine with |nterfer| ng signals, this may
M%tructive interference. The destructive

) e may result in dead spots, where signals

may not be received. 10 Wrel ess designers are

cont Desgltive mieddrienge due talndtipathefadimgsandinterderieg signals may
probl enms due to nultipath fading and interfering

rédUbRd %du@?‘%ﬁ é%%%!e% SBh&E, BifcdRgNaNGRiBaEof dbjests and

matter regar as the invention, is particularly

A ol o 'ﬁﬁ?hgé%,'eaéﬁﬁ@gt. . pay oo i

inserteing slginale, tis gl Ao Gube Ble gl Ziﬂeﬁﬂ%ﬂw

advant ages thereof, nmay best be underst ood b )
interfencane enay teaulisnfd@aricﬁmtﬁ; wharaisignals st "‘fbf;/ be Fecgived-

read with the acconpanying drawings in which: 20 FIG
Wirdlessdesipnemt are atintigually sédrohingor aljiermate walysde reduce

communi cati on device in accordance with an enbodi nent

gfblén’ﬂ@ d@@%%mtupamm@an@meﬂrérﬁg gighalsa schemati c

lagramillustrating a wreless conmuni cati on device
i n accordance with an enbodi nent of the present
i nventi on.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The present
invention, however, both as to organization and method of operation, together with |
objects, features, and advantages thereof, may best be understood by reference

to the following detailed description when read with the accompanying drawings in

which:

FIG. 1 is a schematic diagram illustrating a wireless communication device
in accordance with an embodiment of the present invention; and
FIG. 2 is a schematic diagram illustrating a wireless communication device

in accordance with an embodiment of the present invention.
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i *@00002* WD 2005/ 006591 PCT/ US2004/ 018168 It will be
wppoesiostoad that for sinplicity and clarity of PCT/US2004/018168
illustration, elements illustrated in the figures

have not necessarily been drawn to scale. For exanple,

t he jdyimsapmreckiied g fof siﬁifyﬂcw ang st of ilkxstration atlerhents
relative to other elenents for clarity. Further, where

illt%%ﬁaldjﬁlrtﬁg @g&@@ﬂ&b@pﬁg ngéés%bﬁgﬁ%é}yn Vi fo sGalBa¥Rr example,

een repeat anong I gure I cate

cqsrespondi or I u el n
G ARETRICR] FATeD 5 FEOleS 28 AxAEr Al &Y RIS fp other
nunmerous specific details are set forth in order to
elgipentsder alafiftr budher winera cansidatpdaPRepria g@fw ence numerals
i nvention. However, it 10 will be understood by those
hav& ibeleadepaatdteamong thexfigures tprirdieate ¢arraspondingrayanalogous
practiced wi thout these specific details. In other
eldmeitances, wel | - known net hods, procedures, conponents
and circuits have not been described in detail so as
not to obscure the present invention. In the

' Lpkjon and clains, the terns "include"
Q%I-%’-L%y Buu..Fﬁﬁﬁg,&N along with their derivatives, my
be used, and are intended to be treated as synonyns
f or Irethehfolioiving detailed diescription, mumerotis ispeaifingietails are set forth
description and clains, the terns "coupl ed" and

in 6@@3'?@??@ﬂdé adtheraLighi dritddrbeindinglef thegiresenst inventidre However, it

used. |t should be understood that these terns are not

will & %Hggfété‘éd %Qg&’ﬁkiﬂé’d irPfe P iHi the Bré<Eit invdhtion may be
par ti cular enbodi nents,

practiced without these specific details. In other instances, well-known methods,

procedures, components and circuits have not been described in detail so as not

to obscure the present invention.

In the following description and claims, the terms "include" and
"comprise," along with their derivatives, may be used, and are intended to be
treated as synonyms for each other. In addition, in the following description
and claims, the terms "coupled" and "connected," along with their
derivatives, may be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular embodiments,
"connected"” may be used to indicate that two or more elements are in direct
physical or electrical contact with each other. "Coupled" may mean that two
or more elements are in direct physical or electrical contact. However,

"coupled" may also mean that two or more elements are not in direct contact
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20 "connected" may be used to indicate that two or
WEr200%006%8Int s are in direct physical or el ect rPCEIUS2004/018168
contact with each other. "Coupled" may nmean that two

or nore elenments are in direct physical or electrical

veitinieach .othemeer yet Stilbedloperatesr lﬂ’tér@cfm\ﬁfh bEéﬁ dther,or

nore elenents are not in direct contact

22?5/%659%gﬂ_{eg§%9&419930§ g? a°8f’%{1'ﬁ'%§858 E}F\ﬁtfnay be

still co-operate or
1 |Ilustrates features of the present invention

"?Gr?éP°W§9d (ato B Wielgss spaumumicatian devited® such as, for example, a
comuni cation device 10 such as, for exanple, a d obal

Giglal System tor\ MotileCommmirdastions (GSBV) paresbletHandset.
handset. 5 Al though the receiver is shown as a direct

AtthioughstherecBRRIr V€ EhoRinh&s atdifees c%fnvers%ﬁ I 4Ei%er UstheP Sypes of
a super-heterodyne receiver or a sanpling recs rver
receiver is not a

f
A lerd st PRl e e s v may be
ustrated in FIG 1 may also be referred to as a
5%4 ANchthe Berp af eecaiverdaantya imationces ther preteneiangition. The

of a sanpling receiver is a RF-to-digital 10 receiver.

reéeivenditystfatedshriiGL di indytdiso delreférréd R\¥8 P26 intermediate
descrl bed as providing differential signals but it

e, PRLIYS DR P BRtei® o S5 RIRS o30S0t P PR Sioicl

out |mt|ngt
recelﬁ}(les or .transmts a nodul at ed

ei.t her
r G%%SC?‘JPF@\W' fof ﬁmhgltg erfileditsohayeibeen desaribad jas providing
FIG 1is a multiple antenna and 15 nmultiple receiver
ditfgrntial signaiabuiityshisuld sedunderstgod vieatesinglé-ended signals may
resilience to multi-path fading and interfering

besugsthlwithoit! IFAitiFgY tHe"BBIMNE S0bRLY MR4tter.

The transceiver either receives or transmits a modulated signal from
multiple antennas 30 and 130. Shown in FIG. 1 is a multiple antenna and
multiple receiver apparatus that may be used to improve a radio's resilience to
multi-path fading and interfering signals, which may improve throughput.

Wireless device 10 may include a direct conversion primary receiver 20
that may include a Low Noise Amplifier (LNA) 40 having an input terminal
coupled to antenna 30 for amplifying the received signal such as, for
example, a received radio frequency (RF) signal. A mixer 50 translates the
carrier frequency of the received modulated signal, down-converting the
frequency of the modulated signal in the primary receiver. The down-

converted, baseband signal may be filtered through a filter 60 and converted
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Wrel ess device 10 may include a direct conversion

WO 200§/89659%3cei ver 20 that may include a Low Noi sRCT/US2004/018168
Amplifier (LNA) 40 having an input term nal coupled

to antenna 30 for anplifying the received signal such
fram, afh analRy sigaaptea digitalaepveseritation biyr ag varatgg-(TRFPigital

si gnal . A m xer 50 transl at es the «carrier frequency

varie: (5] Y80 TREWHAHA dept i1 ViayP BB‘t?a’s%bB&h%\?gh digital

?tl
requencyo ate signal 1n the primr
ece

ﬂmqeé?‘@arﬁ ARGe & Bling Frags %Eg%ﬁé’%ﬁﬁaﬁﬁﬁpéﬁya w”%ﬂon

2005/ 006591 PCT/ US2004/ 018168 from an anal og signal to
pracasgirt 200 dpmineatyateceivery2Qnmixer 50 isTéuthert ¢alipled to a
Converter (ADC) 70. The digital representation may be

VW@&EI&%G@%:%M'(VO@)@O% rfebbﬁ/@réh BEtiflatdrosi§RANTIThe

transferred to a baseband and application processor
20 f r
fréeimnaatot i TRl FEIHEEAR if 1 adiiTon § 54&%%5 neghby a
to receive qn,QSC|IIator_si nal . The freguenc t he :
prepear OB ipvdivising glovn 3 q'@a%gmaﬂelda%la zﬁmeﬁee (PLL).
by a prescaler 90 in dividing down a signal gener at ed

by artdhaaesteivkr hemnpfurihar) incltite 4 direst eoweersigry secondary
further include a direct conversion secondary

. . i ]
"Ny “%S’oﬁﬁivrﬁﬁg‘mmﬁ8”'?%*5’3'&%%*‘#"?‘9?&'S’F‘EJ"“’ Réving an
. { 30 t Lifi th d du
ingigfeaingl GRYpls 18PN A0 ThedcurenlEjes FaRLIeE PERIE

the carrier in the nodulated signal. Wth the

médelgtash signaf. tﬁhmlmmﬁatmovsiegnfa{eqummmtraoemgmfeﬂthencarrler in
the second receiver 120, the baseband signal may be

théirhbgulated %@”n‘élig|Wl':thfthbtfﬁéqdeﬁ{bya@ﬂﬂ@ﬁwmﬂ@dfélgﬁhladbwn-

anal og signal to a digital
converted in the second receiver 120, the baseband signal may be filtered
through a filter 160 and converted from an analog signal to a digital
representation value by an Analog-To-Digital Converter (ADC) 170. The
digital representation value may be passed through digital channel filters prior
to being passed to a baseband and application processor 200. The processor
is coupled to primary receiver 20 and to secondary receiver 120 to provide, in
general, the digital processing of the received data within communications
device 10.

A memory device 210 may be coupled to processor 200 to store data

and/or instructions. In some embodiments, memory device 210 may be a

volatile memory such as, for example, a Static Random Access Memory
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.15 representation value by an Anal og- To-Di gi tal

BP9 ADC) 170. The digital representati oRCYAIS2ID4/018168
may be passed through digital channel filters prior

to being passed to a baseband and application

(SRAM)S,?&ODZRQ%C ﬁ%ﬁchPﬁ%SéQé Mérﬁoﬁpmﬁﬁ%t é’rerS yithfonous

receiver 20 and to secondary receiver priovi de,

the di gi,t al t he received
e o lisie b ond | SERRNT Sufwyichietiagons of the
device 210 may be coupled to processor 200 to store
cipiingd sibdgedrmatier is oot Gmited in Bisreespestdiinmitesnatenor y
device 210 may be a volatile nmenory such as, for

emtasdiinentsy ribaiorg dBisto M 6668 DeMe MehY ofati®memor ry st such as, for
2005/ 006591 PCT/ US2004/ 018168 (SRAM, a Dynam c ndom

oS54, PR LB/ RSN IGHE, ARG (O

| ai. ubj ect ter is not limted in this res .
E{e TP E2sRDie Mo FRresTmABIRORGAI B Memory, ASERROM, a flash
nonvol atile nenory such as, for 5 exanple, an

mEneertyr iINAINDyoriNOG typres iheluBiradmOitiple itopsr ¢ERR@Werrédlectric
El ectrically Erasable and Progranmmabl e Read Only

RABISIYACESTIN Aoy {) r?{t( iRkt aﬁﬁg?n Access
its per cel ?

i ncluding nmultiple erroel ectri

MERRAeAReRaE W%I&F%aﬁ\gg o L@,\ﬁém{ ah Ovonics

Access l\/la‘rmr}(/usM an Ovonics 10 Un|f| ed Menory
Upifigd) Memnary SloUidinos Wik ateraery sunh asafesiexanaple, an

el ect ronechani cal hard di sk, an optical disk, a

elaegontachadicak haed disky aﬂtchﬂlicaldﬁ.w @nﬁaﬁ.}j@\%l@iced@f( oF @hyther
instructions and/or data. However, it shoul

device capable of storing instructions and/or data. However, it should be

understood that the scope of the present invention is not limited to these

examples.

The analog front end that includes primary receiver 20 and secondary
receiver 120 may be embedded with processor 200 as a mixed-mode
integrated circuit. Alternatively, primary receiver 20 and secondary receiver
120 may be a stand-alone Radio Frequency (RF) integrated analog circuit that
includes low noise amplifiers, mixers, digital filters and ADCs. In yet another
embodiment having a different partitioning of elements, the analog circuit may
include low noise amplifiers and mixer(s), while the filters and ADCs may be
included with the baseband processor. Accordingly, embodiments of the

present invention may be used in a variety of applications, with the claimed
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underst ood that the scope of the present invention is

W 20039868%d to these exanples. 15 The anal og f?g}‘{p52004/{)18168
end that includes primary receiver 20 and secondary
receiver 120 may be enbedded with processor 200 as a
subjsetmatthr inconpegatededitti/intainsicrogardrolters veeyerapPHRase

recei ver 20 and secondary receiver 120 may be a

midroPeocdsenes, F@rgrter Bi dgg?rwsueéﬁé (DBP@HrWétﬂfbe%ﬂms@ﬁsctron Set

crrcurt that inclu | ow noi se anplifiers, mxers,

e HSE R oAt PRty Sby PR Hing SRR UABHY othor

anal og circuit may include | ow noise anplifiers and
elgrirenicsgomanneats. hin particatar, 1he mmtnlayeeeonmev bga¢sed in
wi th the baseband processor. Accordingly, enbodinents

srabrtt pifongd, @deihuniteeois and Peysdreal Digital AssistantsdPPDAY), base
applications, with the clained 5 WO 2005/ 006591

'b'frﬁr é ﬁi%gﬁ‘iégﬂgr]rgg o6 miRiid e or q?&f?arcﬂoé rSH‘rent automotive

m Cf o ro Iers genera pur pose

Cropr,ocessoy s, ital nal Processors,
saRet, 88 ArRLcRIYe: paDEaNt, BBl Aoy R Stgtanapt bioducts.
Instruction-Set Conputing (ClSC), anobng ot her
Helwever,dhishoulthbe nmdesstobd that the scape aftthepresent invention is
invention may be used in 5 smart phones, conmunicators

nANimea 8" AbsPetahifled'ssi st ants (PDA$), base band and
appl i cation processors nedrcal or biotech equi pnent,

aut t|ve afe C

aut IS soiatin'edidh BRPIsECLo £Fav BhaaRes: {8 giinet

be under st ood t hat the sco e of the present invention
repeivenghainsmh egeiverinabe. éaéhgreéaboq'mwrféraéﬂaces the

comuni cation device 10 may use at |east two distinct
individual receiver chains on separate integrated circuits, a single synthesizer

drives mixer 50 in one receiver chain in primary receiver 20 and further drives
mixer 150 in another receiver chain in secondary receiver 120. The two

distinct receiver chains on separate chips are used to implement a dual-

- antenna, dual-receiver based on a direct down conversion architecture. Thus,

with VCO 80 located within primary receiver 20, the signals from the VCO
are transferrer:i through a differential output buffer, e.g. amplifier 100, to
external terminals. The inputs of a differential input buffer, e.g., amplifier
180, are coupled to input terminals on secondary receiver 120, and coupled
to receive signals from VCO 80 via traces 190. Thus, amplifier 100
interfaces VCO 80 on primary receiver 20 to the external environment, and to

amplifier 180 on secondary receiver 120. The physical traces 190 external to
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recei ver chains or receiver paths. In the enbodi nent
WOR00540083s t he i ndividual receiver chains on PCT/US2004/018168
separate integrated circuits, a single synthesizer

drives m xer 50 in one receiver chain in primry

theaeeeivers Athyaprbvide bRamnviionnesnt aviag IdwOnbiBe &Rt 168V signal
recei ver chain in secondary receiver 120. The two 15

loglé St . oy | ;

of RS, U0 BY RAGREGPOUTARTIA Buf Hipligalfog o 1eo
| i rect, dovvgﬁjnvar.si on architecture. Thus, wth _VCO

allowv aotiagleq G 1 Ariye iMixeys PRABIC,ePPargte THBUEIIGH SiECUits that
fromthe VCO are transferred through a differenti al

mavtheuwssdslitd impleenent adpbi-antennaGeceiver, eadert oaldirect-down
termnals. The inputs of a differential input buffer,

conv@rsion @rehité&re0 180, are coupled to input term nals
on secondary receiver 120, and coupled to receive

[ f. V. Q, Vi 190, . Thus. [ifi
00 Fon 2o PRlreR feelleR of efhiarit inVSior payipe
external environnent, and to anplifier 180 on

inGpEHIgH N Actasieivar 240 thahmayhyes atleast awesdiptinct receiver
external to 6 WD 2005/ 006591 PCT/ US2004/ 018168 t he

chagseonpathsimandataeastetio arnehnaeires twikdless ¢ ondwuRfiatn
and | ow signal |oss. Again, the use of differential

. o | .
AeBPPIOTI hIPHheRERhEAL 8 (180 a8 e prcenn
np| ement . a, dual - ant.enna

circuits that be, us {Q.i . )
30} WA % st 59 et 6 A Diordn' el S diaisdb hannal Hiters. The
architecture. FIG 2 illustrates features of the
sepord eeteiverveminonay lirtludeanbenna 1380y holAtId®,imixar 150, filter
receiver 240 that nmay use at |east two distinct
160 D@ Er70 @Raithe digitRRéHEnnel Mitterd. IS Ris dBoAMERDBSth

in a wreless commnication
receiver chains. are integrated together onto the same integrated circuit that
further includes a VCO 80. VCO 80 is separated from mixers 50 and 150 by
respective amplifiers 100 and 180. Note that VCO 80 is coupled to a Phase
Lock Loop (PLL) that may or may not be integrated with receiver 240.
Further note that in one embodiment, receiver 240 may be integrated with
processor 200 onto a single chip.

Receiver 240 may provide an area and power efficient implementation

of a direct-down conversion architectur'e having only one synthesizer to drive
the mixers of both receiver chains. In this embodiment, one PLL drives VCO

80, with feedback from the VCO through a prescaler 90 to the PLL. Buffer

amplifiers 100 and 180 couple the VCO signals to the respective mixers 50
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device 230. In this enbodinment, the first receiver
WR085P099%% ncl ude antenna 10 30, LNA 40, ni xer B@T/US2004/018168
filter 60, ADC 70 and the digital channel filters. The
second receiver chain may include antenna 130, LNA

anch 3 50nafxeachs sxxeiver chain, Wwhere Alme bufferandplifiersdirgivide additional
channel filters. In this enbodi nent both receiver

iselatioRDetentrROfRb 88céi08ethginsont 0 the sane
integrated circuit that further includes a VCO 80.

VCO [ rat e XLrs. 5 5
res p\g@thi @éé%ﬁ?ﬁoi Iglrc'fsg' 2@8@% ti\goﬁrs%gg 8&&%5?%@%6% may
) COlép| ed to a Phase Lock. Loogo (PLL) that ma7y or may not
ingludepregnag 9. iNA 4QJeixpsdQiiter 60 ARG 7foerd digitalighannel
one enbodi nent, receiver 240 may be integrated wth
filpare anay opeldl@ inrdrpactiveé ngdde thrgceie acsignal a4d prowide
provi de an area and power efficient inplenmentation 20
| - r u . .
PO A0S it MaBRURS SIGRISS" EIALAgS fr SR/ rkiVer chain
chains. |n this embogdi , e PLL Y \ 8
thif R melia RN are e DO 1400 miken Boedier JBQAPE 170 and
the PLL. Buffer anplifiers 100 and 180 coupl e the VCO
digitajreiagnebfittaes maypeperate inrak aradiveOmpdetioo@esive0s Signal and
PCT/ US2004/ 018168 and 150 of each receiver chain,
providegorbbesduif 160 vtk lgubdrstrd syl MvEVa)

i sol ati on between the two receiver chains. W

t
ma bF iR for peribds o e apd Brhindodtei e 6t e
60, ADC 70 and digital channel 5 filters nay operate
enphledn active node to receive a si gnal and provide

processor 200 with quadrature signals. Likew se, the
secdwsdsribestrated inhElGy 1, antennas 30 and 130 may be adapted to

( oﬁh receive chains

receive radio frequency (RF) signals. In addition to receiving signals, antenna
30 may be switchably or selectively coupled to transmit signals. For
example, antenna 30 may be switchably coupled to an output terminal of
power amplifier (not shown) via a switch (not shown). Antenna 30 may be
referred to as a primary antenna or also as a tra;msmit and receive
(TX/RX)antenna. Antenna 130 may be referred to as a secondary antenna or
a receive only (RX only) antenna.

In one embodiment, antennas 30 and 130 may be antennas havidg
different structural types. For example, antenna 30 may be a "whip"
antenna, a “"stub" antenna or a dipole antenna, while antenna 130 may be a

microstrip patch antenna. A microstrip patch antenna may be layer of metal,
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that may include antenna 130, LNA 140, m xer 150,
wolomsr00d99, ADC 170 and digital channel filterCTmes2004/018168
operate in an active node to receive a signal and

provi de processor 200 with quadrature signals.

e.g0O\WRYPEr, HRIra hRGHYY ?Iaﬁr&\dﬁﬁ\al,ﬂbg%lépbﬁtéﬂw hif endilator
perlods ‘of time and then i ndependent |y sel ected and

m@gagt‘n{:d As is illustrated in FIG 1, antennas 30 and
y be adapted to receive radio frequency (RF)

signals. In addition to receiving signals, antenna 30
may IBeoRgemiinsdiment, antenaat3Q anay b@wae'@dﬁi'qrr RAtiRrA different

signals. For 15 exanple, antenna 30 nay be sw tchably

thaotié esdibcoapadtdrpwif dreenhadl3®f Fopewampapantenaa IO ohay be
shown) via a switch (not shown). Antenna 30 may be

r . | t
an thfafectohdarlpRl HRYNGE reRI e ®) ofidiort phiRR g,
referred tp as a s ndary antenna or . a recei onl
capgblecH preing SIEnas oM, anglesi g anm%ée 8y be a
and 130 may be antennas havi ng dlfferent structural
diregties anFemnzhavipges dusctve sadietionypastera, evihi gapable of
antenna, a "stub" antenna or a dipole antenna, while

rec@NiAf HgAS9 fAR fdePandles! OA! MivhiPab e Mstunt Grﬂﬁénné may be an
mcrostrip patch antenna may be | ayer of .netal,

om Qe U Ahe b ba refariiponets) 8RR maY Be Sadvacti

material. In one enbodi nent, antenna 30 may_ have a
anteaaat inothip gmbadiment s enairdirectianal antepnai 3 My be used in
pattern of antenna 130. For exanple, antenna 30 nay be

conjunction with the directive antenna 130 to provide radiation pattern

diversity. As illustrated in FIGS. 1 and 2, antennas 30 and 130 may be
respectively coupled to at least two different receive paths to receive at least
two different signals. This embodiment may provide processing of de-
correlated signals that are received by antennas 30 and 130, and processed
by the sepafate receive paths. These different or de-correlated signals may
be processed by a digital baseband logic circui_t, e.g., baseband-application
processor 200. This embodiment may be used to provide interference
detection and cancellation, and may improve throughput over systems not
using at least two receivers and at least two antennas having different
radiation pattern characteristics.

Antennas 30 and 130 may also provide "antenna diversity" to reduce

problems due to destructive interference from multipath fading or interference
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5 an omi-directional antenna having a non-directive
WAL2098/De8R91pat t ern, e.g., capable of receiving sPgUAIS3004/018168
from many angles., and antenna 130 may be a directive
antenna having a directive radiation pattern, e.g.,
sigagiabl Antwinnas @ and NMBG ingavbe ddparatednd adiabeserntined

"whi p" or "stub" antenna nay be an omni-directional

; n n r e y. he.
BR80T Yl BRRERASRAD, BBbrB6ick antenna
.omi_-directional antenna 30 nay be used in
diKEFncT 1S SPAHAhSARRSAHPR i avenaAs Rhend IGQ map desrease the

radi ation pattern diversity. As illustrated in FIGS.
likelihndd 2hatibotmeaterB@sa30 ahdi01 8@ yrebeive rthesamhé \comybination of

coupled to at least two different receive paths to

mORRHNFadéd 'o?ﬁtterfetriﬂg Q%EE%‘EGN signals. This
e | de

nbodi ment may prov rocessi ng of de 15 correl ated

si gnal at .ane receive nas. 30 and 130, and

o1 o ald Pies GEpcES 0 Pad e I ARk Hpa duth WO

different or de-correlated signals may be processed
anggnRasiaRd tWo mesiimpathsoty teasive twvo, signals not correlated to each

baseband- applicati on processor 200. This enbodi nent

othew, this isagst 4 linfitaalonder thé présm isFentitit.e ThieOsriRéiBles of the
cancel l ation, and may i nprove throughput over systens

or ARS8 iy S ABEIRUR B AR il § o s B o
characterjstics. Antenpas 30 and 130 nmay al so provide

than, {oniegetye Ratdis: 1o recsivemare thap dwaaignalse t o
destructive interference fromnmultipath fading or
i nt én boeamkodinwhit? deTid23650 AndCT3QRRHNP belddiLidr telophones. In
signals. Antennas 30 and 130 may be separated by a

thiﬁreﬁ“ﬁﬁécﬁﬁ@d%?(ﬁcprgﬁti%hadﬁﬁateﬁ 8- 30 Rhay g@%txtémll‘ttott% housing of

centinmeters to provi Ee ant enn
devices 10 or 230 and antenna 130 may be internal to the housing of devices
10 and 230.

Although the scope of the present invention is not limited in this respect,
wireless communication devices 10 and 230 may be adapted to process a variety
of wireless communication protocols such wireless personal area network
(WPAN) protocols, wireless local area network (WLAN) protocols, wireless
metropolitan area network (WMAN) protocols, or wireless wide area network
(WWAN) protocols.

Although the scope of the present invention is not limited in this

respect, wireless communication devices 10 and 230 may be each be a wireless

telephone, a personal digital assistant (PDA), a laptop or portable computer with
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diversity. The spatial separation of antennas 30 and
WORPRB06dcr ease the |ikelihood that both ant ePEEESB04/018168
and 130 receive the sane conbination of 5
mul ti path-faded or interfering signals. Although
wirgless eapability| ae wirtlessridcalRdreametvbHUGVLANS dcoesd pbimt (AP), a
antennas and two receive paths to receive tw signals

wetptablet] & Pagier,thri Msktt esdifig déits, 4 8@"@! nusic player a digital

limtation of the present |nvent|on The principl és
coitha, Bf GRRRLelREE Maifa B8 et @%@%E%%L%W

ve [ h n In,one e
infaERIE Wi caal SBcPthRy StbogETpraroY o A GEL2S) Fray be a set-
this enbodi nent, a portion of antenna 30 may be
topshox rpatewayh of Rduslitimedia centeviwitswireless capebilihd The gateway
antenna 130 may be internal to the housing of devices

mayinehde8 digithbsuibdoribies iné (BSEL ARSI otrbaecmle%ﬁaaem, and a

invention is not limted in this respect, W|re ess

o T B B b6 Hn e s TP RV IBRO T Pabies v

rocess a varie
w rel ess personal area network (WPAN) protocols,
a"aﬂrE\g@@&vrqﬁ@a@'s’ar(QA/%mwk (WLAN) protocols, wreless

metropolitan area network (WVAN) protocols, or
wi r ¥Viealessvdevices 48 anek 280 mnaBhe U¥EdNIn amy)bbthd fllowing systems:
Al t hough the scope of the present invention is not

a Wirelesegersonbharea HetHBAE [WPAN)adyRSmCS! Wﬂéllés?sﬁfdcﬁﬁarea network
devi ces 10 and 230 nay be each’be a w rel ess

v phompeRtn, Subeisaabudholunly 2GR IR ptytess wie

arda qé%?l?%\ﬂ/v%ﬁl}gystem, although the scope of the present invention is not
limited in this respect. An example of WLAN system includes the Industrial
Electrical and Electronics Engineers (IEEE) 802.11 standard. An example of a
WMAN system includes the Industrial Electrical and Electronics Engineers (IEEE)
802.16 standard. An example of a WPAN system includes Bluetooth™
(Bluetooth is a registered trademark of the Bluetooth Special Interest Group).
Examples of cellular systems include: Code Division Multiple Access (CDMA)
cellular radiotelephone communication systems, Global System for Mobile
Communications (GSM) cellular radiotelephone systems, Enhanced data for GSM
Evolution (EDGE) systems, North American Digital Cellular (NADC) cellular
radiotelephone systems, Time Division Multiple Access (TDMA) systems,
Extended-TDMA (E-TDMA) cellular radiotelephone systems, GPRS, third
generation (3G) systems like Wide-band CDMA (WCDMA), CDMA-2000,

11



Wi rel ess capability, an wireless |ocal area network

WORepHa¥dess point (AP), a web tablet, a pagePCT/HR2004/018168

i nstant messagi ng device, a digital nusic player, a

digital camera, or other devices that may be adapted
Urtiversablibilé Tefebopimuaiatisas SyswmygUMIIS)wor tHeeliled.y. I n

ot her enbodi nents, devices 10 and 230 nmay be a set 5

top Wﬁﬁe ceﬂaﬂﬁf{%’{@)’es 8f tRe M dritiBRAhave Sﬁéﬁrilld!ﬁi‘ted and

wirel ess capability. The gatevvay may i nc

subscri ber m.or a,cabl e .
defhfibed hefdlRerenyrmasiEs e s BB Rl ey ia0BegaaNg euivalents ~
ersonal video recorder (PVR) and a digital video
witlinaw (qoeDy tpithgse skiliedenethe artviltis therefate, 280bemndeestood
used in any of the follow ng systens: 10 a wireless

th@@ﬂ@ﬁﬁberﬂi&ﬁcl&ﬂhw% iRl )86 @eR alRsUeh eh&fisichiéas and

area network system a wireless netropolitan
tenp r area network
Ch?b\g\%ﬁ)%g st"gﬁ%q%@%%‘dghs‘%wﬁ tgtipewoeﬁ?oﬁe pr esent
inventionls not limted in this respect. An exanple

of WLAN systemincludes the Industrial Electrical and
El ectroni cs Engineers (I EEE) 802.11 standard. An
exanple of a 15 WWVAN system i ncludes the Industri al
El ectrical and El ectronics Engi neers (I EEE) 802. 16
standard. An exanple of a WPAN system i ncl udes

Bl uet oot hTM (Bluetooth is a registered trademark of
the Bluetooth Special Interest Goup). Exanples of
cellular systens include: Code D vision Miultiple
Access (CDMA) cel lular radi otel ephone contuni cati on
systens, G obal System for Mobile 20 Comruni cati ons
(GSM cel l ul ar radiotel ephone systens, Enhanced data
for GSM Evolution (EDGE) systens, North Anerican
Digital Cellular (NADC) cellular radiotel ephone
systens, Tinme Division Miultiple Access (TDVA) systens,
Ext ended- TDVA ( E- TDMA) cel | ul ar radi ot el ephone
systens, GPRS, third

12
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generation (3G systens |ike Wde-band CDVA (WCDMA),
BIOMA02/0691 11 WO 2005/ 006591 PCT/ US2004/ 018168 pCT/US2004/018168
Uni versal Mobil e Tel ecommuni cati ons System (UMIS), or

the like. Wiile certain features of the invention have

beencidihystrated and described herein, many
nmodi f1 cations, substitutions, changes, and equival ents
wi || now pccur to those skilled in the art. It is,

t her bf or & APPRAYSASPEWIS t hat the appended cl ai ms

are intended to cover all such nodifications and
charfyfisstaanteane agupkichte adfinst geceiperiandof t he
i nvention. 12 WO 2005/ 006591 PCT/ US2004/ 018168 d ai rs

q 1.a decampantdnim coWsipditdi igecend récdivarnamn ﬁavmgU@lr@aiation
to a first receiver; and a second antenna coupled to a

: it ern
PRRUARRAR e £ Paah Mo O e %y anedifld
antenna. 2. The apparatus of claim1, wherein the
first antenna is an omi - directional antenna having a
non-directive radiation pattern and wherein the
secchd anfrenapparatas df ctaitn ¥ e whereimnthehfinsit mptenna is an omni-
directive radiation pattern 10 3. The apparat us of

dirlctibAblanteh@aahdVind @ Adn-Siredfiv € MadiationhattirR £ AHRein the

stub antenna, or dipole antenna.
second antenna is a directive antenna having a directive radiation pattern

3. The apparatus of claim 1, wherein the first antenna is a whip

antenna, stub antenna, or dipole antenna.

4, The apparatus of claim 1, wherein the second antenna is a

microstrip patch antenna.

5. The apparatus of claim 1, wherein the first receiver comprises a
first low noise amplifier (LNA) having an input terminal coupled to the first
antenna and wherein the second receiver is separate from the first receiver
and comprises a second low noise amplifier (LNA) having an input terminal

coupled to the second antenna.

6. The apparatus of claim 1, wherein the first receiver is a direct

13
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4. The apparatus of claim1, wherein the second

Wi 2005160659 a 15 microstrip patch antenna. 5. ThPCT/US2004/018168
apparatus of claim1, wherein the first receiver

conprises a first tow noise anplifier (LNA) having an

comptsioneredeNa@r afdURhBFbih dhk R dontdSlece®l f B i conversmn

wherein the second receiver is separate fromthe first

rdcBfifdrver 20 and conprises a second | ow noise anplifier
(: % havi ng an i nput term nal coupled to the second

antenna. 6. The apparatus of claim1, wherein the

first receiver is a direct 13 WD 2005/ 006591

PCT/ US2004/ 018168 conversi on recei ver and wherein the

second receiver is a direct conversion receiver. 5 7.

The apparatus of claim 1, further conprising a

baseband o) t / . iV

Che Sacons apBntwE “PLliin' £ ltfher SoHhphERGid Bhedbtna
ntenna.receives a first radio

wherein t

p’PFSﬁ?}Hn%%PP((?‘PS#} {T@Egﬁt ERAPIYH ARG o §0CORT FOREIY /e ei ves
a second 10 radi o frequency (RF) signal that is not
correlated to the first signal and further conprising
a baseband logic circuit adapted to process the first

radigy f rewigpsaratds bf eldpah, WskrbietHeefirtbrt8qhs receives a
frequency (RF signal to provide interference
The a aratu

ArEPLAA0 YRRy R Sl B thececbine PeRBAeRBsd socond

&H\gw convert_a first si gnal fromthe first antenna and
ragipeireqvenaye(Rid signp! that és vet correlatagitedhedirgswignal and further

convert a second signal fromthe second antenna.
comprising a baseband logic circuit adapted to process the first radio

frequency (RF) signal and the second radio frequency (RF) signal to provide

interference detection and cancellation .

9. The apparatus of claim 1, wherein the first receiver is adapted to
down convert a first signal from the first antenna and wherein the second

receiver is adapted to down convert a second signal from the second antenna.

10. A system, comprising:
a wireless wide area network (WWAN) device, comprising:
a first antenna coupled to a first receiver; and
a second antenna coupled to a second receiver and having a

radiation pattern different than a radiation pattern of the first antenna.

14
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10. A system conprising: 20 a wirel ess wi de area

\ﬂ@éﬁﬂ%@ﬁsém'\b device, comprising: a first anpedfis2004/018168

0 afirst receiver; and a second antenna
coupled to a second receiver and having a radiation

pattern different t di n t
firshtl-antldgngystem V%C%UUS{@O ie'ﬁégg L)&%@Eg Cﬂ@%e%re?f stwork
The system of claim 10, wherein the wirel ess wide area
(WiatAddirie 2 8lANGr talepherg.| ul ar tel ephone. 12. The system
of claim1ll, wherein at least a portion of the first
5 antenna is .external to a housing of the cellular
tel ephone and wherein the second antenna is internal

to t1§] OW ]:CirbEF a6 { y! %e‘i?h%“%@t a portidRdf the first

syst ere n rst antenna i s an
omi - directional antenna aV| n di rect ,ve

antemnais extepaaliierm hakgingheh & celfuan telephere Safl Whgrgin the

a directive antenna having a directive radiation

seRahl &intenddis iktoriaiad the hoosirg afjthe eelular telerhene st
signal froma first antenna at the input termnal of a

first receiver; and 15 receiving a second signal
different fromthe first signal froma second antenna

? Letf%e‘d: gﬁ]egﬁ\tlsetrﬁrgn} szhao gvﬁ}erggi (F'%eft'enn glt(‘é‘fﬁ‘?é & Bn omni-

different than the radiation pattern of the cf rl_l
dimectienshantzbnashaving anpemdirestive radigtion patieingnd w erein the
conpri si ng:
second antenna is a directive antenna having a directive radiation pattern.

14. A method, comprising:

receiving a first signal from a first antenna at the input terminal of a

first receiver; and
receiving a second signal different from the first signal from a second
antenna at the input terminal of a second receiver, wherein the radiation

pattern of the first antenna is different than the radiation pattern of the

second antenna.
15. The method of claim 14, further comprising:

downconverting the first signal to a first baseband signal; and

downconverting the first signal to a second baseband signal.

15
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ovvnconvert| ng the first signal to a first baseband _
WiOA9/00653d  downconverting the first signal toPgT/US2004/018168
second baseband si gnal . 15 WD 2005/ 006591

PCT/ US2004/ 018168 16. The net hod of claim 14, wherein
r ecel @i nglhe fietbodfgelaim 1donmhesis recriving adirsheignal
first signal froman omi-directional antenna having a

cdiﬁﬁﬁé’M Mﬁ? RE st %f@;n‘é@ﬁo@ﬁ An &ni‘a?dnr@t‘ﬁoﬁ&ﬁ &9@nhk having a

'ai m 16, e|n rece|V|ngt he first signal from an
trec?éop enna i ncludes receiving the first
"‘E}ngﬁﬁ? Y& 531 %lpﬁ' ec{ﬂtenna 18. The nmethod of claim

14, wherein receiving a second signal 10 conprises
recei ving the second signal froma directive antenna
having a directive radiation pattern. 19. The net hod

of clAal MTKe MdtRbEI ot ¢18itei16, \Whéfe seeelihgstientifst digmahfrom
a directive antenna conprises receiving the second

arc b irkEBBhE drtelhG iREILER rBALIGhPRIERRA: sighal from a whip

antenna.

18. The method of claim 14, wherein receiving a second signal
comprises receiving the second signal from a directive antenna having a

directive radiation pattern.
19. The method of claim 18, wherein receiving the second signal

from a directive antenna comprises receiving the second signal from a

microstrip patch antenna.
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