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WD 2005/ 006591 PCT/ US2004/ 018168 MUILTI PLE ANTENNA
APPARATUS AND METHOD TO PROVI DE | NTERFERENCE DETECTI ON
WONDSOHANCEL LATI ON BACKGROUND 5 Destructive  PCT/US2004/018168

interference due to nultipath fading and interfering
signals may reduce a radio's ability to receive

si gnal ULSTIPEe ANTFRNA APPLEATIOEfARDI IRETHIE A O PROVIDE
arfive alingEREERENCE BE?@%T‘#@NPR%WC?\%@HI@ ophase,

and may conbine w Interfering sign IS may

result in destructive interference. The destructive

B_Ag%@mce may result in dead spots, where signals
received. 10 Wrel ess designers are

continually searching for alternate ways to reduce
pr oBésinuctivednteofenenas et to Mmattipath feding andirterferingg signals may
signals. BRI EF DESCRI PTI ON OF THE DRAW NGS The subj ect

redueé batadicgabilgdoasceine sighei)t Site digndIe Féfledt béfrdbjects and
poi nted out and 15 distinctly clained in the

maY ARGt A ’@oﬁg i Eﬁéb@@ag%mé%esé’rﬁfbm-%ﬁ%, ahBnaY %réreﬁ{%noe  with

nventi on wever, as to organi zati on and

il RS 885 VS8l i B e BGER® olcve

. reference to ghe foll ow n\% detail ed descrigti on when
InteriesenGi MavReYl &%@ﬁéﬁ@@tﬁg berawiagalsimay WAt bk received.g
| is a schematic diagramillustrating a wrel ess
Wirglgsmeasigners areieontiwially seathingitos cdternate waysdatredueent
of the present invention; and FIG 2 is a schematic
prodieaus due itd hustipadh fadjing and rieeefesing signatg.cat i on devi ce
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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1 WD 2005/ 006591 PCT/ US2004/018168 It will be
appreciated that for sinplicity and clarity of

WO kdoamoasat i on, el enents illustrated in the fi geeEESvave18168
not necessarily been drawn to scale. For exanple, the
di mensi ons of sone of the elenents are exaggerated

r ejt afifl ve dpprédised thel foremyslicitgrand kit yof ilfustratien, elements
wher e consi dered appropriate, reference nunerals 5

illusthass |H?I¢é‘fd§@r%§ﬂa@/@ rﬁiﬂ%@e&éﬁll bEER &Pl td @Qél@atFQ)r example,

corr espondr ng ‘or anal ogous enents. DETAILE
e JTREFS Lot bEFsefy %ﬁ*ﬂ%&d%%e@%?&?ﬁ efé&r‘"’%?% gher,
clenfarTe T AT BT, #Rgr%r%a 7 BBPRRIGHS ERaChge PHaeses

skilled in the art that the present inventjon may be
have baen repeates anmang hedigarepiingicateieeresronding of ﬁ@?'OQOUS

i nstances, well-known nethods, procedures, conponents
ebn&nﬂsﬁircuits have not been described in detail so as

not to obscure the present invention. In the

foll owi ng description and clains, the terns "incl ude"
DET%@EE&%)EQ@%H?TR?N" along with thelr derivatives, may

be-used, ana are i ntended to be treated as synonyns

for each ot her. In addition, in the fO||OMAnq

deltihepollowingadriaiacdescripting, RenREOUSERANITEEtgigare set forth

"connected,” along with their derivatives, may be

in ondeetb ptctvm!aehalﬂh@’ohgh wnderstandidg of éhe pressot inventionr Eowsver, it

i ntended as synonyns for each other. Rather, in
will PaUhbestesd Byrfsbeauiied) in2he 'éemaerrteeplr'ésaﬁMnbenﬁmmatydoe

indicate that two or nore elenents are in direct
praq‘ﬁgota B\ﬁ@gp@ﬁ\f}%@%ﬁﬁd{ﬁt&iﬁ; RIGthet hBiprel, REMRhown 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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or nore elenents are in direct physical or electrical

contact. However, "coupled' may also nean that two or
worss/oedserrent s are not in direct contact 2 WO PCT/US2004/018168

2005/ 006591 PCT/ US2004/ 018168 with each other, but

yet still co-operate or interact with each other. FIG

with éadHistHer! Bat {8EHN @8- (Sfﬁerhﬂ,fopfrﬁé%tt Wit @3ththknat
may be incor por at ed into a wirel ess communication

d temfor a

vorr 5 i eRedFoashs BT el iy it raey be'

Al t hough the receiver is shown as a direct conversion
incPERUALER int@ @heirelggseepramunicatisinideyce téhsueh gs, for example, a

super - het erodyne receiver or a sanpling receiver my
Global Systein fand Mbbil¢ YoenmwiunicationgdGSM) poitabld hamdsidt on

of the present invention. The receiver illustrated in
Altﬁbl%h hERYc A 80islh dverh %%raeglré@t @§n\?er§ff5"n°re'c@f\ferr ”Sﬂqez?tt?pes of
frequency (I1F) receiver. exa a sa

reckfVRfy %ﬁ??ﬁstehé%?rr%%}ﬁf@mreelcgﬁcﬁélgéme T tagce'verf may be

providing differential signals but it should be
usegh dadstheoty perelt reseivgr és entiedingitgtien of itag présenisedention. The
without Iimting the clainmed subject matter. The

rectivensinaitieged én FI@S 1mRERIaVRShO refler RIUSK AS adzdtB IterbRUiate
signal from nmultiple antennas 30 and 130. Shown in

fre(gdeq:\cyl |ESreefigrl | A %xg%?%g?g%él%ﬁéém@% 18r 2&?' tbigital

ara us that may be use ara
res h fading and interferi
1IN RN AT S SN NI O R R——
device 10 may include a direct conversion primary
diffeegrgial sigregts bhalt stepuld el webkerstdoalt Hbisiegl&vgpidietli stgnals may
(LNA) 40 having an input termnal coupled to antenna
be 8ed QitiIR! linh¥ingaheh@ain®sEbYBdce htadr. such as, for
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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20 exanple, a received radio frequency (RF) signal. A
m xer 50 translates the carrier frequency of the
wo e@siovesdl nodul at ed signal, down-converting thBCT/US2004/018168
frequency of the nodul ated signal in the primary
recei ver. The down- converted, baseband signal may be

frorhldnt Sh 88y SN ah Adigital fs r@@erﬂ%@oﬁcﬁw&ﬁtlﬁ%@gm -Digital
2005/ 006591 PCT/ US2004/ 018168 from an anal og signal

Conaf% éqf\@d)?}A%C% i Sﬁhf"}é&?g?%%ﬁﬁgn% ss@dgtjh?gu%h digital

repre enta Ion
passed through digital channel filters prior to belng

chaﬂnahfslﬁ%rﬁr@eprtf@ '%P'BS%@J’&‘%”S%%%BWQ%’H dosnd gpBEeRLSt

200. In primary receiver 20, mxer 50 is further
procenspl &DC. olrapfimdoy recsveloR0r alikerdbQ8s iflittheocoUMed)todd
to receive an oscillator signal. The frequency of the

VoligdnebnRbvd @%@ui%xort N éo) @gaio Reivd ah Oscilatsiesighal. NeHe

y a prescaler 90 in dividing down a signal generated

e Lock Loo LL he .transcei ver
frecbrBhaH DR o HIoNIeRcY s e G eet wd%?s?f%'ned by a
receiver 120 that may include a Low Noi se
pregaaigy) 9@ 40 diddinggdawn a eignapaenereted Rxla Ebage éackéoop (PLL).
antenna 130 that anplifies another received nodul ated

si gl traksddivér ma§Fupthey iinteedé meditrnaiorivieesish afeicondaly
the carrier i n the nodul ated signal. Wth the

rec%' 8rq'1'§6°t¥1 92%0%58}0?/? ﬂlm l# ‘mLN 2”1\’4?(5 th%glr{gnan

e secon I ver ase S|gn
filtere ough a f||t§£0160 and gonverted fron1a

'np%nt&rwaj .CQHQ eq B antargia hp0 153t apiplidien @aeitasr (Beeiedy

an Anal og-To-Digital Converter (ADC) 170. The digital _
moduptesssighat i Anmixaruib Orpyoidep dsspentrtoarghatibry of ghe carrier in

channel filters prior to being passed to a baseband
the IS @BRId §i8hBRNVIEID €8S $iRGUEABY of tRe PROGEISEAY signal down-
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 digitat 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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is coupled to primary receiver 20 and to secondary
receiver 120 to provide, in general, the digital
w@e@smesPng of the received data wi thin comunPCHUSINS018168
20 device 10. A nenory device 210 may be coupled to
processor 200 to store data and/or instructions. In

(SRINIE, £BR% rﬁa?xdoﬂ?%clésf’%ﬂérﬁ% §2 a%yR\éPs'réﬁddse
rrem)ry suc as, for exarrp tatic ndom ccess
005/ 006591 04/ 018 SRA
L e R S Ao ths ERPo RS dBe

Dynam ¢ Random Access Menory (SDRAM, although the
claistasheulject matter| iained dingited sethisuesracti dnrajternatd ted i n
this respect. In alternate enbodi nents, nenory device

emBadiniats Pehetn Ygny@)ias i21® ﬂﬁ%é’a-ﬂ&ﬂoﬂ’@:ﬂeﬁﬁém@ry such as, for
exanple, an Electrically Progranmabl e Read-Only Menory

oM S o AL P o
EleqieioP DU LTS NATIGTA AR Ry (VR Y (EERBOMYea flash
Ferroel ectric Random Access Menory (PFRAM, a

meiviagy ¢NAMN DRan INOR Ay pe sinchisting yn(liRe\Mpits aer oebihizEertoelectric
Unified Menory (OQUM, a disk nmenory such as, for

Rarﬁibzﬁm&eﬁmﬂeﬁio?? FRARAN AP Q9 eh Fefr ol sdtric FurRiinh Fcess

a magnetic di sk, or any other device capable of

%9 dﬁ%@%@@é@ﬁ BB R A2 UGB ATl s

imted to these exanples. 15 The anal og front
Umélﬁd Mﬁmorv heUMb s giskmaeoreserb&s. 3o axamela citar y

electromechanical hard disk, an optical disk, a magnetic disk, or any other
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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receiver 120 may be enbedded with processor 200 as a
m xed-nobde integrated circuit. Alternatively, primary

w0 e@siovespl 20 and secondary receiver 120 nmay bRCHUS2004/018168
st and- al one Radi o Frequency (RF) integrated anal og
circuit that includes |ow noise anplifiers, mxers,

subféictlinh @ltef INcofpéradedl Wit Zivio IficY@dorpalidieS g@@er%rfﬁﬂﬁﬁd&m
having a different partitioning of elenents, the

_ I Crouit el . > _
i 0B Shrs . diedl oo UP S8 ADRRAE R IrEfieBiEeser
Wi th the baseband processor. Accordingly, enbodi nents
Congputing (R\ﬁ@s&ww'ﬁgéﬂ%ﬁr%ﬂm%&q@@dﬂw (G'Sﬁ» aEnG pther

applications, with the clained 5 WO 2005/ 006591
eledRPONiC/$20rER468n pautli¢det, thtpgresentnicoeptoatreay be used in
with/into mcrocontrollers, general-purpose

smdit PhBRESCESHA thiclodd bAab Far8owdl oREPASSIsEar(tEIPPIAS), base
Reduced I nstruction-Set Conmputing (Rl SC), Conplex

[.nstyuction-Set Conputing (Cl.SC).. ng_at her .
pang i Ho e sRaRv e Mibdica e BN b ingepptomotive
i nvention may be used in 5 smart phones, communi cators
safefyrrebprBAEHY DEgHrane s ngtaHenqtpeAsfotavent peaflicisd
appl i cation processors, nedical or biotech equipnent,

Hovaen et siveuld $af etderstubdotieitabbiscopeqf ihegmieseanthvention is
aut onoti ve i nfotai nnent products. However, it should

notkPi?nibedﬁf%é)éédedélﬁble%he scope of the present invention
i's i t

[ not limte 0 these exanples. 10 Wrel ess

co ni cati on device 10 nm se at |east two distinct

r o TielsS craUnisatipe R 1 HETAL userrt ReSt B d T

that places the individual receiver chains on
receie@raghamins iontregeiserepathst clui the, embedimyert thattecdszte

drives mxer 50 in one receiver chain in primry
indivieiegl Wfeivdl ¢hiind bhtdepardteiiM@syrated 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 transferred 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

6



10

15

20

m xer 150 in another receiver chain in secondary

recei ver 120. The two 15 distinct receiver chains on
wa@epanadtsel chi ps are used to i nplenent a dual - BOT/ERV84/018168

dual -recei ver based on a direct down conversi on

architecture. Thus, wth VCO 80 |ocated within

the PE¢ETREN MAGPre@ideZdh ehbifomingAahavingdaw RBis¥@EAd BRI signal
transferred through a differential output buffer, e.qg.

amalifi : IR ]
los< Roair,ihe §88 o el gl SR TR, orFifirbBPYRR g Teo
coupled to_ input termnals on secondary receiver 120
allowng sl V&P P AIreceIXars Qryhap SePARIE VTS BBted GIreyisy Hat
190. Thus, anmplifier 100 interfaces VCO 80 on prinmary
may beaisedrtoZthglemehe aeckiaramaéneanveceivere besedmah dioect-down
anplifier 180 on secondary receiver 120. The physi cal
conl/BASES ardiieRXl@r nal to 6 WD 2005/ 006591
PCT/ US2004/ 018168 the receivers may provide an

eny Lo nt. having, | ow nqise and .l.ow si.gn | 0SS,
ro G 2T AR sPer Y of dhd up s YRS Thap iy be
. anplifiers 100 and 180 allow a single VCO to drive,
incarpgeated dn at ipeeliep A4k Ehatinayuseat leasicive Slistipgt reggiyer
be used to inplenent a dual -antenna receiver, based on

chaflisr @Cpatheyant ardeyarisi@anasiistincd wireledd Eomznunication
illustrates features of the present invention that nay

devf%%a%%ﬁf%ﬁgrsaéﬁﬂohnn@n{ GEFIQif?fgtghe%%%ért@{aimaypﬁﬁ:hg&%tantenna

I'stinct recéiver alns or paths, an

I t two. antennas in a, w.reless comuni cation evi c
30, 13 1), TRiHRE g i ADCHEO Arvher DERRG Ehardted Haray The

include antenna 10 30, LNA 40, mxer 50, filter 60,
secomCraceivenichain rdayinclude Rateraia 1 80t ENA 140e mixerdd@, filter

receiver chain may include antenna 130, LNA 140, m xer
160LDCf170 @hd the digital channel filters. In this embodiment both
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 architecture 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

7
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160, ADC 170 and the digital channel filters. In this
enbodi nent both receiver chains are integrated
WO o@siieapl ont o the same integrated circuit thaPCT/US2004/018168
further includes a VCO 80. VCO 80 is separated from
m xers 50 and 150 by 15 respective anplifiers 100 and
and 18D oNeheh trBediv¥CEh&A, Whereuhk enliffer amphdee prooide dddifional
(PLL) that nay or nmay not be integrated with receiver

.so|32t4oq1 Bgmg(%%?g?%g) Fe%@h/e'r Rpape enbodi ment, receiver 240

rocessor 200 onto a single

| Recei ver 240 rra pro n area and
o Wi Eoferenis EnbHEat | GO S0t NSt aPraver dbRi that may

conversion architecture having only one synthesizer to
inclulte getennae3®i kNAs40f mioern50 efiken 60, AL W and digital channel
enbodi nent, one PLL drives VCO 80, with feedback from

fntewﬁxa\i%éraf@ugan%c@i&x@&ﬁaa@&o9@cénoetahﬁgRbLan@%fr6\ﬁae
anplifiers 100 and 180 couple the VCO signals to the

prodsE3BE2bhH 8 dfdats of q%%’ SAHLEREY B soepnd ragsiver chain

where the buffer anplifi erladr ovi de addi ti onal
that gy db¢lode attapen 150 LN 14&: anixer 18@aifiiter 1§@HADC 170 and
reference to FIGS. 1 and 2, the first receiver chain

digitahghanay! filtersl mde cpetratena BDactivAndte to xareidd a digmdlemd
60, ADC 70 and digital channel 5 filters nay operate

provifle ??o@é‘stsio\“éd@) H 8u£c§"r%?ur\ées@na°'lbgr}%w@09r Hfd%ﬁ'r‘é@elﬁ/e chains

pro essor 200 with quadrature”signals. Li Kew se
econd recgiver. chain. that nt enna
may, R R IV ok deripds O imedincrioh REePemaediy SeREHd ahd
channel filters may operate in an active node to
enabledei ve a signal and provide processor 200 with
guadrature signals. However, both receive chains
As is illustrated in FIG. 1, antennas 30 and 130 may be adapted to
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 transmit 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 having
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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10 may be inactive for periods of tinme and then
i ndependently selected and enabled. As is illustrated

WO p00F0@s91L, ant ennas 30 and 130 may be adapt edP@DUS2004/018168
receive radio frequency (RF) signals. In addition to
receiving signals, antenna 30 may be switchably or

e.g. S@bﬁﬁér‘ \SReY ac@‘éﬁhﬁg)l&@ ahtlanayide SdrtHrated by @h ikBulator
exanpl e, antenna 30 nay be switchably coupled to an

matQ45Pput term nal of power anplifier (not shown) via a
switch (not shown). Antenna 30 may be referred to as
a primary antenna or also_as a transmit and recei
( TANFOOSATORAHN RPN 30 WAy N5y er 2 adiplan RgtiRrn ifferent
secondary antenna or a receive only (RX only)

tharattiee rathati@0 pbtteom of ambechard 80, ot exaraple3@ndertha 30 nmmay be
be antennas having different structural types. For

an o‘?ﬁﬁxmlr@ctmﬁffaq %ﬂ%r?aohérﬁﬁ benén-difatave réﬂ”aﬁﬁﬂ%at@erns'éuéé

ant enna or di pol e antenna whi | e antenna 130 may
mcroslrl h, ant enna. Amcrotr|
capdhip &ifaSry D slonalser 861 LI SR FiPefEdctd may be a
PCT/ U82004/ 018168 e.g., oper, .over a ground plan

diregiiivie gajea Bayng & @me%tyveara iaaQn REBEM eer ¢anable §fone
enbodi nent, antenna 30 may have a radiation pattern

receiVihb &rigmdls ftdiﬁrﬁﬂehieaﬁgidé.at Adtwhipt't@r'stob” anteneamkyObe an
For exanpl e, antenna 30 may be 5 an omi - di recti onal

omrﬁ'?ﬁr%'&ﬂ@ng % £29n l[:F‘d‘stth 3) ttél‘ﬂﬂ:‘l K& 3 directive
g., e o rece| ving s rom man an_gl es. ,
ot oo o8 Bl e pqppaﬂ'eé@é:@a'nva%a@%meaba@raevsenasead

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 separate receive paths. These different or de-correlated signals may
be processed by a digital baseband logic circuit, 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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receiving signals fromfixed angles. A "whip" or

"stub" antenna may be an ommi-directional antenna and
W@209500658t ri p patch antenna nmay be a directi vePdDUS2004/018168

antenna. In this enbodi nent, ommi-directional antenna

30 may be used in conjunction with the directive

signdlt. eARGerHd 80 OYBdenapBeaddpafatRat B\ebhredeefinéd -
As illustrated in FIGS. 1 and 2, antennas 30 and 130

disti%e be?g.,gagcf’lﬁg&t éﬁlc?tljtytvsg %@hﬁﬂ]ettgrsafcr\{\)\?gﬁs&)lr?‘p@edérﬁtfeﬁhgnt

recéiv O recelve at |east rent
. ngnaIs. Thi s enbodi nent may provi de processi ng of de
diversjtyno e spati@l sppwation: pfaanteppas SCand d 3Q mav: €ecigasaghe

and 130, and processed by the separate receive paths.
likelFveslethdit fifodh exmttermmasd80cord &BAtredeiveghal samaygontienation of
processed by a digital baseband logic circuit, e.g.,

mulﬁ%ﬁbﬁaﬁféﬁaﬁﬁhk&%ﬂirﬁﬁ‘sidPi’aPé%eSSOf 200. Thi s enbodi nent
be used to provide interference detection and
|

may . .
ot 9. bi WEeiES eies 1] PiCzpald ARasld Mugdiilec”

antennas having different radiation pattern
anteri@sandeiwetreeeive Aatea faecevaiw oL Signateynel eorrplasrd de each
"antenna diversity" to reduce problens due to

othdlesihisUsnov @ limttatibrrofrtbe gresentimvehtiad h Tradprigciples of the
interference 9 WD 2005/ 006591 PCT/ US2004/ 018168

pres¥ng El"i\lt/e?ntidli\ng%@n%? g?gliéﬁ‘gsﬂwﬁ%ﬁ?%{rlj?%emeaér@feﬁﬂa@éna more

predetermn nce, e.g., ast about two
centinmeters (t m, to .er ovi de .antenna. diversity. The
B¢ it regp!

than, pyp;rerelveRs SRV HONAS nay decr ease

the |Iikelihood that both antennas 30 and 130 receive

t htn saerenduodimeat i devioes 3 Onand 238 malydoke delbular telephones. In

interfering signals.
this embodiment, a portion of antenna 30 may be external to the housing of
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

10
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Al t hough wirel ess devices 10 and 230 are illustrated
wth two antennas and two receive paths to receive
wo d380ginal s not correlated to each ot her, thPGT/US20040018168
alimtation of the present invention. The principles
of the present invention nmay be applied using nore

wireldsarcapailia tennrsless thoab brealfetivork (WMMAN eseese ppiit AP), a
to receive nore than two signals. In one enbodi nent,

webf@lfﬂe@ ngé@era%ﬂ |ﬁs°{9nf7ﬁﬁés§§%|ﬁ§ ldevil Y aldtdien ransgs gldy@r, a digital

i ment, a port f antenna 30 may

cam%*‘% é{b@‘go \’ﬁ% » BRe S ara Y, tﬁ?ﬁnéﬁgf’%@&éff Si%es
infoiT R WERIGSSIVrdh Ot Baodim oty devisss @l aht 83 dha e a set-

comruni cati on devices 10 and 230 may be adaptgd to
top posG esgateways orea ynultimediar eardeswith mitetessacapabily .oTbe gateway
such wirel ess personal area network (WPAN) protocols,

mawm&@b@%smpﬂélaéub%ﬁ@eﬂ ét)(M\éAé% BF 81cRBRl Fodtink ChRS S
metropo i fan area network (WVAN) protocols, or

! BERE R BB P BT erger v

limted in this respect, wreless comunication
and@edugaéévmoﬂfac;ﬁ@@/m@aw each be a wireless

t el ephone, a personal digital assistant (PDA), a
| aj¥irdess devdices bl anddffumeay be udedlid G df(lbé/fﬁlﬂ:ﬁ!ﬁag systems:
PCT/ US2004/ 018168 w rel ess capability, an wirel ess

a wWé]é@é {)éfS%%ﬂﬁt‘éMéinWﬁWAw(‘s%{%rﬁ% Wirele¥B)loc# arvgmetwork

a pager, an instant néssaging device, a

WL%\@ sé/gjterﬁ“% \Aﬁre’?és%%rglétr Solffaaféd neffIFRY( rWMRﬁl Brifeless wide

a apted to transm't an recelve
area network (WWAN) system, 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



information wirelessly. In other enbodi nents, devices

10 and 230 may be a set 5 top box , a gateway, or a
woredosiomsgi a center with wirel ess capability. TPEI/US2004/018168

gateway may include a digital subscriber Iine (DSL)

nodem or a cable nodem and a router. The nultinedi a

Univeesdl Mo BTRY T élBEbMErRIrfcatRINS Bidtervi (URIT S ¢ op it likd. PVR)
and a digital video disc (DVD) player. Wreless

de\’/Yrﬁ%Sgéeriig%aaﬁ'@s 'mythg%b‘éﬁﬁjoﬁ Ra@8¥%e8h ifil ét%ldl A4 ng

systens: W rel ess personal area netvvo
syste wi rel ess Iocal are etwork

desqrihgd Bprely Reny spedif ieaHoRs e HWHPRS( S a.n%' Squivalents
wirel ess wide area network (VWMN) syst em aI t hough

will nbev scopretmthageesigiied anthe axtenltisnthesefooe, td beiunderstaod
this respect. An exanple of W.AN system i ncl udes the

that! M%ﬁér@ded%@w bfintandedEt & ebuenal suEN ghoeidicatibhERRY
802. 11 standard. An exanple of a 15 WHAN system

chaipg HeanL Wihiedfe thid 8t e AhRAF Rt o campl ¢ of

WPAN system i ncl udes Bl uet oot hTM (Bluetooth is a

regi stered trademark of the Bl uetooth Special Interest
G oup). Exanples of cellular systens include: Code
Division Multiple Access (CDVA) cellul ar

radi ot el ephone comuni cation systenms, d obal System
for Mobile 20 Comuni cati ons (GSM cel |l ul ar

radi ot el ephone systens, Enhanced data for GSM

Evol uti on (EDGE) systens, North Anerican D gital

Cel lular (NADC) cellular radiotel ephone systens, Tinme
Division Multiple Access (TDWVA) systens,

Ext ended- TDVA ( E- TDMA) cel | ul ar radi ot el ephone
systens, GPRS, third generation (3G systens |ike

W de- band CDVA (WCDMR), CDMA- 2000, 11 WO 2005/ 006591
PCT/ US2004/ 018168
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Uni versal Mobil e Tel ecommuni cati ons System (UMIS), or

the like. While certain features of the invention have
whemsoidsbust rat ed and descri bed herein, many PCT/US2004/018168

nodi fi cati ons, substitutions, changes, and equival ents

will now occur to those skilled in the art. It is,

theyffRre, to be understood 5 that the appended clains

are intended to cover all such nodifications and

changes ,as L. thi : frue spirit of the
Cndenti Gna ‘5@@5@6&‘?‘6’&%@%‘1 PCT/ US2004/ 018168 C ai s
1. An apparatus, r|S|n a first antenna coupl ed

t oadirgt ﬁ§ferﬁ@c‘é‘i’%ﬁd tar?df‘%f’ §8€%‘H8r a"i‘ﬁcgnna coupled to a
second receiver and having a radiation 5 pattern
di Bfsscentd arttanna coagleat icoa spabhéraceet hrd fHavitg a radiation
antenna. 2. The apparatus of claim1l, wherein the

pattehi %ﬁffé\%h@@ﬁﬁn laSra@ihtRMpattéird SEEHONAL AHibAARA having a
non-directive radiation pattern and wherein the

second antenna is a directive antenna having a

directive radiation pattern 10 3. The apparat us of

claim1, wherein the first antenna is a whip antenna, .

st @ antTsrRpPasatusi Qoflainr emherein therfiestappienaeds agfomni-

claim1, wherein the second antenna is a 15
direUiiolﬁa)Setrrtbpnaaia@mgaatrmmn@rec&iveTMiajmapattem ahdolbemiri the

wherein the first receiver conprises a first |ow

secJtS‘rgéi t%ﬁ'é@ﬁ% ?g{é BirebtNMan BN 9 RAg N Bibc RS PAdIStiok Paplers

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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antenna and wherein the second receiver is separate
fromthe first receiver 20 and conprises a second | ow

wmeiseoaapl i fier (LNA) having an input term naPCT/US2004/018168
coupled to the second antenna. 6. The apparatus of
claim1, wherein the first receiver is a direct 13 WO

convORS ) PEEMN P WERA0H IbBIABNICRRERIS 198 diRGRi dfverdlgn
wherein the second receiver is a direct conversion

rec&sgplver 5 7. The apparatus of claim1, further
conprising a baseband processor coupled to the first
recei ver and the second receiver. 8. The apparatus of
claim1, wherein the first antenna receives a first
radio frequency (RF) signal and the second antenna
receives a second 10 radi o frequency (RF) signal that
is not correlated to the first signal and further

CoRpri si ss
: hewpf S g{h%r afbﬁﬁﬂa'&q IR §, FufiRey éoﬁ\?ﬁ@?ﬂ?da basBh ¢

frequency (RF) si gna t he second

dio f i d f
proget cPURA it b PR’ andahe SCrRBT AP A us of

claim1, wherein the first receiver is adapted to
down convert a first signal fromthe first antenna and
wherein the second receiver is adapted to down

cogvert Thesgaairetsl ghalairh ronivhBis e6e Mids e nha. recdlles a
A system conprising: 20 a wireless wi de area network

flrst(%g\bsf’re‘a%\éhe (RﬁPE@BEPéH@the% Ebﬁ?%n%ﬂ]ﬁ@i dééog &8cbAd

recelfver secon enna co

d d h
radlg%?g$uenrc%0(ﬂFY%rlgn%rf thatalvs r?cgt correlated to the first signal and further
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



radi ation pattern different than a radiation pattern
of the first antenna. 14 WD 2005/ 006591

weEamsBE004/ 018168 11. The system of cl ai m 10PCTHI82004/018168
the wireless wide area network (WMN) is a cellular
t el ephone. 12. The system of claim 11, wherein at
| eagqt aTRerdyis@dadf dlBen fi0, Stheiratie Wirléss A€ aRed nkBvork
a housing of the cellular telephone and wherein the

(Wvggﬁﬁﬁgg?@%lﬁpﬂaﬁgﬂ H:o'?\%er nal to the housing of the

el ephone 3. The system of claim 10,
wherein the first antenna is an omi- directional
ant enna having a non-directive radiation pattern and
wherein the 10 second antenna is a directive antenna
hati2ng @Ahdisystdrnwe claihh dtli, omherzin et feast Bponsiomeohtith first
conprising: receiving a first signal froma first

5  antéHNaCBN&t8inal 16 o ROWing ¥ ThB&eliafar delebhbhb drRERINGRSIn the
and 15 receiving a second signal different fromthe

seogi) AnieioR B R TRERRNRE Ve e EaeE | on

pattern of the first antenna is different than the

radi ati on pattern of the second antenna. 20 15. The
met hod of claim 14, further conprising:
dowgconTaetdygernhsf ¢lainst1 G5ivghedein chafitstr sritehaaddandomni-
signal; and downconverting the first signal to a

dweé@@r?%%%ﬁnﬁ%?@?g@ IN@n-ditettde 2RIAPBaRErn and wherein the

10 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
15 receiving a second signal different from the first signal from a second
antenna at the input terminal of a second receiyer, wherein the radiation
pattern of the first antenna is different than the radiation pattern of the

second antenna.
20 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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16. The nethod of claim 14, wherein receiving a first

signal conprises receiving the first signal from an
wo@pasAdispect i onal antenna having a non-di r ect PUEUS2004/018168

radi ation pattern. 5 17. The net hod of clai m 16,

wherein receiving the first signal from an

oMfig; di TRethenrld #NERIA 4, NwhUASS re€sifing agirsthsighar st
Si gnal froma whip antenna. 18. The method of claim

conwé@gﬁ\;g{ﬁng{]r}g;ﬁ'geﬁ%sﬁ%g%&lf Gand, Sham krecﬁgngloémrehﬁﬁ*navmg a

froma |rec I've anten
having a directive radiation pattern. 19. The nethod
nongfiresitiyerrpdBtiatnaéeim. r ecei vi ng the second signal  from
a directive antenna conprises receiving the second
signal froma 15 mcrostrip patch antenna. 16

17. The method of claim 16, wherein receiving the first signal from
an omni-directional antenna includes receiving the first signal 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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